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Abstract

The present study investigated the antinociceptive effect of p-methoxy-diphenyl diselenide (MeOPhSe)2, a simple organochalcogenide, in
chemical and thermal behavioural models of nociception in mice, without accompanying changes in ambulation when assessed in an open field.
This compound given by oral route (p.o.) produced antinociception when assessed on acetic acid-induced visceral nociception, with mean ID50

value of 9.64 (3.28–28.35) mg/kg. In addition, the per oral administration of (MeOPhSe)2 exhibited significant inhibition of the neurogenic
nociception induced by intraplantar (i.pl.) injection of capsaicin, with mean ID50 value of 16.29 (11.43–23.22) mg/kg. (MeOPhSe)2 showed an
antinociceptive effect when measured by the tail-immersion and hot-plate tests. Likewise, compound inhibited both neurogenic and
inflammatory phases of the overt nociception caused by i.pl injection of formalin, with mean ID50 values of 22.32 (17.84–27.92) and 19.65
(13.67–28.24) mg/kg, respectively. (MeOPhSe)2 reduced the nociception produced by i.pl. injection of glutamate and 8-bromo-cAMP (8-Br-
cAMP, a protein kinase A [PKA] activator), with mean ID50 values of 11.05 (7.12–17.15) and 8.72 (5.42–14.02) mg/kg, respectively.
(MeOPhSe)2 also reduced formalin-, glutamate-, induced paw oedema formation. A marked inhibition of the biting behaviour induced by
intrathecal (i.t.) injection of glutamate, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and (±)-1 aminocyclopentane-trans-1,3-
dicarboxylic acid (trans-ACPD) was caused by (MeOPhSe)2. However, (MeOPhSe)2 completely failed to affect the nociception induced by i.t.
injection of N-methyl-D-aspartate (NMDA; 450 pmol/site) and kainate (110 pmol /site). The antinociceptive effect caused by (MeOPhSe)2 was
blocked by picrotoxin (a chloride ion channel blocker) and bicucculine (a specific GABAA receptor antagonist) but not by phaclofen (a specific
GABAB receptor antagonist) in the hot-plate test. Together, these results indicate that (MeOPhSe)2 produces antinociception in several models of
nociception through mechanisms that involve an interaction with glutamatergic and GABAergic systems, as well as the inhibition of protein
kinase A pathway.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Pain is one of the most pervasive problems in our society and
has high social costs due to the significant impairment or
permanent disabling of millions of people.
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Tissue damage can result in activation of nociceptors through
the release of several mediators, including excitatory amino
acids, peptides, protons, lipids and cytokines, which bind to
receptors and activate signaling pathways, among these protein
kinases A and C, calcium/calmodulin-dependent protein kinase,
and mitogen-activated protein kinases (MAPKs) (Ji and
Strichartz, 2004). Taking this into account, pain can be subject
to multiple levels of biochemical and pharmacological controls,
involving a diversity of cell types and soluble mediators
(Basbaum and Jessell, 2000; Julius and Basbaum, 2001; Ji and
Strichartz, 2004). Thus, compounds that present antinociceptive
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Fig. 1. Chemical structure of (MeOPhSe)2.
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and/or antiinflammatory effects are of potential therapeutic
interest for the treatment of human and animal pain.

Under this point of view, our group of research and others
have widely studied the antinociceptive and antiinflammatory
properties of organoselenium compounds, which could be
relevant drugs for the management of pain. Of particular
importance, ebselen (an organoselenium compound) has
antiinflammatory activity in different models of inflammation
(Parnhan and Graf, 1987; Schewe, 1995), which may be related
at least in part to its capability to scavenge peroxynitrite, a
potent inflammatory mediator (Sies and Arteel, 2000). More-
over, this compound is a classical antioxidant and well known
as an important glutathione peroxidase mimetic agent (Muller
et al., 1984; Daiber et al., 2000).

Taking this into account, our group of research reported that the
systemic administration of diphenyl diselenide, an organosele-
nium compound, elicits antinociceptive and antiinflammatory
properties (Zasso et al., 2005; Savegnago et al., 2007a).
Additionally, the mechanism of antinociception action caused by
diphenyl diselenide [(PhSe)2] involves the serotoninergic path-
way, an interaction with nitrergic system and glutamate receptors
(Zasso et al., 2005; Savegnago et al., 2007a). Interestingly, the
antinociceptive, antiinflammatory and antioxidant effect caused
by (PhSe)2 was higher than that of ebselen (Nogueira et al.,
2003b). It is very important, in view of the fact that a good
antioxidant agent is a potential candidate for antiinflammatory
drugs research (Nogueira et al., 2003a; Meotti et al., 2004).

Actually, toxicological and pharmacological studies have been
performed in our laboratory to verify whether the introduction of
functional groups (e.g. chloro, fluor or methoxyl) in the aromatic
ring of (PhSe)2 alter its effect. This fact is important in view of the
data showing that administration of (PhSe)2 in mice presented
tonic–clonic seizures and the introduction of a functional groups
in the aromatic ring of (PhSe)2 (p-chloro-diphenyl diselenide, m-
trifluoromethyl-diphenyl diselenide, p-methoxy-diphenyl disele-
nide) reduced or abolished the appearance of seizure episodes
(Nogueira et al., 2003a).

