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Abstract

In the present study, we examined the effects of intrathecal pretreatment (twice daily injections on postoperative (PO) days 0—3 with the
selective Group I (mGluR1a) mGluR antagonist, (RS)-1-aminoindan-1,5-dicarboxylic acid ((RS)-AIDA), the selective Group I (mGluR5a)
antagonist, 2-methyl-6-(phenylethynyl)-pyridine (MPEP), the selective Group II mGluR agonist, (2R,4R)-4-aminopyrrolidine-2,4-
dicarboxylate ((2R,4R)-APDC) or the selective Group III mGluR agonist, L-2-amino-4-phosphonobutyrate (L-AP4), on mechanical and
cold hypersensitivity associated with chronic constriction injury (CCI) of the sciatic nerve in rats. Mechanical and cold sensitivity was
assessed prior to surgery (baseline) and then at 4, 8 and 12 days following CCI. Pretreatment with all of the mGIuR agents produced
reductions in the development of mechanical hypersensitivity. In addition, all the mGIuR agents, except MPEP, were effective in reducing the
development of cold hypersensitivity. This study demonstrates that spinal Group I mGluR antagonism, and Group II or III mGluR agonism,
can effectively decrease the development of mechanical and cold hypersensitivity associated with CCI in rats. In addition, the results can be
interpreted to suggest that activation of spinal Group I mGluRs contributes to spinal plasticity leading to the development of neuropathic

pain, and that this effect is offset by activation of groups II and III mGluRs. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Within the last decade, metabotropic glutamate receptors
(mGluRs), in particular Group I mGluRs, have been impli-
cated in persistent and chronic nociceptive processing (see
Fundytus, 2001 for review). mGluRs are activated by
excitatory amino acids (EAA) (glutamate and aspartate),
and are coupled to guanine nucleotide regulatory (G)
proteins that modulate intracellular messenger systems.
The mGluR family consists of eight receptor subtypes that
are classified into three groups based on sequence homo-
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logy, signal transduction mechanisms and receptor phar-
macology. These include: Group I (mGluR1/5), Group II
(mGluR2/3) and Group III (mGluR4/6-8) (see Conn and
Pin, 1997 for review).

Electrophysiological and behavioral studies have shown
that Group I mGluRs are involved in persistent nociceptive
processing in the rat. For example, application of Group I
mGlIuR antagonists to the rat spinal cord attenuates dorsal
horn neuronal activity associated with knee joint inflam-
mation (Neugebauer et al., 1994), capsaicin-induced sens-
itization (Neugebauer et al., 1999) or by repeated cutaneous
application of the selective C-fiber activator mustard oil
(Young et al., 1994, 1995). Conversely, intrathecal admin-
istration of the selective and potent Group I agonist, (RS)-
3,5-dihydroxyphenylglycine (DHPG) induces excitation of
dorsal horn cells (Young et al., 1997) and thalamic neurons
(Salt and Turner, 1998), of which the latter is reduced by the
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selective Group I mGluR1 antagonist LY3673855. We have
previously demonstrated that intrathecal application of
DHPG facilitates formalin-induced nociception (Fisher and
Coderre, 1996a), and produces persistent thermal and mech-
anical hypersensitivity (Fisher and Coderre, 1998) and
spontaneous nociceptive behaviors that have been observed
for over 10 h (Fisher and Coderre, 1996b).

The role of Groups II and III mGluRs in persistent
nociceptive processing is less well established. In contrast
to Group I mGluR agonists, intrathecal application of the
Groups II and III agonists do not produce excitation of
dorsal horn neurons (Young et al., 1997), and do not have
any behavioral nociceptive effects (Fisher and Coderre,
1996a,b). However, Groups II and III mGluR agonists
have been shown to produce an inhibition of dorsal horn
neuronal responses after carrageenan injection to the rat
hindpaw (Stanfa and Dickenson, 1998), and produce anti-
nociceptive effects in the rat formalin test (Fisher and
Coderre, 1996a), respectively. It has also been demonstra-
ted that mGIuR3 mRNA is enhanced in spinal cord dorsal
horn following hind paw inflammation (Boxall et al.,
1998), suggesting that Group II mGluRs are upregulated
in association with persistent nociception. Recently, we
have also demonstrated that intrathecal application of the
selective Group II agonist, (2R,4R)-4-aminopyrrolidine-2,4-
dicarboxylate (2R,4R)-APDC, or the selective Group III
agoinst, L-AP4, produce dose-dependent reductions in
DHPG-induced spontaneous nociceptive behaviors (Lefeb-
vre et al., 2000).

