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Abstract

Differential expression of group I mGIluR in rat brain and
change of locomotor activity by blockade of this receptor in
the expression of amphetamine—-induced behavioral

sensitization

Ju Kyong Jang

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Jeong-Hoon Kim)

Brain metabotropic  glutamate receptors (mGluRs) have been
implicated in the expression of sensitization by amphetamine (AMPH). It
was previously shown that repeated exposure to AMPH develops
cross—sensitization to the microinjection into the nucleus accumbens
(NAcc) of the broad spectrum mGIluR antagonist (RS)-MCPG,
suggesting that mGIluR mediated glutamate neurotransmission in this
site 1s altered by AMPH pre-exposure. The present study further
examined the contribution of mGIluRs to AMPH-induced locomotor
sensitization by measuring their expression levels in various brain
regions and the contribution of group I mGluRs to AMPH-induced
locomotor sensitization both by systemic injection and by blocking these
receptors directly in the NAcc. First, rats in different groups were
administered five injections of saline or AMPH (1.5 mg/kg, i.p.), one
injection every three to four days. Two weeks after the last injection,
rats locomotor activity was assessed for 2h following a systemic

injection of either saline or LY341495, a group IO mGluR antagonist.



When systemically injected, AMPH compared to saline pre—-exposed rats
showed an enhanced hyper-locomotor activity to LY341495 in a
dose—-dependent manner. Secondly, we examined the expression levels of
mGluRs by using immunoblotting method. Interestingly, in both the
NAcc and the striatum, expression level of group I (mGIluR 2/3)
mGluRs are increased in AMPH compared to saline pre-exposed rats.
Furthermore, in the striatum , expression levels of group I mGluRs
(mGluR1 and 5) are increased in AMPH compared to saline pre-exposed
rats. However, in the VTA, expression level of all subtypes of mGluRs
have not been changed. Lastly microinjection of LY341495 into the NAcc
were made after AMPH sensitization development described as above. It
increases locomotor activity equally in AMPH and saline pre-exposed
rats. Interestingly, it was previously shown by others that microinjection
of a relatively high dose of LY341495 (10 wg/0.5¢0/side) into the NAcc
produced a significantly different locomotor activity in AMPH compared
saline pre—-exposed rats. These results suggest that repeated AMPH
alters glutamatergic neurotransmission mediated by group II mGluRs in
the NAcc, but animals require relatively high amount of antagonist in
the NAcc to produce hyper-locomotion effect.

In conclusion, the present study indicates that group II mGluR levels
in the NAcc differentially expressed when AMPH sensitization developed
and this change may contribute to hyper—locomotor activity produced by
an antagonist to these receptors. All together, these results suggest that
group II mGluRs may posit to play an important role in the NAcc to
regulate the expression of AMPH-induced behavioral sensitization.

Key words @ metabotropic glutamate receptor(mGIluR), nucleus
accumbens(NAcc), amphetamine, ventral tegmental area(VTA),

behavioral sensitization
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I. INTRODUCTION

Repeated intermittent exposure to psychomotor stimulant drugs such
as amphetamine (AMPH) and cocaine leads to a long lasting
enhancement in locomotor responding to these drugs, a phenomenon
known as locomotor sensitization'. Exposure to sensitizing regimens of
psychomotor stimulant drugs has also been suggested to enhance the
rewarding or incentive motivational properties of these drugs2 as
evidenced by facilitation of their subsequent self-administration” ° and
enhanced preferences for places associated with these drugsm. The
nucleus accumbens (NAcc) is known to be an important site for the
expression of locomotor sensitization by AMPH"?. Tt receives extensive

) . . ) 10
dopaminergic innervation from the ventral mesencephalon and



glutamatergic projections directly from the prefrontal cortex (PFC) and
limbic structures such as the hippocampal formation and amygdalanﬂ.
These projections are known to contribute to the expression of
locomotor sensitization.

Metabotropic glutamate receptors (mGluRs) are widely expressed in

Y16 The mGluRs constitute a diverse

rat brain, especially in the NAcc
group and differ in several characteristics from a majority of other
known G protein—coupled receptors. Until now 8 subtypes of mGluRs
have been cloned and numbered successively beginning from those
discovered the earliest (mGIluR1 - mGIluR8). Further studies based on
intracellular effects of stimulation of these receptors, on their
pharmacological profile and their mutual amino acid sequence homology,
allowed for assignment of individual mGIluR subtypes to three main
groupslHS. Group I includes mGluR1 and mGIluR5, group I dose
mGIluR2 and mGluR3, and group I dose mGluR4, mGluR6, mGIluR7 and
mGIuRS.

