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ABSTRACT: The aim of this study was to investigate the antinociceptive and
anti-inflammatory activities of epiisopiloturine (1), an imidazole alkaloid found
in the leaves of Pilocarpus microphyllus. The anti-inflammatory activity of 1 was
evaluated using several agents that induce paw edema and peritonitis in Swiss
mice. Paw tissue and peritoneal fluid samples were obtained to determine
myeloperoxidase (MPO) activity or tumor necrosis factor (TNF)-α and
interleukin (IL)-1β levels. The antinociceptive activity was evaluated by acetic
acid-induced writhing, the hot plate test, and pain induction using formalin.
Compared to vehicle treatment, pretreatment with 1 (0.1, 0.3, and 1 mg/kg,
ip) of mice significantly reduced carrageenan-induced paw edema (p < 0.05).
Furthermore, compound 1 at a dose of 1 mg/kg effectively inhibited edema
induced by dextran sulfate, serotonin, and bradykinin, but had no effect on
histamine-induced edema. The administration of 1 (1 mg/kg) following
carrageenan-induced peritonitis reduced total and differential peritoneal leukocyte counts and also carrageenan-induced paw
MPO activity and TNF-α and IL-1β levels in the peritoneal cavity. Pretreatment with 1 also reduced acetic acid-induced writhing
and inhibited the first and second phases of the formalin test, but did not alter response latency in the hot plate test. Pretreatment
with naloxone reversed the antinociceptive effect of 1.

T he genus Pilocarpus, popularly known as “jaborandi”, is one
of themost important among the Brazilian flora, with native

species in the north and northeast of the country.1 Pilocarpus
microphyllus Stapf (Rutaceae) is the most well-known
representative of the jaborandi group economically, because it
contains high concentrations of the imidazole alkaloid
pilocarpine, which is used to treat glaucoma, to stimulate the
lachrymal and sweat glands, and to control xerostomia.2 In
addition to pilocarpine, other imidazole alkaloids such as
isopilosine, epiisopilosine, and epiisopiloturine (1) have been
isolated from P. microphyllus.3However, the biological properties
of alkaloids such as 1 are still largely unknown.
The inflammatory process involves a complex cascade of

biochemical and cellular events that occur in response to cellular
injury.4 This process triggers formation of inflammatory
neuromediators that activate nociceptors when released,
facilitating pain transmission and peripheral inflammatory
responses.5 Although a large number of analgesics and anti-
inflammatory agents are currently in clinical use, it would be
useful to identify novel drugs having a wider specificity and lower
toxicity than those currently available.4

The aim of the present study was to investigate the role of
epiisopiloturine (1) in acute peripheral inflammation and in the

analgesic processes induced by intraplantar and intraperitoneal
injection of different phlogistic agents.

■ RESULTS AND DISCUSSION

The anti-inflammatory and antinociceptive potential of 1 was
evaluated using a range of classical pharmacological models. The
present results revealed that 1 possesses anti-inflammatory and
antinociceptive activity in models of inflammation (paw edema
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and neutrophil migration) and pain (acetic acid-induced writhing
and the hot plate and the formalin tests).
Inflammation is a primary response of an organism to injurious

stimuli, and some of these responses are characterized by pain,
heat, redness, edema, and loss of function.6 Among these effects,
edema and pain are fundamental and essential outcomes to be
considered when evaluating potential anti-inflammatory and
antinociceptive compounds.7

The generation of carrageenan-induced mice paw edema is a
widely used test to determine the anti-inflammatory activity of
test compounds.8 Carrageenan injection into the mouse paw
induces a biphasic edema: the first phase is characterized by an
edema of little intensity and diffuse cellular infiltrate with a
predominance of neutrophils that are capable of amplifying the
inflammatory response via production of reactive oxygen species
and release of inflammatory mediators; the second phase
develops after 24 h, displaying a more pronounced edema with
amaximum effect between 48 and 72 hwith an intense accumulation
of macrophages, eosinophils, and lymphocytes.9