The involvement of Group I mGluRs in persistent
nociception is most likely due to their ability to modulate
synaptic transmission by facilitating EAA release in the
CNS (Lombardi et al., 1994; Moroni et al., 1998; Reid et al.,
1999). This increase follows activation of phosphoinositide
hydrolysis, which results in increased intracellular Ca®*
concentration and the production of protein kinase C
(PKC) (Conn and Pin, 1997). Whereas, the Groups II and
III mGluR agonists may be effective at alleviating persistent
nociception via their established ability to decrease EAA
release in the CNS, following inhibition of cyclic adenosine
monophosphate (cAMP) (Cozzi et al., 1997; East et al.,
1995; Battaglia et al., 1997).

The electrophysiological and behavioral findings indic-
ating that thermal and mechanical hyperalgesia may be
partly mediated by Group I mGluRs, prompted us to
examine the possible role of these receptors in the devel-
opment of pathological pain following nerve injury. Indeed,
it has already been established that glutamate levels are
enhanced in the spinal cord of neuropathic rats (Al-Ghoul
et al., 1993; Kawamata and Omote, 1996). We have pre-
viously shown that mGluRs contribute to the development
of neuropathic pain-related behaviors by demonstrating that
intrathecal pretreatment with the mGluR compound, (S)-4-
carboxyphenylglycine ((S)-4CPG) attenuates the devel-
opment of mechanical and cold hypersensitivity in rats with
a chronic constriction injury (CCI) of the sciatic nerve

(Fisher et al., 1998). However, (S)-4CPG is a Group I
mGlIuR antagonist, as well as a Group II mGluR agonist
(Hayashi et al., 1994), and it is unknown which of these
actions contributed to its antinociceptive effects.

The aim of the present study is to delineate the involve-
ment of each of the three groups of mGluRs (Groups I, II
and III) in the development of neuropathic pain. We
hypothesiz that by enhancing the release of EAAs, activa-
tion of Group I mGluRs may contribute to hyperalgesia in a
rat model of neuropathic pain. Conversely, it is expected
that intrathecal administration of Groups II and III mGIluR
agonists may alleviate neuropathic pain by suppressing the
spinal release of EAAs. To test the involvement of spinal
mGluRs on the development of neuropathic pain, we
examined the effects of 4-day intrathecal pretreatment
(twice daily injections on postoperative (PO) days 0-3)
with the selective Group I mGluR (mGluR1a) antagonist,
(RS)-1-aminoindan-1,5-dicarboxylic acid ((RS)-AIDA)
(Hermans et al., 1999), the selective Group I mGIluR
(mGluR5a) antagonist, 2-methyl-6-(phenylethynyl)-pyr-
idine (MPEP) (Gasparini et al., 1999), the selective Group
II mGluR agonist ((2R,4R)-APDC) (Schoepp et al., 1995)
and the selective Group III mGluR agonist (L-AP4) (Thom-
sen et al., 1992) on the development of mechanical and
cold hypersensitivity associated with CCI in rats on PO
days 4, 8 and 12.

2. Methods
2.1. Animals

Male Long—Evans rats (270—350 g) were obtained from
Charles River (Montreal, QC), and were maintained under
controlled lighting conditions (12-h light/dark cycle) with
food and water available ad libitum. All experiments were
approved by the animal care committee at the Clinical
Research Institute of Montreal, and to minimize animal
suffering, the guidelines of the Canadian Council of Animal
Care were strictly followed.

