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a b s t r a c t

Previous studies from our group investigated the analgesic and anti-inflammatory proper-

ties of the flavonoid myricitrin. Here, we demonstrated the role of interleukin-1b (IL-1b),

tumor necrosis factor-a (TNF-a) and mitogen-activated protein kinases (MAPKs) on the

antinociceptive action of myricitrin. The nociceptive response was evaluated by monitoring

biting behaviour following intratecal (i.t.) administration of IL-1b and TNF-a in mice.

Western blot analyses of total and phosphorylated MAPKs: p38MAPK, extracellular-signal

regulated kinase (ERK1/2) and c-Jun amino-terminal kinases (JNK1/2) from the spinal cord of

mice injected with cytokines were measured. Myricitrin (0.03–30 mg/kg) or vehicle (control)

was administered 30 min beforehand by intraperitoneal (i.p.) injection. Myricitrin pre-

treatment prevented cytokine-induced biting behaviour. The calculated ID50 of myricitrin

were 6.8 (4.6–9.0) and 2.6 (0.3–4.9) mg/kg and maximal inhibition of 83 � 9 and 100 � 0% for

IL-1b and TNF-a, respectively. Intrathecal injection of IL-1b and TNF-a significantly

increased p38MAPK phosphorylation and this was inhibited by myricitrin treatment. Cyto-

kines administration did not alter ERK1/2 and JNK1/2 phosphorylation. Myricitrin prevented

cytokine-induced biting behaviour and inhibited p38MAPK phosphorylation in response to

cytokines stimulation. Taken together, it suggests that the mechanism for antinociceptive

action of myricitrin in response to cytokines may involve a blockage on p38MAPK pathway.

This finding could explain, at least in part, the antinociceptive action of this flavonoid in

process like neuropathic and inflammatory chronic pain.
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1. Introduction

Under pathological conditions like neuropathies, rheumatoid

arthritis and process related to the chronic pain, cytokines are

released from leucocytes, fibroblasts, Schwann cells and

endothelial cells [1–3]. These peptides, together with other

mediators, are responsible for initializing and maintaining

pain [1,4,5]. The cytokines IL-1b and TNF-a are over expressed
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in the spinal cord on peripheral inflammatory and neuro-

pathic experimental models of pain [1,4,6,7]. In addition, IL-1b

and TNF-a cause sensitization of peripheral nociceptors

(hypernociception) and cause nociception when admini-

strated intrathecally [1,5,8]. The intracellular mechanisms

by which IL-1b and TNF-a cause nociception involve activa-

tion of tyrosine kinases, protein kinase C (PKC) and MAPKs

[1,4,6].
672.
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MAPKs are a family of highly conserved enzymes which

comprise ubiquitous groups of signalling proteins that

regulate transduction, amplification and integration of cell

signalling from the cell surface to the nucleus [9–11]. These

proteins are regulated by extra-cellular stimuli like growth

factors, cytokines and environmental stress, controlling

complex programs, such as cell differentiation and prolif-

eration, embryogenesis and cell death [9–11]. The MAPK

family includes ERK1/2 and stress activated protein kinases

(SAPKs), JNK1/2/3 and p38MAPK a, b, g, d [9,10,12]. The ERK1/2

activation has been mainly associated with cell survival and

proliferation [13]. JNK and p38MAPK cascades are preferen-

tially activated by environmental stresses and pro-inflam-

matory cytokines, and are largely associated with the

promotion of inflammation, pain and programmed cell death

[4,12,14–16].

Inflammatory mediators and aberrant neuronal activity

activate MAPKs pathways in primary sensory and dorsal horn

neurons of the spinal cord. This event mediates the induction

and maintenance of neuropathic pain through both post-

translational and transcriptional mechanisms [4,17–20]. Inhi-

bitors of p38MAPK decrease neuropathic pain and inflammation

because they reduce synthesis of cytokines [4,16,21]. There-

fore, compounds that exhibit an inhibitory activity on MAPKs

pathways could be successfully employed as therapeutic

agents on the pain states, including chronic pain [4,16]. These

substances may also be useful pharmacological tools for the

investigation of pain transmission mechanisms.

