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We investigated the antinociceptive and anti-inflammatory activities of the crude ethanolic extract (CEE), its fractions, and the
flavonoid isorhamnetin from Aspidosperma tomentosum using models of nociception and inflammation in mice. In the writhing
test, the CEE and its fractions (except for soluble phase, CHCl

3
100% and EtAcO 100%) at 100mg/kg p.o. induced antinociceptive

activity. Isorhamnetin (100 𝜇mol/kg, p.o.) was also active. In the hot plate test, only the treatment with the fractions Hex : CHCl
3

50%, CHCl
3
100%, and CHCl

3
:MeOH 5% (100mg/kg, p.o.) increased the latency time, reversed by the opioid antagonist naloxone.

Fractions that were active in the hot plate test did not show catalepsy condition. It was observed that CEE, all fractions, and
isorhamnetin reduced the formalin effects in the neurogenic phase. In the inflammatory phase, only CEE, isorhamnetin, andCHCl

3

100% andCHCl
3
:MeOH5% fractions were active. CEE and all fractions, except for CHCl

3
:MeOH 10% fraction, isorhamnetin, and

soluble fraction were able to produce an antioedematogenic activity in the ear capsaicin-induced edema test. In the thioglycolate-
induced peritonitis, only EtAcO 100% fraction was not active. The results demonstrate that A. tomentosum has antinociceptive and
anti-inflammatory activities in animal models.

1. Introduction

Inflammation is a nonspecific response of the organism to
invasion by a foreign body, such as microorganism. This
response is characterized by five signals: (i) redness and heat,
resulting from an increase in blood flow; (ii) swelling which
is associated with increased vascular permeability; (iii) pain
as the consequence of activation and sensitization of primary
afferent nerve fibers; and (iv) loss of function [1]. In this
regard the study of mechanisms and mediators involved in
painful and inflammatory processes has been the subject of
numerous studies over the past years [2–4].

Although there are several products used for the treat-
ment of these processes, so far, there is no ideal anti-
inflammatory or analgesic compound, either by limiting their
effectiveness or by the spread of their adverse effects [5].
In this regard it is important to note that many currently
available anti-inflammatory drugs may be associated with
significant complications, including the following: gastroin-
testinal hemorrhage, heart attack, and stroke, which rep-
resents an important limitation to use of these products
[6–8]. For this reason, the search for substances that have
potent anti-inflammatory activity and with limited adverse
effects is still stimulating the scientific community. Thus
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the natural compounds, particularly those ones used in
traditional medicine, are playing an important role in drug
discovery [9, 10].

The Apocynaceae family comprising 424 genera and
1500 species are found mainly in tropical and temperate
regions [11]. The genus Aspidosperma consists of 43 species
of tropical distribution, which are found mainly between
Mexico and Argentina [12] and is popularly used to treat
several diseases [13]. In the Amazon region, the barks of
species of the genus Aspidosperma are commonly used as
infusions in folk medicine against fever and rheumatism
due to low toxicity and the absence of contraindications
[14].

These species are known to be very rich in indole
alkaloids like aspidospermine and quebrachamine. Alkaloids
are one of the most diverse classes of secondary metabolites
found in living organisms, with about 12,000 substances,
including indole alkaloids (25% of all the alkaloids). Several
anti-inflammatory drugs used in the therapy have the basic
chemical structure of nitrogen-containing aromatic rings
[15].

Even though several studies had been conducted with
species of the genus Aspidosperma some species are scarcely
reported. An example is the species A. tomentosum, found
in the Brazilian “cerrado,” which is known as “Pau pereiro
do campo” or “Peroba do campo.” The most commonly
used plant parts are wood for construction, production of
household utensils, and musical instruments. Although the
genus Aspidosperma is known to be rich in indole alkaloids,
in this study the flavonoid isorhamnetin, a flavonol aglycone
was isolated from A. tomentosum and has been reported for
its antioxidant activity, cytoprotective capacity, and cardio-
vascular effects [16]. This study was intended to evaluate the
antinociceptive and anti-inflammatory activities of different
extracts, fractions, and isorhamnetin of A. tomentosum in
animal models.

