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ABSTRACT

Metabotropic glutamate receptors (mGluRs) are expressed abundantly in the spinal cord and have been
shown to play important roles in the modulation of nociceptive transmission and plasticity. In this study, the
involvement of metabotropic glutamate receptor 5 (mGluRs) in the nociceptive response induced by
intrathecal injection (i.t.) of excitatory aminoacids, substance P (SP), bradykinin (BK) and cytokines in mice
was demonstrated. The administration of 2-methyl-6-(phenylethynyl)-pyridine (MPEP; 10-50 nmol/site, i.t.)
caused a significant inhibition in the nociceptive response induced by glutamate and trans-ACPD with
maximal inhibitory effects of 36+7% and 56+5%, respectively. MPEP completely failed to affect the
nociception induced by o-amino-3-hydroxy-5-mehtyl-4-isoxazolepropionic acid (AMPA; 135 pmol/site),
kainate (110 pmol/site) and N-methyl-p-aspartate (NMDA; 450 pmol/site). MPEP also reduced the nociceptive
response induced by SP (135 ng/site, i.t.), BK (0.1 pg/site), tumor necrosis factor-alpha (TNF-a; 0.1 pg/site)
and interleukin-1beta (IL-13; 1 pg/site) with maximal inhibitions of 29+5%, 37+5%, 83+3% and 88+1%,
respectively. Together, these results indicate the involvement of mGluRs, more specifically of subtype-5, in

the nociceptive response induced by i.t. injection of excitatory aminoacids, SP, BK and cytokines in mice.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Nociceptors are specialized sensory neurons that detect chemical,
physical or mechanical stimuli that could cause tissue damage. Several
agents enhance the excitability of the nociceptor, including neuro-
transmitters and neuromodulators as substance P (SP), glutamate,
bradykinin (BK), prostaglandin, histamine, serotonin, cytokines such
as tumor necrosis factor-alpha (TNF-av), interleukin-1beta (IL-13) and
interleukin-18 among others (Griffis et al., 2006). These substances
bind to receptors and activate signaling pathways, among these are
protein kinases A and C, calcium/calmodulin-dependent protein
kinase, and mitogen-activated protein kinases (MAPKs) (Bevan 1999;
Ji and Stricharstz, 2004). Thus, nociceptors not only signal acute pain
but also contribute to persistent and pathological pain conditions
(allodynia) that occur in the setting of injury, wherein pain is pro-
duced by innocuous stimuli (Burgess et al., 1989; Julius and Basbaum,
2001).

Preclinical evidence suggests that the spinal cord dorsal horn
glutamatergic system has a crucial role in tissue injury-induced pain
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(Mao et al., 1992; Petralia et al., 1992; Furuyama et al., 1993; Kolhekar
et al, 1993). Glutamate activates ionotropic glutamate receptors
(iGluRs) which include NMDA, AMPA and kainate receptors, and the
metabotropic glutamate receptors (mGluRs) which are coupled to G
proteins. To date, eight mGIuR subtypes have been cloned and are
termed mGluRs 1-8. These are broadly classified into I (mGluRs 1 and
5), I (mGluRs 2 and 3) and III (mGluRs 4, 6, 7 and 8) groups, based on
their sequence homologies, pharmacology and coupling to intracel-
lular effector systems (Conn and Pin, 1997). The mGluR; and mGluRs
have been localized in small and medium diameter dorsal root
ganglion neurons, in primary afferent axons and in spinal cord dorsal
horn neurons (Hudson et al., 2002; Walker et al., 2001b). Moreover,
mGluR; and mGIuRs have been predominantly implicated in noci-
ceptive transmission and central sensitization (Crawford et al., 1999).
The involvement of this class of receptors has been demonstrated
mainly by the use of selective antagonists that inhibited the no-
ciceptive response induced by different noxious stimuli and by the use
of mice deficient in some of these receptors (Walker et al., 2001a,b).

The intrathecal administration of the selective mGlus receptor
antagonist, 2-methyl-6-(phenylethynyl)-pyridine (MPEP) (Gasparini
etal., 1999) produced acute antinociceptive effects in the second phase
of the formalin model (Karim et al., 2001) and reduced mechanical but
not cold hypersensitivity associated with chronic constriction injury


mailto:criswn@quimica.ufsm.br
http://dx.doi.org/10.1016/j.pbb.2008.05.003
http://www.sciencedirect.com/science/journal/00913057

CR. Jesse et al. / Pharmacology, Biochemistry and Behavior 90 (2008) 608-613 609

(CCI) in rats (Fisher et al., 2002). The spinal administration of anti-
mGluRs IgG antibodies reduced cold hyperalgesia in rats with
neuropathic pain (chronic pain) (Fundytus et al., 1998). Several authors
have also reported that the administration of MPEP attenuates the
nociceptive behavior in neuropathic pain models (Gasparini et al.,
1999; Walker et al., 2001a,b; Fisher et al., 2002). Finally, electro-
physiological recordings in a hemisected spinal cord in an in vitro
preparation suggest that mGluRs receptors may be involved in brief
and prolonged spinal nociception (Bordi and Ugolini, 2000).