Therefore, based on the considerations above, the introduc-
tion of functional groups (e.g. chloro, fluor or methoxyl) in the
aromatic ring of diphenyl diselenide can provide alternatives to
current therapeutic agents. However, pharmacological studies
on these compounds still are scarce. For this reason, the purpose
of the present study was to examine whether p-methoxy-
diphenyl diselenide, (MeOPhSe)2 induces antinociceptive
activity in chemical and thermal models of nociception in
mice and to investigate some possible mechanisms involved in
the antinociceptive activity caused by (MeOPhSe)2.

2. Materials and methods

2.1. Drugs

Diaryl diselenide disubstituide, p-methoxy-diphenyl disele-
nide, (MeOPhSe)2 (Fig. 1) was prepared and characterized in
our laboratory by the method previously described (Paulmier,
1986). Analysis of the 1H NMR and 13C NMR spectra showed
analytical and spectroscopic data in full agreement with its
assigned structure. The chemical purity of (MeOPhSe)2 (99.9%)
was determined by GC/HPLC. (MeOPhSe)2 was dissolved in
canola oil and administered by oral route (p.o.). The mice
received the (MeOPhSe)2 in a constant volume of 10 ml/kg
body weight. All other drugs used were dissolved in a saline,
with the exception of capsaicin, which was prepared in absolute
ethanol and the final concentration of ethanol did not exceed
0.5% and did not cause any detectable effect per se. All other
chemicals were of analytical grade and obtained from standard
commercial suppliers (Sigma, St. Louis, USA).

2.2. Intrathecal (i.t.) injection

The i.t. injections were performed in accordance to the
method described by Hylden and Wilcox (1980). The conscious
animals received, using a microsyringe connected to polyeth-
ylene tubing, a volume of 5 μl of saline (control) or drugs which
were injected directly between the subdural spaces of the L5–
L6 spinal segments. Injections were given over a period of 5 s.

2.3. Animals

The behavioural experiments were conducted using female
Swiss mice (25–35 g) maintained at 22–25 °C with free access to
water and food, under a 12:12 h light/dark cycle (with lights on at
6:00a.m.). Mice were acclimatized to the laboratory for at least 1 h
before testing and were used only once throughout the experi-
ments. The animals were used according to the guidelines of the
Committee on Care and Use of Experimental Animal Resources,
the Federal University of Santa Maria, Brazil and the ethical
guidelines for investigations of experimental nociception in
conscious animals (Zimmermann, 1983). The number of animals
and intensities of noxious stimuli used were minimum necessary
to demonstrate the consistent effects of the drug treatments.

2.4. Acetic acid-induced abdominal constriction

The abdominal constriction was induced according to
procedures described previously by Corrêa et al. (1996) and
modified by Nogueira et al. (2003b) and resulted in contraction
of the abdominal muscle together with a stretching of the hind
limbs in response to an intraperitoneal injection (i.p.) of acetic
acid (1.6%) at time of the test. Mice were pretreated with
(MeOPhSe)2 (1–50 mg/kg) by oral route (p.o), 30 min before
the irritant injection. Control animals received a similar volume
of vehicle (10 ml/kg, canola oil).

After the challenge, mice were individually placed in
separate boxes and the abdominal constrictions were counted
cumulatively over a period of 20 min. Antinociceptive activity
was expressed as the reduction in the number of abdominal
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constrictions, i.e. the difference between control animals (mice
pretreated with vehicle) and animals pretreated with the drug.

To assess time-course of the antinociceptive effect of
(MeOPhSe)2, mice were pretreated with compound (50 mg/kg,
p.o.) 0.5–6 h before i.p. of acetic acid.

2.5. Capsaicin-induced nociception

To evaluate the possible antinociceptive effect caused by
(MeOPhSe)2 on neurogenic nociception, we investigatedwhether
this compound antagonizes capsaicin-induced nociception in the
mouse paw. The procedure was similar to that described by
Sakurada et al. (1993). After an adaptation period, 20 μl of
capsaicin (1.6 μg/paw) was injected intraplantarly (i.pl) in the
ventral surface of the right hindpaw. Animals were observed
individually for 5 min following capsaicin injection. The amount
of time spent licking the injected paw was timed with a
chronometer and was considered as indicative of nociception.
Animals were treated with vehicle (canola oil) or (MeOPhSe)2
(0.1–50 mg/kg, p.o) 30 min before capsaicin injection.

2.6. Tail-immersion test

The tail-immersion test was carried out as described by
Janssen et al. (1963). The lower 3.5 cm portion of tail was
marked and the animals were then injected with (MeOPhSe)2
(1–50 mg/kg, p.o) or vehicle (canola oil, p.o, 10 ml/kg), 30 min
before the test. The reaction was determined by immersing the
lower 3.5 cm of the tail into a cup freshly filled with water from a
large constant temperature (55 °C) bath until the typical tail
withdrawal response was observed. A 7s cut-off was imposed to
avoid tail damage by heat. Changes in tail-flick latency, Δt (s),
was calculated for each animal according to the formula:Δt (s)=
postdrug latency−predrug latency (Pinardi et al., 2003).

