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Abstract

The present study was designed to investigate the mechanisms involved in the antinociception afforded by myricitrin in chemical models of
nociception in mice. Myricitrin given by intrathecal (i.t.) or intracerebroventricular (i.c.v.) route produced dose-related antinociception when
evaluated against acetic acid-induced visceral pain in mice. In addition, the intraperitoneal administration of myricitrin caused significant
inhibition of biting behaviour induced by i.t. injection of glutamate, substance P, capsaicin, interleukin 1 β (IL-1β) and tumor necrosis factor-α
(TNF-α). The antinociception caused by myricitrin in the acetic acid test was fully prevented by i.t. pre-treatment with pertussis toxin, a Gi/o
protein inactivator, and by i.c.v. injection of calcium chloride (CaCl2). In addition, the i.t. pre-treatment of mice with apamin, a blocker of small
(or low)-conductance calcium-gated K+ channels and tetraethylammonium, a blocker of voltage-gated K+ channels significantly reversed the
antinociception induced by myricitrin. The charybdotoxin, a blocker of large (or fast)-conductance calcium-gated K+ channels and glibenclamide,
a blocker of the ATP-gated K+ channels had no effect on myricitrin-induced antinociception. Calcium uptake analysis revealed that myricitrin
inhibited 45Ca2+ influx under a K+-induced depolarization condition. However, calcium movement was modified in a non-depolarizing condition
only when the highest concentration of myricitrin was used. In summary, our findings indicate that myricitrin produces consistent antinociception
in chemical models of nociception in mice. These results clearly demonstrate an involvement of the Gi/o protein dependent mechanism on
antinociception caused by myricitrin. The opening of voltage- and small-conductance calcium-gated K+ channels and the reduction of calcium
influx led to the antinociceptive of myricitrin.
© 2007 Published by Elsevier B.V.
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1. Introduction

Tissue damage results in release of mediators like excitatory
amino acids, peptides, protons, lipids and cytokines, which bind
to receptors (nociceptors) and activate signalling routes, in-
cluding protein kinases A and C (PKA and PKC), calcium/
calmodulin-dependent protein kinase, nitric oxide (NO) and
mitogen-activated protein kinases (MAPKs) (Ji and Strichartz,
2004). As a result, the sensitization of primary afferent fibres
⁎ Corresponding author. Departamento de Ciências Fisiológicas, Universidade
Federal de Santa Catarina, Campus Universitário — Trindade, 88040-900,
Florianópolis, SC, Brazil. Tel.: +55 48 3721 9352/9444; fax: +55 48 3721 9672.

E-mail address: arssantos@ccb.ufsc.br (A.R.S. Santos).

0014-2999/$ - see front matter © 2007 Published by Elsevier B.V.
doi:10.1016/j.ejphar.2007.03.039
transmits pain messages to the dorsal horn neurons and, subse-
quently, to the higher brain centre, resulting in the establishment
of pain (Basbaum and Jessell, 2000; Julius and Basbaum, 2001).
Taking this into account, substances able to counteract these
signalling pathways at either a peripheral or central level, might
be promising compounds to control pain.

We have previously demonstrated that myricitrin (Fig. 1), a
naturally occurring flavonoid that is widespread in higher plants,
comprises antinociceptive activity in chemical acute models of
nociception (Meotti et al., 2006b). Myricitrin reduced paw edema
and allodynia caused by intraplantar injection of complete
Freund's adjuvant (CFA), as well the allodynia caused by sciatic
partial constriction in mice (Meotti et al., 2006a). The mechan-
isms involved in the antinociceptive action of myricitrin include
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Fig. 1. Chemical structure of myricitrin.
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inhibition of PKC, PI 3-kinase (PI 3K), nitric oxide (NO)
production, nuclear factor-κB (NF-κB) activation, anti-inflam-
matory activity (Agullo et al., 1997; Gamet-Payrastre et al., 1999;
Chen et al., 2000; Meotti et al., 2006b,a) and inhibition of p38
MAPK phosphorylation (unpublished data). The pathways of the
antinociceptive effects of myricitrin are presented in the Fig. 2.