In the present experiments, the anti-inflammatory effect of 1
was investigated in the first phase of carrageenan-induced paw

edema. It was shown that carrageenan induced severe paw edema
occurring 1 h after injection, which was maintained for 4 h
thereafter. There was a gradual increase in paw volume resulting
from edema in the carrageenan-treated group, with a maximum
value observed at 3 h. Indomethacin (10 mg/kg, ip) suppressed
paw edema significantly between 1 and 3 h after administration,
with a maximal inhibition of 55.0% (first hour). Pretreatment
with 1 induced significant inhibition of paw edema throughout
the experimental period. At 3 h, compared to the carrageenan-
treatedmice, the animals pretreated with 1 at 0.1, 0.3, and 1mg/kg
showed maximal reductions in edema of 55.0, 70.0, and 85.0%,
respectively (Table 1). Since 1 at a dose of 1 mg/kg afforded the
maximum protection against carrageenan-induced paw edema,
this dose was selected for subsequent studies.
The development of phase 1 edema induced by carrageenan

also involves the rapid production of various inflammatory
mediators such as histamine, serotonin, and bradykinin.8 To
investigate the potential of 1 to reduce edema, its effects on paw
edema induced by different inflammatory mediators were
evaluated. The administration of dextran sulfate (0.065 ±

0.010 mL; Figure 1A), serotonin (0.225± 0.008 mL; Figure 1B),

Table 1. Effect of Epiisopiloturine (1) on Carrageenan-Induced Paw Edema in Micea

paw edema (mL)b

treatment dose (mg/kg) 1 h 2 h 3 h 4 h

DMSOc 0.006 ± 0.004 0.004 ± 0.004 0.006 ± 0.004 0.004 ± 0.004

control 0.050 ± 0.005# 0.048 ± 0.006# 0.066 ± 0.006# 0.055 ± 0.005#

indomethacind 10 0.022 ± 0.004* (55.0) 0.024 ± 0.002* (50.9) 0.037 ± 0.008* (43.7) 0.035 ± 0.002 (37.0)

1 0.1 0.032 ± 0.007* (36.0) 0.026 ± 0.006* (46.8) 0.030 ± 0.007* (55.0) 0.028 ± 0.008* (49.7)

0.3 0.026 ± 0.006* (48.0) 0.014 ± 0.005* (71.3) 0.020 ± 0.007* (70.0) 0.018 ± 0.005* (67.6)

1.0 0.017 ± 0.008* (65.0) 0.010 ± 0.007* (79.5) 0.010 ± 0.010* (85.0) 0.015 ± 0.015* (73.0)
aEdema was measured 1, 2, 3, and 4 h after carrageenin administration. bValues of paw edema expressed as mean ± SEM (n = 5). Percent inhibition
of paw edema is indicated in parentheses. Control = carrageenan. #p < 0.05 vs DMSO group. *p < 0.05 vs control. cNegative control for edema.
dPositive control for edema.

Figure 1. Effects of epiisopiloturine (1) on paw inflammation induced by different inflammatory agents. Edema was induced by (A) dextran sulfate
(Dex); (B) serotonin (5-HT); (C) bradykinin (BK); and (D) histamine (Hist). Animals were pretreated with 1 (1 mg/kg ip), 2% dimethyl sulfoxide
(DMSO; control, ip), or indomethacin (10 mg/kg, ip). Each point represents the mean± SEM of five to six animals (#p < 0.05 compared to the DMSO
group; *p < 0.05 significantly different from the control group).
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bradykinin (0.052 ± 0.004 mL; Figure 1C), or histamine (0.074
± 0.009 mL; Figure 1D) produced edema over time. In contrast,
paw volumes in the control DMSO-injected group were 0.008 ±
0.007 mL, 0.005 ± 0.002 mL, 0.010 ± 0.004 mL, and 0.008 ±