2.7. Hot-plate test

The hot-plate test was used to measure the response latencies
according to the method described previously by Woolfe and
MacDonald (1944), with minor modifications. In these experi-
ments, the hot plate (model-DS 37; Ugo Basile) was maintained at
55±1 °C. Animals were placed into a glass cylinder with 24 cm
diameter on the heated surface, and the time between placement
and shaking or licking of the paws or jumping was recorded as the
index of response latency. An automatic 45-s cut-off was used to
prevent tissue damage. Each animal was tested before adminis-
tration of drugs to obtain the baseline. Control or pretreated with
(MeOPhSe)2 (1–50 mg/kg, p.o) animals were injected 30 min
earlier. The latency,Δt (s), was calculated for each animal accord-
ing to the formula: Δt (s)=postdrug latency−predrug latency.

2.7.1. Analysis of the mechanisms involved in the antinociceptive
action caused by (MeOPhSe)2 in the hot-plate test

To explore the possible contribution of GABAergic system
in the antinociception caused by (MeOPhSe)2 in the hot-plate
test, mice were pretreated with picrotoxin (0.25 μg/site, i.t.; a
chloride ion channel blocker), bicucculine (0.5 μg /site, i.t.; a
specific GABAA receptor antagonist), or with phaclofen (10 μg/
site, i.t.; a specific GABAB receptor antagonist), and after 15 min
they received (MeOPhSe)2 (10 mg/kg, p.o.) or vehicle (canola
oil). Other groups of animals received saline (5 μl/site, i.t.)
15 min prior to the administration of (MeOPhSe)2 or vehicle. The
nociceptive response to hot plate was recorded 30 min after the
administration of (MeOPhSe)2. The dose of picrotoxin and
bicucculine were based on study described by Rady and
Fujimoto (1995) and phaclofen was accordingly to by Aran
and Hammond (1991).

2.8. Effect of (MeOPhSe)2 on formalin-induced nociception

The formalin test was carried out as described by Hunskaar
and Hole (1987). Animals received 20 μl of 2.5% formalin
solution (0.92% of formaldehyde), injected i.pl. in the ventral
right hindpaw. Animals were pretreated with (MeOPhSe)2 by
oral route (0.1–50 mg/kg, p.o.), 30 min before formalin
injection. Control animals received a similar volume of vehicle
(canola oil; 10 ml/kg; p.o.). After i.pl. injection of formalin, the
animals were observed from 0–5 min (neurogenic phase) and
15–30 min (inflammatory phase) and the time spent licking the
injected paw was timed with a chronometer and considered as
indicative of nociception.

In order to assesswhether the antinociceptive activity produced
by (MeOPhSe)2 in formalin-induced nociception was associated
with development of oedema formation, we measured the paw
oedema by comparing the difference between the weight of the
formalin-treated paw and the weight of the contralateral paw
(nontreated paw). For this purpose, animalswere sacrificed 30min
after formalin injection by cervical dislocation, and both paws
were cut at the ankle joint and weighed on an analytical balance.

2.9. Glutamate-induced nociception and paw oedema

The procedure used was similar to that described previously
(Beirith et al., 2002). In an attempt to providemore direct evidence
concerning the interaction of (MeOPhSe)2 with glutamatergic
system, we separately investigated whether or not (MeOPhSe)2
was able to antagonize glutamate-induced licking of the mouse
paw. Of particular importance, (PhSe)2 caused antinociceptive
effect against glutamate-induced nociception and paw oedema.

To this end, animals received 20 μl of glutamate solution
(10 μmol/paw) injected i.pl. in the ventral surface of the right
hindpaw. The mice were observed individually for 15 min
following glutamate injection and the amount of time spent
licking the injected pawwas recordedwith a chronometer andwas
considered as indicative of nociception. To assess the systemic
action of (MeOPhSe)2, animals were treated with this compound
(0.1–50 mg/kg, p.o) or with canola oil (10 mg/ml, p.o.), 30 min
before glutamate injection.

In order to verify whether the antinociceptive activity pro-
duced by (MeOPhSe)2 in glutamate-induced nociception was
associated with development of oedema formation, we measured
the paw oedema by comparing the difference between the weight
of the glutamate-treated paw and the weight of the contralateral
paw (nontreated paw). For this purpose, animals were sacrificed



Fig. 2. Time-course of the antinociceptive effect of (MeOPhSe)2 (50 mg/kg) on
acetic acid-induced writhing in mice. (MeOPhSe)2 was administered 0.5, 1, 2, 4,
and 6 h before acetic-acid injection. Each line represents the mean with S.E.M.
for 6–12 mice in each group. Control value “C” indicates the animals injected
with vehicle (canola oil). The asterisks denote the significance levels when
compared with control group (one-way ANOVA followed by Newman–Keuls
test): ⁎⁎pb0.01; and ⁎⁎⁎pb0.001.