It is known that B; as well as B, receptors are constitutively
expressed on dorsal root ganglia (DRG) sensory neurones and the
superficial laminae of the spinal cord in naive animals (Wotherspoon
and Winter, 2000; Ma and Heavens, 2001). The reduction in the
behavioral manifestations of activity-dependent central sensitization
in the spinal cord, demonstrated by antagonizing the B, receptor and
in B, null mutants, reinforces the conclusion that bradykinin is a
centrally acting synaptic modulator that has a particular role in pro-
ducing acute injury-induced pain hypersensitivity (Wang et al., 2005).
Moreover, the B, antagonists, des-Arg'°HOE140 and des-Arg’Leu8-BK
(Jones et al., 1999), caused a pronounced reversal of inflammatory
hyperalgesia when injected by intrathecal route.

The cytokines, IL-13 and TNF-a, are over expressed in the spinal
cord on peripheral inflammatory and neuropathic experimental
models of pain (Ji and Stricharstz, 2004; Sung et al., 2005). In addition,
IL-1p and TNF-a cause sensitization of peripheral nociceptors
(hypernociception) and nociception when administrated intrathecally
(Choi et al., 2003; Cunha et al., 2005). Pineau and Lacroix (2007) have
reported that either IL-13 or TNF-« is rapidly and transiently ex-
pressed in the injured mouse spinal cord.

Therefore, in the present study, we sought to examine the in-
volvement of mGluRs, by using MPEP (a selective mGlus receptor
antagonist), in the nociceptive response induced by intrathecal in-
jection of excitatory aminoacids, substance P, bradykinin and cyto-
kines in mice.

2. Materials and methods
2.1. Animals

The behavioral experiments were conducted using male Swiss
mice (25-35 g) (n=6-8 animals) maintained at 23+2 °C with free
access to water and food, under a 12:12 h light/dark cycle. Mice
were acclimatized to the laboratory for at least 1 h before testing
and were used only once throughout the experiments. The animals
were used according to the guidelines of the Committee on Care
and Use of Experimental Animal Resource, the Federal University
of Santa Maria, Brazil and the ethical guidelines for investigations
of experimental pain in conscious animals (Zimmermann, 1983).
The number of animals and intensities of noxious stimuli used were
the minimum necessary to demonstrate consistent effects of drug
treatments.

2.2. Intrathecal (i.t.) injection

Intrathecal injections were given to awake animals using the
method described by Hylden and Wilcox (1980). Briefly, the animals
were restrained manually and a 30-gauge needle, attached to a 25 pl
microsyringe, was inserted through the skin between the vertebrae
into the subdural space of the L5-L6 spinal segments. Injections were
given over a period of 5 s.

2.3. Drugs
The following substances were used: L-glutamic acid hydrochlor-

ide (glutamate), kainic acid (kainate), (+)-1-aminocyclopentane-trans-
1,3-dicarboxylic acid (trans-ACPD), a-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid (AMPA), N-methyl-p-aspartic acid (NMDA),
capsaicin, cytokines (tumor necrosis factor-alpha and interleukin-
1beta), bradykinin (BK), substance P (SP) and 2-methyl-6-(pheny-
lethynyl)-pyridine (MPEP) (Sigma, St. Louis, USA). All other drugs used
were dissolved in a saline solution (0.9% of NaCl, w/v). Control animals
received 0.9% saline solution only.

