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Using whole cell current- and voltage-clamp recording we
investigated the characteristics and pharmacology of group I
metabotropic glutamate receptor (mGluR)-mediated re-
sponses in rat medial vestibular nucleus (MVN) neurons. In
current clamp conditions, activation of mGIluR I by appli-
cation of the group I mGluR agonist (R,S)-3,5-dihydroxy-
phenylglycine (DHPG) induced a direct excitation of MVN
neurons that is characterized by depolarization and increased
spontaneous firing frequency. To identify which of mGluR
subtypes are responsible for the various actions of DHPG in
MVN, we used two subtype-selective antagonists. (S)-(+)-
alpha-amino-a-methylbenzeneacetic acid (LY367385) is a
potent competitive antagonist that is selective for mGluR1,
whereas 2-methyl-6-(phenylethynyl)-pyridine (MPEP) is a
potent noncompetitive antagonist that is selective for
mGluRS. In voltage clamp conditions, DHPG application
increased the frequency of spontaneous and miniature in-
hibitory postsynaptic currents (IPSCs) but had no effect on
amplitude distributions. Antagonism of the DHPG-induced
increase of miniature IPSCs required the blockade of both
mGluR1 and mGluRS5. DHPG application induced an inward
current, which can be enhanced under depolarized con-
ditions. DHPG-induced current was blocked by LY367385,
but not by MPEP. Both LY367385 and MPEP antagonized
the DHPG-induced suppression of the calcium activated
potassium current (I;;p). These data suggest that mGluR1
and mGluRS have similar roles in the regulation of the
excitability of MVN neurons, and show a little distinct.
Furthermore, mGluR I, via pre- and postsynaptic actions,
have the potential to modulate the functions of the MVN.
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ZTFA73ANA A glutamate 524 (metabotropic
glutamate receptor; mGluR)e| A& A7 il =4,
Al 2eoflA] Ak e] ], A2 7k (plasticity )y sl
A ohekal 2d28-S 713 9ok (Conn & Pin, 1997
Anwyl, 1999). A glutamate 5~8-4= G-xPHA 3} o
AR F8AZ ofu)xAl wlddA) o]xbAgR) 2-gnpa]
o wje} Al FoZ {3k}, &, K- 4~8xlli= phospholipase
C(PLC)E ©]-83h inositoltriphosphate(IP;) 4= =4
st=t mGluRl, 57} aliw=] 2, I3 I~ adenosine
3',5'-cyclic monophosphate H2AIe} Hels]=d] I~
mGIuR2, 3, I~ mGluR4, 6, 7, 8°] 43k} (Conn &
Pin, 1997; Pin & Duvoisin, 1997).
L 8410 42 slvte] CAl FAA oA =
I FsAste] vlE 7 5 ARAS] S 39E de
7]=](Mannaioni et al., 1999), o]2i3t &ab= 243t
oFol- -2 A (Crepel et al., 1994), Z243} 2}
 AF (e AA(Charpak er al., 1990), =472
AA|(Guerineau et al., 1994), 243y} 2] At o)
A zelr AR AA(Luthi et al, 1996) 5ol 23k}
TRl A2 ol oigk 280 2= S hrael 2REsh]
AZA ] FEAlE SASKA A2 TS S7HI7IAY
(Poncer et al., 1995; Zhou & Hablitz, 1997) SApdtle]
T&Aol ZREste] AlfA Fx1FRGo] Qlge] Marw|e]
$lth(Mannaioni et al., 1999; Park et al., 2003).