2.2. ccl

All rats were anaesthetized during surgery by halothane
(3.0%) gas anesthesia. CCI was produced by exposing the
left sciatic nerve at the mid-thigh level, isolating it from
surrounding tissue and by placing a 2-mm polyethylene cuff
(PE-90) around the nerve of each rat (method of Mosconi
and Kruger, 1996).

2.3. Drug administration

While the CCI rats were under brief halothane anesthe-
sia, they were administered either 0 (vehicle), 30, 90 or
270 nmol of (RS)-AIDA, MPEP, (2R,4R)-APDC or L-AP4
intrathecally by lumbar puncture, in a volume of 30 pl,
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between the L4 and L5 vertebrae. Injections were given
15 min prior to surgery and then every 12 h for 4 days
(from PO days 0 to 3). All compounds were obtained from
Tocris Cookson, St. Louis, MO, USA (except (2R,4R)-
APDC, which was graciously donated by Eli Lilly Laborat-
ories, Indianapolis, IN) and dissolved in 0.9% saline.
NaOH was added to L-AP4 to establish a pH between 6
and 8, and 2.5% DMSO was added to MPEP to increase
solubility. Appropriate vehicles of 0.9% saline, dilute
NaOH in 0.9% saline or 2.5% DMSO in 0.9% saline were
used as control treatments for each drug that was dissolved
by these solvents. At the doses used, none of the drugs
produced motor disturbances or sedation as assessed by
grasping, righting and placing reflexes and behavioral
observations (see Coderre and Van Empel, 1994 for a
description of these tests).

2.4. Sensory testing

Mechanical and cold sensitivity testing was performed
1-2 days prior to surgery to obtain baseline values, and then
on PO days 4, 8 and 12. For baseline and PO mechanical
sensitivity testing, each rat was placed in a testing box
(27 x 16 x 21 cm) with a 2 x 2 mm wire-mesh grid floor. A
series of von Frey hairs (0.41, 0.7, 1.2, 2.0, 3.63, 5.5, 8.5
and 15.1 g) were applied through to the grid floor to the
ventral surface of the operated hindpaw of each rat. Each
hair was applied for a 7-s period or until the animal
withdrew their hindpaw without ambulating. During each
testing trial, the series of hairs were presented following an
up—down procedure, described and validated by Chaplan
et al. (1994), and the 50% response threshold was calculated
for each rat. For baseline and PO cold sensitivity testing,
each rat was placed in a 1-cm deep, 1 °C water bath with a
metal floor for 75 s. During the testing period, a response
was counted if the rat licked, shook or showed a prolonged
lift of the operated hindpaw when not ambulating.

2.5. Statistical analyses

The effects of 4-day intrathecal pretreatment with either
0 (vehicle), 30, 90 or 270 nmol for each of the mGluR
agents ((RS)-AIDA, MPEP, (2R,4R)-APDC, L-AP4) on
mechanical sensitivity during baseline and PO test days
4, 8 and 12 was assessed by a two-way ANOVA with
repeated measures (separate ANOVA for each drug trial),
followed by subsequent post-hoc comparisons (Fisher LSD
protected z-tests).

The effect of 4-day intrathecal pretreatment with 0
(vehicle), 30, 90 or 270 nmol for each of the mGIluR
agents ((RS)-AIDA, MPEP, (2R,4R)-APDC, L-AP4) on cold
sensitivity was assessed by a Kruskal—Wallis ANOVA by
ranks for multiple independent groups (separate Kruskal—
Wallis for each drug and each day), followed by subsequent
post-hoc comparisons (Dunn’s multiple comparisons for
ranked data).

