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Abstract
Background—Growing evidence supports a role of metabotropic glutamate receptors (mGluRs)
in ethanol reinforcement, ethanol-seeking, and ethanol withdrawal. To extend the understanding of
the role of mGluRs in the addiction-relevant effects of ethanol as well as of the treatment target
potential of these receptors for alcohol abuse, the effects of a selective mGlu2/3 agonist (LY379268)
and a selective mGlu5 antagonist (MTEP) were tested on two processes central to alcohol addiction:
ethanol reinforcement and stress-induced reinstatement of ethanol-seeking in rats with a history of
ethanol dependence.

Methods—Following operant ethanol self-administration training, male Wistar rats were made
dependent by intragastric ethanol intubations. Ethanol dependence was confirmed by the presence
of somatic withdrawal signs. Following 2 weeks of withdrawal, stable ethanol self-administration
was re-established, and the effects of LY379268 (0-3 mg/kg, SC) and MTEP (0-3 mg/kg, IP) on
ethanol self-administration were determined in both non-dependent and post-dependent rats. A
second set of rats underwent extinction training and then was tested for the effects of LY379268 or
MTEP on reinstatement of ethanol-seeking induced by footshock stress.

Results—LY379268 and MTEP dose-dependently reduced both ethanol self-administration and
reinstatement of ethanol-seeking induced by footshock stress. Additionally, LY379268 was more
effective than MTEP in inhibiting both behaviors in post-dependent than in non-dependent animals.

Conclusions—These findings suggest that neuroadaptation associated with chronic ethanol
exposure or withdrawal alters the sensitivity of mGlu2/3 receptors, with implications for the
understanding of the neural basis of alcohol dependence and the treatment target potential of these
receptors.
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Introduction
Alcoholism is a chronic relapsing condition characterized by impaired ability to control intake
and intense desire for alcohol, despite related adverse consequences (1,2). Alcohol dependence
is associated with dysregulation of glutamate transmission in the brain (3-5). Glutamate acts
through ligand-gated ionotropic receptors and G-protein-coupled metabotropic receptors
(mGluRs). MGluRs have received much recent interest in the addiction field because of
accumulating evidence implicating these receptors in the reinforcing and addictive actions of
drugs of abuse, including alcohol, and in withdrawal states (e.g., 6-11). Because of their
location on specific cellular and synaptic compartments, mGluRs have been implicated in the
fine-tuning of synaptic efficiency and control of the “sharpness” of glutamatergic transmission
(12). Abnormalities in mGluR function are thought to be a factor in psychiatric disorders,
including drug addiction, and may represent promising targets for the pharmacotherapeutic
treatment of these disorders (12-16).

Among the eight mGluR subtypes identified to date (17), mGlu5 (Group I) and mGlu2/3 (Group
II) receptors have received particular attention with respect to their role in the neurobehavioral
actions of addictive drugs, and drug-seeking associated with stress and anxiety (14). MGlu5
receptors, located predominantly postsynaptically, positively modulate glutamate-induced
neural excitability (18). Evidence implicates mGlu5 receptors in the reinforcing effects of
ethanol (10,19-23) and several drugs of abuse, including cocaine (6,24-26) and nicotine (8,
24,25,27). Recent findings have also revealed a role for mGlu5 receptors in the conditioned
reinforcing effects of drugs of abuse. For example, the mGlu5 antagonist MPEP attenuated the
expression of morphine-induced conditioned place preference (28), conditioned reinforcement
by a stimulus paired with cocaine on a second-order schedule of reinforcement (29),
conditioned reinstatement of nicotine-seeking (30), and ethanol-seeking induced by concurrent
ethanol priming and cue manipulations (31). MGlu2/3 receptors, located at the presynaptic and
perisynaptic level, provide negative feedback to decrease glutamate release or synaptic
availability of glutamate (18,32,33). These receptors have been implicated in the
neurobehavioral effects of several drugs of abuse (e.g., 7,34-40), but information on their role
in ethanol-seeking and reinforcement is more limited. However, evidence exists that activation
of mGlu2/3 receptors by the selective agonist LY379268 decreases both stress- and cue-
induced ethanol-seeking in reinstatement models of relapse (41) and reverses ethanol-seeking
induced by ethanol cue exposure paired with noncontingent ethanol administration (42).

