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ABSTRACT

The present study was designed to investigate the antioxidant, antinociceptive and anti-inflammatory
activities of the ethanol extract from Ageratum fastigiatum branches. Phytochemical screening and total
phenol and flavonoid contents were determined. The antioxidant activity was assessed by 2,2-diphenyl-1-
pycrilhydrazin (DPPH) and iron reducing power methods. The antinociceptive effect was evaluated using
the acetic acid-induced writhing, formalin, hot plate and tail immersion assays; while the carrageenan-
induced paw edema and pleurisy tests were performed to examine the anti-inflammatory activity against
acute inflammation. The extract revealed the presence of flavonoids, tannins, coumarins, terpenes, sterols
and saponins. Expressive levels of total phenols and flavonoids and a promising antioxidant effect were
quantified. At the doses of 50, 100 and 200 mg/kg, the extract inhibited the writhing, reduced both phases
of paw licking time and increased the reaction time on the hot plate. In the tail immersion test, the extract
(50, 100 and 200 mg/kg) caused a significant inhibition of pain. In these doses, the paw edema, exudate
volume and leucocyte mobilization were significantly reduced. These results suggest that 4. fastigiatum
can be an active source of substances with antioxidant, antinociceptive and anti-inflammatory activities,
adding scientific support to the appropriate use in the Brazilian folk medicine.
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INTRODUCTION

In recent decades, a large number of studies have
shown the significance of the free radicals and
oxidants associated with pathological processes,
particularly pain and inflammation (Harijith et

al. 2014). The painful stimulation, for example,
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increases the production of free radicals and it
intensifies the lipoperoxidation triggering the
inflammatory events (Rokyta et al. 2003, Bansode
et al. 2014). These events are characterized by
vasodilatation, increase permeability, leucocyte
migration and swelling tissue (Schmid-Schonbein
2006, Ahmed 2011) with generation of mediators
known as histamine, bradykinin, serotonin,

prostaglandins, derivatives molecules from the
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complement system, and lymphokines (Ahmed
2011). In addition, pathologic disorders, as
cardiovascular and metabolic complications, peptic
ulcer, cancer and others, are related to the oxidative
processes, pain and inflammation (Alie et al. 2014,
Klo6ting and Blither 2014, Ganty and Chawla 2014,
Sen et al. 2010). However, the nonsteroidal anti-
inflammatory drugs, for example, promote adverse
effects, such as irritation of gastric mucosa and ulcer,
water retention and nephrotoxicity, compromising
the use of these therapeutic agents (Teslim et al.
2014, Slater et al. 2010). In this sense, an alternative
option of treatment is the use of medicinal plants
with antioxidant, analgesic and anti-inflammatory
actions, a common worldwide practice (Kumar
et al. 2013, Sen et al. 2010). For this purpose, the
evaluation of the pharmacological effects of the
extracts can be used as a strategy to find new drugs
with scientific sustainability, with less adverse
effects for the patients and low manufacturing cost
to the pharmaceutical industries and consequent
better prices to the population.

Asteraceae is a large and wide spread family of
Angiosperms with about 23000 species belonging
to 1620 genera (Amim et al. 2013). Asteraceae
species have been reported as medicinal and
most of them have been found as antioxidant,
analgesic and anti-inflammatory agents, including
the genus Ageratum (Kumar et al. 2013, Shah et
al. 2011, Okunade 2002). This genus consists of
approximately 30 species and their pharmacological
properties and chemical constituents have been
investigated (Okunade 2002).

Ageratum fastigiatum (Gardn.) R. M. King et
H. Rob. (Asteraceae), popularly known as “mata-
pasto”, is a well distributed plant in Minas Gerais
State, Southeast region of Brazil (Almeida et al.
2004). The branches of this species are indicated in
traditional medicine as cicatrizing, anti-inflamma-
tory, analgesic and antimicrobial (Del-Vechio-Vie-
ira et al. 2008). Phytochemical studies have iden-
tified diterpenes, triterpenes, steroids, coumarins
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and derivatives (Gongalves et al. 2011, Del-Vechio
et al. 2007, Bohlmann et al. 1981, 1983). The
main compounds found in the essential oil were
a-pinene, limonene, germacrene D, a-humulene
and B-cedrene (Gongalves et al. 2011, Del-Vechio-
Vieira et al. 2009a, b). In addition, the essential oil
and the ethanol extract from A. fastigiatum leaves
revealed antinociceptive, anti-inflammatory and
antimicrobial activities (Del-Vechio et al. 2007,
Del-Vechio-Vieira et al. 2009a, b).