2. Materials and Methods

2.1. Plant Material. The plant material of A. tomentosum was
collected in May 2004 in Planaltina, Goiás State, Brazil. The
plant material was identified by Dr. J. E. de Paula, from
Federal University of Braśılia, Brazil, in which a voucher
specimen (no. JEP 3732 (UB)) was deposited.

2.2. Extract Preparation. The stem bark of the plant was
subjected to drying at 40∘C for 72 hours with subsequent
grinding. The dried and ground material presented total
weight of 3.64 kg and was subjected to extraction with
20 L of ethanol 90% in percolator at room temperature for
96 h. Removal of solvent under reduced pressure in rotary
device provided 316.55 g (8.696%) of crude concentrate. The
crude ethanolic extract (CEE) was subjected to filtration
with different organic solvents, with increasing gradient of
polarity organic, obtaining the following fractions: Hexane
100% (21.50 g, 6,79%), Hex : CHCl

3
50% (103.65 g, 32,74%),

CHCl
3
: EtAcO 50% (88.25 g, 27,88%), CHCl

3
:MeOH 5%

(56.35 g, 17,80%), and CHCl
3
:MeOH 10% (31.12 g, 9,83%).
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Figure 1: Chemical structure of the flavonoid isorhamnetin (1).

During the process of concentration of the CEE was
noticed the formation of a yellow precipitate (12.56 g, 3,97%).
The precipitation was identified using spectral data of UV, IV,
1H NMR, and 13C NMR as flavonoid 3,5,7,4-tetrahydroxy-
3-methoxyflavone (isorhamnetin, Figure 1).

2.3. Animals. Male and female Swiss mice weighing 25–30 g
with 6–8 weeks age were provided from BIOCEN-UFAL.The
animals were housed in groups of five in standard cages at
room temperature (27 ± 3∘C) in 12 h dark/12 h light control,
with both food andwater ad libitum. All tests were conducted
under the guidelines of the International Association for the
Study of Pain [17]. Also, the experiments were authorized by
the Ethical Committee for Animal Care of UFAL, Brazil (no.
009468/2006-12).

2.4. Drugs and Reagents. Acetic acid, indomethacin, and
formaldehyde were purchased from Merck & Co. Arabic
gum, dipyrone, Tween 80, and thioglycolate were purchased
from Sigma-Aldrich Chemical Co., while morphine, nalox-
one, and haloperidol were purchased from Cristália-BR. A
solution of formalin 2.5% was prepared with formaldehyde
in saline. The drugs were used as suspension in Arabic gum
in all the experiments and oral administrations.

2.5. Acetic Acid-Induced Writhing. The animals were treated
with the CEE and its fractions (100mg/kg, p.o.), as well as
isorhamnetin (100 𝜇mol/kg, p.o.), the drug standard dipy-
rone, (100 𝜇mol/kg, p.o.), and/or vehicle (arabic gum and
Tween 80, p.o.). The abdominal contortions were induced
by an intraperitoneal injection of a 0.6% acetic acid solution
40min after the treatment. The number of writhings was
counted starting at 5min after injection of the stimulus
during 20min, and the antinociceptive activity was expressed
as the reduction on the number of abdominal writhing
[18].

2.6. Hot Plate Test. The animals were treated with the CEE
and its fractions (100mg/kg, p.o.), as well as isorhamnetin
(100 𝜇mol/kg, p.o.), morphine (15 𝜇mol/kg, p.o.), or vehicle
(arabic gum and Tween 80, p.o.). Then, they were placed on
a heated surface at 54 ± 1∘C, and reaction to the thermal
stimulus (lifting or biting its paw) was registered at 30, 60,
90, and 120min after the treatment. Two measurements were
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made in intervals of 30min, establishing the time of “cut-off”
of 15 s that were used as a control [19].