2.4. Nociception induced by algogen in mice

To verify the effect caused by MPEP on the nociceptive response
induced by i.t. injection of excitatory aminoacids (EAAs), SP, BK or
cytokines, mice received MPEP by intrathecal route (i.t.) (dose range:
1-50 nmol/site) 15 min before i.t. injection of 5 pl of the EAAs,
substance P, bradykinin or pro-inflammatory cytokines or vehicle
solution. The nociceptive response was elicited by glutamate (an
excitatory aminoacid, 175 nmol/site, it.), NMDA (a selective agonist of
NMDA-subtype of ionotropic glutamate receptors, 450 pmol/site, i.t.)
(Urca and Raigorodsky, 1988), AMPA (a selective agonist of AMPA-
subtype of ionotropic glutamate receptors, 135 pmol/site, i.t.)
(Brambilla et al., 1998), kainate (a selective agonist of kainate-subtype
of ionotropic glutamate receptors, 110 pmol/site, i.t.), trans-ACPD (a
metabotropic glutamate receptors agonist, 50 nmol/site, i.t.) (Boxall
etal., 1998), SP (a NK; receptor-selective agonist, 135 ng/site) (Sakurada
etal., 1990); IL-1p (1 pg/site) and TNF-at (0.1 pg/site) (Choi et al., 2003)
or BK (0.1 pg/site) (Kamei et al., 1999) with minor modifications. A
group of mice only received vehicle (0.9% saline solution) by i.t. route.
The amount of time the animal spent biting was evaluated following
local post-injections of each agonist: glutamate (3 min); AMPA (1 min);
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Fig. 1. Effect of i.t. administration of MPEP (1-50 nmol) on glutamate (175 nmol/site, i.t.,
A) or trans-ACPD (50 nmol/site, i.t., B) -induced nociceptive response. Each column
represents the mean+S.E.M. for six to eight animals. Asterisks denote the significance
levels **P<0.01 and ***P<0.001 compared to the control group values (closed columns)
(one-way ANOVA followed by Newman-Keuls test).
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Fig. 2. Effect of i.t. administration of MPEP (1-50 nmol/site, i.t.) on AMPA (135 pmol/site,
i.t, A), NMDA (450 pmol/site, it., B) or kainate (110 pmol/site, i.t., C) -induced
nociceptive response. Each column represents the mean +S.E.M. for six to eight animals.

NMDA and SP (6 min); trans-ACPD, IL-13 and TNF-« (15 min) and BK
(30 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.

2.5. Statistical analysis

The results are presented as mean*S.E.M., except the IDsq values
(i.e., the dose of MPEP necessary to reduce the nociceptive response by
50% relative to the control value), which are reported as geometric
means accompanied by their respective 95% confidence limits. The
IDso value was determined by linear regression from individual
experiments using linear regression GraphPad software (GraphPad
software, San Diego, CA, USA). Comparisons between experimental

and control groups were performed by ANOVA followed by Newman-
Keuls test when appropriated. P values less than 0.05 (P<0.05) were
considered as indicative of significance.

3. Results

The results presented in Fig. 1(A-B) show that MPEP (10-50 nmol/
site, i.t.) inhibited nociceptive response induced by spinal injections of
glutamate and trans-ACPD in mice. The maximal inhibitory effects of
MPEP for nociceptive response induced by glutamate and trans-ACPD
were 36+7% and 56 5%, respectively.

The calculated mean IDsq value (and its respective 95% confidence
limits) for the antinociceptive effect caused by MPEP against trans-
ACPD-induced biting was 36.90 (30.63-44.64) nmol/site. In contrast,
MPEP had no significant effect against AMPA, NMDA and kainate
mediated nociceptive response in mice (Fig. 2A-C).

The results depicted in Fig. 3(A-B) show that treatment with MPEP
(5-50 nmol/site, i.t.) caused a significant inhibition in the nociceptive
response induced by i.t. injection of TNF-aw and IL-13 when compared
to the control group. The maximal inhibitory effects of MPEP for
nociceptive response induced by TNF-a and IL-1p3 were 83 +3% and
88+ 1%, respectively. The calculated mean IDsy values (and their
respective 95% confidence limits) for the antinociceptive effect
caused by MPEP against TNF-a and IL-13 mediated biting response
in mice were 12.76 (10.33-15.75) and 13.17 (10.26-16.89) nmol/site,
respectively.

Fig. 4(A) shows that MPEP (5-50 nmol/site, i.t.) significantly
inhibited the nociceptive response induced by the i.t. injection of
SP with maximal inhibition of 29+5%. MPEP (25-50 nmol/site, i.t.)
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Fig. 3. Effect of i.t. administration of MPEP (1-50 nmol/site, i.t.) on IL-1P (1 pg/site, i.t., A)
or TNF-a (0.1 pg/site, i.t., B) -induced nociceptive response. Each column represents the
mean+S.E.M. for six to eight animals. Asterisks denote the significance levels **P<0.01
and ***P<0.001 compared to the control group values (closed columns) (one-way
ANOVA followed by Newman-Keuls test).
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Fig. 4. Effect of i.t. administration of MPEP (1-50 nmol/site, i.t.) on substance P (SP,
135 ng/site, i.t., A) or BK (0.1 pg/site, i.t., B) -induced nociceptive response. Each column
represents the mean+S.E.M. for six to eight animals. Asterisks denote the significance
levels *P<0.05 and **P<0.01 compared to the control group values (closed columns)
(one-way ANOVA followed by Newman-Keuls test).

significantly inhibited the nociceptive response caused by the in-
jection of BK with a maximal inhibitory effect of 37+5% (Fig. 4B).