In this context, although antinociceptive and
anti-inflammatory activities of A. fastigiatum had
been previously described by our research group,
this is the first report to establish a full scientific
understanding for medicinal use of the branches,
an important part of this plant widely used as
extract by population after maceration (Gongalves
et al. 2011). Therefore, in the present study, the
antioxidant, antinociceptive and anti-inflammatory
properties of the ethanol extract from A. fastigiatum
branches using appropriate experimental animal
models were investigated.

MATERIALS AND METHODS

PLANT MATERIAL

The plant material was collected in March 2010,
in the city of S@o Jodo del-Rei, Minas Gerais
State, Southeast region of Brazil. The species
was identified by Dr. Roberto Lourengo Esteves
and a voucher specimen (HB number 10329) was
deposited in the Herbarium of the Universidade do
Estado do Rio de Janeiro (Rio de Janeiro, Brazil).

PLANT EXTRACTION

Dried and powdered branches (620 g) were
exhaustively extracted in 95% ethanol (2.5 L) by
static maceration for 3 weeks at room temperature
with renewal of solvent every 2 days. The ethanol
extract was filtered and evaporated under a rotary
evaporator at controlled temperature (50-55 °C).
This material was placed into desiccator with silica
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to remove the humidity [moisture content (0.1%);
total ash (0.01%)], which allowed a yield of 62.40
g. The dried extract was dissolved using 1% DMSO
in normal saline for pharmacological studies.

CHEMICALS

Drugs and reagents employed (and their sources)
were as follows: 99.7% acetic acid (Vetec Quimica
Farm. Ltda, Rio de Janeiro, RJ, Brazil); 37%
formaldehyde and 99.0% acetylsalicylic acid
(Reagen Quimibras Ind. Quimica S. A., Rio de
Janeiro, RJ, Brazil); 99.0% aluminum chloride,
potassium ferrocyanide P.A., 99.8% metanol, 99.5%
etanol, 99.0% pyridine and 99.0% sodium carbonate
(Labsynth, Diadema, SP, Brazil); Folin-Ciocalteu
reagent P.A., 99.0% trichloroacetic acid and 99.0%
ascorbic acid (Cromoline Quimica Fina, Diadema,
SP, Brazil); morphine hydrochloride 99.9% (Merck
Inc., Whitehouse Station, NJ, USA); 1,1-Diphenyl-
2-picrylhydrazyl (DPPH), 98.0% gallic acid,
94.0% rutin, 99.0% naloxone hydrochloride, 99.0%
indomethacin and A-carrageenan commercial grade
Type II (Sigma Chemical Co, St Louis, MO, USA)
and 5.0% ketamine chloride and 2.0% xylazine
chloride (Syntec, Hortolandia, SP, Brazil). All
chemicals used in the experiments presented purity
certified by the suppliers.

ANIMALS

Male Wistar rats (90-110 days) weighing 180-220 g
and male Swiss albino mice (50-70 days) weighing
25-30 g were provided by the Central Animal
facility of the Universidade Federal de Juiz de Fora
(UFJF). The animals were divided into groups and
kept in plastic cages (47 x 34 x 18 cm) under a 12
h light/12 h dark cycle at room temperature (22 + 2
°C), with free access to Purina® rations and water.
The experimental procedures were performed at the
Laboratory of Pharmacology of Natural Products,
Faculty of Pharmacy, UFJF. Animal care and the
experimental protocol followed the principles and
guidelines suggested by the Brazilian College of

Animal Experimentation (COBEA) and were
approved by the local Ethical Committee (protocol
number 037/2010).

PRELIMINARY CHEMICAL TESTS

The ethanol extract was subjected to preliminary
screening for various active phytochemical con-
stituents such as alkaloids, tannins, flavonoids,
coumarins, saponins, steroids and terpenes (Tiwari
et al. 2011).

TOTAL PHENOLIC DETERMINATION

The total phenolic content was determined by Fo-
lin-Ciocalteu method using gallic acid as reference
standard (Sousa et al. 2007). The sample was oxi-
dized with Folin-Ciocalteu reagent and the reaction
was neutralized with sodium carbonate. The absor-
bance of the resulting blue color was measured at
765 nm after 60 min. The analysis was performed
in triplicate and results were expressed as gram of
gallic acid equivalent.