3. Results
3.1. (RS)-AIDA

A two-way repeated ANOVA of the 50% von Frey
response thresholds of (RS)-AIDA-treated CCI rats indi-
cated a significant main effect of both treatment [ F(3,27)=
4.48, P<.05] and day [F(3,81)=31.69, P<.001]. Sub-
sequent post-hoc analyses (Fisher LSD protected #-tests)
revealed significantly higher 50% von Frey response thresh-
olds in animals pretreated with 270 nmol on test day 4 or
with 90 nmol of (RS)-AIDA on all test days in comparison
to vehicle-treated (0 nmol) rats.

Kruskal—Wallis one-way ANOVA of the cold water
response frequencies of (RS)-AIDA-treated CCI rats indi-
cated a significant main effect of treatment on PO day 12
[H(3)=12.39, P<.01], (but not on day 4 [H(3)=4.39, P>
.05] or day 8 [H(3)=6.0, P>.05]). Subsequent post hoc
analyses (Dunn’s multiple comparisons for nonparametric
data) revealed that, on PO day 12, animals pretreated with
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Fig. 1. Mean 50% von Frey response threshold (A) and cold water response
frequencies (B) for the operated hindlimb of CCI animals on PO days 4, 8
and 12. Animals were pretreated (twice daily intrathecal injections on PO
days 0—3) with vehicle (0 nmol; n=10) or (RS)-AIDA (30, 90 or 270 nmol;
n=6, 10, 6). (*P<.05, **P<.01 significant difference between the
experimental and vehicle/control conditions, Fisher LSD multiple compar-
isons (A) or Dunn’s test (B).)
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90 or 270 nmol of (RS)-AIDA made fewer responses
than vehicle-treated animals during the 75-s testing period
(Fig. 1B).

3.2. MPEP

A two-way repeated ANOVA of the 50% von Frey
response thresholds of MPEP-treated CCI rats indicated a
significant main effect of treatment [ £(3,20)=3.53, P<.05]
and a significant main effect of day [F(3,60)=141.21,
P<.001]. Subsequent post-hoc analyses (Fisher LSD pro-
tected #-tests) revealed that on PO days 4 and 8 animals
pretreated with 90 or 270 nmol of MPEP exhibited signific-
antly higher 50% von Frey response thresholds in compar-
ison to vehicle-treated animals (Fig. 2A).

Kruskal—Wallis one-way ANOVA of the cold water
response frequencies of MPEP-treated CCI rats, indicated
no significant main effects of treatment on any of the PO
days (PO day 4 [H(3)=4.47, P>.05], PO day 8 [H(3)=6.44,
P>.05] or PO day 12 [H(3)=4.21, P>.05) (Fig. 2B).
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Fig. 2. Mean 50% von Frey response threshold (A) and cold water response
frequencies (B) for the operated hindlimb of CCI animals on PO days 4, 8
and 12. Animals were pretreated (twice daily intrathecal injections on PO
days 0-3) with either vehicle (0 nmol; n=6) or MPEP (30, 90 or 270 nmol;
n=6, 6, 6). (*p<.05, **p<.01 significant difference between the
experimental and vehicle/control conditions, Fisher LSD multiple compar-
isons (A) or Dunn’s test (B).)
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Fig. 3. Mean 50% von Frey response threshold (A) and cold water response
frequencies (B) for the operated hindlimb of CCI animals on PO days 4,
8 and 12. Animals were pretreated (twice daily intrathecal injections on
PO days 0—3) with vehicle (0 nmol; n=10) or (2R,4R)-APDC (30, 90 or
270 nmol; n=6, 10, 6). (*P<.05, **P<.0l significant difference
between the experimental and vehicle/control conditions, Fisher LSD
multiple comparisons (A) or Dunn’s test (B).)

3.3. (2R.4R)-APDC

A two-way repeated ANOVA of the 50% von Frey
response thresholds of (2R,4R)-APDC-treated CCI rats,
indicated a significant main effect of day [ F(3,69)=48.19,
P<.001] and a significant Treatment x Day interaction
effect [ F(9,69)=1.99, P<.05]. Subsequent post-hoc ana-
lyses (Fisher LSD protected #-tests) revealed that animals
pretreated with 270 nmol on PO day 8§, or 90 nmol on all test
days and 30 nmol on PO day 4 of (2R,4R)-APDC exhibited
significantly higher 50% von Frey response thresholds than
vehicle-treated animals (Fig. 3A).