The present experiments were designed to extend the understanding of the role of mGlu5 and
mGlu2/3 receptors specifically in behavior linked to alcohol addiction and the treatment target
potential of these receptors for alcohol abuse. The objective of these studies was to establish
the effects of a selective mGlu5 antagonist (MTEP) and a selective mGlu2/3 agonist
(LY379268), compounds that reduce glutamate-mediated neural excitability (albeit via
different mechanisms of action), on two processes relevant to alcohol addiction: ethanol-
maintained reinforcement and stress-induced reinstatement of ethanol-seeking (43). MTEP and
LY379268 exert potent anxiolytic effects in animal models of anxiety (12,44), thus implicating
mGlu5 and mGlu2/3 receptors in the regulation of drug-seeking responses to anxiety and stress
that represent a major factor for relapse to alcohol use. Moreover, mGluRs are susceptible to
drug-induced neuroadaptation (11) and, as a possible consequence, long-lasting dysregulation
of glutamatergic transmission, a likely factor in susceptibility to relapse. Therefore, emphasis
in these studies was given to a comparison of the effects of mGlu2/3 and mGlu5 manipulation
in alcohol non-dependent vs. post-dependent rats to determine whether neuroadaptive changes
associated with chronic ethanol intoxication alter the pharmacological effects of MTEP and
LY379268 on ethanol reinforcement and stress-induced reinstatement of ethanol-seeking.
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Methods and Materials
Male Wistar rats were trained to orally self-administer 10% ethanol (w/v). Upon stable self-
administration, one group (post-dependent) of rats was made ethanol dependent via intragastric
ethanol intubations. Another group (non-dependent) received vehicle (for details, see
Supplement 1). Separate subgroups of non-dependent and post-dependent rats then were tested
for the effects of LY379268 or MTEP on ethanol self-administration and stress-induced
reinstatement of ethanol-seeking.

Drugs
(-)-2-oxa-4-aminobicylco[3.1.0]hexane-4,6-dicarboxylic acid (LY379268; Eli Lilly Research
Laboratories, Indianapolis, IN) was dissolved in sterile water and administered subcutaneously
(SC, 1 ml/kg) 30 min before behavioral testing. 3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]-
pyridine (MTEP; Merck, Rahway, NJ) was dissolved in 10% (v/v) Tween 80 and administered
intraperitoneally (IP, 1 ml/kg) 60 min before behavioral testing.

Effects of LY379268 or MTEP on Ethanol Self-Administration
Separate groups of non-dependent and post-dependent rats were used for testing the effects of
LY379268 (0, 0.3, 1.0, 3.0 mg/kg, SC; non-dependent, n=11; post-dependent, n=12) or MTEP
(0, 0.3, 1.0, 3.0 mg/kg, IP; non-dependent, n=9; post-dependent, n=9) on ethanol self-
administration. Each animal was tested once with each LY379268 or MTEP dose according
to Latin square design. Between drug tests, regular self-administration sessions continued until
stable ethanol self-administration was reconfirmed. Drug testing began 2 weeks following
completion of ethanol dependence induction and was conducted over a 4-week period.

Effects of LY379268 or MTEP on Stress-Induced Reinstatement
One day after the final extinction session, non-dependent and post-dependent rats were divided
into two groups for testing the effects of LY379268 (0, 0.3, 1.0, 3.0 mg/kg, SC; non-dependent,
n=36; post-dependent, n=39) or MTEP (0, 0.3, 1.0, 3.0 mg/kg, IP; non-dependent, n=41; post-
dependent, n=42) on stress-induced reinstatement of ethanol-seeking. Using a between-
subjects design, each rat received a single dose of either LY379268 or MTEP before testing.
Reinstatement tests were conducted under extinction conditions 5 weeks following completion
of ethanol dependence induction. Stress consisted of a 15-min variable intermittent electric
footshock (0.5 mA; duration, 0.5 s; mean shock interval, 40 s; range, 10-70 s) administered
through the grid floor of the operant conditioning chambers (45,46). Two minutes following
termination of footshock, levers were extended, and responses were recorded for 30 min.