Table 1
Effect of (MeOPhSe)2 administered orally against acetic-acid induced writhing
movements in mice

Experimental groups Acetic acid (1.6%)

Number of abdominal constriction

Control 42.6±3.0
(MeOPhSe)2 (mg/kg)
1 31.2±2.9
5 26.3±4.8⁎

10 16.9±4.2⁎⁎⁎

50 19.0±3.2⁎⁎⁎

Animals were pretreated orally with (MeOPhSe)2 at various doses (from 1 to
50 mg/kg) for 30 min prior to the acetic-acid (1.6%, i.p.). Each column
represents the mean with S.E.M. for 6–12 mice in each group. Control value
indicates the animals injected with vehicle (canola oil). The asterisks denote the
significance levels when compared with control group (one-way ANOVA
followed by Newman–Keuls test): ⁎pb0.05 and ⁎⁎⁎pb0.001.
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15 min after glutamate injection by cervical dislocation, and both
paws were cut at the ankle joint and weighed on an analytical
balance.

2.10. Spinal excitatory amino acids induced nociception-related
behaviour in mice

To test the hypothesis that excitatory amino acids (EAA) might
be involved in the antinociceptive effect caused by (MeOPhSe)2,
we assessed the effect of (MeOPhSe)2 (10 mg/kg, p.o.) 30 min
before i.t. injection of 5 μl of the EAA induced biting response in
mice. The nociceptive response was elicited by glutamate (an
excitatory amino acid, 175 nmol/site, i.t.), NMDA (a selective
agonist of NMDA-subtype of glutamatergic ionotropic receptors,
450 pmol/site, i.t.) (Urca et al., 1998), AMPA (a selective agonist of
AMPA-subtype of glutamatergic ionotropic receptors, 135 pmol/
site, i.t.) (Brambilla et al., 1996), kainate (a selective agonist of
kainate-subtype of glutamatergic ionotropic receptors, 110 pmol/
site, i.t.) trans-ACPD (a metabotropic glutamate agonist, 50 nmol/
site, i.t.) (Boxall et al., 1998). A group of mice received only
vehicle (saline solution) by i.t. route. Immediately after i.t injection
of each agonist, mice were placed individually in observation
chambers, and the amount of time (s) the animal spent biting itself
was evaluated: glutamate (3min);AMPA (1min); NMDA (5min);
kainate (4 min) and trans-ACPD (15 min) A bite was defined as a
single head movement directed at the flanks or hind limbs,
resulting in contact of the animal's snout with the target organ.

2.11. 8-Bromo-cAMP, a PKA activator, induced nociception

To test the hypothesis that the PKA pathway is involved in the
peripheral neurotransmission of nociception, we investigate the
involvement of peripheral PKA in the antinociceptive effect
caused by (MeOPhSe)2. To this end, mice were treated with
(MeOPhSe)2 (1–25 mg/kg) by p.o. route, 30 min before i.pl.
injection of 8-Br-cAMP (a protein Kinase A (PKA) activator,
10 nmol/paw, 20 μl). After that, animals were observed
individually for 10 min and the amount of time spent licking the
injected paw timed with a chronometer was considered indicative
of nociception. The procedure used was similar to that described
previously (Otuki et al., 2005).

2.12. Open-field task

Mice were evaluated 30 min after oral exposure with canola
oil or (MeOPhSe)2 (50 mg/kg, p.o.). Each animal was placed
individually at the center of the apparatus and observed for
6 min to record the spontaneous ambulation (number of
segments crossed with the four paws) and exploratory activity
(expressed by the number of time rearing on the hind limbs)
(Walsh and Cummins, 1976). The open field was made of
plywood and was surrounded by walls 30 cm in height. The
floor of the open field, 45 cm in length and 45 cm in width, was
divided by masking tape markers into 9 squares (3 rows of 3).

2.12. Statistical analysis

The results are presented as mean±S.E.M., except the ED50 or
ID50 values (i.e., the dose of (MeOPhSe)2 producing halfmaximal
antinociceptive or the dose necessary to reduce the nociceptive
response by 50% relative to the control value). The ED50 or ID50

values were determined by graphical interpolation from individ-
ual experiments and are reported as geometric means accompa-
nied by their respective 95% confidence limits (GraphPad
software, San Diego, CA, USA). Comparisons between exper-
imental and control groups were performed by ANOVA followed
by Newman–Keuls' test when appropriated. P values less than
0.05 (Pb0.05) were considered as indicative of significance.

3. Results

3.1. Acetic acid-induced abdominal constriction

A time-course analysis of the antinociceptive profile of
(MeOPhSe)2 was accomplished. The antinociceptive effect of
(MeOPhSe)2 reached it peak 30 min and remained significant



Table 2
Effect of (MeOPhSe)2 administered orally against capsaicin-induced licking in
mice

Experimental groups Capsaicin

Licking (s)

Control 71.7±4.6
(MeOPhSe)2 (mg/kg)

0.1 65.8±6.6
1 46.5±11.2⁎

5 47.7±10.2⁎

10 44.0 ±6.0⁎

25 19.4±2.7⁎⁎⁎

50 13.6 ±2.1⁎⁎⁎

Animals were pretreated orally with (MeOPhSe)2 at various doses (from 0.1 to
50 mg/kg) for 30 min prior to capsaicin (1.6 μg/paw). Each column represents
the mean with S.E.M. for 8–12 mice in each group. The asterisks denote the
significance levels when compared with control group (one-way ANOVA
followed by Newman–Keuls test): ⁎pb0.05; and ⁎⁎⁎pb0.001. (s=seconds).
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up to 4 h (Fig. 2). Thus, the time point (30 min) of the maximum
effect of (MeOPhSe)2 was chosen for all further studies.