TOTAL FLAVONOIDS DETERMINATION

Aluminum chloride colorimetric method was used
for total flavonoid determination using rutin as
standard (Sobrinho et al. 2008). The extract (0.4
mL) was separately mixed with 0.12 mL of acetic
acid, 2 mL of pyridine:ethanol (2:8), 0.5 mL of 8%
aluminum chloride, and 1.98 mL of distilled water
and after that remained at room temperature for
30 min. The absorbance of the reaction mixture
was measured at 420 nm with a double beam UV/
Visible spectrophotometer. The calibration curve
was prepared with rutin solutions in ethanol (2 to
30 pg/mL) and result was expressed as gram of
rutin equivalent.

DPPH RADICAL SCAVENGING ACTIVITY
DPPH was used for determination of free radical-
scavenging activity using the method described by

Mensor et al. (2001). Different concentrations of
the extract (20 to 70 pg/mL) were added, at an equal
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volume, to methanol solution of DPPH (0.03 mM).
After 60 min at room temperature, the absorbance
was recorded at 518 nm. The experiment was
performed in triplicate. Rutin was used as standard
control. EC, values denote the concentration (ug/
mL) of sample, which is required to scavenge 50%
of DPPH free radicals.

TEST OF IRON REDUCING POWER

The reducing power of iron was determined using
a serial dilution of the extract (53.48 to 6.68 ug/
mL) with 2.5 mL of 0.2 mM phosphate buffer pH
6.6, and 2.5 mL of 1% potassium ferrocyanide
[K,Fe(CN),] (Oyaizu 1986). The mixture was
incubated at 50°C for 20 min. Five milliliters of this
mixture received 2.5 mL of 10% trichloroacetic
acid followed by centrifugation at 3000 g for 10
minutes. The supernatant was separated and mixed
with 2.5 mL distilled water containing 0.5 mL 1%
ferric chloride. The absorbance of this mixture
was measured at 700 nm in triplicate. Ascorbic
acid (6.68 to 1.67 pg/mL) was used as reference
material. The measurement was considered the
possible antioxidant activity.

ACUTE TOXICITY

Groups of ten mice received orally doses of 0.5,
1, 1.5, 2 and 3 g/kg of the ethanol extract from A.
fastigiatum branches, while the control group was
administered with the vehicle (saline). The groups
were observed for 48 h and at the end of this period
the mortality was recorded for each group (Lorke
1983). The 50% lethal dose (LD, ) was determined
by probit test using a percentage of death versus
doses’ log (Litchfield and Wilcoxon 1949.) The
determination of LD,  was applied to define the
doses used in the experiments of antinociceptive
and anti-inflammatory activities.

ACETIC ACID-INDUCED WRITHING RESPONSE IN MICE

The acetic-acid writhing test is used for the
evaluation of analgesic activity (Collier et al.
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1968). Mice (n = 8 per group) were injected (i.p.)
with 0.6% acetic acid (10 mL/kg body weight),
and the intensity of nociception was quantified
by counting of the total number of writhes that
occurred between 10 and 30 min after injection. The
experimental groups were pre-treated 60 minutes
previously to the beginning of experiments with
ethanol extract (50, 100 and 200 mg/kg, p.o.), 1%
DMSO in sterile saline (NaCl 0.9%) as a control
group and acetylsalicylic acid (200 mg/kg, p.o.) as
reference drug.

FORMALIN-INDUCED NOCICEPTION IN MICE

Groups of mice treated as above were injected with
20 uL of 2.5% formalin (in 0.9% saline, subplantar)
and the duration of paw licking was determined
0-5 min (first phase) and 15-30 min (second phase)
after formalin injection (Hunskaar and Hole 1987).
The animals (n = 8) were pre-treated with the
extract (50, 100 and 200 mg/kg, p.o.; 0.1 mL per 10
g body weight) or morphine (5 mg/kg, s.c.) 1 hour
before formalin administration. Control animals
were treated with similar volume of 1% DMSO
in sterile saline (NaCl 0.9%). Morphine (5 mg/kg,
s.c.) was used as reference drug.

HOT PLATE LATENCY ASSAY IN MICE

The animals were placed on a Hot-Plate (Model LE
74006, Letica Scientific Instruments, Spain) heated
at 55%1 °C (Eddy and Leimbach 1953). Five groups
of mice (n = 8) were treated with the extract (50,
100 and 200 mg/kg, p.o.) and the control group
received 1% DMSO in sterile saline (NaCl 0.9%).
Measurements were performed at time zero (0 time)
and 30, 60 and 90 min after drug administration,
with a cut-off time of 30 s to avoid animal paw
lesion. In a separate group of animals, the effect of
pre-treatment with naloxone (2 mg/kg, s.c.) on the
analgesia produced by the extract (200 mg/kg, p.o.)
was determined. Morphine (5 mg/kg, s.c.) in the
absence and presence of naloxone treatment was
used as a reference drug in all experiments.
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TAIL IMMERSION TEST IN MICE

The mice were divided into six groups of eight
animals and the reaction time was recorded by
observing tail flick response when tail is immersed
in water maintained at constant temperature (5541
"C) (Ramabadran et al. 1989). A cut off period of 10
s is observed to avoid tissue damage. 1% DMSO
in sterile saline (NaCl 0.9%) as a control group,
50, 100 and 200 of the ethanol extract (p.o.) and
1 mg/kg morphine (positive control, s.c.) were
administered. The reaction time of animals was
recorded at zero, 30, 60, 90 and 120 min after the
drug administration.