Statistical Analysis
Effects of LY379268 or MTEP on ethanol self-administration were analyzed by mixed-
factorial ANOVA with “dependence history” (non-dependent/post-dependent) as the between-
subjects factor and “drug dose” as the within-subjects factor. Effects of LY379268 or MTEP
on reinstatement were analyzed by two-way between-subjects ANOVA. Significant main
effects or interactions were confirmed by Newman-Keuls post hoc tests. Differences in
responding between the final extinction session and the reinstatement test conducted under
vehicle conditions were analyzed by paired t-tests. Following confirmation of significant main
effects or interactions in the overall ANOVA, the magnitude of the inhibition of responding
(percent inhibition) was analyzed by mixed factorial ANOVA with “dependence history” as
the between-subjects factor and “drug dose” as the within-subjects factor (self-administration
tests), or by two-way between-subjects ANOVA (reinstatement tests), followed by Simple
Effects analysis.
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Results
Blood Alcohol Levels and Withdrawal Ratings

Mean (± SEM) BALs measured on day 5 of dependence induction were significantly elevated
(bleed 1: 161.2 ± 4.9 mg%, bleed 2: 240.5 ± 7.3 mg%) with main effects of treatment
(F1,196 = 1098.7, p < 0.001), bleeds (F1,196 = 210.1, p < 0.001), and a treatment x bleeds
interaction (F1,196 = 186.6, p < 0.001). Twelve hours after the final ethanol administration,
post-dependent rats showed overt withdrawal signs (Fig. 1) with significant increases in
ventromedial limb retraction (VLR; Mann-Whitney, U = 2131.0, p < 0.001), vocalization (U
= 2087.5, p < 0.001), tail rigidity (U = 832.5, p < 0.001), abnormal gait (U = 3342.5, p < 0.001),
and body tremors (U = 2955.5, p < 0.001). The sum of the five rating scores revealed the
presence of significant overall withdrawal severity (U = 861.5, p < 0.001; Fig. 1 Inset).

Effects of LY379268 or MTEP on Ethanol Self-Administration
The mean (± SEM) number of ethanol-reinforced responses before drug testing remained
within ±10% over three consecutive sessions and was not significantly different (F1,40 = 3.1,
NS) in non-dependent (34.5 ± 3.7) vs. post-dependent (43.7 ± 3.8) rats.

LY379268—Following vehicle, the mean (± SEM) number of ethanol-reinforced responses
was similar in non-dependent (27.6 ± 3.9) and post-dependent (37.0 ± 3.8) rats. LY379268
reduced ethanol self-administration in both non-dependent and post-dependent rats, but was
more effective in post-dependent rats (Fig. 2A). This pattern of effects was confirmed by
mixed-factorial ANOVA with significant main effects of ethanol dependence history (F1,21 =
4.6, p < 0.05), dose (F3,63 = 197.4, p < 0.001) and an ethanol dependence history x dose
interaction (F3,63 = 38.7, p < 0.001). Post hoc tests (Newman Keuls) revealed that LY379268
significantly reduced ethanol self-administration in non-dependent rats at the 3.0 mg/kg dose
(p < 0.05; Fig. 2A left panel), but produced significant effects at all doses in post-dependent
rats (p < 0.05; Fig. 2A right panel). Scrutiny of the LY379268 dose-effect curve, expressed as
the percentage of inhibition of responding (Fig. 2B), confirmed that LY379268 inhibited
ethanol self-administration in both non-dependent and post-dependent rats (main effect of
dose: F3,63 = 36.9, p < 0.001), and that LY379268 was more effective at suppressing ethanol
self-administration in post-dependent rats (p < 0.05) at the lowest (0.3 mg/kg) dose (Simple
Effects following main effect of ethanol dependence history: F1,21 = 17.9, p < 0.001 and ethanol
dependence history x dose interaction: F3,63 = 3.8, p < 0.05). Inactive lever responses were
negligible and unaltered by LY379268, with no main effects of ethanol dependence history
(F1,21 = 0.9, NS), dose (F3,63 = 1.5, NS) or ethanol dependence history x dose interaction
(F3,63 = 1.0, NS).