The results of antinociceptive effect of (MeOPhSe)2 on acetic
acid-induced abdominal constriction response in mice are
Fig. 3. Effect of (MeOPhSe)2 administered orally on the tail-immersion test (A)
or hot-plate tests (B) in mice. Animals were pretreated orally with (MeOPhSe)2
at various doses (from 1 to 50 mg/kg) for 30 min prior to tail-immersion or hot-
plate test at 55 °C. Each column represents the mean with S.E.M. for 6–10 mice
in each group. Control value “C” indicates the animals injected with vehicle
(canola oil). The asterisks denote the significance levels when compared with
control group (one-way ANOVA followed by Newman–Keuls test): ⁎pb0.05;
⁎⁎pb0.01; and ⁎⁎⁎pb0.001.
presented in Table 1. It can be seen that (MeOPhSe)2, given
(30 min earlier) by oral route, produced an inhibition of the acetic
acid-induced abdominal constriction in mice with the mean ID50

value (and their respective 95% confidence limits) of 9.64 (3.28–
28.35) mg/kg and maximal inhibitory effect of 68±7%.
Fig. 4. Effects of picrotoxin (A), bicucculine (B) and phaclofen (C) injected i.t.
on inhibition of the hot-plate response induced by (MeOPhSe)2 administered
orally. Picrotoxin, bicucculine or phaclofen was pretreated i.t. for 15 min, before
oral administration of vehicle or (MeOPhSe)2 (10 mg/kg). The hot-plate
response was measured 30 min after (MeOPhSe)2 or vehicle treatment. Each
column represents the mean with S.E.M. for 8–12 mice in each group. ⁎pb0.05;
and ⁎⁎pb0.01 compared with control (one-way ANOVA followed by
Newman–Keuls test), #pb0.01 as compared to the (MeOPhSe)2 group
pretreated with vehicle.



Table 4
Effect of (MeOPhSe)2 administered orally on the licking and oedema induced by
glutamate in mice

Experimental groups Glutamate

Licking (s) Oedema (mg)

Control 126.1±8.4 72.8±4.3
(MeOPhSe)2 (mg/kg)
0.1 96.8±14⁎ 69.5±1.9
1 81.8±6.4⁎⁎ 68.4±4.5
5 76.5±11.1⁎⁎ 66.4±3.8
10 39.8±4.0⁎⁎⁎ 67.1±3.0
25 13.8±4.7⁎⁎⁎ 59.0±3.5
50 8.0±1.1⁎⁎⁎ 53.8±3.2⁎

Mice were pretreated with (MeOPhSe)2 at various doses (from 0.1–50 mg/kg)
for 30 min prior to glutamate (10 μmol/paw, 20 μL). Each column represents the
mean with S.E.M. for 6–10 mice in each group. Control value indicates the
animals injected with vehicle (canola oil). The asterisks denote the significance
levels when compared with control group (one-way ANOVA followed by
Newman–Keuls test): ⁎pb0.05; ⁎⁎pb0.01; and ⁎⁎⁎pb0.001.
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3.2. Capsaicin-induced nociception

The p.o. administration of (MeOPhSe)2 produced attenua-
tion of capsaicin-induced neurogenic nociception (Table 2). The
mean ID50 value obtained was 16.29 (11.43–23.22) mg/kg and
the observed maximal inhibitory effect was 81±3%.

3.3. Tail-immersion-induced nociception

As demonstrated in Fig. 3A, (MeOPhSe)2 administrated at
doses of 5–50 mg/kg caused a significant increase in tail-flick
response latency time as compared to control animals. The
calculated mean ED50 value (and the 95% confidence limits) for
(MeOPhSe)2 was 6.9 (−0.6 to 5.6) mg/kg and percentage in the
latency times was increased 99± 10% in the higher dose used
(50 mg/kg).

3.4. Hot-plate test induced nociception

In the hot-plate test, oral treatment with (MeOPhSe)2 at
doses of 10–50 mg/kg increased the latency time as compared
to the control group (Fig. 3B). The calculated mean ED50 value
(and the 95% confidence limits) for (MeOPhSe)2 was 9.24
(−3.6 to 15.9) mg/kg and the percentage in the latency times
was increased 210±13% in the higher dose used (50 mg/kg).