2.7. Catalepsy. The animals were placed with both forelegs
over a horizontal bar glass at a height of 5 cm from the ground.
The time that the animal was in that position was clocked up
to 300 s, after three attempts. The cataleptic state was consid-
ered completed when the animal took off to the bar, or when
it went to the bar. The measurement was carried out in 30,
60, 120, 180, and 240min after administration of CEE and its
fractions (100mg/kg, p.o.) fromA. tomentosum isorhamnetin
(100 𝜇mol/kg, p.o.), the drug standard haloperidol (1mg/kg),
or vehicle [20].

2.8. Nociception Induced by Formalin. The animals received
a subcutaneous injection of 20𝜇L of formalin 2.5% into the
dorsal right hind paw. Animals were observed from 0 to
5min (neurogenic phase) and from 15 to 30min (inflamma-
tory phase), and the time that they spent licking the paw
was recorded and considered as indicative of nociception.
TheCEE, fractions (100mg/kg), isorhamnetin (100 𝜇mol/kg),
indomethacin (100𝜇mol/kg), and vehicle were administered
40min before of formalin [21].

2.9. Ear Capsaicin-Induced Oedema. This test consists of
local administration of 20𝜇L of a solution of capsaicin diluted
in acetone (12.5mg/mL), 40min after the administration of
CEE, fractions (100mg/kg), isorhamnetin (100 𝜇mol/kg), and
indomethacin (100𝜇mol/kg). Thirty minutes after capsaicin
application, mice were killed and both ears were removed,
and after that the weights of the inflamed ears were compared
with the weights of the ear against-lateral that was not dealt
with by the flogistic agent. Circular sections were taken, using
a cork borer with a diameter of 6mm, and weighed. The
increase in weight caused by the irritant was measured by
subtracting the weight of the untreated left ear section from
that of the treated right ear sections [22].

2.10.Thioglycolate-Induced Peritonitis. Themice were treated
with the CEE, fractions (100mg/kg), isorhamnetin
(100 𝜇mol/kg), and indomethacin (100 𝜇mol/kg) before
administration of 1mL of thioglycolate 3%. After 4 h, the
animals were killed by cervical dislocation. The peritoneal
cavity was washed with 3.0 mL of HANKS, and after gentle
manual massage the exudate was retrieved and the volume
was measured. The exudate was collected and the number of
cells was counted in aNeubauer chamber, and the results were
expressed as cells × 106/mL. The exudate was collected and
used freshly for cell counts and cytospin preparations [23, 24].

2.11. Statistical Analysis. Data obtained from animal exper-
iments were expressed as the mean ± standard error of the
mean (± SEM). Statistical differences between the treated and
the control groups were analyzed statistically by analysis of
variance (ANOVA) followed by Dunnett’s test, in the tutorial
Prisma 3.0. Results with ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 were
considered significant.
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Figure 2: Antinociceptive effect of extract, fractions, and isorham-
netin (100mg/kg, p.o.) on the acetic acid-induced writhings in
mice. Each column represents the mean ± S.E.M. of 6 animals.
Statistical differences between the treated and the control groups
were evaluated by ANOVA and Dunnett hoc tests, and the asterisks
denote the significance levels in comparison with control groups:
∗

𝑃 < 0.05; ∗∗𝑃 < 0.01.

3. Results

3.1. Acetic Acid-Induced Abdominal Writhing. Oral ad-
ministration of the CEE, isorhamnetin, Hexane 100%,
Hex : CHCl

3
50%, CHCl

3
: EtAcO 50%, CHCl

3
:MeOH 5%,

and CHCl
3
:MeOH 10% produced significant decrease in the

number of abdominal writhing response in the acetic acid
with 53.3%, 42.2%, 54.7%, 36.1%, 59.7%, 50.8%, and 29.2%
of inhibition, respectively (Figure 2). Dipyrone, standard
drug used, also produced a significant inhibition of acetic
acid-induced abdominal writhing response with 64.1% of
inhibition. The animals treated with soluble phase, CHCl

3

100%, and EtAcO 100% fractions did not show significant
decrease in the number of abdominal writhing.