MTEP—Following vehicle, the mean (± SEM) number of ethanol-reinforced responses was
similar in non-dependent (27.1 ± 5.1) and post-dependent (38.7 ± 5.9) rats (Fig. 3A). MTEP
reduced ethanol self-administration in both non-dependent and post-dependent rats, but was
less effective in post-dependent rats. This pattern of effects was confirmed by mixed-factorial
ANOVA, which revealed significant main effects of ethanol dependence history (F1,16 = 4.6,
p < 0.05) and dose (F3,48 = 10.4, p < 0.001), but did not confirm an ethanol dependence history
x dose interaction (F3,48 = 0.6, NS). Post hoc tests (Newman Keuls) revealed that MTEP
significantly reduced ethanol self-administration in non-dependent rats at the 1.0 and 3.0 mg/
kg doses (p < 0.05; Fig. 3A left panel), but only at the 3.0 mg/kg dose (p < 0.05) in post-
dependent rats (Fig. 3A right panel). Analysis of the “percent inhibition” profiles produced by
MTEP showed that although MTEP inhibited ethanol self-administration in both non-
dependent and post-dependent rats (main effect of dose: F3,48 = 10.8, p < 0.001), neither a
significant main effect of ethanol dependence history (F1,16 = 0.0, NS) nor an ethanol
dependence history x dose interaction (F3,48 = 0.5, NS) were evident. Additionally, no
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statistical differences were detected in the effects of MTEP on ethanol self-administration in
non-dependent vs. post-dependent rats at any dose (F1,16 = 0.0, NS; Fig. 3B). Inactive lever
responses were negligible and unaltered by MTEP, with no main effects of ethanol dependence
history (F1,16 = 0.6, NS), dose (F3,48 = 2.6, NS) or ethanol dependence history x dose
interaction (F3,48 = 0.1, NS).

Effects of LY379268 or MTEP on Stress-Induced Reinstatement
Before extinction training, non-dependent and post-dependent rats maintained stable ethanol
self-administration (±10% over three consecutive sessions) with 33.5 ± 2.1 and 33.8 ± 1.9
(mean ± SEM) responses (F1,157 = 0.0, NS), respectively. After 20 extinction sessions,
responding decreased to 11.0 ± 0.9 (non-dependent) and 10.3 ± 0.8 (post-dependent) responses
(Fig. 4A, 5A), with no differences between groups (F1,157 = 0.2, NS; for details, see Supplement
1).

LY379268—Footshock elicited significant response reinstatement in vehicle-treated rats of
both groups (non-dependent, paired t-test: t19 = 19.9, p < 0.001; post-dependent, paired t-test:
t21 = 4.6, p < 0.05; Fig. 4A), with similar mean (± SEM) number of responses in non-dependent
(58.4 ± 8.9) and post-dependent (52.3 ± 18.7) rats. LY379268 reduced footshock-induced
reinstatement of ethanol-seeking in both non-dependent and post-dependent rats, but with
greater efficacy in the latter group. This profile of effects was confirmed by two-way ANOVA
with significant main effects of ethanol dependence history (F1,75 = 12.6, p < 0.01), dose
(F3,75 = 30.9, p < 0.001) and an ethanol dependence history x dose interaction (F3,75 = 3.6,
p < 0.05). Post hoc analysis (Newman Keuls) revealed that LY379268 significantly reduced
reinstatement in non-dependent rats at the 1.0 and 3.0 mg/kg doses (p < 0.05; Fig. 4A left
panel), but significantly reduced reinstatement at all doses in post-dependent rats (p < 0.05;
Fig. 4A right panel). Analysis of the “percent inhibition” profiles produced by LY379268
confirmed that LY379268 inhibited reinstatement in both non-dependent and post-dependent
rats (main effect of dose: F3,75 = 44.2, p < 0.05), and that LY379268 was more effective at
suppressing ethanol-seeking in post-dependent rats (p < 0.05) at the lowest (0.3 mg/kg) dose
(Fig. 4B), with effects approaching statistical significance (0.1 > p > 0.05) at the 1.0 mg/kg
dose (Simple Effects following main effect of ethanol dependence history: F1,75 = 10.2, p <
0.01 and significant ethanol dependence history x dose interaction: F3,75 = 4.7, p < 0.01).
Inactive lever responses were negligible and unaltered by LY379268, with no main effects of
ethanol dependence history (F1,75 = 2.4, NS), dose (F3,75 = 1.2, NS) or ethanol dependence
history x dose interaction (F3,75 = 1.3, NS).