The role of mGIluRs in psychostimulant-induced behavioral
sensitization has also been studied. While repeated co-infusion with
AMPH into the VTA of the broad spectrum mGluR antagonist, (RS)-a
-methyl-4-carboxyphenylglycine [(RS)-MCPGJ], has been shown to
prevent the development of locomotor sensitization by AMPHIQ, this
antagonist also elicits a greater locomotor response in AMPH compared
to saline pre-exposed rats when administered intracranially into the
NAcc 2 weeks after the last drug pre-exposure injectionzo. It has been
suggested that this latter finding may reflect a contribution by Group II
mGluRs in the NAcc to the expression of sensitization by psychomotor
stimulant drugsm. Consistent with this view, it was recently reported

that the Group IO mGluR-selective antagonist 1Y341495 also elicits a



greater locomotor response in AMPH compared to saline pre-exposed
rats™. It remains to be directly determined, however, whether the
expression of locomotor sensitization by drugs like AMPH is mediated
by NAcc group II mGluRs. Therefore the present study examined the
contribution of group O mGIluRs to AMPH-induced locomotor
sensitization by blocking these receptors both systemically and directly

in the NAcc and measuring their expression levels in this site.



II. MATERIALS AND METHODS

1. Subjects and surgery

Male Sprague-Dawley rats weighing 250-275 g on arrival from
Samtako were used. They were housed individually in a 12 h light/12 h
dark cycle room, with food and water available at all times. A week
after arrival, rats were anesthetized with ketamine (10 mg/kg i.p.)
followed by xylazine (6 mg/kg ip.) and placed in a stereotaxic instrument
with the incisor bar positioned 5.0 mm above the interaural line
(Pellegrino et al.,, 1979). They were then implanted with chronic bilateral
guide cannulae (22 gauge, Plastics One, Roanoke, VA) aimed at the
NAcc (A/P, + 34; L, + 15 D/V, -75 from bregma and skull.
Cannulae were angled at 10° to the vertical and positioned 1 mm above
the final injection site. All cannulae were secured with dental acrylic
cement anchored to stainless steel screws fixed to the skull. After
surgery, 28 gauge obturators were placed in the guide cannulae and rats

were returned to their home cages for a 7-10 days recovery period.

2. Drugs

D-Amphetamine sulfate (U.S.P., USA) was dissolved in sterile 0.9%
saline. 1.Y341495 (Ely Lilly Research Laboratories, Indianapolis, IN, USA)
was dissolved in 1.2 equivalent of NaOH solution and small aliquots
were stored at -70TC. Immediately before use, frozen aliquots of the

drugs were diluted in sterile 0.9% saline.

3. Inracranial microinjections

Bilateral intracranial microinjections into the NAcc were made in the



freely moving rat. Injection cannulae (28 gauge) connected to 1 0
syringes (Hamilton, USA) via PE-20 tubing were inserted to a depth 1
mm below the guide cannula tips. Injections were made in a volume of
0.5 ul/side during 30s. After 60s the injection cannulae were withdrawn,
the obturators replaced and testing begun immediately by placing rats in

the activity boxes.

4. Locomotor activity

A bank of 12 activity boxes were used to measure locomotor
activity. Each box (36 x 40 x 26 cm) was constructed of opaque plastic
walls and a tubular stainless-steel floor. Two photocells, positioned 3.5
cn above the floor and spaced evenly along the longitudinal axis of each
box, estimated horizontal locomotion. Two additional photocells,
positioned on the side walls 13.5 cm above the floor estimated rearing.
Separate interruptions of photocell beams were detected and recorded via

an electrical interface by a computer situated in an adjacent room.