We also examined the possible involvement of GABAergic
system in the (MeOPhSe)2-induced antinociception in the hot-
plate test. The blockade of GABAA receptors with picrotoxin
attenuated (MeOPhSe)2-induced inhibition of the hot-plate
response (Fig. 4A). Similarly, (MeOPhSe)2-induced inhibition
of the hot-plate response was decreased when mice were
pretreated with bicucculine (a GABAA receptor antagonist) i.t.
(Fig. 4B). However, the blockade of GABAB receptors with
Table 3
Effect of (MeOPhSe)2 given by oral route on the licking and oedema induced by
formalin in mice

Experimental groups Formalin

First phase licking
(s)

Second phase licking
(s)

Oedema
(mg)

Control 89.3±6.8 138.0±12.3 79.5±5.3
(MeOPhSe)2
(mg/kg)
0.1 78.6±11.3 131.8±17.9 62.1±4.3
1 63.4±6.8⁎ 93.8±14.9⁎ 68.5±5.9
5 53.7±4.9⁎⁎⁎ 83.8±11.3⁎⁎ 63.2±3.8
10 40.3±7.7⁎⁎⁎ 69.0±5.4⁎⁎⁎ 64.8±7.5
50 18.3±2.6⁎⁎⁎ 9.3±1.8⁎⁎⁎ 54.6±4.1⁎

Animals were pretreated orally with (MeOPhSe)2 at various doses (from 0.1 to
50 mg/kg) for 30 min prior to formalin. The total time spent licking the hindpaw
was measured in the first (0–5 min, panel A) and the second (15–30 min, panel
B) phases after intraplantar injection of formalin. The oedema was measured at
the end of second phase of formalin test. Each column represents the mean of 7
to 10 animals and vertical lines indicate the S.E.M. Control value indicates the
animals injected with vehicle (canola oil). The asterisks denote the significance
levels when compared with control group (one-way ANOVA followed by
Newman–Keuls test): ⁎pb0.05; ⁎⁎pb0.01; and ⁎⁎⁎pb0.001.
phaclofen did not affect the inhibition of the hot-plate response
induced by (MeOPhSe)2 (Fig. 4C).

3.5. Formalin-induced nociception

Table 3 shows that (MeOPhSe)2 caused significant inhibition
of both neurogenic (0 to 5 min) and inflammatory (15 to 30 min)
phases of formalin-induced licking. The calculated mean ID50

values for neurogenic and inflammatory nociception were:
22.32 (17.84–27.92) and 19.65 (13.67–28.24) mg/kg and the
maximal inhibitory effects observed were 82±2% and 95±1%,
respectively.

(MeOPhSe)2 50 mg/kg was significantly effective in
inhibiting the mouse paw oedema induced by i.pl. injection of
formalin (percentage of inhibition of 40±8%) (Table 3).
Fig. 5. Effect of (MeOPhSe)2 (10 mg/kg) administered orally on the biting
response caused by i.t. injection of glutamate, AMPA, NMDA, t-ACPD and
kainate in mice. Each column represents the mean with S.E.M. for 6–10 mice in
each group. Control value “C” indicates the animals injected with vehicle
(canola oil). The asterisks denote the significance levels when compared with
control group (one-way ANOVA followed by Newman–Keuls test): ⁎pb0.05;
and ⁎⁎⁎pb0.001.



Fig. 6. Effect of (MeOPhSe)2 administered orally on the licking induced by 8-
Br-cAMP in mice. Animals were pretreated with (MeOPhSe)2 at various doses
(1–25 mg/kg) for 30 min prior to 8-Br-cAMP (10 nmol/paw, 20 μL). Each
column represents the mean with S.E.M. for 6–10 mice in each group. Control
value “C” indicates the animals injected with vehicle (canola oil). The asterisks
denote the significance levels when compared with control group (one-way
ANOVA followed by Newman–Keuls test): ⁎⁎⁎pb0.001.
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3.6. Glutamate-induced nociception and paw oedema

The results presented in Table 4 show that (MeOPhSe)2,
given orally, caused a significant inhibition of the glutamate-
induced nociception, with a mean ID50 value of 11.05 (7.12–
17.15) mg/kg and maximal inhibitory effect of 94±1%.
Furthermore, one-way ANOVA revealed that the p.o treatment
of the animals with (MeOPhSe)2 (50 mg/kg) resulted in an
inhibition of the paw oedema formation induced by i.pl.
injection of glutamate (Table 4). The maximal inhibitory effect
observed was of 27±5%.

3.7. Spinal excitatory amino acids induced nociception-related
behaviour in mice

The results presented in Fig. 5 show that (MeOPhSe)2
(10 mg/kg), given orally, caused significant inhibition of the
nociceptive response induced by spinal injections of glutamate,
AMPA and trans-ACPD, with maximal inhibitory effect of 38±
5, 28±6 and 27±5%, respectively. In contrast, (MeOPhSe)2 had
no significant effect against NMDA and kainate mediated biting
response in mice.

3.8. 8-Bromo-cAMP, a PKA activator, induced nociception”

As revealed in Fig. 6, oral treatment with (MeOPhSe)2 (1–
25 mg/kg) significantly inhibited 8-bromo-cAMP-induced
nociceptive response. The maximal inhibitory effect was 89±
2% and the calculated mean ID50 value was 8.72 (5.42–14.02)
mg/kg.

3.9. Effect of (MeOPhSe)2 on the open-field task

Mice treated with (MeOPhSe)2 at 50 mg/kg did not cause
changes in the numbers of crossings and rearings when
compared to the control group in the open-field test (data not
shown).
4. Discussion

The present study demonstrated, for the first time, the
antinociceptive effect caused by (MeOPhSe)2 in chemical and
thermal models of nociception in mice without modifying the
locomotor and exploratory activities of these animals in the
open-field test.