MTEP—Footshock elicited significant response reinstatement in vehicle-treated non-
dependent (t17 = 8.4, p < 0.05) and post-dependent (t15 = 11.5, p < 0.01) rats (Fig. 5A), with
similar mean (± SEM) number of responses in the non-dependent (37.7 ± 7.6) and post-
dependent (47.9 ± 9.3) groups. MTEP reduced reinstatement of ethanol-seeking in both non-
dependent and post-dependent rats, but with reduced efficacy in the post-dependent group.
Specifically, two-way ANOVA revealed significant main effects of ethanol dependence
history (F1,83 = 4.1, p < 0.05) and dose (F3,83 = 19.8, p < 0.001), but did not confirm an ethanol
dependence history x dose interaction (F3,83 = 0.8, NS). Post hoc tests (Newman Keuls)
revealed that MTEP significantly reduced reinstatement in non-dependent rats at all doses (p
< 0.05; Fig. 5A left panel), but only at the 1.0 and 3.0 mg/kg doses (p < 0.05) in post-dependent
rats (Fig. 5A right panel). Analysis of the “percent inhibition” profiles produced by MTEP in
non-dependent and post-dependent rats showed that although MTEP inhibited reinstatement
in both groups (main effect of dose: F3,83 = 13.9, p < 0.001), neither a significant main effect
of ethanol dependence history (F1,83 = 0.2, NS) nor an ethanol dependence history x dose
interaction (F3,83 = 0.3, NS) were evident. Additionally, there were no statistical differences
in the effects of MTEP on ethanol-seeking in non-dependent vs. post-dependent rats (F1,83 =
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0.2, NS; Fig. 5B). Inactive lever responses were negligible and unaltered by MTEP, with no
main effects of ethanol dependence history (F1,83 = 0.7, NS), dose (F3,83 = 1.6, NS) or ethanol
dependence history x dose interaction (F3,83 = 0.9, NS).

Discussion
An mGlu2/3 agonist (LY379268) and an mGlu5 antagonist (MTEP) reduced ethanol self-
administration and footshock-induced reinstatement of ethanol-seeking. However, LY379268
was more effective at reducing both behaviors in rats with a history of ethanol dependence than
in non-dependent rats. These findings confirm that mGlu2/3 and mGlu5 receptors participate
in mediating ethanol-maintained reinforcement and stress-induced reinstatement of ethanol-
seeking, supporting the hypothesis that these receptors provide potentially effective treatment
targets for alcohol abuse and relapse prevention to alcohol use associated with stress exposure.
Additionally, the results suggest that neuroadaptive changes associated with chronic ethanol
exposure or ethanol withdrawal alter the sensitivity of mGlu2/3 receptors, with implications
for the neural basis of alcohol dependence and the treatment target potential of these receptors.

The modification of ethanol self-administration and stress-induced reinstatement of ethanol-
seeking by LY379268 and MTEP cannot be attributed to nonspecific motor impairment. At
the dose range used here, LY379268 and MTEP do not modify either operant responding
maintained by non-drug reinforcer (37,41,47) or motor coordination and activity (48-51).