It is known that myricitrin, a flavonoid presents in plants of

genus Eugenia, comprises antinociceptive effects in experi-

mental models of acute and chronic pain [22,23]. The

antinociceptive mechanisms of myricitrin include inhibition

of PKC, decrease in nitric oxide (NO) production, activation of

Gi/o protein pathway and alteration of Ca2+ and K+ movement

[22,24]. However, the relationship between myricitrin, cyto-

kine-induced MAPKs phosphorylation and nociception is still

unknown. The aim of present study was to investigate the

myricitrin effects on the ERK1/2, JNK and p38MAPK phosphor-

ylation and nociception caused by intrathecal administration

of IL-1b and TNF-a.
2. Materials and methods

2.1. Reagents

Myricitrin was isolated from plants of the genus Eugenia at the

Department of Chemistry, Universidade Federal de Santa

Catarina, Brazil. It was identified by spectral analyzes (RMN-

1H) and (RMN-13C) and by comparison with the published

spectra [32]. It showed a degree of purity greater than 98%. The

myricitrin was dissolved in Tween 80 plus saline. The pro-

inflammatory cytokines (IL-1b and TNF-a), protease inhibitor

cocktail and the primary antibodies anti-ERK1/2, anti-JNK1/2

and anti-p38MAPK were obtained from Sigma (St. Louis, USA).

Primary antibodies anti-phospho-ERK1/2, anti-phospho-JNK1/

2, anti-phospho-p38MAPK and secondary antibody anti-rabbit

IgG horseradish peroxidase conjugated (IgG-HRP) were

obtained from Cell Signalling Technology (Danvers, MA,

USA). All other chemicals were of analytical grade and
obtained from standard commercial suppliers. The cytokines

were dissolved in phosphate-buffered saline pH 7.4.

2.2. Animals

Experiments were conducted using 80 adult Swiss female mice

(25–35 g) housed at 22 � 2 8C under a 12-h light:12-h dark cycle

(lights on at 6:00) and with access to food and water ad libitum.

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 protocol by the Institutional Ethics Committee from

Universidade Federal de Santa Catarina (UFSC) (protocol

number 23080.0011700/2005-03/UFSC). All experiments were

carried out in accordance with current guidelines for care of

laboratory animals and investigation of experimental pain in

conscious animals, as specified by Ref. [25]. The number of

animals and intensity of noxious stimuli used were the

minimum necessary to demonstrate consistent effects of the

drug treatments.

2.3. Pro-inflammatory cytokines-induced overt nociception
in mice

The antinociceptive effects of myricitrin were evaluated

against nociception induced by intrathecal injection of IL-1b

and TNF-a, as previously described in Ref. [8] with minor

modifications [26]. Mice received an i.p. injection of myricitrin

(0.03–30 mg/kg) or vehicle (3% Tween 97% saline, 10 ml/kg).

Myricitrin stock solutions of 10 mg/ml were prepared in 10%

Tween 90% saline. This stock solution was further diluted in

saline to give the solution of use. Thus, a solution of 3 mg/ml

was injected in a volume of 10 ml/kg as the highest dose of

myricitrin (30 mg/kg, 3% Tween 97% saline). Further dilutions

were done to achieve determined concentrations of myrici-

trin. Thirty minutes after myiricitrin administration, an i.t.

injection of 5 ml of IL-1b (1 pg/site), TNF-a (0.1 pg/site) or

vehicle (buffered saline) were given to fully conscious mice

awake, using the method described by Ref. [27]. The

concentrations of cytokines were chosen as determined

previously in our laboratory [26]. It did not cause any overt

sign of inflammation in the local of injection up to 15 min.

Briefly, the animals were restrained manually and a 30-gauge

needle, attached to a 25 ml 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 amount of time that the animal subsequently spent

biting was evaluated for 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. Groups

were divided in: (S) saline i.p. and saline i.t.; (C) saline i.p. and

cytokines i.t.; (M) myricitrin i.p. and cytokines i.t.