5. Immunoblotting

Two weeks after the last pre-exposure injection of saline or AMPH,
rats were decapitated, and the brains were rapidly removed and
dissected into coronal sections on ice. The brain regions were dissected
on an ice-cooled Plexiglas plate, including the ventral tegmental area,
striatum, and nucleus accumbens. Brain tissues were immediately frozen
on dry ice and stored at -70 T. They were homogenized with a
hand-held tissue grinder in homogenization medium (0.32 M sucrose, 2
mM EDTA, 1% SDS), subjected to low-speed centrifugation (2000 g, to
remove insoluble material), and stored at - 20 T. Protein concentrations

were determined by the Folin - Lowry assayZS. Samples (5 - 20 mg) of



protein were subjected to sodium dodecyl sulfate - polyacrylamide gel (6
-8 %) electrophoresis, transferred to nitrocellulose membranes
electrophoretically, and probed for mGIluR subtype levels. Primary
antibodies (Upstate Biotechnology, Lake Placid, NY, USA) against each
mGluR subtypes (mGluR1, mGIluR2/3, mGluR4 and mGIuR5) were diluted
1 : 1000, 1 : 1300, 1 : 1000, and 1 : 5000, respectively. Labeled proteins
were detected using a horseradish peroxidase-conjugated anti-rabbit IgG
secondary antibody diluted 1 : 5000 (Sigma). They were visualized with
enhanced chemiluminescence (Amersham Biosciences, Piscataway, NJ).
Bands were visualized using Fujifilm image gauge and quantified based
on densitometric values using Fujifilm Science Lab 99 L-Process v1.96
softwareZ4, and all bands were expressed as percentage of the saline

control values, after normalization with B-actin.

6. Design and procedure

The experiments consisted of a pre-exposure phase and a test phase
for sensitization. For pre-exposure, rats were administered either saline
or AMPH (1.5 mg/kg, ip.) on five occasions, one injection every 2-3
days. This regimen of AMPH injections is known to produce enduring
sensitization of the locomotor response to AMPH (Robinson and Becker,
1986; Vezina and Stewart, 1989). Immediately after the first and fifth
injections, rats were placed in the activity boxes and their locomotor
activity was measured for 2 h. During other injections, locomotor
activity was not measured and animals following these injections were
returned to their home cages. Test for sensitization was made two
weeks after the last exposure injection. Rats were first habituated to the
activity boxes for 1 h and then injected AMPH (1.5 mg/kg, ip.) and

immediately their locomotor activity were measured for an additional Zh.
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7. Histology

After completion of the experiments, rats were anesthetized and
perfused via intracardiac infusion of saline and 109 formalin. Brains were
removed and postfixed in 10% formalin. Coronal sections (40 pm) were
subsequently stained with cresyl violet for verification of cannulae tip

placements.

8. Data analysis

Immunoblotting data were analyzed with paired student t-test. Total
locomotor activity scores (means * s.e.am.) were analyzed by using
two-way ANOVA with injections and groups as factors of variation.

Post-hoc tests were performed by using Student-Newman-Keuls.



III. Results

1. Repeated AMPH produces cross—sensitization to a group II

mGluR antagonist LY341495 in a dose-dependent manner.

Figure 1 shows locomotor activity counts obtained in rats
pre—exposed 2 weeks earlier to AMPH or saline and tested after
systemic injection of the selective group II mGluR antagonist 1LY341495.
When systemically injected, LY341495 produced a significant increase of
locomotion in a dose-dependent manner. The ANOVA conducted on the
locomotor counts obtained in the first hour post-injection revealed
significant  effects of injection [F(1,51)=35.08, p<0.001], group
[F(2,51)=40.52, p<0.001], and injection x group [F(2,51)=5.60, p<0.01].
Post-hoc test revealed that L[Y341495 dose-dependently produced
significantly enhanced increase of locomotion in both saline and AMPH
pre-exposed rats (p < 0.001). However, these effects were produced
significantly greater in AMPH than saline pre-exposed rats at two
doses of LY341495 (1 and 3 mg/kg; p < 0001 and p = 0.001,

respectively).

_10_
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Figure 1. The selective group II mGluR antagonist LY341495 produces enhanced

increase of locomotion when systemically administered to AMPH compared to

saline pre-exposed rats. (A) Pre- and post-injection time course for locomotor

activity in different groups is shown as means (+SEM). Rats were injected at

time 0. (B) Data are shown as group means (+SEM) of the first hour total
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activity counts. ###, p<0.001, sal-sal vs. sal-LY341495(3mg/kg, i.p.). =%,
p<0.001, AMPH-sal vs. AMPH- 1LY341495(1mg/kg, i.p.), AMPH-sal vs. AMPH-
LY341495(3mg/kg, ip.). ¥ ¥ 1, p<0.00l, AMPH-LY341495(1mg/kg, ip.) Vs.
sal-LY341495(1mg/kg, i.p.), AMPH-LY341495(3mg/kg, ip.) vs. sal-LY341495((3mg/

kg, i.p.).