3.2. Hot Plate Test. In the hot plate test, only the ani-
mals treated with Hex : CHCl

3
50%, CHCl

3
100%, and

CHCl
3
:MeOH 5% fractions showed a significant increase

of latency time at 30 (only CHCl
3
:MeOH 5%) and 60min.

Animals treated withmorphine showed a significant increase
in latency at 30 to 120min (Table 1). In the presence of
naloxone, opioid receptor antagonist,morphine,Hex : CHCl

3

50%, CHCl
3
100%, and CHCl

3
:MeOH 5% fractions, its

effects were completely blocked (Table 2).

3.3. Catalepsy. Fractions that showed significant results in
the hot plate test were tested in catalepsy test. In the present
study, haloperidol induced a strong cataleptic effect during
at the four-hour period of the study. The animals treated
with vehicle and fractions Hex : CHCl

3
50%, CHCl

3
100%,
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Table 1: Effect of extract, fractions, and isorhamnetin in the hot plate test.

Group Pretreatment† Posttreatment†

0min 30min 60min 90min 120min
Vehicle 4.2 ± 0.7 3.7 ± 0.7 3.7 ± 0.6 3.7 ± 0.7 4.7 ± 1.2

Morphine 12.8 ± 0.4
∗∗

10.3 ± 0.8
∗∗

9.7 ± 0.7
∗∗

9.7 ± 0.9
∗∗

12.8 ± 0.4
∗∗

CEE 4.3 ± 0.5 4.8 ± 1.8 6.6 ± 1.2 5.9 ± 1.4 6.3 ± 0.9

Isorhamnetin 4.1 ± 0.5 4.7 ± 0.8 4.4 ± 0.7 3.6 ± 0.8 7.2 ± 1.7

Soluble phase 4.6 ± 0.7 5.0 ± 0.7 4.6 ± 0.8 3.1 ± 0.4 2.9 ± 0.5

Hexane 100% 3.2 ± 0.7 2.6 ± 0.4 3.0 ± 0.4 2.8 ± 0.5 3.1 ± 0.6

Hex : CHCl3 50% 4.6 ± 0.3 6.3 ± 0.9 7.4 ± 0.7
∗

7.0 ± 1.5 7.3 ± 1.3

CHCl3 100% 3.0 ± 0.6 4.8 ± 0.6 7.8 ± 0.9
∗

5.3 ± 0.2 6.3 ± 1.5

CHCl3 : EtAcO 50% 3.9 ± 0.7 4.3 ± 0.7 3.6 ± 0.4 3.3 ± 0.8 3.9 ± 0.8

EtAcO 100% 4.3 ± 1.0 2.9 ± 0.5 4.2 ± 0.6 5.4 ± 1.4 3.7 ± 0.6

CHCl3 :MeOH 5% 3.2 ± 0.8 8.5 ± 1.2
∗∗

7.7 ± 1.6
∗

6.7 ± 1.7 7.2 ± 1.1

CHCl3 :MeOH 10% 4.4 ± 0.8 5.2 ± 1.2 6.7 ± 0.7 6.9 ± 1.1 6.6 ± 1.2

†Data represented as mean ± S.E.M. Number of animals = 8. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01. (One-way ANOVA and Dunnett test.)

Table 2: Effect of fractions Hex : CHCl3 50%, CHCl3 100%, and CHCl3 :MeOH 5% in the hot plate test, in the presence of the drug nalaxone.

