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Abstract

Background: Salvinorin A (SA), the main active component of Salvia Divinorum, is a non-nitrogenous kappa opioid
receptor (KOR) agonist. It has been shown to reduce acute pain and to exert potent antinflammatory effects. This
study assesses the effects and the mode of action of SA on formalin-induced persistent pain in mice. Specifically,
the SA effects on long-term behavioural dysfuctions and changes in neuronal activity occurring at spinal level, after
single peripheral formalin injection, have been investigated. Moreover, the involvement of microglial and glial cells
in formalin-induced chronic pain condition and in SA-mediated effects has been evaluated.

Results: Formalin induced a significant decrease of mechanical withdrawal threshold at the injected and
contralateral paw as well as an increase in the duration and frequency, and a rapid decrease in the onset of evoked
activity of the nociceptive neurons 7 days after formalin injection. SA daily treatment significantly reduced
mechanical allodynia in KOR and cannabinoid receptor 1 (CB1R) sensitive manner. SA treatment also normalized the
spinal evoked activity. SA significantly reduced the formalin-mediated microglia and astrocytes activation and
modulated pro and anti-inflammatory mediators in the spinal cord.

Conclusion: SA is effective in reducing formalin-induced mechanical allodynia and spinal neuronal hyperactivity.
Our findings suggest that SA reduces glial activation and contributes in the establishment of dysfunctions
associated with chronic pain with mechanisms involving KOR and CB1R. SA may provide a new lead compound for
developing anti-allodynic agents via KOR and CB1R activation.
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Background
Abnormal pain responses such as mechanical allodynia
and thermal hyperalgesia are commonly associated with
chronic pain states. Following peripheral or central ner-
vous system (CNS) insults, neuron sensitization occurs
leading to pain transmission facilitation [1,2]. Spinal glia
(microglia and astrocytes) strongly contribute to the devel-
opment and maintenance of chronic pain [3,4]. In patho-
logical condition, microglia cells undergo to activation
resulting in morphological changes and in the release of
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several neuromodulators, contributing to the mechanisms
of central sensitization [5-7]. Once activated, they recruit
other microglia and extend the inflammation by activating
astrocytes, which are required for the maintenance of the
pain state [8]. The involvement of spinal glial and micro-
glial cells in pain regulation is supported by the use of spe-
cific metabolic inhibitors [9,10] and their activation has
been described in several animal pain models, including
peripheral nerve injury [11-13] and intra-plantar zymosan
or formalin administration [14-16]. Formalin injection into
the hind-paw of rodents is a pain model widely used to in-
vestigate the mechanisms of persistent nociception. It pro-
duces a severe and immediate peripheral inflammation
and nocifensive behaviour, but it is also associated with
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the development of allodynia tactile and spinal microglial
morphological changes lasting at least 14 days [17]. The
opioid system is strongly implicated in pain control
mechanisms [18-21]. Opioid μ, κ and δ receptors (MOR,
KOR, DOR) activation at peripheral and spinal level
induces intense analgesia by inhibition of excitatory trans-
mission or via stimulation of descending antinociceptive
pathway [22]. SA, a potent non-opioid selective KOR
agonist, is the main active component of the plant Salvia
Divinorum [23,24]. It exerts intense hallucinogenic effects,
such as to lead to a kind of “out of the body” experience
comparable to lysergic acid diethylamide effect [25]. SA
has been demonstrated to be effective in some acute pain
models [26-29] and we have recently demonstrated that it
has an ultrapotent anti-inflammatory effect in LPS- and
carrageenan-induced paw oedema [30].
In this study we have evaluated the effects of SA on

formalin-induced pain symptoms. We have evaluated
the possible anti-allodynic effect of daily SA treatment
up to 7 days after subcutaneous formalin injection in
mice. Moreover, we performed electrophysiological
recordings of nociceptive neurons (NS), in order to in-
vestigate a possible neuronal activity changes induced by
SA in formalin-injected mice. Finally, the involvement of
glial and microglial cells and the levels of pro- and anti-
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Figure 1 Effect of SA (0.5, 1 and 2 mg/kg i.p.) repeated treatment on
contralateral (B, D) hind paw 3 and 7 days after formalin injection in
nor-BNI (20 mg/kg i.p.), AM251 (1 mg/kg i.p.) or AM630 (1 mg/kg i.p.) (C, D
thresholds in grams. # indicate significant differences vs veh/saline-treated
injected mice and ° indicate significant differences vs SA/formalin injected
ANOVA followed by Student-Newman Keuls).
inflammatory mediators in the SA-mediated effects at
the spinal cord level was also investigated.

Results
SA repeated treatment reduces formalin-induced
mechanical allodynia in KOR and CB1R sensitive manner
Formalin injection on the dorsal surface of hind-paw
induced an increase in paw volume and spontaneous
pain behaviour. Accordingly with previous studies
[14,17] we found a significant decrease of mechanical
threshold in the injected and contralateral paw 3 and
7 days after formalin administration as compared to the
saline-injected mice (Figure 1A and B). The subcutane-
ous injection of saline into the paw or intraperitoneal ve-
hicle administration did not change the pain response as
compare with naive mice (not shown). We found that
SA (2 mg/kg, i.p.) daily treatment significantly reduced
the formalin-induced mechanical allodynia at 3 and
7 days in both ipsi and contralateral paws. Lower doses
of SA (0.5 and 1 mg/kg) did not exert any changes
(Figure 1A and B). The SA anti-allodynic effect was pre-
vented by the concurrent treatment with nor-BNI
(20 mg/kg, i.p.), a KOR selective antagonist, and with
AM251 (1 mg/kg i.p.), a CB1 receptor selective antagon-
ist, but not with AM630 (1 mg/kg i.p.), a selective CB2
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mouse. SA (2 mg/kg i.p.) was also administered in combination with
). Data were expressed as mean± SEM of mechanical withdrawal
mice, * indicate significant differences vs vehicle treatment in formalin
mice. P values <0.05 were considered statistically significant (one-way
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receptor antagonist (1 mg/kg i.p.) (Figure 1C and D).
We also compared the effects of SA to those of U-
50488, a well-established selective synthetic KOR
agonist. Similarly to SA, U-50488 (2 mg/kg, i.p.)
had anti-allodynic properties which were prevented
by KOR and CB1R selective antagonists, but not by
a CB2R selective antagonist (Figure 2A and B).
Moreover, we observed that chronic treatment with

AM251 or nor-BNI, but not AM630, slightly increased
the nociceptive response induced by formalin injection,
even if the effect was not significant (not shown).
The dose of SA used (2 mg/kg i. p.) did not change

the normal behaviours, neither induced sedation or
motor impairment in saline or formalin-treated mice.