4. Discussion

MPEP is a highly potent and selective mGluRs antagonist that
exhibits low nanomolar affinity for mGluRs (Gasparini et al., 1999). In
the present study, administration of MPEP attenuated the nociceptive
response caused by glutamate (Glu) and trans-ACPD but did not
modify the response caused by i.t. injection of AMPA, NMDA and
kainate. Based on these findings, we suggest an interaction of MPEP
with metabotropic receptors, thus reducing the interaction of trans-
ACPD with such receptors. It is also possible that part of the effect
of the agonist trans-ACPD might be due to an activation of other
metabotropic glutamate receptors subtypes. Data from the literature
indicate that trans-ACPD could activate both group I and group II
metabotropic glutamate receptors (Bond and Lodge, 1995; Dolan and
Nolan, 2000). This information could help explain why MPEP, a
selective subtype I (mGlusR) antagonist, was capable to only reduce
56% of the nociception caused by trans-ACPD. Therefore, these results
demonstrated the involvement of mGluRs in the nociceptive response
induced by i.t. injection of excitatory aminoacids.

It has been demonstrated that the intrathecal administration of the
selective mGluRs antagonist, MPEP, attenuated (R, S)-3,5-dihydrox-
yphenylglycine (DHPG) (a mGIluR; and mGIuRs selective agonist)-
induced nociceptive behavior and reduced the second phase of the
formalin test in a dose-dependent manner, suggesting that this re-
ceptor contributes to the second phase of nociceptive behavior (Karim
et al., 2001). Moreover, this antagonist attenuated the first phase of

the formalin test at higher doses, suggesting that mGIuRs is also
involved in acute nociceptive transmission (Karim et al., 2001; Gabra
et al., 2008). This is consistent with a previous study showing a
reduction of acute nociceptive transmission by administration of
MPEP and by group I mGIuR antisense knockdown (Young et al., 1998).
Additionally, the DHPG-evoked sensitivity to cold in rats was
prevented by i.t. pretreatment with the mGlus receptor antagonist,
MPEP, suggesting that acute activation of spinal mGlus receptors is
involved in the induction of cold hypersensitivity. On the other hand,
intrathecal injection of MPEP failed to attenuate cold hypersensitivity
evoked by either i.t. DHPG or chronic constriction injury (CCI). Another
study (Fisher et al., 2002) confirms that spinal administration of MPEP
only reduced mechanical but not cold hypersensitivity associated with
CCl in rats.

Also relevant are the findings showing that MPEP given by i.t. route
produced an inhibition of the SP induced biting response in mice. In
particular, SP may mediate signaling at the synapse between primary
nociceptive afferent fibers and spinal dorsal horn neurons, which are
functionally important for the nociception. As pointed out in the
Introduction section of this study, besides the hyperalgesic response
caused by SP, this neuropeptide also co-exists with glutamate in
sensory fibers (Hokfelt, 1991; Levine et al., 1993; Otsuka and Yoshioka,
1993). In addition, the modulatory control of mGlu receptors on SP
release occurs in the rat trigeminal nucleus slices (Cuesta et al., 1999)
as well as in other sensory structures such as the spinal cord (Davies
and Watkins, 1982), thalamus (Salt and Eaton, 1995) and hippocampus
(Koerner and Cotman, 1981). There is convincing experimental
evidence showing that i.t. injection of SP results in a nociceptive
response, an effect that is mediated by its interaction with NK;
receptors (Malmberg and Yaksh, 1992). The selective tachykinin NK;
receptor antagonists have been shown to be active in the second phase
of the formalin test, used as a model of inflammatory pain (Chapman
and Dickenson, 1993; Rupniak et al., 1996). Moreover, Yaskh et al.
(1999) have shown that spinal neurokinin 1, NMDA, and non-NMDA
receptors enhance spinal prostaglandin E, release and spinal
prostaglandins facilitate release of spinal aminoacids and peptides.
Since SP and excitatory aminoacids induced spinal release of
glutamate, we can propose that the interaction of glutamate with
metabotropic receptors would be the event inhibited by MPEP.