Group Pretreatment† Posttreatment†

0min 30min 60min 90min 120min
Vehicle 4.2 ± 0.8 3.7 ± 0.7 3.7 ± 0.6 3.7 ± 0.7 4.7 ± 1.2

Morphine 5.9 ± 0.3 12.8 ± 0.4
∗∗

10.3 ± 0.8
∗∗

9.7 ± 0.7
∗∗

9.7 ± 0.95
∗∗

Morphine + Nlx 2.6 ± 0.5 3.3 ± 0.9 3.8 ± 0.7 2.6 ± 0.8 3.0 ± 0.4

Hex : CHCl3 50% + Nlx 2.6 ± 0.3 3.7 ± 0.5 1.2 ± 0.2 3.6 ± 0.8 2.4 ± 0.4

CHCl3 100% + Nlx 2.6 ± 0.4 4.2 ± 0.5 2.0 ± 0.4 3.2 ± 0.6 2.7 ± 0.3

CHCl3 :MeOH 5% + Nlx 3.2 ± 0.2 3.9 ± 0.8 3.0 ± 0.7 3.3 ± 0.5 5.0 ± 1.2

†Data represented as mean ± S.E.M. Number of animals = 8. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01. (One-way ANOVA and Dunnett test.)

Table 3: Effect of fractions Hex : CHCl3 50%, CHCl3 100%, and CHCl3 :MeOH 5% on catalepsy test.

Group 30min 60min 120min 180min 240min
Vehicle 5.0 ± 0.6 3.7 ± 1.1 6.5 ± 2.5 8.7 ± 2.9 5.7 ± 0.8

Haloperidol 103.2 ± 17.1
∗∗∗

174.8 ± 37.3
∗∗∗

201.6 ± 36.6
∗∗∗

230.5 ± 44.0
∗∗∗

261.8 ± 28.5
∗∗∗

Hex : CHCl3 50% 10.7 ± 2.0 22.1 ± 9.4 20.8 ± 7.4 19.5 ± 6.3 11.9 ± 2.9

CHCl3 100% 6.3 ± 1.9 4.3 ± 0.6 10.9 ± 2.5 13.0 ± 4.3 5.8 ± 0.7

CHCl3 :MeOH 5% 6.9 ± 2.9 7.9 ± 2.0 11.1 ± 5.1 10.9 ± 3.4 22.0 ± 7.9

†Data represented as mean ± S.E.M, number of animals = 6. ∗∗∗𝑃 < 0.001 (One-way ANOVA and Dunnett test.)

and CHCl
3
:MeOH 5% did not show catalepsy condition,

remaining until 1min on the bar (Table 3).

3.4. Formalin-Induced Nociception. In this test, the treatment
with CEE, soluble phase, all fractions, and isorhamnetin
caused a significant inhibition of neurogenic phase in the
nociception induced by formalin. However, in the inflam-
matory phase, only CEE, isorhamnetin, CHCl

3
100%, and

CHCl
3
:MeOH 5% fractions showed a significant antinoci-

ceptive response with 64.8%, 74.2%, 76.2%, and 60.8% of
inhibition in the licking induced by the formalin. The
treatment with indomethacin was able to inhibit neurogenic
and inflammatory phase by 23.4% and 64.8%, respectively
(Table 4).

3.5. Ear Capsaicin-Induced Oedema. In this test, the CEE
and all of fractions, except for CHCl

3
:MeOH 10% fraction,

isorhamnetin, and soluble fraction were able to produce
an antioedematogenic activity. Moreover, the CHCl

3
: EtAcO

50% was the most active with 64.2% of inhibition of edema-
induced by capsaicin. Indomethacin also produced a reduc-
tion of edema induced by capsaicin by 79.2% (Figure 3).

3.6. Thioglycolate-Induced Peritonitis. The ability of CEE,
soluble phase, all fractions, and isorhamnetin to inhibit
the leukocyte migration was evaluated in the thioglycolate-
induced peritonitis. In this test, only EtAcO 100% fraction
was not able to significantly inhibit leukocyte migration into
the peritoneal cavity (Table 5).

4. Discussion

In this work, we show for the first time that A. tomentosum
has antinociceptive and anti-inflammatory properties. Such
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Table 4: Effects of extract, fractions (100mg/kg, p.o.), isorhamnetin, and indomethacin (100 𝜇mol/kg, p.o.) in nociception induced by
formalin.