Effect of SA on the NS neurons activity in
formalin-treated mice
The in vivo electrophysiological experiments were per-
formed in order to investigate possible changes on NS
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Figure 2 Effects of U-50488 (2 mg/kg i.p.) repeated treatment
alone or in combination with nor-BNI (20 mg/kg i.p.), AM251
(1 mg/kg i.p.) or AM630 (mg/kg i.p.) on mechanical withdrawal
threshold of the the ipsi- (A) and contralateral (B) hind-paw 3
and 7 days after formalin injection in mouse. Data were
expressed as mean ± S.E.M of mechanical withdrawal thresholds in
grams. # indicate significant differences vs veh/saline treated mice,
* indicate significant differences vs vehicle treatment in formalin
injected mice and ° indicate significant differences vs U-50488
/formalin injected mice. P values <0.05 were considered statistically
significant (one-way ANOVA followed by Student-Newman Keuls).
neuron activity in formalin-induced inflammatory pain
conditions with or without SA. The results are based on
NS neurons (one cell recorded from each animal per
treatment) at a depth of 0.7-1 mm from the surface of
the spinal cord. This cell population was characterized
by a mean rate of spontaneous firing of 0.015 ± 0.002
spikes/sec and only cells showing this pattern of basal
firing were chosen for the experiment. Saline or formalin
paw-injection did not change the spontaneous activity of
NS neurons as shown in Figures 3, 4 and 5, while we
observed significant changes in the evoked neuronal ac-
tivity, measured by analyzing different parameters as
onset, duration and frequency, 7 days after the formalin
injection. We observed that formalin did not modify
neuronal activity 3 days post-injection. SA application
locally to the spinal cord, however, increased the onset
and reduced the frequency of the evoked activity as
compared to both mice receiving intra-paw formalin and
vehicle and mice receiving intra-paw saline and vehicle
(Figure 3 A and C). We found a significant increase in
duration and frequency and a decrease in the onset of
the evoked activity (39 ± 5 s, 19.6 ± 1.3 spikes/s,
172 ± 9 ms, respectively; P <0.05) 7 days after formalin
paw-injection as compared to mice receiving intra-paw
saline (Figure 4 A, B and C). Topical spinal cord applica-
tion of SA (50 μg/10 μl) transiently reversed the
formalin-induced changes in duration, frequency and
the onset of the evoked cell activity (3 ± 0.3 s, 6.2 ± 0.3
spikes/s, 550 ±2 5 ms P <0.05). Repeated SA treatment,
at the dose effective in alleviating mechanical allodynia
(2 mg/kg, i.p.), completely normalized the induced-
formalin changes 7 days after formalin injection. In
particular, SA reduced the duration and frequency,
while increased the onset of the evoked activity
(1.9 ± 0.9 s, 2.4 ±0.4 spikes/s, 550 ± 21 ms respectively;
P <0.05) of NS neurons in formalin-injected mice as com-
pared to vehicle (0.05% DMSO in aCSF), while no signifi-
cant changes were found in 3 days SA-treated mice
(Figure 5 A, B and C). Representative ratemater records
show the activity of a single NS neuron before and after a
single vehicle or SA spinal cord topical application (Fig-
ure 3 D and E and Figure 4 D, E and F) and repeated treat-
ment with vehicle or SA in mice receiving saline or
formalin into the hind-paw (Figure 5 D, E and F).
Changes in expression of cannabinoid and opioid
receptors after formalin injection
Western blot analysis revealed a significant up-regulation
of CB1 receptor (but not CB2 receptor or KOR) protein
levels 3 days after formalin administration as compared
with saline-treated mice (Figure 6). No significant
changes have been revealed 7 days after formalin injection
(not shown).
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Figure 3 Effects of spinal cord application of vehicle (0.05% DMSO in aCSF) or SA (50 μg/10 μl) on the onset (A), duration (B) and
evoked frequency (C) of NS neurons in mice which received saline or formalin injection into the hind-paw. Vehicle or SA were
administered 3 days after saline or formalin as indicated by black arrows. Each point represents the mean ± S.E.M of 6–8 neurons of different
treated groups of mice. # indicates significant differences vs veh/form. P values <0.05 were considered statistically significant (one-way ANOVA
followed by Student-Newman Keuls). Representative ratemeters (D and E) show the responses to a noxious stimulation (von Frey filaments 97.8
mN/2 sec) of a single NS neuron both before and after vehicle or SA spinal application. Grey arrow indicates vehicle or SA application, while
black triangle indicate the noxious stimulation on the mouse hind-paw.
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SA reduces formalin-evoked glial and microglial activa-
tion at spinal cord level Immunohistochemical evaluations
were performed in order to determine the occurrence of
spinal microglia and astrocytes activation following intra-
paw formalin injection. Morphological analysis of Iba-1
positive cells, accordingly to the criteria described by
Hains and Waxman [31], revealed that formalin increased
the number of activated microglial cells in the ipsilateral
dorsal horn (L4–L6) 3 and 7 days post-injection as com-
pared to saline-treated mice (Figure 7A, B and C). SA
repeated treatment (2 mg/kg, i.p.) significantly reduced
the number of morphologically activated microglia cells
induced by formalin injection (Figure 7D and E). In
addition, we observed that formalin increased the number
of hypertrophic GFAP-labelled astrocytes 3 and even more
7 days post-injection as compared to saline-injected mice
(Figure 8C). SA repeated treatment (2 mg/kg, i.p.) strongly
abolished the formalin-induced reactive gliosis 7 days
post-formalin injection as shown in Figure 8E. In a sep-
arate set of experiments, we have evaluated the involve-
ment of CB1R and KOR in the SA-mediated effects on
spinal microglia and astrocytes activation. We decided
to perform these evaluations 7 days post formalin injec-
tion, which represent the peak of maximum cells activa-
tion. In particular, we found that AM251 treatment
abolished the SA effect on the activation of both micro-
glia and astrocytes, while a slight reduction of SA effects
was found in nor-BNI-treated mice only in astrocytes
activation (Additional file 1: Figure S1 and Additional
file 2: Figure S2).
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evoked frequency (C) of NS neurons in mice which received saline or formalin injection into the hind-paw. Vehicle or SA were
administered 7 days after saline or formalin peripheral injection as indicated by black arrows. Each point represents the mean ± S.E.M of 6–8
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the noxious stimulation on the mouse hind-paw.
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SA modulates spinal IL-10 and i-NOS expression in
formalin-injected mice
Formalin injection caused hyper-expression of i-NOS, an
effect which was statistically significant 3, but not 7, days
after its injection (Figure 9A). The increase in iNOS ex-
pression, which was found over-expressed in Iba-1 la-
belled microglial cells (Figure 9B), was normalised by SA
(Figure 9A).
Similarly, IL-10 levels were significantly down-