2.4. Assessment of MAPKs phosphorylation through
Western blot assay

In this experiment, the doses of 3 and 10 mg/kg of myricitrin

were chosen to evaluate its effects against cytokine-induced

MAPKs phosphorylation. The groups were divided: (1) mice

treated with vehicle (10 ml/kg, i.p.) 30 min before an i.t.
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injection of buffered saline (5 ml); (2) mice treated with vehicle

(10 ml/kg, i.p.) 30 min before an i.t. injection of IL-1b (1 pg/site)

or TNF-a (0.1 pg/site); (3) mice treated with myricitrin (3 or

10 mg/kg) before an i.t. injection of IL-1b (1 pg/site) or TNF-a

(0.1 pg/site). The i.t. injection was carried out as described in

Section 2.2. After 15 min the mice were killed by cervical

dislocation and the lumbar region of spinal cord was removed

for Western blot analysis. The tissue was homogenized at 4 8C

in a buffer (pH 7.0) containing 50 mM Tris, 10 mM b-

mercaptoethanol, 1 mM EDTA, 0.1 mM phenylmethyl sulfonyl

fluoride, 20 mM Na3VO4, 100 mM sodium fluoride and Sigma

cocktail protease inhibitor [28]. The homogenates were

centrifuged at 1000 � g for 10 min at 4 8C and the supernatants

(S1) collected. Proteins were quantified as described before in

Ref. [29]. Samples (100 mg of protein) were separated by SDS-

PAGE using 10% gels and they were transferred to nitrocellu-

lose membrane using 400 mA current (3 h at 4 8C) [30,31]. The

membranes were blocked with 5% skim milk in Tris-buffered

saline (TBS; Tris 10 mM, NaCl 150 mM, pH 7.4) for 1 h, followed

by a second blockage (1 h) with 2.5% gelatin in TBS [29,30]. ERK1/

2, p38MAPK and JNK1/2, total and the activated (bi-phosphory-

lated) forms, were detected by Western blot [30,31]. Briefly, the

primary antibodies (Cell Signalling) to anti-phospho ERK1/2,

anti-phospho p38MAPK and anti-phospho JNK1/2 were diluted

1:1000 and they were incubated for 24 h at 4 8C. The primary

antibodies (Sigma) to anti-ERK1/2 (1:40,000), anti-p38MAPK and

anti-JNK1/2 (1:10,000) were incubated for 2 h at room tempera-

ture. Secondary antibody anti-rabbit IgG horseradish perox-

idase conjugated (IgG-HRP; Cell Signalling) were diluted at

1:2000 and incubated for 1 h. All steps of blocking and

incubation were followed by three times of 5 min washes with

TBS-T (Tris 10 mM, NaCl 150 mM, Tween 20 0.05%, pH 7.5).

In order to detect phosphorylated and total forms of each

MAPK in the same membrane, the immune complexes were

stripped. Briefly, membranes were washed once with double

deionized water (5 min), followed by incubation with NaOH

0.2 N (5 min), washing with double deionized water (5 min)

and with TBS-T (10 min). The membranes stripped of immune

complexes were blocked as required for the next round of

Western blotting [30,31].
Fig. 1 – Effect of myricitrin on nociceptive biting behaviour indu

TNF-a (0.1 pg/site). Each bar represents the average W S.E.M. of

(S), saline i.p. and IL-1b or TNF-a i.t. (C), myricitrin i.p. and IL-1

performed by analysis of variance (ANOVA/one-way), followed

difference ###P < 0.001 from saline/saline group (S) and *P < 0.05
The optical density (O.D.) of the bands was quantified using

Scion Image software1. The phosphorylation level of each

MAPK was determined as a ratio of O.D. of phosphorylated

band/O.D. of total band [28]. The data are expressed as

percentage of the saline/saline group (considered as 100%) and

the values are presented as mean � S.E.M.

2.5. Statistical analysis

Results are presented as mean � S.E.M., except the ID50 values

(i.e., the dose of myricitrin that decreased the nociceptive

response by 50% relative to the control value), which are

reported as geometric means accompanied by their respective

95% confidence limits. The ID50 value was determined 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 (30 mg/kg). The

results were analyzed by one-way ANOVA and post hoc

analysis was performed by Duncan’s test when appropriate. A

value of P < 0.05 was considered to be significant.
3. Results

As shown in Fig. 1, the i.t. administration of IL-1b or TNF-a

caused marked nociceptive biting behaviour in mice (P < 0.001

from saline i.t. group). The myricitrin i.p. administration

significantly reduced the biting behaviour induced by both

cytokines in a dose-dependent manner (Fig. 1A and B). The

myricitrin ID50 values were 6.8 (4.6–9.0) and 2.6 (0.3–4.9) mg/kg

for IL-1b and TNF-a, respectively. The percentages of maximal

inhibition (MI) of 30 mg/kg myricitrin were 83 � 9 and 100% for

IL-1b and TNF-a, respectively. No biting behaviour was

observed in the group that received vehicle i.p plus buffered

saline (5 ml, i.t.) (Fig. 1).