Group 𝑛

Linking (s) % of inhibition
Phase 1 Phase 2 Phase 1 Phase 2

Mean ± S.E.M. Mean ± S.E.M. Mean ± S.E.M. Mean ± S.E.M.
Vehicle 6 82.8 ± 5.6 215.7 ± 24.0 — —
Indomethacin 6 59.4 ± 8.1 94.6 ± 24.4 23.4∗ 56.1∗∗

CEE 6 39.6 ± 2.4 75.8 ± 29.7 55.0∗∗ 64.8∗∗

Isorhamnetin 6 59.4 ± 6.3 55.6 ± 32.7 35.7∗∗ 74.2∗∗

Soluble phase 6 41.8 ± 3.4 139.6 ± 10.5 52.3∗∗ 35.3
Hexane 100% 6 59.2 ± 4.4 195.0 ± 28.2 31.8∗∗ 9.6
Hex : CHCl3 50% 6 62.7 ± 3.9 204.5 ± 42.4 24.2∗∗ 5.2
CHCl3 100% 6 35.5 ± 7.0 51.2 ± 19.3 57.1∗∗ 76.2∗∗

CHCl3 : EtAcO 50% 6 46.0 ± 5.2 131.2 ± 18.4 49.6∗∗ 39.2
EtAcO 100% 6 56.0 ± 2.8 128.8 ± 9.7 32.4∗∗ 40.3
CHCl3 :MeOH 5% 6 59.6 ± 3.7 84.6 ± 27.7 31.8∗∗ 60.8∗∗

CHCl3 :MeOH 10% 6 42.2 ± 2.6 177.8 ± 16.3 52.0∗∗ 17.6
Statistical differences between the treated and the control groups were evaluated by ANOVA and Dunnett test, and the asterisks denote the significance levels
in comparison with control groups: ∗𝑃 < 0.05; ∗∗𝑃 < 0.01.
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Figure 3: Effects of extract, fractions, and isorhamnetin (100mg/kg,
p.o.) on the ear edema induced by capsaicin model. Each column
represents the mean ± S.E.M. of 5 animals. The asterisks denote the
significance levels in comparison with control groups, ∗𝑃 < 0.05.

properties were assessed by different animal models. Initially,
acetic acid-induced abdominal writhing was carried out.This
test is used to evaluate peripheral antinociceptive activities
of compounds. Acetic acid injection produces peritoneal
inflammation, which triggers a response characterized by
abdominal contractions, movements of the body as a whole,
twisting of dorsoabdominal muscles, and a reduction in
motor activity and motor incoordination [25]. This model
involves different nociceptive mechanisms, such as biogenic
amines release (e.g., histamine and serotonin), cyclooxyge-
nases, and their metabolites [26]. In this test, our findings

Table 5: Effects of extract, fractions (100mg/kg, p.o.), and isorham-
netin (100 𝜇mol/kg, p.o.) in the thioglycolate-induced peritonitis.

Group 𝑛
Cell number × 106/mL % of inhibition

Mean ± S.E.M. Mean ± S.E.M.
Vehicle 6 1.5 ± 1.0 —
CEE 6 3.6 ± 0.4 57.6%∗∗

Isorhamnetin 6 4.6 ± 0.6 45.9%∗∗

Soluble phase 6 2.2 ± 0.3 74.1%∗∗

Hexane 100% 6 3.4 ± 0.4 60.0%∗∗

Hex : CHCl3 50% 6 1.7 ± 0.2 80.0%∗∗

CHCl3 100% 6 3.8 ± 0.5 55.3%∗∗

CHCl3 : EtAcO 50% 6 3.2 ± 0.6 62.3%∗∗

EtAcO 100% 6 8.6 ± 1.8 0.0%
CHCl3 :MeOH 5% 6 2.4 ± 0.5 71.8%∗∗

CHCl3 :MeOH 10% 6 4.6 ± 0.5 45.9%∗∗

Statistical differences between the treated and the control groups were
evaluated by ANOVA and Dunnett tests, and the asterisks denote the
significance levels in comparison with control groups, ∗∗𝑃 < 0.01.

showed that the extract, fractions, except for soluble phase,
CHCl

3
100% and EtAcO 100%, and isorhamnetin induced a

significant decrease in the number of abdominal writhing. In
addition, these effects can be compared with dipyrone, used
as the reference analgesic drug.