It is known that flavonoids interact with enzymes and proteins
within cells and thus, regulate processes such as cell growth,
apoptosis, immunological response and inflammation (Gamet-
Payrastre et al., 1999; Middleton et al., 2000; Havsteen, 2002;
Calixto et al., 2003; 2004; Ko et al., 2005). The present study was
designed to investigate the effect of myricitrin on pathways of pain
transmission, others than those previously described. The inhibitory
signalling pathway, including proteinGi/o activation and opening of
potassium channels, as well excitatory signalling pathway,
including calcium intracellular increase and those ruled by
mediators as glutamate, substance P, capsaicin and pro-inflamma-
tory cytokines (TNF-α and IL-1β) were evaluated. Finally, we
investigated whether the antinociceptive effects of myricitrin could
be extended to the central nervous system. In this experiment, we
employed the acetic acid-induced visceral pain after intrathecal (i.t.)
and intracerebroventricular (i.c.v.) injection of myricitrin.
Fig. 2. Pain transmission pathways and myricitrin sites of action. The continuous arro
effect. MI (myricitrin); TTx (sodium channel tetrodotoxin resistant); K+ (potassium i
triphosphate) PKC (protein kinase C); DAG (diacylglycerol); NOS (nitric oxide synt
protein kinases).
2. Materials and methods

2.1. Animals

Experimentswere conducted using adult Swissmice (25–35 g)
of both sexes and adult male Wistar rats (200–250 g), housed
at 22±2 °C under a 12-h light/12-h dark cycle (lights on at 6:00)
and with access to food and water ad libitum. Male and female
mice were homogeneously distributed among groups, and all
animals were acclimatized to the laboratory for at least 1 h before
testing and were used only once throughout the experiments. The
experiments were performed after approval of the protocol by the
Institutional Ethics Committee and were carried out in accordance
with the current guidelines for the care of laboratory animals and
the ethical guidelines for investigations of experimental pain in
conscious animals as specified by Zimmermann (1983).

2.2. Abdominal constriction induced by acetic acid

The abdominal constrictions were induced according to
procedures described previously (Collier et al., 1968) and resulted
in the contraction of the abdominal muscle together with a
stretching of the hind limbs in response to an intraperitoneal (i.p.)
injection of acetic acid (0.6%, 0.45ml/mouse) at the time of the test.
Mice were lightly anesthetized with ether and a volume of 5 μl of
sterile phosphate buffer saline (PBS) or myricitrin (0.1–10 μg/site)
was injected directly into the lateral ventricle (i.c.v.; coordinates
frombregma: 1mm lateral, 1mm rostral, 3mmvertical) or between
the L5 and L6 vertebrae (intrathecal, i.t.) using a microsyringe
connected to polyethylene tubing, as described previously (Laursen
and Belknap, 1986; Hylden and Wilcox, 1980). The mice were
treated with PBS or myricitrin 10 min before acetic acid injection.
After the challenge, the mice were individually placed into glass
cylinders of 20 cm diameter, and the abdominal constrictions were
counted cumulatively over a period of 20 min.
w (→) shows the activation effect and the dot arrow ( ) shows the inhibitory
on); Na+ (sodium ion); Ca2+ (calcium ion); PLC (phospholipase C); IP3 (inositol
hase); NO (nitric oxide); NF-κB (nuclear factor-κB); MAPKs (mitogen-activate
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2.3. Algogen-induced overt nociception in mice

In another set of experiments we examined myricitrin effects
on the nociception induced by glutamate, substance P, capsaicin
and pro-inflammatory cytokines. Animals received an i.p.
injection of myricitrin (30 mg/kg) 30 min before i.t. injection of
5 μl of drug. Injections were given to fully conscious mice
awake using the method described by Hylden and Wilcox
(1980). Briefly, the animals were restrained manually and a 30
gauge needle, attached to a 50 μl microsyringe, was inserted
through the skin and between the vertebrae into the subdural
space of the L5–L6 spinal segments. Injections were given over
a period of 5 s. The nociceptive response was elicited by
glutamate (30 μg/site) (Scheidt et al., 2002); substance P
(135 ng/site) (Sakurada et al., 1990); capsaicin (30 ng/site)
(Sakurada et al., 1996); IL-1β (1 pg/site) and TNF-α (0.1 pg/site)
(Choi et al., 2003) with minor modifications. A group of mice
received vehicle (PBS) by i.t. route. The amount of time the
animal spent biting was evaluated following local post-injections
of one of the following agonists: glutamate (3 min); substance P
and capsaicin (6 min); IL-1β, TNF-α and PBS (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.