2. Repeated AMPH alters the expression levels of mGluRs in the
NAcc and the striatum but not in the VTA.

We examined the contribution of group I mGluRs to AMPH-induced
locomotor sensitization by measuring their expression levels in the
nucleus accumbens (NAcc), striatum and ventral tegmental area (VTA).
Rats in different groups were administered five injections of saline or
AMPH (15 mg/kg, ip), one injection every two to three days. Two
weeks after, rats were decapitated and NAcc, striatum and VTA were
punched out and frozen. Proteins were isolated and Western blots were
performed with antibodies for different subtypes of mGluRs (group I, 1I,
III). In the NAcc, expression levels of group II mGluRs are significantly
increased in AMPH compared to saline pre-exposed rats (Fig. 2). In the
striatum, furthermore, chronic AMPH administration produces a change
in the expression levels of groupl and I mGluRs (Fig. 3) but, in the
VTA, another important region for addiction, expression level for all

subtypes of mGluRs have not been changed (Fig. 4).

_12_
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Figure 2. Repeated AMPH produces a change in the expression levels of
mGluR2/3 in the nucleus accumbens. Immunoblot(A) and quantitative
densitometric measurements of mGluR levels(B) in the NAcc of rats
decapitated 2 weeks after AMPH or sal pre-exposure. The numbers in each
bar graph is the number of determination in each group. *, p<0.05, compared

the saline to AMPH groups using Student's #-test
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Figure 3. Repeated AMPH produces a change in the expression level of group
I and O mGluRs in the striatum. Immunoblot(A) and gquantitative densitometric
measurements of mGIluR levels(B) in the striatum of rats decapitated 2 weeks
after AMPH or sal pre-exposure. *, p<0.05, *** p < 0.001, compared the
saline to AMPH groups using Student's ¢-test
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Figure 4. Repeated AMPH did not alter in the expression level of all subtypes
of mGluRs in the VTA. Immunoblot(A) and quantitative densitometric
measurements of mGIuR levels(B) in the VTA of rats decapitated 2 weeks

after AMPH or sal pre-exposure.
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3. LY341495 increases locomotor activity equally in AMPH and

saline pre—-exposed rats.

When challenged with LY341495 (0.1, 0.5, 2.5pg/0.5u0/side) in the
NAcc 2 weeks following the last drug pre-exposure injection, it was
found that this selective group I mGluR antagonist produced increased
locomotion (Fig. 5). However, no significant difference between saline
and AMPH pre-exposed rats was observed in a range of dose we used.
None of the ANOVA conducted on the present locomotor data revealed
at any time a significant difference between groups, indicating that prior
exposure to AMPH did not affect the subsequent locomotor responses to

NAcc LY341495 in this dose ranges.

_16_
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Figure 5. The selective group II mGluR antagonist 1.Y341495 produces increased
locomotion when injected into the NAcc of AMPH pre-exposed rats. (A) Pre-
and postinjection time course for locomotor activity in different groups is

shown as means (+ SEM). Rats were injected at time 0. (B) Data are shown
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as group means (+ SEM) of the first hour total activity counts. None of the
ANOVA conducted on these data at any time detected significant differences

between groups.

4. Histology

Of the total of 44 rats tested, only rat with injection cannula tips
located bilaterally in the NAcc were included in the data analyses. No
neuronal damage was observed other than the mechanical damage

produced by the insertion of the cannulas.
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IV. Discussion

The present results demonstrate that repeated AMPH produces
cross—sensitization to a group II mGIluR antagonist LY341495 in a
dose-dependent manner. Furthermore, repeated exposure to AMPH
produced marked alterations in the expression level of mGluRs.
Together, these results further support the notion that repeated AMPH
may alter glutamatergic neurotransmission mediated by group II mGluRs

in the NAcc.