Ethanol self-administration and stress-induced reinstatement were identical in vehicle-treated
rats in the post-dependent and non-dependent groups. Other studies have demonstrated
exacerbated ethanol consumption in post-dependent rats. However, in these studies, animals
had been given the opportunity to self-administer ethanol during withdrawal (52,53). Self-
administration of ethanol during withdrawal modifies a subject's ethanol reinforcement history
to include learning about negative reinforcement as an important aspect of ethanol's subjective
effects. The present experimental design did not provide for such learning to occur. Thus, the
lack of increased ethanol self-administration or stress-induced reinstatement in post-dependent
rats is a likely consequence of the absence of ethanol availability during withdrawal. For the
present purposes, this was a desired outcome permitting to study changes in mGlu2/3 and
mGlu5 receptor sensitivity independent of learning factors.

Modification of ethanol reinforcement and stress-induced reinstatement by LY379268 and
MTEP

LY379268 and MTEP reduced ethanol self-administration and footshock-induced
reinstatement of ethanol-seeking in rats with and without a history of ethanol dependence. In
non-dependent rats, reduction of glutamatergic transmission by mGlu2/3 agonists and mGlu5
antagonists is known to decrease ethanol-reinforced responding (10,19-23,42) and
reinstatement of ethanol-seeking (31,41,42,54). The reduction of footshock-induced
reinstatement and ethanol self-administration by LY379268 is consistent with earlier findings
in non-dependent rats (41,42) and confirms a role for mGlu2/3 receptors in ethanol
reinforcement and ethanol-seeking associated with stress. The present effects of LY379268 on
ethanol reinforcement differ from a single earlier finding that LY404039, an mGlu2/3 agonist
structurally related to LY379268, only minimally reduced ethanol self-administration in female
alcohol-preferring (P) rats (54). The reasons for this discrepancy remain unclear, but may be
related to several factors. The design of the earlier study included multiple tests for each animal
in self-administration, extinction and reinstatement procedures, paired with repeated mGlu2/3
agonist pretreatments. Thus, differences in experimental design, drug treatment regimens, and
the animals' history of reinforcement may have contributed to the divergence of findings. It
can also not be ruled out that Wistar and P rats differ in neuroadaptive changes produced by
even limited ethanol exposure (e.g., 55) that may be relevant for sensitivity to mGlu2/3 agonist
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effects. Indeed, repeated ethanol administration produces differential alterations in the
expression of proteins associated with G-protein signaling in the nucleus accumbens in P and
Wistar rats (56). Given that mGluRs are G-protein-coupled receptors these changes may be
relevant for mGlu2/3 receptor-mediated effects and thereby differentially modify the agonist
sensitivity of these receptors in P and Wistar rats.

The finding that MTEP decreased footshock-induced reinstatement of ethanol-seeking in rats
is novel although not unexpected because LY379268 is known to attenuate the effects of stress
on ethanol-seeking (41) and the net effect of both LY379268 and MTEP is to dampen
glutamate-mediated neural excitability, albeit by acting at different synaptic sites. Nonetheless,
this observation confirms a role for mGlu5 in addition to mGlu2/3 receptors in regulating
ethanol-seeking responses associated with stress.

MTEP reduced ethanol self-administration in non-dependent rats, consistent with previous
observations in mice and alcohol preferring P rats (19,57), with findings using a less selective
earlier generation mGlu5 antagonist, MPEP (10,20-23), and recent reports suggestive of a role
of mGlu5 receptors or its intracellular signaling cascades in excessive alcohol intake as
determined in models of alcohol binge drinking (58) and genetic ethanol preference (i.e., in P
rats; 59). The present data extend this evidence by establishing a role for mGlu5 receptors in
the acute reinforcing actions of ethanol in rats not selected for ethanol preference (i.e.,
genetically heterogeneous Wistar rats) and in ethanol reinforcement under limited-access
conditions. Reduction of glutamatergic transmission by either mGlu5 blockade or mGlu2/3
activation within the mesocorticolimbic dopamine circuitry is a likely factor in the reduction
of ethanol-reinforced responding, given that decreases in extracellular glutamate are associated
with reductions in ethanol reward-related dopamine transmission (60).