regulated 3, but not 7, days after formalin injection in the
spinal cord (Figure 9C). The 3-days treatment with SA
normalized IL-10 levels (Figure 9C). Moreover, by using
an immunohistochemical approach, we were able to de-
tect IL-10 in GFAP labelled astrocytes only in the spinal
cord of SA treated mice (Figure 9D). Very weak staining
was detectable in the saline or formalin-injected mice
(not shown).

Discussion
The main finding of this study is the anti-allodynic effect
of SA, the main compound of Salvia Divinorum, in a
formalin-induced chronic pain model in mouse. We
have here coupled behavioural pharmacology with
in vivo electrophysiology in order to: 1) clarify the long-
lasting behavioural responses and NS neuronal activity
induced by a single formalin injection 2) investigate the
contribute of KOR/CB1 receptor manipulation in
formalin-induced pain condition. In particular, we have
shown that SA repeated treatment, reduces mechani-
cal allodynia up to 7 days after formalin peripheral
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administration in mice. The local injection of formalin
into the hind-paw of rodents has been considered
mainly a model of persistent inflammatory pain, which
induces a characteristic nocifensive biphasic response,
oedema and inflammation [32]. We have previously
demonstrated that a single administration of SA par-
tially reduced the first phase of formalin-induced noci-
ceptive behaviour, which is caused by direct activation
of nociceptive sensory afferents, and it completely abol-
ished the second one [30] which is due to the release of
inflammatory mediators and it is also associated with
central sensitization [33-35]. However, peripheral for-
malin injection also exerts long-term nerve injury
[15,17,36,37]. Accordingly, we have shown that formalin
leads to tactile allodynia ipsilaterally to the injection
side spreading also to the contralateral hind-paw. SA
was effective in reducing the formalin-induced ipsi- and
contralateral allodynia up to 7 day treatment. Moreover,
we found that SA effects were prevented by KOR and
CB1R selective antagonists. Indeed, the involvement of
CB1 receptor in SA-mediated effects has been already
shown in other inflammatory animal models [30,38]
and also in emotional behaviour studies in rodents [39].
How SA can reduce pain transmission by modulating
CB receptors is presently unclear. SA shows very low or
no affinity for CB1 and CB2 receptors, respectively, and
it seems to be unable to modulate significantly endo-
cannabinoid levels [38,40]. The finding that the effect of
U-50488, the synthetic KOR agonist, was counteracted
by nor-BNI and AM251 similarly to SA, suggests a pos-
sible functional KOR-CB1R interaction rather than an
exclusive effect of the drug. Several findings have sug-
gested that a functional cross-talk between cannabinoid
and opioid systems exists [41-43], even if the mechan-
isms of such interaction are not still clear. A direct re-
ceptor–receptor interaction, such as heteromerization,
as already suggested by Rios et al., [44] for CB1R and
MOR opioid receptor, could represent one of possible
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mechanisms. Indeed, cannabinoids and opioids mutual
interaction has been described with particular emphasis
on the pivotal role of opioid receptors and peptides in
cannabinoid-mediated analgesia [41,43] and importantly,
such a functional interaction between the two systems
seem to be altered during chronic pain [45]. In our
model, we found a significantly increase of spinal CB1
receptor expression, while no changes have been
detected for CB2R or KOR. The involvement of the
CB2R, which is known to play an important role in
chronic inflammatory process and also in reducing pain
behaviour associated with neuropathic pain [13,46-48]
has been also object of this study. The co-administration
of SA with AM630, the selective CB2 receptor antag-
onist, ruled out the contribute of this receptor in
SA-mediated effects.
Inflammation, tissue damage or nervous system injury

result in the activation of immune and inflammatory
cells, leading to consequent production of several media-
tors able to increase pain hypersensitivity. By using
immunohistochemical approaches, we have found that
formalin induces an increase of Iba-1 staining, a marker
of microglia cells, in the dorsal horn of lumbar spinal
cord ipsilaterally to the injection, as previously demon-
strated [15,49]. In this study we also have observed an
increase of hypertrophic GFAP positive cells 7 days
post-injection in the same area. Astrocytes and microglia
cells showed a typical morphological shape correspond-
ing to the activated phenotype. The effectiveness of SA
in alleviating mechanical allodynia matched with a
reduction of the activated cells number and with the
modulation of IL-10 and iNOS, two different markers
involved in the inflammatory processes. In this study we
found that, at time point evaluated, the IL-10 protein
level was increased by SA treatment in terms of intracel-
lular production compared to saline or formalin treated
animals, as revealed by immunohistochemestry, while it
was normalized in the released form, as revealed by
ELISA. These data suggest that the mechanisms leading
to the long-term nocifensive behaviour induced by for-
malin are correlated with a reorganization of the spinal
cellular populations in which microglia and astrocytes
activation play a significant role. In this context, the ef-
fectiveness of SA in reducing the activation of astrocytes
and even more of microglia seems to be mainly
mediated by CB1R rather than KOR. Indeed, we found
that chronic treatment with AM251, but not nor-BNI,
(see Additional file 1: Figure S1 and Additional file 2:
Figure S2) reverted the effect of SA in reducing micro-
glial activation. These data are consistent with the evi-
dence showing that cannabinoids are more effective than
opioids in alleviating neuropathic pain [50].
Importantly - and consistently with the behavioural