1. Change of locomotor activity by blockade of group II mGluR,
LY341495, in the AMPH -pre—-exposed rats.

It has already been shown that (RS)-MCPG has no effect on
locomotor activity when it is injected alone into the NAcc of drug-naive

20,25
rats

. Interestingly, however, injection of (RS)-MCPG into the NAcc
produced increased locomotor activity in AMPH-pre—-exposed rats™. It
was suggested that this finding may reflect a role for group II mGIluR
autoreceptorsm. Supporting this, it was recently reported that group II
mGluR-selective antagonist 1Y341495 dose-dependently increased the
locomotor activity without any pre—exposure26 and it also elicits a
greater locomotor response in AMPH compared to saline pre-exposed
rats”. The present study confirmed and extended these findings by
using two doses of LY341495 (1 or 3 mg/kg, ip.). When systemically
injected, LY341495 produced a significant increase of locomotion in a
dose-dependent manner. More importantly, systemic 1Y341495 produced
a greater hyper—locomotion in AMPH compared to saline pre-exposed

rats. These findings suggest that group II mGIuR play an important role

_19_



in the expression of AMPH-induced sensitization.

2. Repeated AMPH alters the expression levels of mGluRs in the

NAcc and the striatum but not in the VTA.

Figure 1. shows that repeated exposure to AMPH develops
cross—sensitization to the systemic injection of the group II mGIuR
antagonist 1Y341495, suggesting that group II mGluR mediated
glutamate neurotransmission is altered by AMPH pre-exposure. The
present study further examined the contribution of group II mGluRs to
AMPH-induced locomotor sensitization by measuring their expression
levels in the NAcc, striatum and VTA. It was reported that all subtypes

13-16 .
. Previous

of mGluRs are expressed in these brain areas in rat
studies have shown that repeated AMPH reduced mGIuR5 mRNA
expression level in striatum and NAcc”. And chronic cocaine produced
an enduring reduction in mGluR2/3 function in the NAcc™. Unlike with
previous studies, the present immunoblotting study found that repeated
AMPH produced increase in the expression levels of group II mGIuR
(mGluR2/3) in the NAcc, group I (mGluR1 and 5) and group II mGIluR
in the striatum, while any mGluR subtypes did not significantly change
in the VTA in AMPH pre-exposed rat. The discrepancies among these
studies may result from such experimental differences as doses, route of
administration, treatment schedule, length of withdrawal, brain area
examined. However, the present data are consistent with some of the
previously observed changes in extracellular glutamate levels associated
with repeated cocaine administration. For example, the repeated

administration of cocaine has been shown that basal pre-injection levels

of extracellular glutamate in the NAcc have reduced” ™. Also, while

_20_



AMPH acutely increased glutamate overflow in the NAcc” ™

, this effect
was sensitized in rats pre-exposed to AMPH two weeks earlier™.
Therefore, as in the present study, the up-regulation of mGluR 2/3
receptors in the NAcc and striatum may reflect the changes resulted

from the compensatory responses after chronic AMPH pre-exposure.

3. LY341495 increases locomotor activity equally in AMPH and

saline pre-exposed rats.

Figure 1. shows that AMPH compared to saline pre-exposed rat
showed an enhance hyper-locomotor activity to LY341495 (1 or 3 mg/kg,
ip.) in a dose-dependent manner. The present study further examined
the contribution of group II mGluRs to AMPH-induced locomotor
sensitization by blocking these receptors directly in the NAcc. Consistent
with previous data from systemic challenge, 1.Y341495 (0.1, 0.5, 2.5 pug
/0.540/side) increased locomotor activity when injected into the NAcc in
a dose-dependent manner, however, no significant difference between
saline and AMPH pre-exposed rats was observed in a range of doses
we used. Interestingly, it was previously shown that NAcc LY341495
produced a significantly different locomotor activity in AMPH compared
to saline pre-exposed rats when given at a much higher dose (10 pg/0.5
uﬂ/side)34. Together, these findings suggest that repeated AMPH alters
glutamatergic neurotransmission mediated by group II mGluRs in the
NAcc, but they require relatively high amount of antagonist in the

NAcc to produce hyper-locomotion effect.
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V. Conclusion

We investigated the role of the NAcc group II mGluRs in the
expression of AMPH-induced behavioral sensitization by measuring the
locomotor activity after systemic or microinjection into the NAcc of
group II mGluR antagonist L1Y341495 and their expression levels in
the AMPH sensitized rat brain. The results obtained are summarized as

follows.

1. Repeated AMPH produces cross-sensitization to a group II mGluR

antagonist 1Y341495 in a dose-dependent manner.

2. In the NAcc, expression levels of group II (mGluR2/3) mGIluR are

increased in AMPH compared to saline pre-exposed rats.