2.4. Analysis of the mechanism of action of myricitrin

In this set of experiment myricitrin was administered
intraperitoneally in mice. This provides a wide distribution of
the compound that allows the evaluation of the effects of
myricitrin at peripheral and central levels.

2.4.1. Participation of Gi/o protein
To determine the involvement of Gi/o protein in the anti-

nociceptive action of myricitrin, mice were pre-treated with
pertussis toxin (0.5 μg/site), an inactivator of Gi/o protein.
A control group was pre-treated with PBS (5 μl /site) by
intrathecal route. The experiment was carried out as described
by Sánchez-Blázquez and Garzón (1991). Seven days after the
pre-treatment, mice received vehicle (10 ml/kg), myricitrin
(1 mg/kg, i.p.) or morphine (2.5 mg/kg, s.c.) (Santos et al.,
1999). After 30 min, the animals were injected with 0.6% acetic
acid. The number of abdominal constrictions was recorded
during the 20 min following acetic acid administration.

2.4.2. Involvement of K+ channels in the antinociceptive action
of myricitrin

We next investigated the involvement of K+ channels on the
antinociceptive action of myricitrin. Mice were pre-treated with
K+ channels blockers: apamin (50 ng/site, i.t.; a blocker of small
(or low)-conductance calcium-gated K+ channels); charybdo-
toxin (250 pg/site, i.t.; a blocker of large (or fast)-conductance
calcium-gated K+ channels); tetraethylammonium (1 μg/site, i.t.;
a blocker of voltage-gated K+ channels); or glibenclamide
(80 μg/site, i.t.; a blocker of ATP-gated K+ channels) and after
15 min they received myricitrin (1 mg/kg, i.p.), morphine
(2.5mg/kg, s.c.) or vehicle (10ml/kg, i.p.) (Strong, 1990;Aronson,
1992; Welch and Dunlow, 1993; Santos et al., 1999). The noci-
ceptive response was evaluated through the number of abdominal
constrictions in 20 min, which was caused by an i.p. injection of
acetic acid (0.6%, 0.45 ml) 30 min after myricitrin, morphine or
vehicle administration.

2.4.3. Involvement of calcium channels in the antinociceptive
action of myricitrin

Mice received 5 μl of CaCl2 (200 nmol/site) or PBS (vehicle)
by i.c.v. route as described by Liang et al. (2003). The i.c.v.
injection was carried out as described above (Section 2.3). After
10 min animals were treated with myricitrin (1 mg/kg, i.p.),
morphine (2.5 mg/kg, s.c.) or saline (10 ml/kg). Thirty min
following drugs administration, the animals received 0.45 ml of
acetic acid (0.6%) by i.p. route, and the number of abdominal
constrictions was recorded over 20 min.

2.4.4. Modulation of 45Ca2+ influx by myricitrin
To investigate myricitrin effects on calcium movement, the

45Ca2+ influx into cortical slices of rats was assessed. 45Ca2+

uptake was carried out essentially as described by Eason and
Aronstam (1984), with some modifications. Two salt solutions
were used in these studies: (1) Krebs buffer containing
127 mM NaCl, 1.2 mM Na2HPO4, 0.44 mM KH2PO4,
0.95 mM MgCl2, 0.70 mM CaCl2, 10 mM glucose, and
0.50 mM Hepes, pH 7.4 with KCl 5.36 mM for a baseline
analysis or 80 mM for the K+-stimulated assay; (2) lanthanium
solution containing 127 mM NaCl, 0.95 mM MgCl2, 10 mM
LaNO3, 10 mM glucose, and 0.60 mM Hepes, pH 7.4 with
KCl 5.0 mM for a baseline analysis or 80 mM for the
K+-stimulated assay. To measure 45Ca2+ uptake, rats were
killed by decapitation, the cerebral cortex was dissected, iso-
lated and the parietal cortex was cut into 400 μm slices,
which were washed with Krebs buffer (solution 1). The slices
(0.8–1.3 mg protein) were pre-incubated in 96-well polycar-
bonate plates for 22 min at 32 °C in the absence (control
group) or presence of myricitrin (100 and 200 μM). The slices
were then transferred to medium containing solution 1 plus
21 pmol of 45Ca2+. The 45Ca2 uptake was monitored for 15 s
at 32 °C. The reaction was stopped by five times of 2 min
washes with ice-cold lanthanium solution (solution 2). Imme-
diately after washing, aliquots were lysed with 0.25 ml of a
solution containing 0.5 M NaOH plus 0.2% SDS and main-
tained at 60 °C for 5 min. An aliquot was taken for deter-
mination of the intracellular calciumcontent by liquid scintillation
counting. Nonspecific calcium uptake (20–30% of the total
uptake) was determined by carrying out the same experiment
using solution 2, which contained the nonspecific voltage-
dependent calcium channel blocker, lanthanium. Specific uptake
was considered as the difference between total uptake and non-
specific uptake.