ARAAR o= & 84 F mGlR1% 5, IRE &
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A2l mGluR29}F 3, IIE &2l mGluR7e] EA)7}1 &
ol=]¢lck(Shigemoto et al., 1992; Darlington & Smith,
1995; Horii et al., 2001). mGluR1, 2 E&A|el ACPD
AEA WS ARE e SbAkee] F7kskal e
(Darlington & Smith, 1995), Grassi 5-(2002)y> I3 111
T Aol 28l long term potentiation(LTP)] o]
A= b mGluR1el 9Jsix= FA8S Hasiola
Park -5-(2003) 1-aminocyclopentane-trans-1,3-dicarboxylic
acid(ACPD)2} mGluR2, 3 &&Al3l (2S,2R,3'R)-2-(2',3"-
dicarboxycyclopropyl)glycine(DCG-IVy’} A4 A|wi2=9]
FATho A AT BulE A=A oA Zge
2 2aA9e wuakge.

# K- 8419l mGluR1% mGIuR57} A2 o} A
1e-= wiige]l dEFlct. Ha-rEels mGluR5= Al

7 F=% H3RZ oY mGluRIe] ofsixE H

sh7b glglem(Kettunen er al., 2002), +=A =xlo]
3k M=ol = mGluR1%te] Fodsk3ich(Kettunen et al.,
2003). =3} sfuke] CAl AlZol4E mGluRl1el &JsiE
Az Z4r 559 #H3E U8k mGluRSel 23]
Ale ZdAst el A2l 94, NMDA &
A AR S5 dozlonf(Mannaioni er al., 2001), ©]
23t A& oE ade T Fol uhet =v AlEY
ol web zpe] & Mol gl

o7 e] HAAIZH e o83 A7ol4 DHPG Az
of 28t I WA glutamate 8419 Aol gk A
= WAL A AT ARE SRS B
sI3=dl(Lee & Chun, 2009), ©|2{3F Hkso] o] subtype
of Z-gslo] WA =A= oFF] MaEx| ket weh
Al o] AgelAe WS AA AN 1 A SRR
FEAe] AT FAF R F]lsly] flste] A AW
2 A=, FZ5A-F, ZedAst 2elg Aol vlA=
mGluR12} mGuR5 Z3HAle] &3bs AFskgiet.

o g

Lo

EEET
e

AH A%

AF 10-1792] Sprague-Dawley 31F5 o 4 ¢l
ARSIl o o] 7= st FEAY FE9ldd]
9] 5915 A9t FAE etherz A w3 & 53
of A9} 7RSS HESk 04°CY A Na' 5=9
Arhgolol] o] B3gt $ 7o} =742 (cyanoacrylate
adhesiveys o|-g3le] ¥H22S IAXFHTE 95% 0,-5%
COs5 Fa3dhHx] =243 7| (vibroslicer, Campden,
T)yE o]&std WS HAAY F9E 200 um FAR
A Arksle] HAHS wEgleh. HA - 37°Ce] <l
Aol gollof] X7 A= Hasiglon], o] Foll+=
2o A ot 715 HHHAE dnlr

R

¢

=] O
= A

>, of
w4

=

(BX50WI, Olympus, %) 919 7]5-87](1 mlpll &~
AlPslelar, Ag7)17get AgaiA 95% 0,-5% CO,7F
73kE] oS WFHZ (Minipuls 3, Gilson, Zgl~)s
o]-gste] IHFAIFATH(1-2 ml/min). AlZe] HEgt 7=
$I8ke &m]7doll differential interference contrast (DIC)
A5 Hastgdor] 400e] water immersion tHEE=
2 AZE Elsksict