3. In the striatum, expression levels of group I (mGIluR1 and 5) and II
(mGIluR2/3) subtypes of th mGIluR are increased in AMPH compared to

saline pre—-exposed rats.

4. In the VTA, expression level of all subtypes of mGluRs have not

been changed.

5. LY341495 increases locomotor activity equally in AMPH and saline

pre—-exposed rats.

These findings indicate that repeated AMPH produces hyper-locomotion
to a group II mGluR antagonist L1Y341495, and this behavioral change
may result from the altered glutamatergic neurotransmission mediated

by group II mGIluRs in the NAcc.
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Abstract (in Korean)

g el o3 AN S A A FEHE dd Group 1T
mGluR9] 239 HFolg a0 WE FEo W3

==

TEE 4o A8 A o= vhedd e FASEAVE A, o
k& (e.g. AMPH, cocaine)ol] W2 18il Hd Ao ® & HIYS # 1
FEA g Hold dqF wgol FIUHE dAF

sensitization)®] WEFE ¢ i, o= oFE

E TEE Mo B AA AHow AAAEH £33 ZFHI(NAce)9
glutamatergic neurotransmission®| =373} 8tA AT EA ] 3 A5
NE-8-9] #e(development) 23 (expression)d] #§- Fo3 I3 s
i dE A ok 28R B AFaes FE T4 T8
A= mGluRe 715l diste] Folr izt st ol Aol A broad
spectrum mGIuR antagonist?l MCPGE Z=#3] W] acutedtA +< 3
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= "W dee WbEh g, 55971 (VTA)Cl AMPH g7 ibsA o
FYdstA S W AMPHel| <93 locomotor sensitization®] @4 ko

W, AMPHE vlg Aelst & 25 Ho] =z Y=z MCPGE 47

2 N &
8
_O|L

A< v locomotor response’} ZA F7F3HS #AEFAT o= H A9
mGluRel 8] m/ls = AFAddo] AMPHel 28] oj¥ W3ty dojuts

r
)

7tede BTt webA oW Aol = 1) WA YA AMPHS 4
e Hor BHFow H A3 § <FE gl 7| iH(withdrawal period)S
A=A YA, group I mGluR-selective antagonist®! LY341495E (3mg/kg)
4o Flade w oW dEe Wl yeueA, 2) 2l $549

H %
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Aol 23 Heo FE]l Sl A LY3414955 (0.1, 05, 2.5u/0.50
/side) FHARES W 2 WEo] doju=A Fopr i, mA o R 3)
oldl of= FT & o YA Aol mGluRel od AFddEe W&
<olr 7] 913l salinedl taiAl AMPH W A2 &9 Z33(NAce), A=
A (striatum), HSFIN(VTA)NA 22 mGluRe F4 W E
immunoblotting WS &3t AAHSZ ZASIS T

ol el Ay HAES Tt AMPHE A H 3 JolA saline @ A
2] &k kel nlate] LY341495¢ thate] simel wel fsnkSo] AASHA
S7 ekt ol ¥ & A= AMPH A Aol ¢afA mGluRel sl wuj 7|
¥ = glutamate®] A@d g Wy A S Ae ARG UdEgoR S5
of Fagk 99 FH3, AxA, H59NANAM e mGluRe 2d HA=+=
N M += group O mGluRe] AZzAANA= group [ O mGluRY
3ol 24z AMPHS A Agd awolAd F7tstda, 55940+
mGluRe] && e W= #FHA Fokoh vpAFo Rz olg g zAIt o=
A AAe Fash 90 FH3d ostal AFH wifE = dotr ] 9
3t AMPHS A X833t 5 LY34149%5= =x&3 W =E ZH microinjection
e W s&o wet & ol St ey AMPH ¥ saline § &3t
o] Apol= HolA fUrtt 2y FHFALE dHHLE e 5L sEE
FAe W FEHSol FHETHE ®Havk Qo) S#3 e group I
mGIluR® <2z W37l ols =849 antagoniste] ¢ &) veElE= s WA
ste #dol A& AARSH. o] A¥E Este] wHEZ< AMPH2

B\
Y

28 A group I mGluRS &3 glutamatergic neurontransmissions

W Ag welEh

14 ¥E= 2 Metabotropic glutamate receptor(mGluR), =33, 2

Z97), Ao, A5
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