Another interesting outcome of the present study is the dem-
onstration that MPEP inhibited BK-induced nociceptive behavior in
mice. BK and its related kinins are vasoactive peptides which have an
important role as inflammatory mediators and are normally released
following tissue trauma or infection. Once released, BK can release
most inflammatory and algogenic substances, namely products
derived from arachidonic acid pathways, cytokines and nitric oxide
(Calixto et al., 2000, 2001). Indeed, BK increases glutamate release
from astrocytes and calcium levels in neurons (Parpura et al., 1994). In
agreement, Wang et al. (2005) have reported that BK is released in the
spinal cord in response to nociceptor inputs and acts as a synaptic
neuromodulator, potentiating glutamatergic synaptic transmission
to produce pain hypersensitivity. Thus, BK is a modulator of
glutamatergic synaptic transmission in the spinal cord with pre-
synaptic and postsynaptic actions (Wang et al., 2005). Therefore,
based on the considerations above that BK potentiates glutamatergic
synaptic transmission, we can suggest that BK injected by i.t. route,
induced spinal release of glutamate that interacts with metabotropic
receptors to induce the nociceptive response. The interaction of
glutamate with these receptors would be the event inhibited by the
antagonist of metabotropic receptor, MPEP. Moreover, results
obtained using i.t. injection of kinin receptor antagonists further
support the concept that endogenous B; or B, receptor agonists are
produced in the spinal cord and their inhibition produces analgesia
in models of acute, subchronic and chronic nociception (Calixto
et al., 2000, 2001; Couture et al., 2001; Ferreira et al., 2002). These
findings strongly support the proposal that kinins acting at receptors
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in the spinal cord seem to control the process of pain transmission in
vivo.

The present study also demonstrated that MPEP administered by i.t.
route produces an inhibition of nociceptive response caused by i.t.
injection of cytokines, IL-13 and TNF-a. Cytokines, such as TNF-a, IL-
1a, IL-13 and IFN-vy, are capable of inducing nociceptive behavior
when injected by i.t route, in the absence of peripheral nociceptive
stimulation (Tadano et al., 1999; Choi et al., 2003). Narita et al. (2008)
have demonstrated that the IL-13 and TNF-a released within the
spinal cord play a critical role in the development of chronic in-
flammatory pain induced by the intraplantar injection of Freund's
adjuvant (CFA). This may be related to the induction of glutamate and
SP release from nerve terminals, through direct activation of these by
pro-inflammatory cytokines (Tadano et al., 1999). Based on the
considerations above and our data, we can infer that cytokines,
injected by i.t. route, induce spinal release of glutamate that interacts
with metabotropic receptors to induce the nociceptive response and
the interaction of glutamate with these receptors would be the event
inhibited by the antagonist of metabotropic receptors, MPEP. In ad-
dition, another findings demonstrated that peripheral (Fundytus et al.,
1998) or intracisternal administration (Hama, 2003) of MPEP blocked
IL-1B-induced mechanical allodynia and mirror-image mechanical
allodynia produced by a subcutaneous injection of 10 pg of IL-1(3 in the
orofacial area in rats (Ferreira et al., 1988; Vila et al., 2005). The results
presented here revealed that MPEP, administered by i.t. route, elicits
an inhibition of the TNF-a-induced nociception. Cumiskey et al.
(2007) have reported that the impairment of early-LTP (long-term
potentiation) by TNF-a is significantly attenuated by prior application
of the selective mGluRs antagonist. Additionally, it suggests that
metabotropic glutamate receptor activation, involving mGlus, causes
p38 activation, which leads to the TNF-a inhibition (Bolshakov et al.,
2000; Butler et al., 2004).

Taken together, the results of the present study show the in-
volvement of metabotropic glutamate receptors, more specifically of
subtype-5, in the nociceptive response induced by i.t. injection of
excitatory aminoacids, SP, BK and cytokines in mice.

References

Bevan S. In: Wall PD, Melzack R, editors. Textbook of pain. London: Harcourt; 1999. p.
85-103.

Bordi F, Ugolini A. Involvement of mGluRs on acute nociceptive transmission. Brain Res
2000;871:223-33.

Bolshakov VY, Carboni L, Cobb MH, Siegelbaum SA, Belardetti F. Dual MAP kinase
pathways mediate opposing forms of long-term plasticity at CA3-CA1 synapses.
Nat Neurosci 2000;3:1107-12.