In another set of experiments, we investigated the

myricitrin effect on MAPKs phosphorylation induced by i.t.

administration of IL-1b and TNF-a. Western blot analysis from

spinal cord homogenates showed p38MAPK, ERK1/2 and JNK1/2
ced by i.t. injection of cytokines (A) IL-1b (1 pg/site) and (B)

six animals treated with saline i.p. and buffered saline i.t.

b or TNF-a i.t. (white bars). Statistical analysis were

by Duncan’s test. The symbols represent a significant

; **P < 0.01 or ***P < 0.001 from saline/cytokines group (C).



Fig. 2 – Effect of myricitrin on p38MAPK phosphorylation induced by i.t. injection of cytokines (A) IL-1b (1 pg/site) and (B) TNF-

a (0.1 pg/site) in spinal cord of mice. Each bar represents the average W S.E.M. of four animals. The data are expressed as

ratio between phosporylated and total form of p38MAPK. The percentage of phosphorylation was calculated considering

control group (saline/saline) as 100% (horizontal dotted line). The mice received saline i.p. plus IL-1b or TNF-a i.t. (C, grey

bars); myricitrin i.p. plus IL-1b or TNF-a i.t. (white bars). Statistical analysis were performed by analysis of variance

(ANOVA/one-way), followed by Duncan’s test. The symbols denote a significant difference #P < 0.001 from saline/saline

group (horizontal dotted line) and *P < 0.05 from saline/cytokines group (C). The bands on the top show the p38MAPK

expression on phosphorylated form (upper bands) and total form (lower bands) referent to saline/saline (S), saline/

cytokines (C), myricitrin 3 mg kgS1/cytokines (M3) and myricitrin 10 mg kgS1/cytokines (M10) groups.
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were constitutively expressed and phosphorylated in tissue of

mice. Cytokines administration did not alter significantly the

total amount of p38MAPK, ERK1/2 and JNK 1/2 in 15 min

(P > 0.05 from saline/saline group, Figs. 2–4). However, the

treatment with IL-1b and TNF-a caused a significant increase

in p38MAPK phosphorylation (Fig. 2A and B, P < 0.05 from

saline/saline group). The pre-treatment with myricitrin (3 or

10 mg/kg; i.p.) totally inhibited p38MAPK phosphorylation
Fig. 3 – Effect of myricitrin on ERK1/2 phosphorylation induced b

(0.1 pg/site) in spinal cord of mice. Each bar represents the avera

between phosporylated and total form of ERK1/2. The percenta

group (saline/saline) as 100% (horizontal dotted line). The mice

myricitrin i.p. plus IL-1b or TNF-a i.t. (white bars). Statistical ana

way), followed by Duncan’s. The bands on the top show the ERK

total form (lower bands) referent to saline/saline (S), saline/cytok

10 mg kgS1/cytokines (M10) groups.
induced by TNF-a. Mice treated with myricitrin had similar

level of p38MAPK phosphorylated than untreated mice (saline/

saline group) (Fig. 2B). The myricitrin significantly inhibited

p38MAPK phosphorylation induced by i.t. injection of IL-1b.

However, myricitrin displayed this effect only at the highest

dose employed (10 mg/kg) (Fig. 2A).