0.007 mL, respectively. Pretreatment with 1 (1 mg/kg)
effectively inhibited paw edema induced by dextran sulfate
(54.08% inhibition; Figure 1A), serotonin (46.66% inhibition;
Figure 1B), and bradykinin (76.92% inhibition; Figure 1C) (p <
0.05).However, 1 did not inhibit paw edema induced by histamine
(Figure 1D). The reference drug, indomethacin (10 mg/kg, ip),
inhibited paw edema induced by all these inflammatory mediators
significantly (Figure 1).
Dextran sulfate is known to promote inflammation by

increasing vascular permeability, because of mast cell degranu-
lation and the subsequent release of histamine and serotonin.10

In the present study, it was observed that 1 inhibited paw edema
induced by dextran sulfate, serotonin, and bradykinin, but not by
serotonin. These results suggested that the antiedematogenic
effects of 1 are related to inflammatory events involving
neutrophil migration, as well as inhibition of the release or
activity of inflammatory mediators.
One inflammatory event of great importance in carrageenan-

induced paw edema is the migration of leukocytes, primarily
neutrophils.11 This response can be measured using the
neutrophil-specific enzyme myeloperoxidase (MPO), which is
an indicator of neutrophil accumulation.12 MPO can be released
on the outside of the cell, inducing damage to adjacent tissue and
thus contributing to the pathogenesis of inflammation.13 The
results obtained showed that carrageenan produced a marked
increase in MPO activity (10.9 ± 1.2 U/mg of tissue). This increase
was reduced by treatment with indomethacin (3.1 ± 0.3 U/mg of
tissue), the positive control. The administration of 1 (3.8± 0.9U/mg
of tissue) also reduced MPO activity, suggesting that its anti-
inflammatory action may involve inhibition of leukocyte migration
and neutrophil infiltration (Figure 2). A direct relationship between

tissue neutrophil concentration and MPO activity has been
reported,14 and the anti-inflammatory activities of certain compounds
have been attributed, in part, to the inhibition of MPO activity.15

Leukocytes play an important role in acute inflammatory
processes, and tissue damage is a deleterious consequence of
intense neutrophil migration, as observed in inflammatory
diseases.16 Compound 1 was evaluated to determine if it can

inhibit cell recruitment into the peritoneal cavity in carrageenan-
induced peritonitis. This experimental model provides a well-
characterized pharmacological tool to examine acute peritoneal
inflammation, which allows quantification of cell migration,
resident macrophage activation, and levels of several inflamma-
tory mediators.17

In the present study, administration of carrageenan promoted the
formation of an intense cellular infiltrate (Figure 3). Carrageenan

(500 μg/cavity) induced cell migration into the peritoneal cavity 4 h
after administration, with a total leukocyte count of (5.81 ± 0.61 ×
106 cells/mL) (Figure 3A). However, the administration of 1
(1 mg/kg, ip) 30 min before carrageenan reduced this peritoneal
leukocyte count to (2.60± 0.61× 106 cells/mL), a 55.2% inhibition.
The same dose of 1 also reduced neutrophil migration into the
peritoneal cavity (1.26± 0.17× 106 cells/mL), 73.8% lower than the
control group (5.82 ± 0.47 × 106 cells/mL) (Figure 3B). Similarly,
when compared to carrageenan treatment, pretreatment with
indomethacin produced a 60.2% reduction in total leukocyte count
and a 79.6% reduction in neutrophil migration to the peritoneal
cavity.
Previous studies have demonstrated that carrageenan injection

into the peritoneal cavity induces the release of certain pro-
inflammatory cytokines, such as TNFα and IL-1β.15 As shown in
Figure 4, the ip administration of carrageenan induced a marked
increase in TNF-α and IL1-β concentrations in the peritoneal
fluid. Pretreatment of animals with 1 (1 mg/kg, ip) reduced
TNF-α (Figure 4A) and IL1-β (Figure 4B) levels significantly.
Cytokines have been shown to have many biological activities