data - electrophysiological experiments revealed that SA
caused a strongly reduction of evoked activity of NS
neurons in formalin-injected mice, suggesting that KOR/
CB1R activation plays an important role in the transmis-
sion of noxious signals to the spinal cord under patho-
logical conditions. Indeed, our findings are the first one
showing the long-lasting effects of formalin injection on
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NS neurons activity. The decreased threshold of activa-
tion and the increased responsiveness to mechanical
noxious stimuli of NS neurons found 7 days after for-
malin, suggest that a single peripheral formalin injec-
tion, beyond motor dysfunctions, induces a central
sensitisation, similarly to a neuropathic pain condition
induced by nerve injury. The finding that 7 days are
needed to modulate spinal neuronal activity seems to
be in contrast with allodynia development and with the
lack of changes in spinal pro-inflammatory mediator
level, observed already 3 days post-injection. However,
this may be due to the formalin-induced intense inflam-
mation with an immediate production of prostaglandins
and accumulation of neutrophils and infiltrating mono-
nuclear cells which could be alone responsible for the
induction of allodynia. Indeed, a range of peripheral in-
flammatory stimuli, such as the peripheral injection of
carageenan, mustard oil and complete Freund’s adju-
vant, have been shown to induce a robust allodynia and
hyperalgesia in adult animals [51,52]. In our model, the
initial microglial activation and/or the release of pro-
inflammatory cytokines appears to be unable to
sensitize dorsal horn sensory neurons. It would be rea-
sonable to hypothesize that microglia and astrocytes
can participate together in neuronal sensitization, not
only by releasing cytokines and various mediators, but
also more directly via release of glutamate and/or by
evoked-changes in synaptic ion currents [6]. The evi-
dence of the crucial role of astrocytes in the mainten-
ance of mechanical allodynia in chronic pain and our
finding that astroglial activation does not occur until to
the 7th day after formalin injection, supports their in-
volvement in the establishment of central sensitization.
Moreover, some brain areas of the endogenous antinoci-
ceptive pathway, i.e. periaqueductal gray (PAG)-rostral
ventromedial medulla (RVM) axis, could be activated in
pathophysiological conditions associated with persistent
pain, so reducing neuronal sensitization at spinal level.
In fact, previous findings showing an increased endo-
cannabinoid release within the dorsal and lateral PAG
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following a single formalin injection [53], suggest a pos-
sible activation of CB1 receptors in such areas in in-
flammatory conditions, which could be responsible for
the inhibition of the spinal NS neurons over-excitability.

Conclusion
In conclusion, this findings show that SA is effective in
reducing formalin-induced mechanical allodynia with a
mechanism involving KOR and CB1. Moreover, SA
reduced spinal neuron hyperexcitability and the glial
contribute in the establishment of some critical pheno-
typical changes in the spinal cord associated with
chronic pain development. SA could provide a novel
lead compound for developing anti-inflammatory/
allodynic agents.

Methods
Animals and treatments
Male ICR (CD-1) mice (30–35 g) were housed 3 per
cage under controlled illumination (12:12 h light:dark
cycle; light on 06.00 h) and environmental conditions
(room temperature 20-22°C, humidity 55-60%) for at
least 1 week before the commencement of experi-
ments. Mouse chow and tap water were available ad
libitum. The experimental procedures were approved
by the Animal Ethics Committee of the Second Uni-
versity of Naples. Animal care was in compliance with
the IASP and European Community (E.C. L358/1 18/
12/86) guidelines on the use and protection of animals
in experimental research. All efforts were made to
minimize animal suffering and to reduce the number
of animals used. Groups of 6–8 mice for behavioral
and electrophysiological experiments and groups of 3
mice for ex vivo studies received subcutaneous injec-
tion of 30 μl of saline (0.9% NaCl) or formalin (1.25%)
into the dorsal surface of the right hind paw. Repeated
treatments (i.p.) were performed ones a day and all
the evaluations have been carried out before each in-
jection. The doses used were in accord with our previ-
ous data [30].
For behavioral test, molecular evaluations and immu-

nohistochemistry mice receiving saline or formalin into
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Figure 9 Effect of SA (2 mg/kg, ip) on i-NOS expression (A) and IL-10 levels (C) in mice receiving saline or formalin into the hind paw
(3 and 7 days). Data are expressed as mean ± S.E.M (n = 3) in “A” * indicates significant differences vs veh/saline and # indicates significant
differences vs veh/form (P <0.05, t-test). In “C” ** indicates significant differences vs veh/saline and ° indicates statistically significant differences vs
veh/form (P <0.05, t-test). “B” represents iNOS expression up-regulation in the ipsilateral dorsal horn. Double labeling shows the iNOS expression
in microglia. “D” represents IL-10 levels up-regulation in the ipsilateral dorsal horn. Double labeling shows the IL-10 level in astrocytes.
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the hind-paw have been repeated (3 or 7 days) treated as
follows:

1) vehicle (0.5% DMSO in 0.9% NaCl, i.p.) or SA (0.5, 1
and 2 mg/kg, i.p.).

2) SA (2 mg/kg i.p.), U-50488 (2 mg/kg i.p.) alone or in
combination with nor-BNI (20 mg/kg, i.p.), AM251
(1 mg/kg, i.p.) and AM630 (1 mg/kg, i.p.).

For the electrophysiological recordings groups of 6–8
mice received subcutaneous injection of saline or forma-
lin into the dorsal surface of the right hind paw and
were treated as follows:

1) spinal topic application of vehicle (DMSO/aCSF,
0.05%, v/v) or SA (50 μg/10 μl).

2) repeated treatment (3 or 7 days) with vehicle (0.5%
DMSO in 0.9% NaCl, i.p.) or SA (2 mg/kg i.p.).

Nociceptive behavior
Mechanical allodynia was measured by using the Dy-
namic Plantar Aesthesiometer (Ugo Basile, Varese, Italy).
Mice were allowed to move freely in one of the two
compartments of the enclosure positioned on the metal
grid surface. A mechanical stimulus was delivered to the
plantar surface of the hind-paw of the mouse through
the metal grid by an automated steel filament exerting
an increasing force of 0–30 grams in 10 seconds. The
force inducing paw withdrawal was recorded to the
nearest 0.1 g. Nociceptive responses for mechanical sen-
sitivity (mechanical withdrawal threshold) were mea-
sured in grams. Baseline thresholds were determined
6 days before starting with the treatments. The observer
was blind to the treatments.