The results presented in this study revealed that (MeOPhSe)2,
orally administered, elicited an inhibition of the acetic acid-
induced visceral nociceptive response in mice. Acetic acid,
which is used to induce writhing, causes algesia by liberation of
endogenous substances, which then excite the pain nerve
endings. In addition, this model of nociception has long been
used to screen for both peripherally and centrally acting agents
(Vinegar et al., 1979; Tjolsen and Hole, 1997). Of particular
interest, (PhSe)2 also reduced visceral nociception induced by
acetic acid with ID50 value of about 4.3-fold higher than
(MeOPhSe)2 (compare ID50 of 39.72 to 9.64 mg/kg for (PhSe)2
and (MeOPhSe)2, respectively), suggesting that the introduction
of an electron-donating substituent bounded to the aromatic ring
could explain the best antinociceptive effect of (MeOPhSe)2 in
this model of nociception (Savegnago et al., 2007a). It is
possible that the good antinociceptive effect caused by
(MeOPhSe)2 can be due to the changes in its chemical structure
which might be responsible for an improvement of pharmaco-
kinetic parameters.

We have also shown, in the present study, that (MeOPhSe)2
produced significant antinociceptive effect on the capsaicin-
induced neurogenic paw licking response. These results are
consistent with our previous work, in which, (PhSe)2 caused
significant antinociception against capsaicin-induced licking
(Nogueira et al., 2003b; Savegnago et al., 2007a). In addition,
(PhSe)2 and (MeOPhSe)2 caused similar effect against capsa-
icin-induced nociceptive response (compare ID50 of 22.5 to
16.29 mg/kg for (PhSe)2 and (MeOPhSe)2, respectively)
(Savegnago et al., 2007a). It has been proposed that capsaicin-
induced nociception is brought about by activation of the
capsaicin receptor, also known as the vanilloid receptor (TRPV),
termed TRPV subtype 1 (TRPV1), ligand-gated nonselective
cation channel in primary sensory neurons (Caterina et al., 1997;
Tominaga et al., 1998; Szallasi and Bluemberg, 1999). It has
been widely documented that capsaicin evokes the release of
neuropeptides, excitatory amino acids (glutamate and aspartate),
nitric oxide and pro-inflammatory mediators in the periphery
and transmits nociceptive information to the spinal cord (Santos
and Calixto, 1997; Sakurada et al., 1996, 2003).

One interesting finding in the present study was the
observation that (MeOPhSe)2 orally injected caused a pro-
longed latency, indicating an increase of nociceptive threshold
in two thermal models of nociception: tail-immersion and hot
plate. Nociceptive pathways activated in the tail-flick and hot-
plate tests are not the same (Bodnar and Habjinarkou, 2002;
Schaidle and Richter, 2004). In fact, tail-immersion is
considered to be a spinal reflex, but the mechanism of response
could also involve higher neural structures (Jensen and Yaksh,
1986) and the hot-plate test produces, at constant temperature,
two kinds of behavioural response, which are paw licking and
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jumping. Both of these are considered to be supraspinally-
integrated responses (Chapman et al., 1985).

Based on the results obtained above, we investigated some of
the mechanisms through which (MeOPhSe)2 exerts its anti-
nociceptive action in the hot-plate model of nociception in mice.

We reported here, for the first time, the involvement of
supraspinal GABAergic system in the antinociceptive effect
caused by (MeOPhSe)2. This conclusion derives from the fact
that pretreatment of animals with picrotoxin (a chloride ion
channel blocker) and bicucculine (a specific GABAA receptor
antagonist) attenuated (MeOPhSe)2-induced inhibition of the
hot plate response. However, phaclofen (a specific GABAB

receptor antagonist) did not affect the inhibition induced by
(MeOPhSe)2 in the hot-plate test. Thus, collectively these
results suggest a major participation of the GABAA receptor
associated chloride channels in the antinociceptive effect caused
by (MeOPhSe)2 in the hot-plate test. In this line, a considerable
body of evidence has been accumulated demonstrating that
neurotransmission involving the GABAergic system plays a
key role in the modulation of nociception pathways (Andrews
and Johnston, 1979; Dickenson et al., 1997).

Of particular interest, previous studies from our research
group demonstrated that diphenyl diselenide, an analogue of
(MeOPhSe)2, given subcutaneously or orally caused antinoci-
ception against formalin and tail-immersion tests by mechanism
that did not involve the opioid system (Nogueira et al., 2003b;
Savegnago et al., 2007a). However, in this study we did not
verify if the effect caused by (MeOPhSe)2 in thermal models of
nociception is reverted by pretreatment with naloxone. Here, we
investigated some mechanisms involved in the antinociceptive
action caused by (MeOPhSe)2, but additional experiments
would help to verify whether effects caused by (MeOPhSe)2 can
be reverted by treating animals with naloxone.