CARRAGEENAN-INDUCED EDEMA IN RATS

Anti-inflammatory activity was assessed on the basis
of paw edema inhibition induced by the injection of
0.1 mL 2% carrageenan (an edematogenic agent)
into the subplantar region of the right hind paw of
the rat (Winter et al. 1962). Male Wistar rats were
divided into groups of six animals which received
oral doses of the extract (50, 100 and 200 mg/
kg), 1% DMSO in sterile saline (NaCl 0.9%) as a
control group or indomethacin (10mg/kg’ and were
pre-treated 60 minutes previously to the beginning
of experiment. In the left paw, used as a control,
0.1 mL of sterile saline was injected. 1, 2, 3 and 4
h after the carrageenan injection, the measure of
edema was made by the difference between the
volume displaced by the right and the left paw
using a plethysmometer (model LE 7500, Letica
Scientific Instruments, Barcelona, Spain).

CARRAGEENAN-INDUCED PLEURISY IN RATS

Pleurisy was induced in male Wistar rats by intra-
pleural administration of 0.5 mL 1% carrageenan
suspension in sterile saline between the third and
fifth ribs on the right side of the mediastinum (Vin-
egar et al. 1973). Rats were orally pre-treated 60
minutes previously to the beginning of experi-
ment with the extract (50, 100 and 200 mg/kg), 1%

DMSO in sterile saline (NaCl 0.9%) as a control
group or indomethacin (10 mg/kg). After that, the
animals were killed 4 h after carrageenan injection,
and the skin and pectoral muscles were retracted. A
longitudinal incision was made between the third
and fifth ribs on each side of the mediastinum. The
exudate was collected and transferred to a 15 mL
conical centrifuge tube and the total volume was
determined. A 20 pL aliquot of the exudate was
used to determine the total leucocyte using Neu-
bauer chamber under microscopy analysis.

STATISTICAL ANALYSIS

Data are expressed as mean = S.E.M. Statistical
significance was analyzed by the one-way analysis
of variance (ANOVA) followed by the Student
Newman-Keuls test. P values below 0.05 were
considered significant. The percentage of inhibition
was calculated by using

100 — T x 100/C(%) or T x 100/C — 100(%)

where C and T indicate non-treated (vehicle) and
drug-treated, respectively.

RESULTS

PRELIMINARY CHEMICAL ANALYSIS

The phytochemical screening revealed that the eth-
anol extract from A. fastigiatum branches contains
flavonoids, tannins, coumarins, terpenes, sterols
and saponins.

TOTAL PHENOLIC AND FLAVONOIDS CONTENTS AND
ANTIOXIDANT ACTIVITY

The total phenolic and flavonoids contents and
the antioxidant activity of the ethanol extract
were shown in Table I. In A. fastigiatum, the total
phenolic content was six times higher than that of
flavonoids. The DPPH activity was higher than
that of Fe™ reducing power. Using DPPH method,
the EC, of rutin was 8.41+0.10 pg/mL, while the
iron reducing power produced EC,; value equal
5.134£0.13 pg/mL for the ascorbic acid.
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TABLE 1
Total phenolic and flavonoids contents and antioxidant activity of the ethanol extract
obtained from Ageratum fastigiatum branches.

Methods Content (g/100g) EC,, (ng/mL)

Total phenolic 9.15+0.06 -

Total flavonoids 2.58+0.03 -

DPPH - 64.54+0.25

Fe” reducing power - 105.05+0.35
ACUTE TOXICITY difference between the doses of 50 and 200 mg/kg

The ethanol extract from A. fastigiatum branches
was not toxic for mice since produced LD, greater
than 3g/kg. After the oral administration of the
extract, no immediate behavioural changes were
noted. The animals moved and fed normally and
did not vomit, neither was there ptosis.