Electrophysiological recordings
On the day of electrophysiological recording experi-
ments, mice were initially anaesthetized with sodium
pentobarbital (50 mg/kg, i.p.). After tracheal cannulation,
a catheter was placed into the right external jugular vein,
to allow continuous infusion of propofol (5–10 mg/kg/h,
i.v.) and spinal cord segments L4-L6 were exposed by
laminectomy, medially near the dorsal root entry zone
up to a depth of 1000 μm. An elliptic rubber ring (about
3 × 5 mm) was tightly sealed with silicone gel onto the
surface of the cord. This ring formed a trough with
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about 50 μl capacity over the spinal segments used for
topical spinal drug application and to gain access to
spinal neurons. Animals were then secured in a stereo-
taxic apparatus (David Kopf Instruments, Tujunga, CA,
USA) supported by clamps attached to the vertebral pro-
cesses on either side of the exposure site. Body
temperature was maintained at 37°C with a temperature-
controlled heating pad [54,55]. A glass-insulated tung-
sten filament electrode (3–5 MΩ) (FHC Frederick Haer
& Co., ME, USA) was used to record single unit extra-
cellular activity of dorsal horn NS neurons. NS neurons
were defined as those neurons responding only to high-
intensity (noxious) stimulation [54] for saline or
formalin-injected animals, each neuron was character-
ized by giving a mechanical stimulation to the injected
paw by von Frey filament with a bending force of 97.8
mN (noxious stimulation) for 2 s with it slightly buckled
to confirm NS response patterns. Only neurons that
specifically responded to noxious hind paw stimulation,
without responding to stimulation of the surrounding
skin/tissue, were considered for recordings. The
recorded signals were amplified and displayed on a
digital storage oscilloscope to ensure that the unit under
study was unambiguously discriminated throughout the
experiment. Signals were also fed into a window dis-
criminator, whose output was processed by an interface
CED 1401 (Cambridge Electronic Design Ltd., UK) con-
nected to a Pentium III PC. Spike2 software (CED, ver-
sion 4) was used to create peristimulus rate histograms
on-line and to store and analyze digital records of single
unit activity off-line. Configuration, shape, and height of
the recorded action potentials were monitored and
recorded continuously using a window discriminator
and Spike2 software for on-line and off-line analysis.
This study only included neurons whose spike configur-
ation remained constant and could clearly be discrimi-
nated from activity in the background throughout the
experiment, indicating that the activity from one neuron
only and from the same neuron was measured. Spon-
taneous and evoked neuronal activity was recorded in
different groups of animals after repeated vehicle or
drug administration and local vehicle or drug applica-
tion. The neuronal activity was expressed as spikes/sec
(Hz) and only one neuron was recorded in each mouse.
At the end of the experiment, each animal was killed
with a lethal dose of pentobarbital.

Spinal cord immunohistochemistry
Under pentobarbital anaesthesia (50 mg/kg, i.p.), animals
were transcardially perfused with saline solution fol-
lowed by 4% paraformaldehyde in 0.1 M phosphate buf-
fer. The lumbar spinal cord was excised, post fixed for
3 h in the perfusion fixative, cryoprotected for 72 h in
30% sucrose in 0.1 M phosphate buffer and frozen in
O.C.T. embedding compound. Transverse sections (20 μm)
were cut using a cryostat and thaw-mounted onto glass
slides. Slides were incubated overnight with primary anti-
body solutions for the microglial cell marker Iba-1
(rabbit anti-ionized calcium binding adapter molecule-1;
1:1000; Wako Chemicals, Germany), GFAP (rabbit poly-
clonal anti-glial fibrillar acidic protein, 1:1000; Dako
Cytomation, Denmark) IL-10 (goat anti-interleukin 10,
1:100; Santa Cruz, USA) or iNOs (mouse anti-iNOs
BD Biosciences Pharmigen). A possible unspecific label-
ing of mouse secondary antibody has been detected by
using secondary antibody alone. Following incubation
sections were washed and incubated for 2 hrs with
secondary antibody solution. Slides were washed, cover-
slipped with Vectashield mounting medium (Vector
Laboratories, USA) and visualized under a Leica fluores-
cence microscope.

Quantitative image analysis
The number of profiles positive for Iba-1, GFAP and IL-
10 were determined within a box measuring 104 μm2 in
the lateral, central and medial areas of the dorsal horn
spinal cord sections, at both ipsilateral or contralateral
sides. Eight L5 spinal sections were assessed from each of
three animals per group, and a mean value obtained by
combining values from lateral, central and medial areas
of dorsal horn. To avoid cell over-counting, only DAPI-
counterstained cells were considered as positive profiles.
Resting and activated microglia were classified based on
the following criteria: resting microglia displayed small
somata bearing long, thin and ramified processes
whereas morphologically activated microglia exhibited
marked cellular hypertrophy and retraction of processes
such that the process length was less than the diameter
of the soma size. Cells were sampled only if the nucleus
was visible within the plane of section and if cell profiles
exhibited distinctly delineated borders. For astrocytes the
hypertrophic cells have been identified as activated com-
pared to the thin cells presenting long processes.

Western blot analysis
Spinal cords were collected from each animal 3 and
7 days after formalin or saline injection, and they were
homogenized on ice in lysis buffer containing 1x PBS,
1% Nonidet-P40, 0.5% sodium deoxycholate, 0.1% SDS,
1 mM PMSF, 1 mM Na3VO4 and complete protease
inhibitor cocktail (Roche Diagnostics, Mannheim,
Germany). Tissue lysates were centrifuged at 16.200 g
for 15 min at 4°C, and the supernatants were used for
protein determination and stored at −80°C until use.
Western blot analysis were performed ex vivo on

spinal cord lysates of animals treated or not with forma-
lin (alone or with SA 2 mg/kg) for 3 and 7 days, to in-
vestigate the expression of inducible nitric oxide
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synthase (iNOS). Protein lysates (70 μg) were separated
on SDS-polyacrylamide gels, and membranes were incu-
bated with anti-iNOS (BD Biosciences from Becton
Dickinson, Buccinasco, Italy) and anti-β-actin (Sigma,
Milan, Italy). Signals were visualized using ImageQuant
400 equipped with Quantity One Software 4.6.3 (GE
Healthcare, Milan, Italy).

Interleukin-10 level measurements
Interleukin-10 (IL-10) levels were measured on spinal
cord lysates obtained from animals treated or not with
formalin (alone or with SA 2 mg/kg) for 3 and 7 days as
reported above, using a commercial ELISA kit (Boster
Immunoleader from Tema Ricerca, Bologna, Italy)
according to the manufacturer’s instructions.