Bond A, Lodge D. Pharmacology of metabotropic glutamate receptor-mediated
enhancement of responses to excitatory and inhibitory amino-acids on rat spinal
neurons in vivo. Neuropharmacology 1995;34:1015-23.

Boxall SJ, Berthele A, Tolle TR, Zieglgansberger W, Urban L. mGIluR activation reveals a
tonic NMDA component in inflammatory hyperalgesia. Neuroreport 1998;9:
1201-3.

Brambilla A, Prudentito A, Grippa N, Borsini F. Pharmacological characterization of
AMPA-induced biting behaviour in mice. Eur ] Pharmacol 1998;305:115-7.

Burgess GM, Mullaney I, McNeill M, Dunn PM, Rang HP. Second messengers involved in
the mechanism of action of bradykinin in sensory neurons in culture. ] Neurosci
1989;9:3314-25.

Butler MP, O'Connor JJ, Moynagh PN. Dissection of tumor-necrosis factor-alpha
inhibition of long-term potentiation (LTP) reveals a p38 mitogen-activated protein
kinase-dependent mechanism which maps to early-but not late-phase LTP.
Neuroscience 2004;124:319-26.

Calixto JB, Cabrini DA, Ferreira ], Campos MM. Kinins in pain and inflammation. Pain
2000;87:1-5.

Calixto ]B, Cabrini DA, Ferreira ], Campos MM. Inflammatory pain: kinins and
antagonists. Curr Opin Anaesthesiol 2001;14:519-26.

Chapman V, Dickenson AH. The effect of intrathecal administration of RP67580, a
potent neurokinin 1 antagonist on nociceptive transmission in the rat spinal cord.
Neurosci Lett 1993;157:149-52.

Choi SS, Han K], Lee JK, Lee HK, Han EJ, Kim DH, et al. Antinociceptive mechanisms of
orally administered decursinol in the mouse. Life Sci 2003;73:471-85.

Conn PJ, Pin JP. Pharmacology and function of metabotropic glutamate receptors. Annu
Rev Pharmacol Toxicol 1997;37:205-37.

Couture R, Harrison M, Vianna RM, Cloutier F. Kinin receptors in pain and inflammation.
Eur J Pharmacol 2001;429:161-76.

Crawford JH, Wainwright A, Heavens R, Pollock ], Martin D], Scott RH, et al. Mobilization
of intracellular Ca** by mGluRs metabotropic glutamate receptor activation in
neonatal rat cultured dorsal root ganglia neurones. Neuropharmacology 1999;39:
621-30.

Cuesta MC, Arcaya JL, Cano G, Sanchez L, Maixner W, Suarez-Roca H. Opposite
modulation of capsaicin-evoked substance P release by glutamate receptors.
Neurochem Int 1999;35:471-8.

Cumiskey D, Butler MP, Moynagh PN, O'Connor ]J. Evidence for a role for the group I
metabotropic glutamate receptor in the inhibitory effect of tumor necrosis factor-o
on long-term potentiation. Brain Res 2007;1136:13-9.

Cunha TM, Verri WA, Silva JS, Poole S, Cunha FQ, Ferreira SH. A cascade of cytokines
mediates mechanical inflammatory hypernociception in mice. Proc Natl Acad Sci
USA 2005;102:1755-60.

Davies ], Watkins JC. Actions of p- and L-forms of 2-amino-5-phosphonovalerate and 2-
amino-4-phosphonobutyrate in the cat spinal cord. Brain Res 1982;235:378-86.

Dolan S, Nolan AM. Behavioural evidence supporting a differential role for group I and Il
metabotropic glutamate receptors in spinal nociceptive transmission. Neurophar-
macology 2000;39:1132-8.

Ferreira SH, Lorenzetti BB, Bristow AF, Poole S. Interleukin-1 beta as a potent
hyperalgesic agent antagonized by a tripeptide analogue. Nature 1988;334:
698-700.

Ferreira |, Campos MM, Aratjo F, Bader M, Pesquero JB, Calixto JB. The use of kinin B,
and B, receptor knockout mice and selective antagonists to characterize the
nociceptive responses caused by kinins at the spinal level. Neuropharmacology
2002;43:1188-97.

Fisher K, Lefebvre C, Coderre TJ]. Antinociceptive effects following intrathecal
pretreatment with selective metabotropic glutamate receptor compounds in a rat
model of neuropathic pain. Pharmacol Biochem Behav 2002;73:411-8.