in the inflammatory response, including accumulation of

Figure 2. Effect of epiisopiloturine (1) on carrageenan-induced paw
tissue myeloperoxidase (MPO) activity. Mice were injected with 2%
dimethyl sulfoxide (DMSO) ip or carrageenan. Thirty minutes earlier,
1 (1mg/kg, ip) or indomethacin (10 mg/kg, ip) was administered to the
animals. The control group (DMSO) was treated only with DMSO.
MPO activity in the paw tissue was determined after 4 h. Results are
expressed as the mean ± SEM for at least five or six animals per group
(*p < 0.05 compared to the DMSO plus carrageenan group).

Figure 3. Anti-inflammatory effect of epiisopiloturine (1) on neutrophil
migration inmice.Mice were injected ip with dimethyl sulfoxide (DMSO), 1
(1mg/kg), or indomethacin (10mg/kg, reference control) andwere injected
with 250 μL of carrageenan (500 μg/cavity, ip) 30 min later. Neutrophil
migration was evaluated after 4 h. The white bars represent the peritoneal
neutrophils in animals injected with DMSO (untreated group). (A) Total
counts and (B) differential counts. The values aremeans± SEMof five or six
animals for each group (*p < 0.05 compared to the DMSO group; #p < 0.05
compared to the carrageenan group).
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neutrophils in local tissues and induction of acute-phase protein
synthesis.18 Thus, on the basis of literature precedent and current
data, it can be inferred that the anti-inflammatory effect of 1 is
dependent, at least in part, on inhibition of neutrophil infiltration and
the release of the pro-inflammatory cytokines TNF-α and IL-1β.
Considering the relationship between inflammation and the

development of a painful sensation, it was decided to investigate
the antinociceptive effects of 1, using three pain models (acetic
acid-induced writhing, the hot plate test, and the formalin-
induced nociception test for peripheral and central activity).
Acetic acid-induced writhing is a visceral pain model widely used

to screen antinociceptive potential.19 The ip administration of this
agent irritates the serous membranes and provokes a stereotypical
behavior in experimental animals, characterized by abdominal
contractions, movement of the body as a whole, and twisting of the
dorsal abdominal muscles.20 This model involves a range of
nociceptive mechanisms, such as release of biogenic amines (e.g.,
bradykinin and serotonin), cyclooxygenases, and their metabolites
(e.g., PGE2 and PGF2α),21 activation of peritoneal receptors and
inflammatory pain by induction of capillary permeability,22

reduction of nociception threshold, and stimulation of nociceptive
nerve terminals.23 Recent evidence has suggested that spinal MAP
kinases and other signaling pathways in the spinal cord mediate the
acetic acid-induced writhing response in mice.24

In the present study, pretreatment with 1 (1 mg/kg, ip),
30 min prior to acetic acid administration, produced inhibition of
the abdominal writhing response by 66.4% (p < 0.05). Compared
to the group administered with acetic acid only, the morphine
(reference drug)-administered group showed a reduction in
writhing movements by 98.3% (Figure 5). These results suggested

that 1 may reduce inflammatory mediator release or block
inflammation-promoting receptors.
In order to confirm the antinociceptive activity and investigate the

involvement of central mechanisms on the effects of 1, the hot plate
test was performed according to a protocol described previously.25

This test is a well-known model for acute thermal nociception, is
used to evaluate specifically central nociception,26 and measures
complex responses to inflammation and nociception,27 in which
opioid agents exert their analgesic effects via supraspinal and
spinal receptors.28The present results showed that treatment with 1
(1mg/kg, ip) failed tomodify the hot plate response, indicating that
it does not act centrally. On the other hand, treatment with
morphine (5 mg/kg, sc), an opioid receptor agonist, induced a
significant increase in latency time in the hot plate test, as expected,
which persisted for at least 120 min (Figure 6).