Chemicals
Salvinorin A (purity: 99% by HPLC) was isolated
from S. divinorum leaves. 3,4-Dichloro-N-methyl-N-[2-
(1-pyrrolidinyl)cyclohexyl]benzeneacetamide hydrochlor-
ide (U-50488) was purchased from Sigma (Milan,
Italy); 17,17'-(Dicyclopropylmethyl)-6,6',7,7'-6,6'-imino-
7,7'-binorphinan-3,4',14,14'-tetrol dihydrochloride (nor-BNI),
1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyl-N-
piperidin-1-ylpyrazole-3-carboxamide (AM251) and 6-
Iodo-2-methyl-1-[2-(4-morpholinyl)ethyl]-1 H-indol-3-yl]
(4-methoxyphenyl)methanone (AM630) were purchased
from Tocris Cookson (Northpoint, UK). All reagents for
western blot analysis were obtained from Sigma (Milan,
Italy), Bio-Rad Laboratories (Milan, Italy) and Microglass
Heim (Naples, Italy). All drugs used (i.e. SA, U-50488,
nor-BNI, AM251 and AM630) were dissolved in 0.5% v/v
DMSO in saline or aCFS, depending on the administration
route.

Data analysis
Behavioural and electrophysiological data were expressed
as mean ± S.E.M. (n= 6–8) and analyzed by using the
one-way analysis of variance (ANOVA) for repeated mea-
sures followed by the Student-Newman Keuls for multiple
comparisons to determine statistical significance between
different treated groups of mice. Immunohistochemical
data were expressed as mean ± S.E.M (n= 3) and analyzed
by using the one-way analysis of variance (ANOVA) for
repeated measures followed by Tukey post hoc. Biomole-
cular analysis and protein quantifications were expressed
as mean ± S.E.M (n= 3) and analyzed by t-test. P <0.05
was considered as significant.

Additional files

Additional file 1: Figure S1. Effect of vehicle or SA repeated treatment
(2 mg/kg, i.p.), alone or in presence of nor-BNI (20 mg/kg, i.p.), or AM251
(1 mg/kg, i.p.) on spinal microglial cells in mice receiving formalin into
the hind-paws. Iba-1 immunoreactivity (Iba-1-ir) is shown in the ipsilateral
dorsal horn 7 days after formalin (A-D). Quantitative analysis of
percentage of activated microglial cells on the total cell number in L4-L6
spinal cord sections is shown in “E”. Data are expressed as mean ± S.E.M
of 3 mice per group. * and ○ indicate statistically significant differences
vs veh/form and SA/form, respectively. (P <0.05, one-way ANOVA, Tukey
post hoc).

Additional file 2: Figure S2. Effect of vehicle or SA repeated treatment
(2 mg/kg, i.p.), alone or in presence of nor-BNI (20 mg/kg, i.p.), or AM251
(1 mg/kg, i.p.) on spinal astrocytes in mice receiving formalin into the
hind-paws. GFAP immunoreactivity (GFAP-ir) is shown in the ipsilateral
dorsal horn 7 days after formalin (A-D). Quantitative analysis of
percentage of activated astrocytes on the total cell number in L4-L6
spinal cord sections is shown in “E”. Data are expressed as mean ± S.E.M
of 3 mice per group. * and ○ indicate statistically significant differences
vs veh/form and SA/form, respectively. (P <0.05, one-way ANOVA, Tukey
post hoc).
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
FG conceived of the study and drafted the manuscript. SM and VdN
participated in the design and coordination of the research. MDC and IM
performed the behavioural evaluations. LL performed the
immunoistochemistry. LG and SB carried out the electrophysiological
recording. GA and RC carried out the bio-molecular evaluations. EP and AI
helped to draft the manuscript and performed the statistical analysis. JKZ
provided the Salvinorin A. All authors read and approved the final
manuscript.

Author details
1Department of Experimental Medicine, Section of Pharmacology, The
Second University of Naples, Naples, Italy. 2Department of Experimental
Pharmacology, University of Naples Federico II, Naples, Italy. 3Department of
Pharmacognosy, School of Pharmacy, University of Mississippi, University, MS,
USA.

Received: 24 April 2012 Accepted: 1 August 2012
Published: 23 August 2012
References
1. Bonica JJ: Treatment of pain and nerve block. Masui 1970, 19:1–10.
2. Millan MJ: The induction of pain: an integrative review. Prog Neurobiol

1999, 57:1–164. Review.
3. Tsuda M, Shigemoto-Mogami Y, Koizumi S, Mizokoshi A, Kohsaka S, Salter

MW, Inoue K: P2X4 receptors induced in spinal microglia gate tactile
allodynia after nerve injury. Nature 2003, 424:778–783.

4. Inoue K: ATP receptors of microglia involved in pain. Novartis Found Symp
2006, 276:263–272. discussion, 273–81. Review.

5. McMahon SB, Cafferty WB, Marchand F: Immune and glial cell factors as
pain mediators and modulators. Exp Neurol 2005, 192:444–462. Review.

6. De Leo JA, Tawfik VL, LaCroix-Fralish ML: The tetrapartite synapse: path to
CNS sensitization and chronic pain. Pain 2006, 122:17–21. Review.

7. Watkins LR, Hutchinson MR, Ledeboer A, Wieseler-Frank J, Milligan ED, Maier
SF: Norman Cousins Lecture. Glia as the "bad guys": implications for
improving clinical pain control and the clinical utility of opioids. Brain
Behav Immun 2007, 21:131–146.

8. Ji RR, Kawasaki Y, Zhuang ZY, Wen YR, Decosterd I: Possible role of spinal
astrocytes in maintaining chronic pain sensitization: review of current
evidence with focus on bFGF/JNK pathway. Neuron Glia Biol 2006,
2:259–269.

9. Watkins LR, Martin D, Ulrich P, Tracey KJ, Maier SF: Evidence for the
involvement of spinal cord glia in subcutaneous formalin induced
hyperalgesia in the rat. Pain 1997, 71:225–235.

10. Raghavendra V, Tanga F, DeLeo JA: Inhibition of microglial activation
attenuates the development but not existing hypersensitivity in a rat
model of neuropathy. J Pharmacol Exp Ther 2003, 306:624–630.

http://www.biomedcentral.com/content/supplementary/1744-8069-8-60-S1.ppt
http://www.biomedcentral.com/content/supplementary/1744-8069-8-60-S2.ppt


Guida et al. Molecular Pain 2012, 8:60 Page 13 of 14
http://www.molecularpain.com/content/8/1/60
11. Tanga FY, Raghavendra V, DeLeo JA: Quantitative real-time RT-PCR
assessment of spinal microglial and astrocytic activation markers in a rat
model of neuropathic pain. Neurochem Int 2004, 45:397–407.