Fundytus ME, Fisher K, Dray A, Henry JL, Coderre TJ. In vivo antinociceptive activity of
anti-rat mGluR,; and mGluRs antibodies in rats. Neuroreport 1998;9:731-5.

Furuyama T, Kiyama H, Sato K, Park HT, Maeno H, Takagi H, et al. Region-specific
expression of subunits of ionotropic glutamate receptors (AMPA-type, KA-type and
NMDA receptors) in the rat spinal cord with special reference to nociception. Brain
Res Mol Brain Res 1993;18:141-51.

Gabra BH, Smith FL, Navarro HA, Carroll FI, Dewey WL. mGIuR5 antagonists that block
calcium mobilization in vitro also reverse (S)-3,5-DHPG-induced hyperalgesia and
morphine antinociceptive tolerance in vivo. Brain Res 2008;1187:58-66.

Gasparini F, Lingenhohl K, Stoehr N, Flor PJ, Heinrich M, Vranesic I, et al. 2-Methyl-6-
(phenylethynyl)-pyridine (MPEP), a potent, selective and systemically active mGlus
receptor antagonist. Neuropharmacology 1999;38:1493-503.

Griffis CA, Compton P, Doering L. The effect of pain on leukocyte cellular adhesion
molecules. Biol Res Nurs 2006;7:297-312.

Hama AT. Acute activation of the spinal cord metabotropic glutamate subtype-5
receptor leads to cold hypersensitivity in the rat. Neuropharmacology 2003;44:
423-30.

Hylden JL, Wilcox GL. Intrathecal morphine in mice: a new technique. Eur J Pharmacol
1980;67:313-6.

Hokfelt T. Neuropeptides in perspective: the last ten years. Neuron 1991;7:867-79.

Hudson LJ, Bevan S, McNair K, Gentry C, Fox A, Kuhn R, et al. Metabotropic glutamate
receptor 5 upregulation in A-fibers after spinal nerve injury: 2-methyl-6-
(phenylethynyl)-pyridine (MPEP) reverses the induced thermal hyperalgesia.
] Neurosci 2002;22:2660-8.

Ji RR, Stricharstz G. Cell signaling and the genesis of neuropathic pain. Science
2004;252:1-19.

Jones C, Phillips E, Davis C, Arbuckle ], Yagoob M, Burgess GM, et al. Molecular
characterization of cloned bradykinin B; receptors from rat and human. Eur ]
Pharmacol 1999;374:423-33.

Julius D, Basbaum Al. Molecular mechanisms of nociception. Nature 2001;413:203-10.

Kamei J, Kashiwazaki T, Hitosugi H, Nagase H. Algogenic mediator-induced nociceptive
response in diabetic mice. Eur ] Pharmacol 1999;369:319-23.

Karim F, Wang CC, Gereau RWT. Metabotropic glutamate receptor subtypes 1 and 5 are
activators of extracellular signal regulated kinase signaling required for inflamma-
tory pain in mice. ] Neurosci 2001;21:3771-9.

Koerner JF, Cotman CW. Micromolar L-2-amino-4-phosphonobutyric acid selectively
inhibits perforant path synapses from lateral entorhinal cortex. Brain Res 1981;216:
192-8.

Kolhekar R, Meller ST, Gebhart GF. Characterization of the role of spinal N-methyl-p-
aspartate receptors in thermal nociception in the rat. Neuroscience 1993;57:
385-95.

Levine ]JD, Fields HL, Basbaum Al Peptides and the primary afferent nociceptor. |
Neurosci 1993;13:2273-86.

Ma QP, Heavens R. Basal expression of bradykinin By receptor in the spinal cord in
humans and rats. Neuroreport 2001;12:2311-4.

Malmberg AB, Yaksh TL. Hyperalgesia mediated by spinal glutamate or substance P
receptor blocked by spinal cyclooxygenase inhibition. Science 1992;257:1276-9.

Mao ], Price DD, Hayes RL, Lu J, Mayer DJ. Differential roles of NMDA and non-NMDA
receptor activation in induction and maintenance of thermal hyperalgesia in rats
with painful peripheral mononeuropathy. Brain Res 1992;598:271-8.

Narita M, Shimamura M, Imai S, Kubota C, Yajima Y, Takagi T, et al. Role of interleukin -
1-3 and tumor necrosis factor-oc dependent expression of cyclooxygenase-2
mRNA in thermal hyperalgesia induced by chronic inflammation in mice.
Neuroscience 2008;152:477-86.

Otsuka M, Yoshioka K. Neurotransmitter functions of mammalian tachykinins. Physiol
Res 1993;73:229-308.