Effects of LY379268 and MTEP in ethanol post-dependent rats: Neuroadaptation
A central objective of this study was to establish whether a history of ethanol dependence is
associated with alterations in the effects of LY379268 and MTEP on ethanol-seeking and
reinforcement. Analysis of the “inhibition profiles” of LY379268's effects on ethanol self-
administration and stress-induced reinstatement revealed a significantly greater reduction in
both behaviors at the lowest dose in post-dependent vs. non-dependent rats, suggesting a
leftward shift in the dose-effect curve. For MTEP, however, analysis of the inhibition profiles
failed to confirm statistically significant differences between non-dependent and post-
dependent animals. Thus, the results provide evidence of differential effects of mGlu2/3 (but
not mGlu5) manipulation on ethanol self-administration and stress-induced reinstatement as a
function of dependence history. The increased efficacy of LY379268 in post-dependent rats is
likely to result from changes in mGlu2/3 functional activity that serves to reduce
hyperglutamatergic tone associated with ethanol dependence (3,16). Although this hypothesis
remains to be tested directly in ethanol post-dependent animals, evidence from studies with
chronic psychostimulant exposure supports this possibility (61). Rats with a history of escalated
cocaine self-administration show increased sensitivity to the anxiolytic-like effects of
LY379268 (62), and increased mGlu2/3 functional activity (Hao, Martin-Fardon and Weiss,
unpublished), consistent with the present results. Additionally, stimulation of mGlu2/3
receptors by LY379268 decreases amphetamine-sensitized glutamate overflow in the rat
nucleus accumbens and blocks amphetamine-induced locomotor sensitization (63). These
observations suggest that mGlu2/3 receptors are functionally upregulated by chronic drug
exposure, which would explain the increased efficacy of LY379268 on ethanol-motivated
behavior in post-dependent rats.

In contrast to the findings with LY379268, the effects of MTEP remained unaltered in post-
dependent rats. It is unclear at present whether ethanol exposure at dependence-inducing levels
does not alter mGlu5 receptor sensitivity or whether longer periods or higher levels of ethanol
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intoxication than used here are necessary to alter mGlu5 signaling. Tentatively consistent with
the latter possibility are findings that two months of ethanol liquid-diet exposure induced
significant decreases in mGlu5 expression in the hippocampus of male Sprague Dawley rats
(64), although the behavioral significance of these changes remains to be explored.

Implications for the Treatment Target Potential of mGluRs
The results confirm that attenuation of glutamatergic transmission by mGlu2/3 agonists or
mGlu5 antagonists decreases the reinforcing effects of ethanol and attenuates the effects of
stress on ethanol-seeking. In conjunction with previous findings, these results are significant
from a treatment target potential perspective because they not only identify both mGlu2/3 and
mGlu5 receptors as substrates mediating ethanol-maintained reinforcement and stress-induced
reinstatement of ethanol-seeking but also implicate mGlu2/3 receptors as putative targets to
counteract neuroadaptive changes in glutamate neurotransmission associated with ethanol
dependence. Moreover, the effects of pharmacological manipulation of these receptors extend
to attenuation of cue-induced reinstatement of ethanol-seeking (31,42,54,65) and drug-seeking
and reinforcement associated with other drugs of abuse (25,29,30,37,47,66-69). Specifically,
the mGlu2/3 agonist LY379268 has been shown to interfere with reinstatement of drug-seeking
induced by cocaine “priming” doses (39,70) and by cocaine- (37), heroin- (66), or nicotine-
associated environmental stimuli (67). Similarly, the mGlu5 antagonists MTEP and MPEP
reduce cocaine prime-induced reinstatement (69) and conditioned reinstatement of ethanol-
(31,65), cocaine- (29,47,69), methamphetamine- (68), and nicotine-seeking (25,30).
Additionally, mGlu5 blockade attenuates cocaine (25,71) and nicotine (25,27) reinforcement.
These actions are indicative of potential “therapeutic” actions for a wide array of addiction-
related behaviors across several drugs of abuse and implicate mGlu2/3 and mGlu5 receptors
as promising targets for the treatment of drug and alcohol abuse and relapse prevention. The
present finding that LY379268 and MTEP remain fully effective at reducing ethanol self-
administration and stress-induced reinstatement following dependence-inducing ethanol
exposure further imply strong treatment target potential for mGlu2/3 and mGlu5 receptors for
alcohol addiction. Moreover, in the case of LY379268, efficacy at reducing ethanol self-
administration and seeking was enhanced in post-dependent rats with significant suppression
of alcohol-directed behavior at a low dose that is well outside the range of undesirable side
effects, such as ataxia or locomotor impairment (e.g., 48,49). Lastly, both LY379268 and
MTEP (or MPEP) do not interfere with behavior reinforced by potent natural rewards (37,
72), and this selective interference with drug-seeking is likely to be further indicative of
treatment target promise.