12. Clark AK, Yip PK, Malcangio M: The liberation of fractalkine in the dorsal
horn requires microglial cathepsin S. J Neurosci 2009, 29:6945–6954.

13. Luongo L, Palazzo E, Tambaro S, Giordano C, Gatta L, Scafuro MA, Rossi FS,
Lazzari P, Pani L, de Novellis V, Malcangio M, Maione S: 1-(2',4'-
dichlorophenyl)-6-methyl-N-cyclohexylamine-1,4-dihydroindeno[1,2-c]
pyrazole-3-carboxamide, a novel CB2 agonist, alleviates neuropathic
pain through functional microglial changes in mice. Neurobiol Dis 2010,
37:177–185.

14. Fu KY, Light AR, Maixner W: Long-lasting inflammation and long-term
hyperalgesia after subcutaneous formalin injection into the rat hindpaw.
J Pain 2001, 2:2–11.

15. Fu KY, Tan YH, Sung B, Mao J: Peripheral formalin injection induces
unique spinal cord microglial phenotypic changes. Neurosci Lett 2009,
449:234–239.

16. Clark AK, Gentry C, Bradbury EJ, McMahon SB, Malcangio M: Role of spinal
microglia in rat models of peripheral nerve injury and inflammation. Eur
J Pain 2007, 11:223–230.

17. Lin CS, Tsaur ML, Chen CC, Wang TY, Lin CF, Lai YL, Hsu TC, Pan YY, Yang
CH, Cheng JK: Chronic intrathecal infusion of minocycline prevents the
development of spinal-nerve ligation-induced pain in rats. Reg Anesth
Pain Med 2007, 32:209–216.

18. Eliav E, Herzberg U, Ruda MA, Bennett GJ: Neuropathic pain from an
experimental neuritis of the rat sciatic nerve. Pain 1999, 83:169–182.

19. Wang Z, Gardell LR, Ossipov MH, Vanderah TW, Brennan MB,
Hochgeschwender U, Hruby VJ, Malan TP JR, Lai J, Porreca F:
Pronociceptive actions of dynorphin maintain chronic neuropathic pain.
J Neurosci 2001, 21:1779–1786.

20. Nozaki-Taguchi N, Yaksh TL: Spinal and peripheral mu opioids and the
development of secondary tactile allodynia after thermal injury. Anesth
Analg 2002, 94:968–974.

21. Przewlocki R, Przewlocka B: Opioids in neuropathic pain. Curr Pharm Des
2005, 11:3013–3025. Review.

22. Basbaum AI, Fields HL: Endogenous pain control systems: brainstem
spinal pathways and endorphin circuitry. Annu Rev Neurosci 1984,
7:309–338.

23. Ortega A: Salvinorin, a new trans-neoclorodane diterpene from Salvia
divinorum (Labiatae). J Chem Soc Perkins Trans 1982, I:2505–2508.

24. Valdés LJ 3rd: Salvia divinorum and the unique diterpene hallucinogen,
Salvinorin (divinorin) A. J Psychoactive Drugs 1994, 26:277–283. Review.

25. Gonzàlez D, Riba J, Bouso JC, Gómez-Jarabo G, Barbanoj MJ: Pattern of use
and subjective effects of Salvia divinorum among recreational users.
Drug Alcohol Depend 2006, 85:157–162.

26. Capasso R, Borrelli F, Capasso F, Siebert DJ, Stewart DJ, Zjawiony JK, Izzo AA:
The hallucinogenic herb Salvia divinorum and its active ingredient
salvinorin A inhibit enteric cholinergic transmission in the guinea-pig
ileum. Neurogastroenterol Motil 2006, 18(1):69–75.

27. Capasso R, Borrelli F, Cascio MG, Aviello G, Huben K, Zjawiony JK, Marini P,
Romano B, Di Marzo V, Capasso F, Izzo AA: Inhibitory effect of salvinorin A,
from Salvia divinorum, on ileitis-induced hypermotility: cross-talk
between kappa-opioid and cannabinoid CB(1) receptors. Br J Pharmacol
2008, 155:681–689.

28. McCurdy CR, Sufka KJ, Smith GH, Warnick JE, Nieto MJ: Antinociceptive
profile of salvinorin A, a structurally unique kappa opioid receptor
agonist. Pharmacol Biochem Behav 2006, 83:109–113.

29. Ansonoff MA, Zhang J, Czyzyk T, Rothman RB, Stewart J, Xu H, Zjwiony J,
Siebert DJ, Yang F, Roth BL, Pintar JE: Antinociceptive and hypothermic
effects of Salvinorin A are abolished in a novel strain of kappa-opioid
receptor-1 knockout mice. J Pharmacol Exp Ther 2006, 318(2):641–648.

30. Aviello G, Borrelli F, Guida F, Romano B, Lewellyn K, De Chiaro M, Luongo L,
Zjawiony JK, Maione S, Izzo AA, Capasso R: Ultrapotent effects of salvinorin
A, a hallucinogenic compound from Salvia divinorum, on LPS-stimulated
murine macrophages and its anti-inflammatory action in vivo. J Mol Med
2011, 89:891–902.

31. Hains BC, Waxman SG: Activated microglia contribute to the maintenance
of chronic pain after spinal cord injury. J Neurosci 2006, 26:308–4317.

32. Dubuisson D, Dennis SG: The formalin test: a quantitative study of the
analgesic effects of morphine, meperidine, and brain stem stimulation in
rats and cats. Pain 1977, 4:161–174.
33. Coderre TJ, Vaccarino AL, Melzack R: Central nervous system plasticity in
the tonic pain response to subcutaneous formalin injection. Brain Res
1990, 535:155–158.

34. Bianchi M, Panerai AE: Formalin injection in the tail facilitates hindpaw
withdrawal reflexes induced by thermal stimulation in the rat: effect of
paracetamol. Neurosci Lett 1997, 237:89–92.

35. Cadet R, Aigouy L, Woda A: Enhanced nociceptive behaviour following
conditioning injection of formalin in the perioral area of the rat. Brain Res
1995, 676:189–195.

36. Vierck CJ, Yezierski RP, Light AR: Long-lasting hyperalgesia and
sympathetic dysregulation after formalin injection into the rat hind paw.
Neuroscience 2008, 153:501–506.

37. Ambriz-Tututi M, Rocha-González HI, Castañeda-Corral G, Araiza-Saldaña CI,
Caram-Salas NL, Cruz SL, Granados-Soto V: Role of opioid receptors in the
reduction of formalin-induced secondary allodynia and hyperalgesia in
rats. Eur J Pharmacol 2009, 619:25–32.