2.5. Protein measurement

The protein content of the synaptic membrane preparations
and of cortical slices was determined by the method of Lowry
et al. (1951), using bovine serum albumin as a standard.



Table 1
Effect of supraspinal, spinal or systemic administration of myricitrin on acetic
acid-induced visceral pain

ID50 MI (%)

Myricitrin i.c.v. (μg/site) 5.79 (2.04–16.41) 57±5
Myricitrin i.t. (μg/site) 3.32 (1.53–7.2) 82±9
Myricitrin i.p. (mg kg−1) a 0.33 (0.2–0.54) 84±5

The mice received 5 μl of myricitrin into intracerebroventricular (i.c.v.),
intratecal (i.t.) (0.1 – 10 μg/site) or intraperitoneal (i.p.) (0.01–10 mg/kg). Ten
minutes after i.c.v. or i.t. and 30 min after i.p. administration the mice received
0.45 ml of i.p. acetic acid (0.6%). Immediately after acetic acid administration
the amount of abdominal constriction was summed in 20 min. The ID50 values
(i.e., dose of myricitrin that inhibits 50% of acetic acid response) are reported as
geometric means accompanied by their respective 95% confidence limits, using
three dosages of myricitrin (n=6 per group). The percentage of maximal
inhibition (MI%) were calculated at 10 μg/site, by i.c.v. and i.t. routes or 10mg/kg
by i.p. route.
a Data from Meotti et al., 2006b.

Fig. 3. Effects of myricitrin (30 mg/kg, i.p.) on the nociceptive behaviour
induced by glutamate (GLU 35 μg/site); capsaicin (CAP 30 ng/site); substance P
(SP 135 ng/site); interleukin-1β (IL-1β 1 pg/site); tumor necrosis factor-α
(TNF-α 0.1 pg/site) or phosphate buffer saline (PBS 5 μl/site). Each column
represents the mean of six mice and the error bars indicate the S.E.M. in the
absence (white column, control groups) or in the presence (gray column) of
myricitrin. The symbols denote significance levels: ⁎Pb0.05 and ⁎⁎⁎Pb0.001
compared to their respective saline treated group, #Pb0.001 from PBS group,
one-way ANOVA followed by Newman–Keuls test.
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2.6. Materials

The following substances were used: morphine hydrochlo-
ride and acetic acid (Merck, Darmstadt, Germany); capsaicin,
glutamic acid, cytokines (tumor necrosis factor-α and interleu-
kin-1β), calcium chloride, charybdotoxin, tetraethylammonium,
apamin and phosphate-buffered saline (Sigma, St. Louis, USA);
glibenclamide, and substance P (Tocris Cookson Inc., Ellisville,
USA); 45Ca2+ was purchased from Amersham International,
UK. All other chemicals were of analytical grade and obtained
from standard commercial suppliers. Morphine was dissolved in
0.9% NaCl solution and the other drugs were dissolved in
phosphate-buffered saline pH 7.0 (PBS), with the exception of
myricitrin and glibenclamide, which were dissolved in Tween 80
plus saline, and capsaicin, which was dissolved in alcohol plus
saline. The final concentration of Tween and alcohol did not
exceed 5% and did not cause any effect per se. The myricitrin
was isolated from genus Eugenia at the Department of
Chemistry, Universidade Federal de Santa Catarina, Brazil. It
was identified by spectral analyses (RMN-1H) and (RMN-13C)
and by comparison with the spectrum literature data (Agrawal,
1989) and showed a degree of purity greater than 98%.