Parpura V, Basarsky TA, Liu F, Jeftinija K, Jeftinija S, Haydon PG. Glutamate-mediated
astrocyte-neuron signaling. Nature 1994;369:744-7.



C.R. Jesse et al. / Pharmacology, Biochemistry and Behavior 90 (2008) 608-613 613

Petralia RS, Wang YX, Wenthold R]. The NMDA receptor subunits NRys and NRyp
show histological and ultrastructural localization patterns similar to those of NR;.
J Neurosci 1992;14:6102-20.

Pineau I, Lacroix S. Proinflammatory cytokine synthesis in the injured mouse spinal
cord: multiphasic expression pattern and identification of the cell types involved.
J Comp Neurol 2007;500:267-85.

Rupniak NM, Carlson E, Boyce S, Webb JK, Hill RG. Enantioselective inhibition of the
formalin paw late phase by the NK; receptor antagonist L-733,060 in gerbils. Pain
1996;67:189-95.

Sakurada T, Manome Y, Tan-No K, Sakurada S, Kisara K. The effects of substance P
analogues on the scratching, biting and licking response induced by intrathecal
injection of N-methyl-p-aspartate in mice. Br ] Pharmacol 1990;101:307-10.

Salt TE, Eaton SA. Distinct presynaptic metabotropic receptors for L-AP4 and CCG-I on
GABAergic terminals: pharmacological evidence using novel alfa-methyl derivative
mGluR antagonists MAP4 and MCPG, in the rat thalamus in vivo. Neuroscience
1995;65:5-13.

Sung C, Wen Z, Chang W, Chan K, Ho S, Tsai S, et al. Inhibition of p38 mitogen-activated
protein kinase attenuates interleukin-1B-induced thermal hyperalgesia and
inducible nitric oxide synthase expression in the spinal cord. ] Neurochem
2005;94:742-52.

Tadano T, Namioka M, Nakagawasai O, Tan-No K, Matsushima K, Endo Y, et al. Induction
of nociceptive responses by intrathecal injection of interleukin-1 in mice. Life Sci
1999;65:155-61.

Urca G, Raigorodsky G. Behavioral classification of excitatory amino acid receptors in
mouse spinal cord. Eur ] Pharmacol 1988;153:211-20.

Vila AT, Puig L, Fernandez-Figueras MT, Laiz AM, Vidal D, Alomar A. Adverse cutaneous
reactions to anakinra in patients with rheumatoid arthritis: clinicopathological
study of five patients. Br ] Dermatol 2005;153:417-23.

Walker K, Bowes M, Panesar M, Davis A, Gentry C, Kesingland A, et al. Metabotropic
glutamate receptor subtype 5 (mGlu5) and nociceptive function: I. Selective
blockade of mGlus receptors in models of acute, persistent and chronic pain.
Neuropharmacology 2001a;40:1-9.

Walker K, Reeve A, Bowes M, Winter ], Wotherspoon G, Davis A, et al. mGlus receptors
and nociceptive function II. mGlus receptors functionally expressed on peripheral
sensory neurones mediate inflammatory hyperalgesia. Neuropharmacology
2001b;40:10-9.

Wang H, Kohno T, Amaya F, Brenner GJ, Ito N, Allchorne A, et al. Bradykinin produces
pain hypersensitivity by potentiating spinal cord glutamatergic synaptic transmis-
sion. ] Neurosci 2005;35:7986-92.

Wotherspoon G, Winter J. Bradykinin B; receptor is constitutively expressed in the rat
sensory nervous system. Neurosci Lett 2000;294:175-8.

Yaskh T, Hua XY, Kalhcheva I, Taguchi-Nogazaki N, Marsala M. The spinal biology in
humans and animals of pain states generated by persistent small afferent input.
Proc Natl Acad Sci 1999;96:7680-6.

Young MR, Blackburn-Munro G, Dickinson T, Johnson MJ, Anderson H, Nakalembe [, et al.
Antisense ablation of type I metabotropic glutamate receptor mGIuR1 inhibits
spinal nociceptive transmission. ] Neurosci 1998;18:10180-8.

Zimmermann M. Ethical guidelines for investigations of experimental pain in conscious
animals. Pain 1983;16:109-10.



	Effect of a metabotropic glutamate receptor 5 antagonist, MPEP, on the nociceptive response ind.....
	Introduction
	Materials and methods
	Animals
	Intrathecal (i.t.) injection
	Drugs
	Nociception induced by algogen in mice
	Statistical analysis

	Results
	Discussion
	References