38. Capasso R, Borrelli F, Zjawiony J, Kutrzeba L, Aviello G, Sarnelli G, Capasso F,
Izzo AA: The hallucinogenic herb Salvia divinorum and its active
ingredient salvinorin A reduce inflammation-induced hypermotility in
mice. Neurogastroenterol Motil 2008, 20(2):142–148.

39. Braida D, Capurro V, Zani A, Rubino T, Viganò D, Parolaro D, Sala M:
Potential anxiolytic- and antidepressant-like effects of salvinorin A, the
main active ingredient of Salvia divinorum, in rodents. Br J Pharmacol
2009, 157:844–853.

40. Walentiny DM, Vann RE, Warner JA, King LS, Seltzman HH, Navarro HA,
Twine CE JR, Thomas BF, Gilliam AF, Gilmour BP, Carroll FI, Wiley JL: Kappa
opioid mediation of cannabinoid effects of the potent hallucinogen,
salvinorin A, in rodents. Psychopharmacology 2010, 210:275–284.

41. Valverde O, Ledent C, Beslot F, Parmentier M, Roques BP: Reduction of
stress-induced analgesia but not of exogenous opioid effects in mice
lacking CB1receptors. Eur J Neurosci 2000, 12:533–539.

42. Finn DP, Beckett SR, Roe CH, Madjd A, Fone KC, Kendall DA, Marsden CA,
Chapman V: Effects of co-administration of cannabinoids and morphine
on nociceptive behaviour, brain monoamines and HPA axis activity in a
rat model of persistent pain. Eur J Neurosci 2004, 19:678–686.

43. Ibrahim MM, Porreca F, Lai J, Albrecht PJ, Rice FL, Khodorova A, Davar G,
Makriyannis A, Vanderah TW, Mata HP, Malan TP JR: CB2 cannabinoid
receptor activation produces antinociception by stimulating peripheral
release of endogenous opioids. Proc Natl Acad Sci U S A 2005,
102:3093–3098.

44. Rios C, Gomes I, Devi LA: Mu opioid and CB1 cannabinoid receptor
interactions: reciprocal inhibition of receptor signaling and
neuritogenesis. Br J Pharmacol 2006, 148:387–395.

45. Bushlin I, Rozenfeld R, Devi LA: Cannabinoid-opioid interactions during
neuropathic pain and analgesia. Curr Opin Pharmacol 2010, 10(1):80–86.

46. Ibrahim MM, Deng H, Zvonok A, Cockayne DA, Kwan J, Mata HP, Vanderah
TW, Lai J, Porreca F, Makriyannis A, JR Malan TP: Activation of CB2
cannabinoid receptors by AM1241 inhibits experimental neuropathic
pain: pain inhibition by receptors not present in the CNS. Proc Natl Acad
Sci U S A 2003, 100:10529–10533.

47. Luongo L, Palazzo E, de Novellis V, Maione S: Role of Endocannabinoids in
Neuron-Glial Crosstalk. The Open Pain Journal 2010, 3:29–36.

48. Racz I, Nadal X, Alferink J, Baños JE, Rehnelt J, Martín M, Pintado B,
Gutierrez-Adan A, Sanguino E, Manzanares J, Zimmer A, Maldonado R:
Crucial role of CB(2) cannabinoid receptor in the regulation of
central immune responses during neuropathic pain. J Neurosci 2008,
28(46):12125–12135.

49. Zhang FY, Wan Y, Zhang ZK, Light AR, Fu KY: Peripheral formalin injection
induces long-lasting increases in cyclooxygenase 1 expression by
microglia in the spinal cord. J Pain 2007, 8(2):110–117.

50. Spigelman I: Therapeutic Targeting of Peripheral Cannabinoid Receptors in
Inflammatory and Neuropathic Pain States. Translational Pain Research: From
Mouse to Man. Boca Raton, Frontiers in Neuroscience 2010. FL: CRC Press;
2010. Chapter 5.

51. Torsney C, Fitzgerald M: Age-dependent effects of peripheral
inflammation on the electrophysiological properties of neonatal rat
dorsal horn neurons. J Neurophysiol 2002, 87:1311–1317.

52. Ren K, Anseloni V, Zou SP, Wade EB, Novikova SI, Ennis M, Traub RJ, Gold
MS, Dubner R, Lidow MS: Characterization of basal and re-inflammation-
associated long-term alteration in pain responsivity following short-
lasting neonatal local inflammatory insult. Pain 2004, 110:588–596.



Guida et al. Molecular Pain 2012, 8:60 Page 14 of 14
http://www.molecularpain.com/content/8/1/60
53. Walker JM, Huang SM, Strangman NM, Tsou K, Sañudo-Peña MC: Pain
modulation by release of the endogenous cannabinoid anandamide.
Proc Natl Acad Sci U S A 1999, 96:12198–12203.

54. McGaraughty S, Chu KL, Perner RJ, Didomenico S, Kort ME, Kym PR: TRPA1
modulation of spontaneous and mechanically evoked firing of spinal
neurons in uninjured, osteoarthritic, and inflamed rats. Mol Pain 2010,
5:6–14.

55. Telleria-Diaz A, Schmidt M, Kreusch S, Neubert AK, Schache F, Vazquez E,
Vanegas H, Schaible HG, Ebersberger A: Spinal antinociceptive effects of
cyclooxygenase inhibition during inflammation: Involvement of
prostaglandins and endocannabinoids. Pain 2009, 148:26–35.

doi:10.1186/1744-8069-8-60
Cite this article as: Guida et al.: Salvinorin A reduces mechanical
allodynia and spinal neuronal hyperexcitability induced by peripheral
formalin injection. Molecular Pain 2012 8:60.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	SA repeated treatment reduces formalin-induced mechanical allodynia in KOR and CB1R sensitive manner
	Effect of SA on the NS neurons activity in formalin-treated mice
	Changes in expression of cannabinoid and opioid receptors after formalin injection
	SA modulates spinal IL-10 and i-NOS expression in formalin-injected mice

	Discussion
	Conclusion
	Methods
	Animals and treatments
	Nociceptive behavior
	Electrophysiological recordings
	Spinal cord immunohistochemistry
	Quantitative image analysis
	Western blot analysis
	Interleukin-10 level measurements
	Chemicals
	Data analysis

	Additional files
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