EFFECTS ON THE WRITHING RESPONSE INDUCED BY
ACETIC ACID

The extract from 4. fastigiatum branches at the dos-
es of 50 mg/kg, 100 mg/kg and 200 mg/kg caused
3.09 (59.88%1.35; p < 0.05), 10.83 (57.62%1.40; p
< 0.01) and 31.13% (44.50+1.46; p < 0.001) in-
hibition of acetic-acid-induced abdominal writh-
ing, respectively, when compared to control group
(64.62+1.07) (Figure 1). There was a significant

(» <0.001), and 100 and 200 mg/kg (p < 0.001).
The abdominal contortions were reduced 69.82%
(19.50£1.12) by acetylsalicylic acid (ASA).

EFFECTS ON THE NOCICEPTION INDUCED BY FORMALIN

The intraplantar injection of formalin promoted
a biphasic characteristic response (Figure 2). The
time spent licking in the first phase (0—5 min) was
86.25%1.98 s and in the second phase (15-30 min)
was 91.62+1.89 s for the control group. After 60 min
of treatment, a significant reduction in the licking
time (p < 0.01 or p < 0.001) was observed during
the first phase (neurogenic) by 10.00 (77.62+1.43; p
<0.01), 26.67 (63.25+1.83; p <0.001) and 41.60%
(50.37+1.89; p < 0.001) with 50, 100 and 200 mg/
kg of extract, respectively (Figure 2). In the second

70-

60- —_ - EE Control (1% DMSO)
S 1 EE (50 mg/kg)
:‘-E 50 o E=3 EE (100 mg/kg)
= 40- IO EE (200 mg/kg)
o
o HI ASA (200 mg/kg)
2 307
Z

101

0' T

1

Figure 1 - Effects of the ethanol extract from A. fastigiatum branches on acetic acid-induced writhing in
mice. The experimental groups were pre-treated 60 minutes previously to the beginning of experiment.
ASA, acetylsalicylic acid. EE, ethanol extract. Data are meantS.E.M. of 8 mice. *p <0.05; **p <0.01;

*#%p < 0.001 vs control group.
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Figure 2 - Effects of the ethanol extract from A. fastigiatum branches on formalin-induced nociception
in mice. First phase = 0-5 min after formalin injection; second phase = 15-30 min. The experimental
groups were pre-treated 60 minutes previously to the beginning of experiment. EE, ethanol extract.
Data are meantS.E.M. of 8 mice. **p < 0.01; ***p <0.001 vs control group.

phase, these doses also significantly inhibited at
9.55 (82.87£1.77; p < 0.01), 23.47 (70.12+2.03;
p <0.001) and 35.20% (59.37£2.00; p < 0.001),
respectively, when compared to the control. After
the statistical analysis, the antinociceptive effect
was different between the doses of the ethanol
extract (p < 0.001) in both phases of the formalin
test. As expected, morphine (5 mg/kg, s.c.)
significantly reduced the formalin response in both
phases.

EFFECTS ON HOT-PLATE LATENCY ASSAY

Based on the analgesic effect detected in the first
phase of formalin test, the ethanol extract was

evaluated using hot plate method, a crucial model
of central antinociceptive activity investigation.
The effect of the extract from A. fastigiatum in the
hot plate assay varied according to the doses and
the time of observation (Table II). At time zero,
no significant antinociceptive effect was observed,
while at time 30 min, the dose of 200 mg/kg
significantly increased the latency time in 48.00%.
After 60 and 90 min of treatment, at the doses 50
(24.62 and 29.63 %; p < 0.05, respectively), 100
(42.32and 51.85 %; p<0.001, respectively) and 200
mg/kg (75.53 and 81.48 %; p <0.001, respectively),
were observed a significantly increase of the
reaction time. Considering the treatment of 90 min,

TABLE I1
Effects of the ethanol extract from A. fastigiatum branches on the latency time of mice exposed to the hot plate test.

Reaction time (s)

Group Dose (mg/ke) Time 0’ Time 30’ Time 60’ Time 90’
Control 1% DMSO 6.0040.46  6.50+0.33 6.6240.37 6.75+0.36
50 6124044  7.2540.53 8.2540.53* 8.75+0.67*
Ethanol extract 100 6374037  7.7540.53 9.62H0.37%%*  10.25+0,59%%*
200 62540.53  9.62+0.60%%F  11.62+0.60%%*  12.25+0.92%%*
Morphine 5 6.1240.51  12.37£112%%%  [47550.72%%%  16.25£0.88%%*
Naloxone-+Morphine 2+5 6124035  9.1240.48%FF  825+0.65* 7.1240.44
Naloxone+Ethanol extract 24200 625+036  9.2540.53%*%  850+0.57* 7.75+0.36

Data are meantS.E.M. of § mice. *p < 0.05; ***p <0.001 vs control group.
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the doses of the ethanol extract (50, 100 and 200
mg/kg) were different (p < 0.001) after statistical
comparison. The procedure was also performed
in the presence of naloxone, an opioid antagonist.
Naloxone inhibited the previously results observed
with the extract and morphine (Table II).