The hot plate test, considered a good model for study-
ing central antinociceptive activity, measures the complex
response to acute, noninflammatory, nociceptive stimuli
and is influenced by opioids. The ability of compounds to
prolong latency to discomfort in the hot plate test, as seen
with Hex : CHCl

3
50%, CHCl

3
100%, and CHCl

3
:MeOH

5% fractions, indicates their ability to influence the central
mechanism of pain [27]. Since the hypothesis of a central
antinociceptive action was generated, we performed the hot
plate test in the presence of an opioid receptor antagonist,
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naloxone, to investigate a possible mechanism of action via
opioid receptors.The results show that in presence of the opi-
oid antagonist, the effect was abolished, suggesting that these
fractions have constituents which may be acting by a mecha-
nism of action dependent on opioid receptors. This central
antinociceptive activity of these fractions might be due to
constituents as alkaloids. The Aspidosperma genus is known
to be very rich in indole alkaloids [15]. It has been suggested
that the central antinociceptive action of indole alkaloid,
such as mesaconitine, lappaconitine, and 3-acetylaconitine,
is linked to the noradrenergic and serotoninergic systems
[28]. To investigate if the fractions Hex : CHCl

3
50%, CHCl

3

100%, andCHCl
3
:MeOH5% fromA. tomentosum also act on

adrenergic and serotoninergic systems or acetylcholine and
dopamine receptors, the catalepsy test was performed.

Numerous experimental data have indicated that admin-
istration of typical neuroleptics like haloperidol induce
catalepsy in rats, a phenomenon generally defined as the long-
termmaintenance of the animal in an abnormal posture [29].
Haloperidol is thought to induce catalepsy through the block-
ade of dopamine receptors in the striatum [30] and nucleus
accumbens [31]. Along with the blockade of postsynaptic
striatal dopamine receptors, multiple other mechanisms have
been proposed to explain the catalepsy behavior such as
antagonism of 𝜇-opioid or acetylcholine receptors [32, 33].
Furthermore, the catalepsy state may be modulated by drugs
that modify the serotonergic or purinergic neurotransmitter
systems [34, 35]. In the catalepsy test, the fractions did not
induce a cataleptic condition. These results suggest that they
are not acting through these mechanisms of action.

The neurogenic and inflammatory pain was evaluated
using nociception induced by formalin. It is known that
neurogenic phase (first phase) has been associated with
direct effect of formalin on nociceptors, while inflamma-
tory phase (second phase) is said to involve inflammatory
response [36–38]. Different mechanisms have been shown
to be involved in neurogenic and inflammatory phases of
nociceptive inflammation, based on the different pharma-
cological mechanisms of action. For example, while second
phase behaviors are selectively attenuated by cyclooxygenase
inhibitors, neurogenic and inflammatory phase behaviors are
attenuated by opioids [37]. Because better performances of
the crude ethanolic extract, fractions, and isorhamnetin on
the neurogenic phase of formalin could be observed, we
might suggest a neurogenic antinociceptive action of the
A. tomentosum. Moreover, treatment with the CEE, CHCl

3

100% fraction, CHCl
3
: EtAcO 50% fraction, CHCl

3
:MeOH

5% fraction, and isorhamnetin protected the inflammatory
phase too, indicating a possible anti-inflammatory activity.