Kruskal—Wallis one-way ANOVA for the cold water
response frequencies of (2R,4R)-APDC-treated CCI rats
indicated a significant main effect of treatment on PO day
12 [H(3)=14.33, P<.01], but not on PO day 4 [H(3)=0.41,
P>.05] or on PO day 8 [H(3)=4.432, P>.05]. Subsequent
post hoc analyses (Dunn’s multiple comparisons for non-
parametric data) revealed that, on PO day 12, animals
pretreated with 30 or 90 nmol of (2R,4R)-APCD, made less
responses than vehicle-treated animals during the 75-s test-
ing period (Fig. 3B).
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3.4. L-AP4

A two-way repeated ANOVA of the 50% von Frey
response thresholds of L-AP4-treated CCI rats indicated a
significant main effect of day [ (3,75)=72.09, P<.001] and
a significant Treatment x Day interaction effect [ F(9,75)=
2.16, P<.05]. Subsequent post-hoc analyses (Fisher LSD
protected z-tests) revealed that on PO day 4 animals
pretreated with 90 or 270 nmol, and on PO days 8 and
12 animals pretreated with 90 nmol of L-AP4 exhibited
significantly higher 50% von Frey response thresholds than
vehicle-treated animals (Fig. 4A).

Kruskal—Wallis one-way ANOVA for the cold water
response frequencies of L-AP4-treated CCI rats indicated a
significant main effect of treatment on PO day 12
[H(3)=8.81, P<.05], but not on day 4 [H(3)=3.71,
P>.05] or PO day 8 [H(3)=4.34, P>.05]. Subsequent
post-hoc analyses (Dunn’s multiple comparisons) revealed
that, on PO day 12, animals pretreated with 90 or 270 nmol
of L-AP4 made fewer responses than vehicle-treated animals
during the 75-s testing (Fig. 4B).
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Fig. 4. Mean 50% von Frey response threshold (A) and cold water response
frequencies (B) for the operated hindlimb of CCI animals at baseline and on
PO days 4, 8 and 12. Animals were pretreated (twice daily intrathecal
injections on PO days 0—3) with vehicle (0 nmol; n=10) or L-AP4 (30, 90
or 270 nmol; n=6, 10, 10). (*P<.05, **P<.01 significant difference
between the experimental and vehicle/control conditions, Fisher LSD
multiple comparisons (A) or Dunn’s test (B).)

4. Discussion

Results from this study demonstrate the inhibitory effects
of spinal Group I mGluR antagonism and Groups II and III
mGluR agonism against the development of mechanical and
cold hypersensitivity associated with neuropathic pain.
Thus, we demonstrated that intrathecal pretreatment with
the selective Group I mGluR (mGluR1a) antagonist (RS)-
AIDA, the selective Group I mGluR (mGluR5a) antagonist
MPEP, the selective Group II mGluR agonist (2R,4R)-
APDC, and the selective Group III mGluR agonist, L-AP4,
all significantly reduced the development of mechanical
hypersensitivity in rats with CCI of the sciatic nerve. In
addition, all the mGluR agents, except MPEP, significantly
reduced the development of cold hypersensitivity in the CCI
operated animals.