Another interesting finding in the present study is the
demonstration that (MeOPhSe)2 elicited a significant antinoci-
ceptive action in mice, when assessed in the formalin model. The
formalin nociception test is very useful for evaluating the
mechanism of nociception and analgesia. In the formalin test,
the response to formalin is biphasic with an early and a late phase
involving different mechanisms of nociception. The first phase is
due to a direct effect of formalin on nociceptors and the second
due to inflammation (Hunskaar and Hole, 1987). Drugs which act
mainly centrally, such as narcotic analgesics, inhibit both phases
of nociception in this model while peripherally acting drugs, such
as acetylsalicylic acid or indomethacin, only inhibit the late phase.
(MeOPhSe)2 inhibited both phases of the formalin-induced
nociception with a similar potency in the first and second phases
(ID50 of 22.32 to 19.65 mg/kg for the first and second phases,
respectively). On the contrary, (PhSe)2 was more inhibitory in the
second phase than in the first one (compare ID50 of 25.55 to
6.45 mg/kg for the first and the second phases, respectively)
(Savegnago et al., 2007a). In addition, we observed that the effect
caused by (MeOPhSe)2 in the paw oedema caused by intraplantar
injection of formalin into the mouse hindpaw was not dose
related. In fact, distinct mechanisms are involved in the formalin
test. The neurogenic and inflammatory aspects of pain are
mediated by different mechanisms. The noxious stimulus is an
injection of dilute formalin under the skin of the surface of the
right hindpaw. The response is the amount of time the animals
spend licking the injected paw. Two distinct periods of high
licking activity can be identified, an early phase, lasting the first
5 min, and a late phase, lasting from 20 to 30 min after the
injection of formalin. It is suggested that the early phase is due to a
direct effect on nociceptors and that prostaglandins do not play an
important role during this phase. The late phase seems to be an
inflammatory response with inflammatory pain that can be
inhibited by antiinflammatory drugs. In agreement, it has been
demonstrated that nociceptive response caused by the intraplantar
injection of formalin together with formation of oedema has been
associated with release of several inflammatory mediators,
including prostaglandins (Tjølsen et al., 1992).

Another notable piece of evidence was that (MeOPhSe)2
administered orally, produced a significant inhibition in the
licking and the paw oedema caused by intraplantar injection of
glutamate into the mouse hindpaw. (MeOPhSe)2 caused a similar
antinociceptive effect against the licking induced by glutamate
when compared to (PhSe)2 (compare ID50 of 11.05 to 14.2 mg/kg
for (MeOPhSe)2 and (PhSe)2, respectively). The nociceptive
response induced by glutamate, when injected i.pl. into the mouse
paw, is primarily mediated by release of neuropeptides from
sensory fibers, namely neurokinins (NK) and kinins. On the other
hand, the paw oedema associated with glutamate response
appears to be mediated via stimulation of capsaicin-sensitive
fibers and activation of NK2 receptors (Beirith et al., 2002).

In order to provide more evidence of glutamatergic system
involvement in antinociception caused by (MeOPhSe)2, we
attempted to determine whether or not (MeOPhSe)2 adminis-
tered by oral route was capable of inhibiting nociceptive
response caused by selective glutamatergic receptor agonists. In
agreement with findings obtained, (MeOPhSe)2 caused signif-
icant inhibition of glutamate (Glu), AMPA and trans-ACPD
induced biting response, but did not inhibit the biting response
caused by intrathecal injection of kainate and NMDA. Thus,
taking together the present findings strongly suggest that the
antinociceptive action caused by (MeOPhSe)2 depends on its
selective interaction with AMPA and trans-ACPD receptor. On
the contrary, previous findings suggest that the antinociceptive
action caused by (PhSe)2 depends on its selective interaction
with NMDA receptor (Savegnago et al., 2007a,b).

The current study also indicates that the antinociceptive
effect of (MeOPhSe)2, given by p.o. route, inhibited 8-Br-
cAMP-induced nociception. In fact, 8-Bromo-cAMP, a known
protein kinase A activator, induced paw licking in mice.
Moreover, PKA phosphorylates calcium channels, glutamate
receptors, and the cAMP response element-binding protein
(Dash et al., 1991; Blackstone et al., 1995; Hell et al., 1995). It
is well known that peripheral tissue injury can lead to pain and
inflammation, and increase evidence shows that protein kinases,
such as cyclic AMP (cAMP)-dependent protein kinase A (PKA)
and diacylglycerol (DAG)-protein kinase C (PKC), are involved
in these events (Coderre, 1992; Lin et al., 1996, 2002; Woolf
and Salter, 2000; Julius and Basbaum, 2001; Ji and Woolf,
2001;Willis, 2001). Moreover, several studies have also
demonstrated peripheral PKA and PKC involvement in a
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number of persistent pain models (Cunha et al., 1999; Khasar
et al., 1999; Dina et al., 2001, 2005; Souza et al., 2002; Joseph
and Levine, 2003a,b; Cunha et al., 2004). In addition, it has
been revealed that serine/theonine phosphorylation of glutamate
receptors is regulated by PKA on certain amino acid residues
(Fang et al., 2002, 2003; Zou et al., 2002). These including that
NR1 subunits of NMDA receptor and GluR1 subunits of AMPA
receptor are phosphorylated by a PKA-mediated regulation
mechanism.

Taken together the results of the present study show that
(MeOPhSe)2 exerts significative antinociceptive action in
several models of nociception and the precise mechanisms
through which (MeOPhSe)2 exerts its action seems to involve
an interaction with glutamatergic and GABAergic systems and
protein kinase A pathway. However, additional studies are now
in progress in order to further explore precise mechanism of
action caused by (MeOPhSe)2.
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