The rota-rod apparatus was used to assess whether treatment
with 1 could influence the motor activity of the animals and
consequently impair the assessment of the nociceptive behavior
in experimental models.29 Using the rota-rod test, mice treated
with 1 did not demonstrate any significant motor performance
changes, while diazepam significantly increased the number of
falls (data not shown).
To distinguish between the peripheral and central antinociceptive

actions of 1, the formalin test was performed. In this test, a
peripheral noxious stimulus causes a distinct biphasic nociceptive
response involving two mechanisms. The first phase (neurogenic

Figure 4. Effect of epiisopiloturine (1) on carrageenan-induced cytokine
production in peritonitis. Levels of tumor necrosis factor (TNF)-α (A),
interleukin (IL)-1β (B), in the peritoneal cavity were measured 4 h after
carrageenan injection. Mice were administered 1 (1 mg/kg, ip) and
250 μL of carrageenan (500 μg/cavity, ip) 1 h later. Each point repre-
sents the mean ± SEM of five or six animals for each group (*p < 0.05
compared to dimethyl sulfoxide (DMSO)-treated animals; #p < 0.05
compared to the carrageenan group).

Figure 5. Effect of epiisopiloturine (1) on the writhing response induced
by acetic acid in mice. Mice received dimethyl sulfoxide (DMSO), 1
(1 mg/kg, ip), or morphine (5 mg/kg, ip; reference control), 30 min
prior to 0.6% acetic acid (250 μL/cavity; ip). Data are expressed as the
means± SEM of five or six animals for each group (*p < 0.05 indicates a
significant difference from the acetic acid group).

Figure 6. Effect of epiisopiloturine (1) on reaction times to thermal stimuli
(hot plate). Mice received dimethyl sulfoxide (DMSO), 1 (1 mg/kg, ip), or
morphine (5 mg/kg, sc). Data are expressed as the means ± SEM of five or
six animals for each group (*p < 0.05 when compared with the time zero).
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pain) seems to be caused by the direct effect of formalin on sensory
C-fibers that reflect centrally mediated pain, with the release of
substance P.30 The direct activation of primary sensory fibers by
formalin also involves release of mediators such as histamine and
serotonin.31 The second phase (inflammatory pain) involves a
combination of inflammatory and nociceptive mediators released
from injured tissues, such as prostaglandins, serotonin, histamine,
and bradykinin, responsible for sensitization of primary and spinal
sensory neurons and subsequent activation of the nociceptors.30

The results obtained demonstrated that mice treated with
2.5% formalin had mean licking times of 65.55 ± 20.23 s in the
first phase (neurogenic; 0−5min; Figure 7A) and 35.88± 12.39 s in
the second phase (inflammatory; 20−25 min; Figure 7B).

Pretreatment with 1 (1 mg/kg, ip) reduced paw licking induced by
intraplantar administration of formalin significantly in both test
phases: the neurogenic (phase 1, 58.18% reduction) and the
inflammatory (phase 2, 89.21% reduction) phases. Similarly,
morphine (5 mg/kg, sc) inhibited both phases of the formalin
test (94.0% and 97.21% reduction in phase 1 and 2, respectively)
(Figure 7). These results corroborated those obtained in the paw
edemamodel. In this test, pretreatment with 1 inhibited paw edema
induced by serotonin and bradykinin, which are important
mediators involved in both phases of formalin-induced nociception.
In the formalin test, a decrease in licking time in both phases is

characteristic of drugs that act centrally and indicates a possible
interaction with opioid receptors, while peripherally acting drugs,
such as nonsteroidal anti-inflammatory drugs and cortico-
steroids, inhibit only the second phase.32 The effect of 1 on
both phases of the formalin test suggested that it acts peripherally
and centrally to reduce inflammatory pain.
To better understand the antinociceptive effect of epiisopilo-

turine (1), the formalin first phase was evaluated in animals
pretreated with or without naloxone. It was interesting to note
that pretreatment with naloxone, an opioid-receptor antago-
nist,33 reversed the antinociceptive effect of 1 (Figure 8). Thus, 1
seems to possess antinociceptive mechanisms that are partially
mediated by the activation of the opioid system.