EFFECTS ON TAIL IMMERSION TEST

Figure 3 shows the effect of the ethanol extract on
the latency of tail withdrawal from hot water. The

9]
1

w
1

Reaction time (s)
ES
1
F—i

(%]
1

p—
1

doses of 100 (4.12+0.48; p < 0.05) and 200 mg/
kg (4.87+0.51; p < 0.01) significantly increased
the latency time on the tail-immersion in hot water
after 60 minutes of treatment. The maximum effect
was observed after 120 min of treatment at the
doses of 50 (4.75+0.36; p < 0.01), 100 (6.37+0.50;
p<0.001) and 200 mg (6.75+0.59; p <0.001) when
compared to the control group (2.62+0.46). In this
time, the dose of 50 mg/kg was different in relation
to the doses of 100 and 200 mg/kg (p < 0.001).

Control (1% DMSO)
EE (50 mg/kg)

EE (100 mg/kg)

EE (200 mg/kg)

EEDUN

Morphine (1 mg/kg)

0' T
0 min 30 min 60 min

120 min

Figure 3 - Effects of the ethanol extract from A. fastigiatum branches on tail-immersion test in mice.
EE, ethanol extract. Data are meantS.E.M. of 8 mice. *p < 0.05; **p < 0.01; ***p < 0.001 vs control

group.
EFFECTS ON EDEMA INDUCED BY CARRAGEENAN

The anti-inflammatory effect of the ethanol extract
from A. fastigiatum evaluated by the paw edema
method induced by carrageenan is shown in Table
III. After 2 h of carrageenan application, the paw
edema was reduced in 20.83% at the dose of 200
mg/kg. The inhibition of edema was observed 3
and 4 h after injection of carrageenan at the doses
of 50 (17.20 and 20.00%; p < 0.05, respectively),
100 (19.35 and 30.00%; p < 0.01, respectively)
and 200 mg/kg (30.11 and 38.33%; p < 0.001,
respectively) when compared with control group.
In these times, indomethacin (reference drug) also
inhibited the paw edema (35.48 and 45.00%; p <
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0.001, respectively). After statistical comparison,
the doses of 50 and 200 mg/kg were different (p <
0.01) in the treatment of 4 hours.

EFFECTS ON CARRAGEENAN-INDUCED PLEURISY

The anti-inflammatory effect of the ethanol extract
from A. fastigiatum branches was confirmed by a
decrease in the exudate volume and in the leucocyte
migration. The pleurisy effects demonstrated that
the doses of 50 (p < 0.01), 100 (p < 0.001) and
200 mg/kg (p < 0.001) of the extract significantly
reduced the exudate volume when compared to
the control group (Table 1V).The number of total
leukocytes was significantly inhibited at the doses
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TABLE III
Effects of the ethanol extract from A. fastigiatum branches on the rat paw edema induced by carrageenan.
Volume of hind paw (mL)
Group Dose (mg/kg)
lh 2h 3h 4h
Control 1% DMSO 0.47£0.05 0.7240.05 0.93%0.03 0.60£0.04
50 0.42+0.03 0.65%0.08 0.77£0.05%* 0.48+0.03*
Ethanol extract 100 0.42+0.05 0.63£0.04 0.75£0.04** 0.42+0.03**
200 0.40£0.04 0.57£0.04* 0.65£0.04%** 0.37£0.02%**

Indomethacin 10 0.38+0.03 0.55£0.04* 0.60£0.04%** 0.33+0.03%**

Data are meantS.E.M. of 6 rats. *p < 0.05; **p < 0.01; ***p < 0.001 vs control group. The experimental groups were
pre-treated 60 minutes previously to the beginning of experiment.

of 100 (p < 0.01), 200 (» < 0.001) and 400 mg/kg
(p < 0.001) (Table 1V). Considering the exudates
volume, the dose of 50 mg/kg was different of
100 (p < 0.01) and 200 mg/kg (p < 0.001). The
doses of the ethanol extract (50, 100 and 200 mg/
kg) produced different values in the number of
leukocytes (p < 0.01 or p < 0.001). As expected,
indomethacin reduced the exudate volume and the
leucocyte migration.