In conclusion, the results implicate mGlu2/3- and mGlu5-regulated glutamatergic transmission
as mechanisms mediating alcohol-maintained reinforcement and stress-induced reinstatement
of alcohol-seeking. Moreover, neuroadaptive changes associated with an alcohol dependence
history modify mGlu2/3 receptor-mediated effects, thereby identifying these mGluRs as
relevant for the understanding of the neurobiology of alcohol addiction and its
pharmacotherapy.
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Abbreviations

LY379268 (-)-2-oxa-4-aminobicylco[3.1.0]hexane-4,6-dicarboxylic acid

MTEP 3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]-pyridine
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MPEP 2-methyl-6-(phenyl-ethynyl)-pyridine

mGluR metabotropic glutamate receptor
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Figure 1.
Somatic withdrawal signs measured 12 h after the final ethanol administration. Inset: Overall
withdrawal severity (sum of the somatic withdrawal scores across the five behavioral signs of
ethanol withdrawal). ***p < 0.001 vs. non-dependent. VLR, ventromedial limb retraction.
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Figure 2.
(A) Effects of LY379268 on ethanol self-administration in non-dependent and post-dependent
rats. (B) Percent inhibition of ethanol-reinforced responses by LY379268. *p < 0.05, ***p <
0.001 vs. 0 mg/kg (vehicle); §p < 0.05, §§p < 0.01 vs. 3.0 mg/kg; #p < 0.05 vs. 0.3 mg/kg non-
dependent.
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Figure 3.
(A) Effects of MTEP on ethanol self-administration in non-dependent and post-dependent rats.
(B) Percent inhibition of ethanol-reinforced responses by MTEP. *p < 0.05 vs. 0 mg/kg
(vehicle); §p < 0.05 vs. 3.0 mg/kg.
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Figure 4.
Effects of LY379268 on stress-induced reinstatement of ethanol-seeking. (A) Active and
inactive lever responses during self-administration (SA), extinction (EXT), and footshock
stress in non-dependent (left panel) and post-dependent (right panel) rats. (B) Percent inhibition
of stress-induced reinstatement by LY379268. *p < 0.05, ***p < 0.001 vs. 0 mg/kg
(vehicle); §p < 0.05, §§p < 0.01 vs. 3.0 mg/kg; †p < 0.05, †††p < 0.001 vs. EXT; #p < 0.05 vs.
0.3 mg/kg non-dependent; 0.1 > ‡p > 0.05 vs. 1.0 mg/kg non-dependent.
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Figure 5.
Effects of MTEP on stress-induced reinstatement of ethanol-seeking. (A) Active and inactive
lever responses during self-administration (SA), extinction (EXT), and footshock stress in non-
dependent (left panel) and post-dependent (right panel) rats. (B) Percent inhibition of stress-
induced reinstatement by MTEP. **p < 0.01, ***p < 0.001 vs. 0 mg/kg (vehicle); §p < 0.05
vs. 3.0 mg/kg; †p < 0.05, ††p < 0.01 vs. EXT.

Sidhpura et al. Page 22

Biol Psychiatry. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