■ EXPERIMENTAL SECTION

General Experimental Procedures. A 1H NMR spectrum was
acquired on an AVANCE III NMR spectrometer (600 MHz), equipped
with a 5 mm TXI probe head (Bruker Biospin, Rheinstetten, Germany).
An AmaZon SL mass spectrometer was used (Bruker Daltonics,

Bremen, Germany). A Shimadzu HPLC instrument was employed for
compound purification, with a LiChrospher 60 RP Select B column.

Plant Material. A specimen of Pilocarpus microphyllus was collected
in October 2008 near Matias Oliḿpio city (Piaui,́ Brazil) and was
identified by Dr. Ivanilza Moreira de Andrade, Department of Biology,
Federal University of Piaui.́ A voucher specimen (TEPB 27.152) was
deposited at the Graziella Barroso Herbarium (Teresina, Piaui,́ Brazil).

Extraction and Isolation. Epiisopiloturine (1) was obtained from
waste produced by pilocarpine extraction from P. microphyllus leaves
according to Veras et al.34 The organic phase was submitted to liquid−
liquid extraction, alkalinized with ammonium hydroxide solution to
precipitate the 1 in the neutral form, and then the solution was filtered
under reduced pressure.35 After further workup, 1 was shown to be pure
by HPLC (>95% w/w) and exhibited 1H NMR and MS/MS data
consistent with literature values.36,37

Drugs and Reagents. λ-Carrageenan, indomethacin, bradykinin,
serotonin, dextran sulfate, histamine, captopril, acetic acid, form-
aldehyde, and dimethyl sulfoxide (DMSO) were purchased from Sigma
Chemical (Saint Louis, MO, USA). Heparin and morphine were
provided by Merck, Saõ Paulo, Brazil. All drugs were dissolved in sterile
0.9% (w/v) NaCl (saline). The epiisopiloturine (1) was dissolved in 2%
DMSO. All other chemicals were of analytical grade and obtained from
standard commercial suppliers.

Animals.Male Swiss mice (25−30 g) were housed at a temperature
of 25 ± 2 °C under a 12/12 h light/dark cycle with food and water ad
libitum. Animals were fasted for 18−24 h before the experiments. All
experiments were performed in accordance with the Guide for Care and
Use of Laboratory Animals (National Institute of Health, Bethesda, MD,
USA) and were approved by the Ethics Committee in Research of the
Federal University of Piaui ́ (protocol no. 0066/10).

Carrageenan-Induced Paw Edema. The animals were randomly
divided into six groups (n = 5), and edema was induced by injection of
50 μL of a suspension of carrageenan (500 μg/paw) in 0.9% sterile saline
into the right hind paw (group I). Mice were pretreated intraperitoneally
(ip) with either 2% DMSO (group II untreated control), indomethacin
10 mg/kg (group III reference control), or epiisopiloturine (1) 0.1, 0.3,
or 1 mg/kg (groups IV, V, and VI, respectively). Paw volume was
measured immediately before (Vo) and at 1, 2, 3, and 4 h after
carrageenan treatment (Vt) using a plethysmometer (Panlab, Barcelona,
Spain), as previously described.38 The effect of pretreatment was
calculated as percent inhibition of edema relative to the paw volume of
the DMSO-treated controls by using the following formula:39

=

− − −

−

×

V V V V

V V
%inibition of edema

( ) ( )

( )
100t o control t o treated

t o control

Paw Edema Induced by Different Inflammatory Agents. To
induce edema, the animals were administered 50 μL injections of

Figure 7. Effect of epiisopiloturine (1) on the formalin test in mice. The
time spent licking was determined during the first 0−5 min (phase 1;
panel A) and during 20−25 min (phase 2; panel B) after injection with
2.5% formalin. Dimethyl sulfoxide (DMSO), 1 (1 mg/kg, ip), or
morphine (5 mg/kg, ip; positive control) were administered 30 min
before intradermal administration of formalin. Data are expressed as the
mean ± SEM of five or six animals for each group (*p < 0.05 indicates
significant difference from the formalin group).