2.7. Statistical analysis

The results are presented as mean (S.E.M.), except for the
ID50 values (i.e., the dose of myricitrin reducing the noci-
ceptive response by 50% relative to the control value), which
are reported as geometric means accompanied by their re-
spective 95% confidence limits. The ID50 value was deter-
mined using three doses of myricitrin by linear regression from
individual experiments using linear regression software
(GraphPad software, San Diego, CA). Percentage of maximal
inhibition was calculated at the most effective dose used. Data
were analyzed by one-way ANOVA followed by Newman–
Keuls test, with the exception of the in vitro test of calcium
uptake, which was analyzed by two-way ANOVA followed by
Newman–Keuls test (potassium pre-treatment and myricitrin
treatment). The statistical differences were considered signifi-
cant when Pb0.05.
3. Results

3.1. Spinal and supraspinal antinociception of myricitrin

The results given in Table 1 show that myricitrin, admin-
istered by i.c.v. or i.t. route 10 min prior to testing, produced
dose-related inhibition of the acetic acid-induced abdominal
constrictions in mice. The ID50 data (and their respective
95% confidence limits) and inhibition percentage, at a dose of
10 μg/site, are shown in Table1. These results together with
previous results (Meotti et al., 2006b) have demonstrated that
myricitrin is very effective in decreasing nociception induced
by acetic acid when given by supraspinal (i.c.v.), spinal (i.t.) or
systemic (i.p.) routes.

3.2. Algogen-induced overt nociception in mice

Intrathecal administration of glutamate, capsaicin, substance
P, IL-1β and TNF-α caused significant biting behaviour in mice
when compared to animals injected intrathecally with PBS
(Pb0.001) (Fig. 3). The results (seconds) for the biting behav-
iour in mice pre-treated with saline i.p. were: 7.7±3.6 for PBS;
183.1±21.3 for glutamate; 106.2±5.1 for capsaicin; 89.2±6.6
for substance P; 116.1±20.8 for IL-1β and 124.1±17.0 for
TNF-α. In all groups, systemic pre-treatment with myricitrin
(30 mg/kg, i.p.) significantly reduced the biting behaviour
when compared with mice treated with saline i.p. The greatest
effect of myricitrin appeared against cytokines where the inhi-
bition percentages were: TNF-α (100%); IL-1β (96±2%); sub-
stance P (84±10%); capsaicin (61±9%) and glutamate (41±13%)
(Fig. 3).

3.3. Gi/o protein participation

The results illustrated in Fig. 4 show that inactivation of the
Gi/o protein, which was caused by an i.t. injection of pertussis
toxin 7 days before testing (Sánchez-Blázquez andGarzón, 1991),
completely abolished the antinociceptive effect of myricitrin



Fig. 4. Effect of pre-treatment (seven days) with pertussis toxin (0.5 μg/site, i.t.)
on the antinociceptive profiles of myricitrin (1 mg/kg, i.p.) and morphine
(2.5 mg/kg, s.c.) against the acetic acid-induced writhing in mice. Each column
represents the mean of six to eight mice and the error bars indicate the S.E.M. in
the absence (white column) or presence (gray column) of pertussis toxin. The
symbols denote significance levels: ⁎⁎⁎Pb0.001 compared to control group;
#Pb0.001 compared to group treated with morphine or myricitrin, one-way
ANOVA followed by Newman–Keuls test.
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(1 mg/kg). In addition, we have found that antinociception caused
by morphine (2.5 mg/kg, s.c.) was completely abrogated by i.t.
injection of pertussis toxin. Additionally, the pre-treatment with
pertussis toxin did not cause any effect per se on acetic acid-
induced abdominal constriction. In this situation, we can identify
an important role of the Gi/o protein in the antinociceptive effect
of myricitrin.
Fig. 5. Effect of i.t. pre-treatment (seven days) with (A) tetraethylammonium (1 μg
apamin (50 ng/site) on the antinociceptive profile of myricitrin (1 mg/kg, i.p.) against
mice and the error bars indicate the S.E.M. in the absence (white column) or presence
⁎⁎⁎Pb0.001 compared to control group; #Pb0.05 and ##Pb0.01 compared to myr
ANOVA followed by Newman–Keuls test.
3.4. Involvement of voltage- and small-conductance Ca2 +-gated
K+ channels in the antinociceptive action of myricitrin