Based on these data, this study strongly supports that
systemic administration of CEE, soluble phase, fractions, and
isorhamnetin from A. tomentosummodulates peripheral and
central nociceptive response. A possible inhibitory effect of
A. tomentosum in cells recruitment into the peritoneal cavity
was evaluated by thioglycolate-induced peritonitis. The local
injection of thioglycolate 3% caused extravasation of poly-
morphonuclear leukocytes into the peritoneal cavity, peaking
at 4 h and still elevate above basal levels at 48 h after injection
[39]. Leukotriene B4 and C5a, potent chemotactic molecules

that accumulate early in inflamed tissue, drive thioglycollate-
induced peritonitis, and at least the leukotriene component
is, in turn, regulated by reactive oxygen species (ROS) [40].
This may explain the activity showed by isorhamnetin, a
flavonoid which is a potential free-radical scavenger and also
attenuated LOX-1 upregulation. Furthermore, the number of
cells in the peritoneal fluids was reduced after administration
of the CEE, soluble phase, and all fractions, except for EtAcO
100% fraction, from A. tomentosum in regard with their anti-
inflammatory actions.

In order to analyze the effects of CEE, soluble phase,
fractions, and isorhamnetin from A. tomentosum in other
components of the inflammatory response, these ones were
studied using capsaicin-induced ear edema in mice. In this
model, topical application of capsaicin, the main pungent
ingredient in “hot” chili peppers, when applied to the ear
of mice, produces neurogenic acute inflammatory responses,
such as axon reflex vasodilatation, plasma leakage, and
erythema [41]. Capsaicin and related vanilloid compounds
produce burning pain by depolarizing specific subsets of
C and A𝛿 nociceptors through activation of the vanilloid
receptor, TRPV1 [42]. The isorhamnetin, soluble phase, and
fraction CHCl

3
:MeOH 10% did not present a significant

inhibition of percentage of oedema, suggesting that its action
is not related with vanilloid receptor and mediators involved
after capsaicin action. On the other hand, as the CEE and the
other fractions showed activity in this model, it suggests that
they contain compounds which may antagonize capsaicin
actions.

There are studies showing that isorhamnetin reduces
inducible nitric-oxide synthase (iNOS) expression, and this
effectmaywell bemediated by inhibition ofNF-𝜅Bactivation.
Because NF-𝜅B is involved in the activation of several inflam-
matory genes, flavonoids that inhibit activation of NF-𝜅B are
likely to downregulate production of an array of inflamma-
tory mediators in addition to iNOS [43, 44]. The isorham-
netin is a potential free-radical scavenger and showed appre-
ciable effects against 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical-generating system.

Taken together, the results showed herein suggest that
A. tomentosum has antinociceptive and anti-inflammatory
activities. Furthermore, Hex : CHCl

3
50%, CHCl

3
100%, and

CHCl
3
:MeOH 5% fractions have compounds with cen-

tral antinociceptive activity which may act through opiate
receptors, and the anti-inflammatory activity showed by
isorhamnetin probably involves its antioxidant activity by free
radical scavenging.

5. Conclusion

In conclusion, this study has shown that the CEE, the frac-
tions, and isorhamnetin fromA. tomentosum have significant
antinociceptive and anti-inflammatory effects in mice at the
doses and routes investigated. However, pharmacological and
chemical studies are needed in order to characterize the
mechanism(s) responsible for the antinociceptive and anti-
inflammatory actions and also to identify other active agents
present in this plant.
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[44] M. Hämäläinen, R. Nieminen, P. Vuorela, M. Heinonen, and E.
Moilanen, “Anti-inflammatory effects of flavonoids: genistein,
kaempferol, quercetin, and daidzein inhibit STAT-1 and NF-
𝜅B activations, whereas flavone, isorhamnetin, naringenin, and
pelargonidin inhibit only NF-𝜅B activation along with their
inhibitory effect on iNOS expression and NO production in
activated macrophages,” Mediators of Inflammation, vol. 2007,
Article ID 45673, 10 pages, 2007.



Submit your manuscripts at
http://www.hindawi.com

Pain
Research and Treatment
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Toxins
Journal of

Vaccines
Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Antibiotics
International Journal of

Toxicology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stroke
Research and Treatment
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Drug Delivery
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in 
Pharmacological 
Sciences

Tropical Medicine
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Medicinal Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Addiction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Emergency Medicine 
International
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Autoimmune 
Diseases

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anesthesiology 
Research and Practice

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Pharmaceutics

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of