Figure 8. Effect of pretreatment with naloxone (3 mg/kg, sc) on the
analgesic effect of epiisopiloturine (1) on the formalin test. Mice were
pretreated with 2% DMSO or naloxone (3 mg/kg, sc, opioid antagonist).
After 30min, the animals were treated with 1 (1mg/kg, ip) ormorphine (5
mg/kg, sc). After 60 min, the time spent licking was determined during the
first 0−5 min (phase 1) after injection with 2.5% formalin. Data are
expressed as the means ± SEM of six animals for each group (*p < 0.05
indicates significant difference from the formalin group; #p < 0.05 indicates
significant difference from the respective group).
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dextran sulfate (DEX; 500 μg/paw), bradykinin (BK; 6.0 nmol/paw),
serotonin (5-HT; 1% w/v), or histamine (HIST; 100 μg/paw) into the
right hind paw, as adapted from the reports of Barbosa et al.40 and
Vasconcelos et al.40 The contralateral paw received 50 μL of 2% DMSO
and served as an untreated control. In the experiment with bradykinin,
the animals were pretreated with captopril (5 mg/kg, ip) 1 h prior to
bradykinin induction to prevent bradykinin degradation.42 Epiisopilo-
turine (1) (1 mg/kg) or indomethacin (10 mg/kg, reference control)
was injected ip 30 min before these intraplantar injections of phlogistic
agents.
Myeloperoxidase Activity.MPO is an enzyme found primarily in

neutrophil azurophilic granules that has been used extensively as a
biochemical marker for granulocyte infiltration into tissues, including
paw tissue.43 MPO activity was determined to evaluate neutrophil
accumulation in the mouse paw. Briefly, 50−100 mg of paw tissue was
homogenized in potassium phosphate buffer containing 0.5%
hexadecyltrimethylammomium bromide. The homogenate was centri-
fuged at 40000g for 7 min at 4 °C. The pellet was resuspended, andMPO
activity was assayed bymeasuring the change in absorbance at 450 nmusing
o-dianisidine dihydrochloride and 1% hydrogen peroxide. MPO activity is
reported as units/mg of tissue. A unit of MPO activity was defined as that
converting 1 μmol of hydrogen peroxide to water in 1 min at 22 °C.
Evaluation of Neutrophil Migration. For the determination of

neutrophil migration into the peritoneal cavity, mice were injected
intraperitoneally with 2.0% DMSO, indomethacin 10 mg/kg, or
epiisopiloturine (1) 1 mg/kg. Thirty minutes later, the animals were
injected with carrageenan (250 μL; 500 μg/cavity). Mice were
euthanized 4 h later, and the peritoneal cavity was washed with 1.5 mL
of heparinized phosphate-buffered saline (PBS) to harvest peritoneal
cells. The volumes recovered were similar in all experimental groups and
were equivalent to ∼95% of the injected volume. Total cell counts were
performed in a Neubauer chamber, and differential cell counts (100 cells
total) were carried out on cytocentrifuge slides stained with hematoxylin
and eosin. The results are presented as the number of neutrophils per
milliliter of peritoneal exudate. Aliquots of the peritoneal exudates were
stored at −70 °C for later analysis of cytokine content.
Cytokine Measurements. The levels of TNF-α and IL-1β were