The results in Fig. 5 show that intrathecal pre-treatment with
tetraethylammonium and apamin significantly reversed the
antinociceptive effect of myricitrin. On the other hand, glibencla-
mide and charybdotoxin did not reverse myricitrin effect (Fig. 5).
However, unexpectedly the treatment of animals with charybdo-
toxin, at the same dose, produced a synergic effect with myricitrin.
In addition, all blockers prevented the morphine antinociception
(positive control). Given alone, K+ channel blockers did not pro-
duce any effect on the acetic acid-induced visceral pain (Fig. 5).

3.5. Involvement of Ca2+ channels in the antinociceptive action
of myricitrin

The results in Fig. 6 show that pre-treatment with CaCl2, by
i.c.v. route, fully prevented the antinociceptive effect of
myricitrin on acetic acid-induced visceral pain. Furthermore,
the same pre-treatment completely prevented morphine-induced
antinociception. However, CaCl2 alone did not have any effect
on acetic acid-induced nociception.

3.6. 45Ca2+ influx

The results depicted in Fig. 7 show myricitrin effects upon
45Ca2+ uptake into cortical slices from rats. In this assay, the
/site); (B) charybdotoxin (250 pg/site); (C) glibenclamide (80 μg/site) and (D)
the acetic acid-induced writhing in mice. Each column represents the mean of six
(gray column) of K+ channel blockers. The symbols denote significance levels:
icitrin or morphine group, ###Pb0.001 compared to morphine group, one-way



Fig. 7. Effect of myricitrin on the calcium influx into rat cerebral cortical slices.
Rat cerebral cortical slices were incubated with 21 pmol of 45Ca2+ in the presence
or absence (control groups) of myricitrin (100 and 200 μM). The assays were
carried out under non-depolarizing conditions (white column) and under depo-
larizing conditions (gray column). Values are the means of three experiments
with each experimental value being the average of three replicates. Data are
expressed as mean±S.E.M. and the symbols denote significance levels: #Pb0.01
compared to control group (non-depolarizing conditions); ⁎⁎⁎Pb0.001 com-
pared to control group (depolarizing conditions), two-way ANOVA followed by
Newman–Keuls test.

Fig. 6. Effect of pre-treatment with CaCl2 (200 nmol/site, i.c.v.) on the
antinociceptive profiles of myricitrin (1 mg/kg, i.p.) and morphine (2.5 mg/kg, s.
c.) against the acetic acid-induced writhing in mice. Each column represents the
meanof sixmice and the error bars indicate the S.E.M. in the absence (white column)
or presence (gray column) of CaCl2. The symbols denote significance levels:
⁎⁎⁎Pb0.001 compared to control group; #Pb0.001 compared to group treated with
morphine or myricitrin, one-way ANOVA followed by Newman–Keuls test.
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medium containing the higher K+ concentration (a depolarizing
condition) led to an increase of 30.0±4.3% (Pb0.05) in 45Ca2+

uptake when compared to medium with lower K+ concentration
(non-depolarizing condition). Myricitrin at 100 and 200 μM
inhibited 45Ca2+ uptake in a K+-induced depolarizing condition
(Pb0.001). The percentages of inhibition were 46±13% and
48±11% for 100 and 200 μM, respectively. Alternatively, in
the absence of a depolarizing condition, only the highest
concentration of myricitrin was able to reduce 45Ca2+ influx
(Pb0.01), where the percentage of inhibition was 42±2%.
Through two-way analyses we detected a significant interaction
between the presence of myricitrin and a K+-induced
depolarizing condition [F(2,12)=4.54 (Pb0.05)], suggesting
that inhibitory effect of myricitrin on calcium movement is
more pronounced when the cell is stimulated.