DISCUSSION

The phytochemical analysis of the ethanol extract
from A. fastigiatum branches revealed the presence
of flavonoids, tannins, coumarins, terpenes, sterols
and saponins and showed expressive total phenolic
and flavonoid contents (Table I). Considering these
data, it is important to mention that a variety of
in vitro and in vivo experiments have reported the
actions of flavonoids, tannins, triterpenoids and

other secondary plant metabolites against oxidative,
nociceptive and inflammatory processes (Soares-
Bezerra et al. 2013, Souza et al. 2014, Serafini et
al. 2010). In addition, among the active compounds
identified in A. fastigiatum, the essential oils
have been associated with important biological
properties (Del-Vechio-Vieira et al. 2009a, b).

The ethanol extract showed a promising anti-
oxidant effect since was able to inhibit the stable
radical DPPH and chelate iron (Table I). Among
others, this effect is related to the presence of phe-
nolic constituents (phytochemical screening and
total phenol and flavonoids) in A4. fastigiatum that
exhibit mechanism against these radicals (Rice-
Evans et al. 1997, Van Acker et al. 1996). Further-
more, this action can also justify the inhibition of
signaling pathways that modulate pain and inflam-
mation (Geronikaki and Gavalas 2006).

On the other hand, considering that the use of
opioids and non-steroidal anti-inflammatory drugs

TABLE IV
Effects of the ethanol extract from A. fastigiatum branches on pleural exudation and number of leucocytes in
carrageenan-induced pleurisy in rats.

N° Leucocytes

Group Dose (mg/kg)  Exudate volume (mL) Inhibition (%) (x 10° cells/mm’) Inhibition (%)
Control 1% DMSO 1.68+0.08 - 14.18+0.22 -
50 1.30£0.07** 22.62 12.93£0.24%* 8.81
Ethanol extract 100 0.97£0.07%** 42.26 10.80£0.39%%** 23.84
200 0.8810.06*** 47.62 9.5140.24 %% 32.93
Indomethacin 10 0.72£0.06%** 57.14 8.70£0.23%** 38.64

Data are meantS.E.M. of six rats. **p < 0.01, ***p < 0.001 vs control group. The experimental groups were pre-treated 60

minutes previously to the beginning of experiment.
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exerta wide range of side effects (Slater et al. 2010),
there is currently a strong interest in developing new
therapeutic agents from natural products (Oh et al.
2015, Rohini and Mahesh 2015, Lehra et al. 2014).
These products can inhibit different mediators
that are involved in the evolution of inflammatory
processes, including the pain (Lehra et al. 2014,
Paduch et al. 2007). In this context, studies have
been carried out with natural products in models
of pain and inflammation in order to assess their
pharmacological potential, as well as developing
new therapeutic options (Kumar and Pandey 2013,
Cragg and Newman 2013).

The acute toxicity test showed that the ethanol
extract from A. fastigiatum branches was not toxic
to mice. In addition, it is important to observe that
the largest dose administered (200 mg/kg) was less
than the lowest dose applied for determination of
the LD, (0.5 g/kg or 500 mg/kg). Previous study
performed by our research group demonstrated that
the essential oil from A. fastigiatum leaves showed
LD, of 2.50 g/kg (Del-Vechio-Vieira et al. 2009a).
Although the constituents of the essential oil may
contribute to the toxicological effects, the quantity
found in the extract can not be sufficient to produce
toxicity.

The writhing induced by chemical substances,
as acetic acid, is due to sensitization of nociceptors
by prostaglandins and this test is a classical
experimental model used for the screening of
drugs with analgesic activity (Collier et al. 1968).
Moreover, the acetic acid causes the release
of bradykinin, histamine and serotonin in the
peritoneal fluid of mice (Deraedt et al. 1980). The
results showed that the antinociceptive activity
of the extract is dose-dependent (Figure 1) and
probably this action could be due the presence of
bioactive substances such as those constituents
observed in the essential oil (Del-Vechio-Vieira et
al. 2009a). This effect was also demonstrated in the
ethanol extract from leaves (Del-Vechio et al. 2007)
and it could be mediated by peripheral actions,
including the prostaglandin synthesis inhibition.