The results suggest that the effective antihyperalgesic
effects first demonstrated after intrathecal pretreatment with
(5)-4CPG in the CCI model (Fisher et al., 1998) are likely
attributable to the compound’s dual action including ant-
agonism of Group I mGluRs and agonism of Group II
mGluRs. Since spinal Group I mGluR antagonism was
shown to decrease the development of mechanical and cold
hypersensitivity in CCI rats, the results can be interpreted to
suggest that activation of Group I mGluRs contributes to the
spinal cord mechanisms that mediate the development of
these neuropathic pain symptoms. In support of this, a large
collection of studies, when taken together, provide convin-
cing evidence that Group I mGluRs are involved in the
transmission of somatosensory/nociceptive information
within the spinal cord, and contribute to the alterations in
dorsal horn neuronal function that mediate persistent and
chronic nociception. Thus, electrophysiological and behav-
ioral studies show that Group I mGluR agonists can increase
the excitability of dorsal horn neurons associated with
persistent nociception, and can produce spontaneous noci-
ceptive behaviors and hypersensitivity to thermal and mech-
anical stimuli. Whereas, Group I mGluR antagonists can
reverse these effects (Budai and Larson, 1998; Neugebauer
et al., 1994, 1999; Young et al., 1994, 1995, 1997; Salt and
Turner, 1998; Fisher and Coderre 1996a,b, 1998).

In addition, the involvement of mGluRs in spinal noci-
ceptive transmission is in accordance with neuroanatomical
evidence that has demonstrated that Group I mGluRs
(mGluR 1a, mGluR5a, mGluR5b, but not mGIluR1b mRNA)
are localized within the spinal somatosensory/nociceptive
pathways (Valerio et al., 1997a). Spinal cord mGluR5a is
strongly expressed in the dorsal horn laminae I and II and
gradually decreases toward the deeper layers of the rat
dorsal horn (Vidnyanszky et al., 1994; Valerio et al.,
1997b), and mGIluR5a immunoreactive dendrites are often
targeted by synaptic boutons of presumed polymodal prim-
ary afferent C-fiber terminals (Vidnyanszky et al., 1994).

Taking all the electrophysiological, behavioral and
neuroanatomical evidence into account, we propose that
the CCl-related discharges of injured primary afferent A3-,
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Ad- or C-fibers (Kajander and Bennett, 1992), and the
subsequent accumulation of glutamate and/or aspartate in
the dorsal horn (Kawamata and Omote, 1996), activate
spinal Group I mGluRs in the superficial laminae or
deeper layers, and thus acts to sensitize dorsal horn
neurons that respond to noxious or innocuous mechanical
and cold stimulation.

The recent development of the selective Group I
mGluR5a antagonist, MPEP, has allowed us to compare
its effects versus that of the Group I mGluR1a antagonist,
(RS)-AIDA, in an effort to assess a potential receptor
subtype specificity. Although the specificity of (RS)-AIDA
has been questioned (Schoepp et al., 1999), the high
mGluR5a selectivity of MPEP allows for comparison. In
our study, we found that (RS)-AIDA reduced both mech-
anical and cold hypersensitivity, whereas MPEP only
reduced mechanical but not cold hypersensitivity. Thus,
while both mGluR1 and mGluR5 may both play a role in
neuropathic pain, as we have previously shown with anti-
receptor antibodies (Fundytus et al., 1998), there may be
some benefit to blocking mGluR1 activity which reduces
both mechanical and cold hypersensitivity. Further support
for the role of the mGluR1 subtype is demonstrated by
studies in which there is a selective knocked-down of
mGluR1 in the spinal cord after intrathecal administration
of an mGluR1 antisense oligonucleotide. The knockdown of
spinal mGlIuR1 significantly reduces mechanical and cold
hypersensitivity in neuropathic rats (Fundytus et al., 2001),
and reduces sustained dorsal horn excitatory responses
induced by mustard oil or DHPG (Young et al., 1998).