evaluated using sandwich ELISA. Briefly, microliter plates were coated
overnight at 4 °C with antibody against mice TNF-α or IL-1β (2 μg/
mL). Blocking of nonspecific binding sites was accomplished by
incubating plates with PBS containing 2% BSA for 90min at 37 °C. After
blocking the plates, the test samples and each standard at various
dilutions were added in duplicate and incubated at 4 °C for 24 h. The
plates were washed three times with buffer. After washing the plates,
50 μL of biotinylated sheep polyclonal anti-TNF-α, anti-IL-1β, (diluted
1:1000 with assay buffer 1% BSA) was added to the wells. After further
incubation at room temperature for 1 h, the plates were washed, and
50 μL of streptavidin-HRP diluted 1:5000 was added to all wells. The
reagent o-phenylenediamine dihydrochloride (50 μL) was added 15min
later, and the plates were incubated in the dark at 37 °C for 15−20 min.
After color development, the reaction was stopped with the addition of
sulfuric acid (1M), and absorbance wasmeasured at 490 nm. The results
are expressed as pg/mg protein and reported as mean ± SD.
Writhing Test. Acetic acid administration causes irritation, resulting

in painful contortions, followed by hind limb extension. Each
experimental group was pretreated with DMSO, epiisopiloturine (1)
(1 mg/kg, ip), or morphine (5 mg/kg, sc, reference control). After 30 min,
0.6% acetic acid (10 mL/kg body weight, ip) was administered. After
waiting for 10 min, the number of constrictions, including abdominal
muscle contractions and hind paw extension, was recorded over 20 min, as
described by Koster et al.44

Hot Plate Test. The mice were treated according to the method
described by Eddy and Leinback.26 Each mouse was dropped twice on a
heated plate (55 ± 1 °C), separated by a 30 min interval. The first trial
familiarized the animal with the test procedure, and the second served as
the control reaction time (licking of a paw or jumping), recorded as
the response latency on a hot plate (Insight, Ribeiraõ Preto, Saõ Paulo,
Brazil; model EFF-361). Animals with baseline latencies of more than
20 s were excluded from the study. The mice were treated with
epiisopiloturine (1) (1 mg/kg, ip) or morphine (5 mg/kg, sc; reference

drug) 30 min before the test, and the control group received the same
volume of 2% DMSO. Measurements were performed before (zero
time) and 30, 60, 90, and 120 min after treatment, with a cut-off time of
45 s to prevent development of paw lesion.

Formalin Test. The mice were pretreated with either 2% DMSO,
epiisopiloturine (1) (1 mg/kg, ip), or morphine (5 mg/kg, sc; reference
control). Thirty minutes after administration, 2.5% formalin (20 μL)
was administered intradermally (id) into the right hind paw. Licking
time was recorded from 0 to 5 min (phase 1, corresponding to a direct
chemical stimulation of nociceptors) and 20−25 min after formalin
injection (phase 2, involving release of inflammatory mediators).45

Evaluation of Opioid Pathway Involvement in the Anti-
nociceptive Effect of Epiisopiloturine (1). To examine the
involvement of opioid receptors in the antinociceptive activity of 1 for
formalin-induced pain, mice (n = 6) were pretreated with 2% DMSO or
naloxone (3 mg/kg, sc; opioid antagonist). After 30 min, the animals
were treated with 1 (1 mg/kg, ip) or morphine (5 mg/kg, sc; opioid
agonist). Sixty minutes after administration, 2.5% formalin (20 μL) was
administered intradermally into the right hind paw. Licking time was
recorded from 0 to 5 min (phase 1, corresponding to a direct chemical
stimulation of nociceptors).46

Evaluation of Motor Activity. The rota-rod test permits the
detection of muscle-relaxing agents or drugs that produce motor
incoordination. Earlier, the animals were evaluated to select those that
showed ability in walking on the revolving bar under the same
conditions used in the test, and these were divided into groups (n = 6).
On the day of the test, animals were treated by gavage with 0.5 mL/25 g
vehicle (2%DMSO, control), 1 (1 or 10mg/kg), or diazepam (5mg/kg,
positive control for motor impairment). After 60 min, the animals were
placed on the horizontal rotating bar (12 rpm), which was a nonslip
plastic rod located 28 cm over the base, for 1 min. The number of falls
was counted, with a maximum of three replacements on the bar.47

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