Administration of IL-1b or TNF-a did not alter ERK 1/2 and

JNK1/2 phosphorylation in spinal cord of mice 15 min after
y i.t. injection of cytokines (A) IL-1b (1 pg/site) and (B) TNF-a

ge W S.E.M. of four animals. The data are expressed as ratio

ge of phosphorylation was calculated considering control

received saline i.p. plus IL-1b or TNF-a i.t. (C, grey bars);

lysis were performed by analysis of variance (ANOVA/one-

1/2 expression on phosphorylated form (upper bands) and

ines (C), myricitrin 3 mg kgS1/cytokines (M3) and myricitrin



Fig. 4 – Effect of myricitrin on JNK1/2 phosphorylation induced by i.t. injection of cytokines (A) IL-1b (1 pg/site) and (B) TNF-a

(0.1 pg/site) in spinal cord of mice. Each bar represents the average W S.E.M. of four animals. The data are expressed as ratio

between phosporylated and total form of JNK1/2. The percentage of phosphorylation was calculated considering control

group (saline/saline) as 100% (horizontal dotted line). The mice received saline i.p. plus IL-1b or TNF-a i.t. (C, grey bars);

myricitrin i.p. plus IL-1b or TNF-a i.t. (white bars). Statistical analysis were performed by analysis of variance (ANOVA/one-

way), followed by Duncan’s test. The bands on the top show the JNK1/2 expression on phosphorylated form (upper bands)

and total form (lower bands) referent to saline/saline (S), saline/cytokines (C), myricitrin 3 mg kgS1/cytokines (M3) and

myricitrin 10 mg kgS1/cytokines (M10) groups.
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administration. As shown in Figs. 3 and 4 the phosphorylated

forms of these kinases stayed at basal levels (P > 0.05 from

saline/saline group). Furthermore, myricitrin pre-treatment

did not change ERK 1/2 and JNK1/2 phosphorylation.
4. Discussion

It is known that flavonoids interact with enzymes and proteins

within cells and therefore, they regulate processes including

cell growth, apoptosis, immunological response and energetic

metabolism [33–36]. Previous studies from our group showed

that the flavonoid myricitrin has antinociceptive effects in

acute model of nociception in rodents, mainly by its ability to

inhibit PKC activation [22]. Myricitrin antinociceptive effects

were also attributed to inhibition of NO production and

nuclear factor-kB (NF-kB) activation [22,37]; activation of

protein Gi/o pathway, increase in K+ efflux, decrease in Ca2+

movement and anti-inflammatory activity [23,24].

The antinociception afforded by myricitrin was widened to

chronic models of nociception like sciatic nerve injury and

chronic inflammation induced by intraplantar injection of

complete Freund’s adjuvant (CFA) [22]. In both situations, an

augment of cytokines, IL-1b and TNF-a, in the dorsal horn of

medulla spinal contributes to neuronal sensitization through

direct opening of ionic channels, activation of intracellular

mediators and induction of expression of molecules involved

with pain transmission and maintenance [1,4,7,38–40]. In this

study, we observed that systemic administration of myricitrin

induced potent antinociception against biting behaviour

induced by IL-1b and TNF-a.

The biting behaviour is a common method employed to

evaluate nociceptive transmission in rodents. The intrathecal

injection of glutamatergic receptor agonists, kinins or
cytokines directly sensitises neuron in the spinal medulla.

As a consequence, the pain behaviour (caudal direct biting,

licking and scratching) starts immediately after the injection

of the mediators [8,24,27,41]. The molecular mechanisms

involved in the sensitization of neurons in the spinal medulla

including increases in nitric oxide production, protein kinase

C activity and calcium influx [4,41]. Here, we demonstrated for

the first time, that the biting behaviour evoked by intrathecal

injection of IL-1b and TNF-a is also associated to phosphor-

ylation of p38MAPK.

During nociceptive and inflammatory process IL-1b and

TNF-a trigger p38MAPK. The phosphorylation of p38MAPK

generates a positive feedback in pain and inflammation

because it activates transcriptional factors that regulate the

gene transcription of pro-inflammatory cytokines [4,16,39,42].

Hence, inhibitors of p38MAPK decrease neuropathic pain and

inflammation because they reduce synthesis of cytokines

[4,16,21]. p38MAPK phosphorylation increases inflammatory

and nociceptive response also at post-translational levels, via

phosphorylation of receptors, ion channels, protein kinases

and increase of phospholipases activity [4,39]. Consequently,

p38MAPK phosphorylation can modify membrane excitability

and contribute directly to pain transmission [4,39].