An Acad Bras Cienc (2016) 88 (3)

The ethanol extract also produced significant
inhibition in the both phases of formalin-induced
pain. The formalin test is considered a model
to clinical pain because it causes a local tissue
injury to the paw and is also indicative of tonic
and localized inflammation pain resulting in two
distinct phases (Hunskaar and Hole 1987). The first
phase (0-5 min after formalin injection) is due to a
direct effect on nociceptors and the second phase
(15-30 min after formalin injection) produces an
inflammatory response and this involves different
chemical mediators, such as excitatory amino
acids, neuropeptides, PGE2, nitric oxide, and kinins
(Hunskaar and Hole 1987, Shibata et al. 1989).
Moreover, this model can be used to clarify the
possible mechanism of antinociceptive effect of a
proposed analgesic (Tjolsen et al. 1992). Centrally
acting drugs such as opioids inhibit both phases
equally, but peripherally acting drugs as aspirin,
indomethacin and dexamethasone only inhibit the
second phase (Rosland et al. 1990). The ethanol
extract from A. fastigiatum branches was able to
decrease the time that the animal spent licking the
injected paw on the first and second phases (Figure
2). Taken together, these results revealed a probably
similar action to the opioid and nonsteroidal anti-
inflammatory drugs.

The central analgesic effect of the ethanol
extract observed in the first phase of the formalin
test reported above could be supported by the results
recorded in the hot plate and the tail-immersion
experiments, which are selective methods able
to screen centrally acting opiate analgesic drugs
(Abbott and Melzack 1982). The hot plate is
a specific central antinociceptive test in which
opioid agents exert their analgesic effects via supra
spinal and spinal receptors (Nemirovsky et al.
2011). The tail-immersion assay indicated that the
pharmacological actions were mediated by p opioid
receptors rather than k and 6 receptors (Schmauss
and Yaksh 1984). It was demonstrated that the oral
administration of the ethanol extract (50, 100 and
200 mg/kg) exerted significant prolongation in the
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response latency time to the heat stimulus (Table
IT and Figure 3). These tests are also considered
to be sensitive to drugs acting at the supraspinal
modulation level of the pain response (Yaksh and
Rudy 1977), suggesting at least a modulatory effect
of the investigated extract. Our results indicate that
the analgesia induced by the ethanol extract can
be dependent on the opioid system, since previous
treatment with naloxone changed the observed
data (Table II). As expected, morphine (1 or 5 mg/
kg) significantly increased the latency time to the
nociceptive response when compared with the
control group.

Carrageenan-induced rat paw edema is a
suitable test for evaluating anti-inflammatory
drugs which has frequently been used to assess
the anti-edematous effect of the natural products
(Del-Vechio-Vieira et al. 2009a, Oh et al. 2015,
Rohini and Mahesh 2015). This is a model of
acute inflammation that involves different phases
(Vinegar et al. 1969). The first phase (1-2 h) is
related with the release of serotonin and histamine;
kinins play a role in the middle phase (Di Rosa
and Sorrentino 1968), while prostaglandins appear
to be the most important mediators in the second
phase (3-5 h) of the postcarrageenan response as a
resulted of induction of isoforms of cyclooxygenase
(Di Rosa et al. 1971, Di Rosa 1972, Nantel et al.
1999). The result of the present study indicates that
the suppression of the first phase may be due to
inhibition of the release of early mediators, such
as histamine and serotonin, and the action in the
second phase may be explained by an inhibition
of cyclooxygenase with reduced expression of
prostaglandins. In this context, the ethanol extract
(50, 100 and 200 mg/kg) from A. fastigiatum
branches and indomethacin play a crucial role as
protective factors against the carrageenan-induced
acute inflammation (Table III).

To better understanding of the anti-inflamma-
tory effect demonstrated in the paw edema model,
the induction of pleurisy with injection of carra-
geenan into the pleural cavity of rats was made.

This test elicits an acute inflammatory response,
characterized by the accumulation of fluid contain-
ing large number of leucocytes (Ammendola et al.
1975, Almeida et al. 1980, Capasso et al. 1975). It
is an interesting method that evaluates the leuco-
cyte migration during the inflammatory process.
Anti-inflammatory drugs, such as indomethacin
and dexamethasone, inhibit the accumulation of
exudates and mobilization of leucocytes between
3 and 6 h after application of carrageenan (Vinegar
etal. 1973, Almeida et al. 1980, Miyasaka and Mi-
kami 1982). Our results showed that the ethanol
extract from A. fastigiatum branches inhibited the
formation of pleural exudate and the leucocyte mi-
gration confirming the anti-inflammatory activity
(Table IV).

CONCLUSION

The results obtained through the in vitro and in
vivo experiments performed in the present study
add more subsidies to the use of the ethanol extract
from A. fastigiatum branches by population in the
Brazilian folk medicine as antioxidant, analgesic
and anti-inflammatory. Based on our data, 4. fas-
tigiatum can be an active source of bioactive sub-
stances, representing promising targets for future
medicines to new therapeutic purposes. However,
further studies should be conducted to ensure the
safety, feasibility and sustainability of usage.
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