4. Discussion

A considerable number of studies have reported flavonoids
exert antioxidant, anti-inflammatory, immunomodulatory, anti-
allergic, neuroprotective, anti-mutagenic, anti-rheumatic and
antinociceptive effects (Havsteen., 2002; Calixto et al., 2003,
2004; Meotti et al., 2006b). In previous studies, we have
demonstrated that the systemic administration of myricitrin
reduced both acute and chronic pain in mice. The antinocicep-
tive action of this flavonoid has been attributed to inhibition of
protein kinase activity, NO production and anti-inflammatory
activity (Agullo et al., 1997; Gamet-Payrastre et al., 1999; Chen
et al., 2000; Meotti et al., 2006b,a).

Since myricitrin has been administered by systemic (i.p.)
route, its antinociceptive effects could occur by peripheral or
central sites of action. In addition, the acetic acid-induced ab-
dominal constriction, which is the model of pain employed in
this and previous studies with myricitrin, activates both central
and peripheral sites of pain (Collier et al., 1968; Vineger et al.,
1979; Ribeiro et al., 2000; Ikeda et al., 2001; Julius and
Basbaum, 2001; Feng et al., 2003). To distinguish the site of
action of myricitrin, we administered it directly into spinal and
supraspinal locations. Thus, the rise of the nociceptive threshold
caused by spinal and supraspinal administration of myricitrin
demonstrated that antinociceptive effect of this flavonoid is
extended to central next to peripheral level.

Glutamate and the neuropeptide substance P are the main
mediators responsible for pain transmission in the dorsal horn
(Sakurada et al., 1990; Liu et al., 1997; Ji and Strichartz, 2004;
Caruso et al., 2005). It is well established that these substances,
together with the vanilloid receptor agonist capsacin, promote
neuronal excitability in dorsal horn through mechanisms that
involve NO production and PKC activation (Sakurada et al.,
1996; Liu et al., 1997; Ji and Strichartz, 2004; Caruso et al., 2005).
Regarding inhibitory effects of myricitrin against NO production
and PKC activation, we tested myricitrin effects against biting
behaviour induced by glutamate; substance P and capsaicin. Our
results demonstrated that myricitrin systemic administration
significantly reduced the biting induced by spinal administration
of these different mediators. In line with this, it is likely that the
antinociceptive action of myricitrin on the glutamate, substance P
and capsaicin-induced nociception is associated with its ability to
reduce NO level and PKC activity (Gamet-Payrastre et al., 1999;
Chen et al., 2000; Meotti et al., 2006b).

The present study demonstrated that myricitrin, given
intraperitoneally, produces a strong inhibition of the biting
response caused by i.t. injection of cytokines, IL-1β and TNF-α.
Cytokines were reported to induce biting behaviour when
administered intrathecally in mice (Choi et al., 2003). The
binding of IL-1β to its receptor IL-1RI actives tyrosine kinases
and calcium-independent PKC (Obreja et al., 2002; Sommer and
Kress, 2004), which could support nociception caused by this
peptide. In agreement, we have reported previously, through in
vivo and in vitro studies, that myricitrin inhibits nociception
mainly by its property of PKC inhibition (Meotti et al., 2006b).
These results together, strongly suggest that myricitrin effects on
IL-1β-induced nociception are due to its ability to inhibit PKC.



Fig. 8. Previous and news sites of action of myricitrin on the reduction of
nociception. The continuous arrow (→) shows the activation effect and the dot
arrow ( ) shows the inhibitory effect. MI (myricitrin); TTx (sodium channel
tetrodotoxin resistant); K+ (potassium ion); Na+ (sodium ion); Ca2+ (calcium
ion); PLC (phospholipase C); IP3 (inositol triphosphate); DAG (diacylglycerol);
PKC (protein kinase C); PKA (protein kinase A); cAMP (cyclic adenosine
monophosphate); NOS (nitric oxide synthase); NO (nitric oxide); NF-κB
(nuclear factor-κB); p38 (mitogen-activate protein kinase);IL-1β (interleukin 1β);
TNF-α (tumor necrosis factor α); SP (substance P); Gi/o (Gi/o protein); TRPV
(transient receptor vanilloid); B2 (metabrotopic receptor for bradikinin); mGLU
(metabotropic receptor for glutamatergic agonists); H+ (proton); PLA2 (phospho-
lipase A2); AA (araquidonic acid); COX (cyclooxygenase); MPO (myeloperox-
idase); ROS (reactive oxygen species).
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Our results demonstrate that myricitrin completely inhibited
TNF-α-induced nociception. Previous reports show that TNF-
α-induced nociception involves phosphorylation of p38 MAPK
(Schäfers et al., 2003). In addition, myricitrin potently inhibited
p38 MAPK phosphorylation on the spinal medulla (unpub-
lished data). In line with this, myricitrin may inhibit TNF-α-
induced nociception by decreasing phosphorylation of intracel-
lular signalling kinases. Alternatively, the antinociceptive action
of myricitrin on TNF-α-induced biting behaviour may be due to
myricitrin effects upon calcium channels, since recent reports
showed that TNF-α activates Ca2+ mobilization in cultured
sensory neurons (Pollock et al., 2002).