In this study, the increase in p38MAPK phosphorylation, as a

consequence of the injection of IL-1b and TNF-a, was believed

to contribute to nociceptive behaviour in mice. In agreement,

it was previously reported that the treatment with p38MAPK

inhibitor, SB203580, inhibited hyperalgesia induced by an

intrathecal injection of IL-1b [6]. Considering that p38MAPK

phosphorylation mediated nociceptive response within

15 min after cytokines injection, the nociceptive effects of

p38MAPK phosphorylation were probably associated to a direct

activation of receptors, ion channels and enzymes, but not

associated to the synthesis of new mediators [4,39].
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Interestingly, the injection of IL-1b or TNF-a did not

stimulate ERK1/2 and JNK1/2. Hence, ERK1/2 and JNK1/2 are

activated during neuropathic pain and referred hyperalgesia

[4,17,19,20]. Although it was an unexpected finding, our data

corroborate with those found by Sung et al. [6], which

demonstrated that intrathecal administration of IL-1b induced

phosphorylation of p38MAPK but not of ERK1/2 and JNK1/2 in

the spinal cord of rats. In fact, p38MAPK is more susceptible to

activation by cytokines than ERK1/2 and JNK1/2 in the spinal

cord and the activation of ERK1/2 and JNK1/2 by IL-1b or TNF-a

is only achieved with few hours of exposure or by chronic

treatments [39,42–44].

The myricitrin administration fully prevented p38MAPK

phosphorylation induced by IL-1b and TNF-a. Through these

results, we suggest an involvement of p38MAPK phosphoryla-

tion in the antinociceptive effects of myricitrin. Myricitrin

inhibited more potently the nociception and p38MAPK phos-

phorylation induced by TNF-a than that induced by IL-1b. The

reason why these cytokines had different sensitivities to

myricitrin is unknown, but a rational explanation could be

because upstream IL-1b and TNF-a have different pathways

leading to p38MAPK phosphorylation [39,45]. These results

suggest that myricitrin could affect upstream kinases respon-

sible by p38MAPK phosphorylation. However, further studies

are necessary to test this hypothesis.

Considering that p38MAPK, PKC and protein Gi/o are

integrated signalling cascade in some cells [46,47], we could

not exclude an indirect effect of myricitrin on the PKC and

protein Gi/o pathways driving the inhibition of p38MAPK

phosphorylation. However, this indirect way would explain

myricitrin effects only on p38MAPK phosphorylation induced by

IL-1b but not that induced by TNF-a. In fact, the binding of IL-

1b to its receptor activates tyrosine kinases and calcium-

independent PKC [48]. This event is likely associated with

p38MAPK activation [47]. On the other hand, the binding of TNF-

a to its receptor triggers p38MAPK phosphorylation indepen-

dently of PKC or protein Gi/o pathways [43,49–51].

As reported previously, myricitrin antinociceptive effects

are not associated with non-specific effects as impairment

motor, ataxia, depression of central nervous system or

hypothermia. Hence, a higher dose than utilized in this study

did not alter time of permanency on the rota-rod, locomotion

on the open-field, body temperature or body posture [22].

Given that flavonoids inhibit protein kinases [22,33,35] and

reduce ERK1/2 and JNK1/2 phosphorylation in carcinoma cells

[36,52], we may not rule out the capacity of myricitrin to act as

an inhibitor of ERK1/2 or JNK1/2 activation in different

conditions unlike those used in this study. In our model, IL-

1b and TNF-a treatment were devoid of ERK1/2 and JNK1/2

activation.

Inhibitors of p38MAPK are promising therapeutic agents

for the treatment of inflammatory diseases. These inhibitors

have efficacy against arthritic and inflammatory disease and

some compounds have reached clinical studies in humans

[53]. Considering the key role of p38MAPK phosphorylation

during chronic painful and inflammatory process, the effects

of myricitrin in counteracting p38MAPK phosphorylation

could explain, at least in part, the beneficial action of

myricitrin against neuropathic and inflammatory nocicep-

tion [23].
In summary, the findings of the present work demon-

strated a role of p38MAPK phosphorylation in acute nociception

induced by cytokines. The flavonoid myricitrin was able to

counter both nociception and p38MAPK phosphorylation

induced by i.t. administration of IL-1b and TNF-a. From the

results obtained here, we may infer a role of p38MAPK

phosphorylation on the antinociceptive action of myricitrin.
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