As mentioned earlier, Groups II and III mGluRs have
similar physiological roles in the CNS, such that activation
of Group II or IIl mGIuRs depresses excitatory transmission
by decreasing evoked EAA release. Therefore, activation of
Groups II and III mGluRs may play a role in spinal
nociceptive processing by inhibiting glutamate release,
and can account for the observed antinociceptive effects
of the Groups II and IIIl mGIuR agonists. Although our use
of (2R,4R)-APDC and L-AP4 provides for a comparison of
the differing effects of Groups II and III agonists, it does not
allow for comparisons between agonists acting selectively
at specific mGluR subtypes within these groups. Given the
positive effects of the agents, future investigations of more
selective agents (e.g., (15,3R,4S5)-1-aminocyclopentane-
1,2,4-tricarboxylic acid (ACPT-]) for mGluR4a; (R,S)-phos-
phonophenylglycine ((R,S)-PPG) for mGIuR8) may be
warranted. Additionally, it would be useful to determine
whether the effects of these agonists are blocked by
selective agonists (e.g., (25)-a-ethylglutamic acid (Eglu),
(aS)-a-Amino-a-[(1S,2S5)-2-carboxycyclopropyl]-9H-xan-
thine-9-propanoic acid (LY341495) or (S)-2-amino-2-
methyl-4-phosphonobutanoic acid (MAP4)).

Neuroanatomical studies show that Group II mGluRs are
localized on neuronal cell bodies in the dorsal horn and
lamina X of the rat spinal cord (mGluR3) (Ohishi et al.,
1993) and on primary afferent fibers or on interneurons

presynaptic to ventral horn neurons (Cao et al., 1995; Jane
et al., 1996). However, to our knowledge, there is no
evidence that Group II mGluRs are expressed on primary
afferent terminals presynaptic to dorsal horn neurons in the
rat. Group III mGluRs are intensely expressed in axon
terminals of presumed nociceptive primary afferent fibers
terminating in laminae I and II of the rat dorsal horn
(mGluR7) (Ohishi et al., 1995a; Li et al., 1997) and in the
cell bodies of neurons in the dorsal root ganglia (mGluR4
and mGIuR7) (Ohishi et al., 1995b; Li et al., 1996).

Although there is no specific physiological evidence for
effects of Group II or III mGluRs on the nociceptive
responses of dorsal horn neurons, Groups II and III mGIluR
agonists have been shown to decrease the excitation of other
neurons in the CNS. For example, the selective activation of
Group II or IIl mGluRs inhibits hippocampal long-term
potentiation in the rat (Holscher et al., 1997; Huang et al.,
1997) and attenuates NMDA-induced excitotoxicity in the
mouse brain (Bruno et al., 1995; Buisson et al., 1996). As
for the effects of brain mGluRs in nociception, their actions
may not always be consistent with their spinal effects, and
may depend on both the injection site and the nociceptive
test. Thus, injection of Group I mGlIuR agonists directly in
the PAG has been shown to induce antinociception in the
mouse hot plate test, while injection of Groups II and III
mGluRs into this brain area is pro-nociceptive (Maione
et al., 1998). Although, in thalamic neurons, Group I mGluR
produce excitatory effects (Salt and Eaton, 1995). Con-
versely, injection of Group I or II agonists into the PAG
reduces nociceptive scores, while intra-PAG injection of a
Group III agonist enhances nociceptive scores in the late
phase of the formalin test (Maione et al., 2000).

Taking together the behavioral and neuroanatomical
evidence, we speculate that Group II mGluRs’ antinoci-
ceptive effects can most likely be attributed to an activa-
tion of postsynaptic Group II mGluRs leading to a
hyperpolarization of hypersensitive dorsal horn neurons
in CCI rats. Alternatively, a Group III mGluR-mediated
decrease in EAA release may attenuate CCl-induced
alterations in dorsal horn neuronal function (i.e., hyper-
sensitivity of dorsal horn neurons induced by excessive
glutamate released) that may underlie mechanical and
cold hypersensitivity.

In conclusion, we demonstrated that Group I mGIluR
antagonism and Groups II and III mGluRs agonism can
decrease the development of neuropathic pain-related
behaviors in CCI rats. Thus, activation of Group I
mGluRs, particularly mGIluR1, may play an important role
in mediating the initial development of mechanical and
cold hypersensitivity associated with neuropathy. Further-
more, the excitatory effects of EAAs at Group I mGluRs
may be offset by opposing inhibitory effects at Groups II
and III mGluRs. The results suggest that treatments
targeting spinal mGluRs may be effective for preventing
the development of pain and hyperalgesia in neuropathic
pain patients.
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