The present study also demonstrated that the inactivation of
the Gi/o protein, through i.t. pertussis toxin treatment, completely
prevented the antinociception induced by systemic administra-
tion of myricitrin. Activation of Gi/o protein is considered an
inhibitory signalling event, since it inhibits adenylyl cyclase and
opens two different types of K+ inward rectifier (Kir) channels:
K+-ATP dependent and G-protein-regulated inwardly rectifying
K+ (GIRK) channels (Childers and Deadwyler, 1996; Ocaña
et al., 2004). Considering glibenclamide did not avert anti-
nociception of myricitrin, it seems unlikely that myricitrin
effects are due to the opening of the K+-ATP dependent channel.
On the other hand, we can not exclude an effect of the myricitrin
upon GIRK channels.

The pre-treatment with tetraethylammonium, a blocker of
voltage-gated K+ channels and apamin, a blocker of small (or
low)-conductance calcium-gated K+ channels reversed myrici-
trin antinociceptive effect. However, the pre-treatment with
charybdotoxin, a blocker of large (or fast)-conductance
calcium-gated K+ channels did not prevent the myricitrin
action. Therefore, myricitrin seems to exert specific action upon
K+ channels responsive to voltage- and K+ channels of small-
conductance calcium-gated. The difference between small and
large-conductance calcium-gated K+ channels resides in the
intracellular C-terminal domain. The small-conductance calci-
um-gated K+ channels have a calmodulin-binding domain that
allows the channel to interact with calmodulin and to be
regulated by Ca2+, while the large-conductance calcium-gated
K+ channels have a region termed the “calcium bowl”, that
binds directly to the Ca2+ (Ocaña et al., 2004). This structural
difference could explain the different responsiveness of these
channels to myricitrin. However, molecular studies are nec-
essary to address this hypothesis.

Remarkably, calcium chloride pre-treatment fully prevented
the antinociception induced by myricitrin and morphine. It is
well established that an increase in intracellular Ca2+ represents
a key step for neurotransmitter release, cell membrane
excitability, activation of intracellular proteins and reduces the
pain threshold (Prado, 2001; Cervero and Laird, 2003; Ward,
2004). Our in vitro assays, using rat cortical slices, demonstrat-
ed that myricitrin inhibited 45Ca2+ influx under a K+-induced
depolarizing condition. However, myricitrin modified calcium
movement in a non-depolarizing condition only at the highest
concentration used. These results may indicate that myricitrin
interacts in a distinct way with Ca2+ channels, depending on the
state of cell depolarization. Considering that myricitrin-induced
antinociception was prevented by calcium pre-treatment (in vivo)
and that myricitrin altered calcium movement (in vitro), we
suggest that the blocking of calcium channels contributes to the
antinociceptive action of myricitrin. At this time, the putative
mechanisms that explain the antinociceptive activity of the
myricitrin are presented in the Fig. 8.

In conclusion, the present results are in agreement with
previous data and demonstrate that myricitrin produces anti-
nociception when administered at peripheral or central levels.
Furthermore, these results showed that myricitrin antinociception
is closely related to pathways activated by glutamate, substance P,
capsaicin and pro-inflammatory cytokines. The mechanisms of
antinociception are dependent of the Gi/o protein activation;
opening of specific K+ channels (voltage- and small-conductance
Ca2+-gated) and inhibition of calcium influx.
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