ALY

HAAH Ao ARAE Arhgle] =4 mM)e 252
Sucrose, 2.5 KCI, 0.1 CaCl,, 2 MgCl,, 10 glucose, 26
NaHCO;, 1.25 NaH,PO/5-2 & A=l or, A~ A
7155 $ek ol¥ HAHFAL 124 NaCl, 5 KCl, 1.2
KH,PO,, 1.3 MgSO,, 2.4 CaCl,, 10 glucose, 24 NaHCO,
°]A3L, 95% 0,-5% CO;= Fw3dt] pHE 74% XI5}
ek, AP A A A 7154 AlE22Elo
= A AN ARE 9ARITI7) SlEked AMPA
& A9l 6,7-dinitroquinoxaline-2,3-dione (DNQX)
20 uM=} (£)2-amino-5-phosphono- pentanoic acid (AP5)
20 pM= ZIAZ oW, vl AT AT 715X
TTX 0.5 uME 37} shodet. Az €2 140 KCI, 1
MgClL, 0.1 CaCl, 10 HEPES, 0.5 EGTA, 2 MgATP,
0.3 NaGIPZ AMgsli, pHE 7397 3koich. njA€A
ofol A= =lelr] $gh A28 100 NaCl, 3
KCl, 1.2 KH,PO,, 1.3 MgCl,, 1 CaCl,, 10 glucose, 24
NaHCO, 24 TEA-Cl °|3l3, Az &4 140 CsCl,
5 EGTA, 5 HEPES, 1 CaCl,, 3 MgATPE AR&3}9)
Alglof] 283 APS5, DNQX, L-glutamic acid 5~ Sigma
AHEE PRI I8, (2S,1'R,2'R,3'R)-2(2,3-dicarboxy-
cyclopropyl) glycine (DCG-1V), (S)-3,5- dihydroxyphenyl-
glycine (DHPG), (S)-(+)-a-amino-a-methylbenzeneacetic
acid (LY367385), 2-methyl-6-(phenylethynyl)-pyridine
(MPEP), tetrodotoxin(TTX) Tocris*H(&d=)ellA] 713}
of ARGSRgich. Alzol oigh Aggle] HEe FHE
o83t HFAAE olEsle] 7587 Eolle wsksigi.

A7 A=A 754

vl f-2]H= A=7)(PP-830, Narishige, &)} micro-
forge (MF-830, Narishige, $E)g ©]-835ld 973 1.5 mm
o] oA fEuAIFH(WPL vl #de] 3-5 MQe] ==
E 715ASS ARkl ASol she T Az
slo] WS A ATE Alzute] oo WP B
w9k 7}8le] giga ohm seatd o] Fith. H-FAol
ofet ApA] skt wEsE 4, mhHsE Aol ot
AFZA o= Axopatch 200B 5%7](Axon, B|5)E A&
533, o] S%7|+= Digidata 1200B(Axon, v|=) ADH
715 Esked el A5kl e, pCLAMP software
(version 9.0, Axon, "|9 )5 ARE3sle] Ao =g

rl
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3} sdojzl WIIAB) A% o BAol o) galich. wE
g Aol A
AYARY 24

A sk ol Al 2Fe] 24 Mini Analy-
sis program (version 6.0, Synaptosoft, @] )& ©]-835}3i L
2EA-e] %4> Clampfit(version 9.0, Axon, ©]= )& ©]-&
sholet. Al AR5 71713 Eelekerls 8-15pA o
o] 715 7R 97% ool At A skl

o,
o]

BE AT 47+ 2FeA) Yooz FHsigle

Z7ol o3l oFEEdte] w|aE Student t-testsS ©]

IZ A 2749 83 Z8A7 WSAA Y
& AEgA X JF

N2 e ARIAL S| Slal] 26709
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Fig. 1. Effects of Group I mGluR agonist DHPG on the spontane-
ous discharge and membrane potential of MVN neurons. (A)
DHPG increased the spontaneous discharge of a MVN neuron. (B)
Firing frequency histograms show that DHPG increased the spon-
taneous discharge rate. (C) In a TTX containing solution, DHPG
depolarized membrane potential.

A 2ol A AF L (current clamp)o-Z A 7|55
Ak, 71535k A2 F o] AlZolrE qgut #gte] o
A A= 2Pl A713S Holx] ¢gie)
2] 22709 AFolM= 2Pl A4S BT,
Ak 47 mV ~—65 mV7HA] theksiglan zpikEel &
Ao vz 2w 6.4+0.739

- oAk 7Rkl 84 adAl9l DHPG(100 pM)
5 WR-gloll AL AZE ol 22719 AEZ F 19709 Al
Fo| 4] (86%) APUA EAJe) Hlwst 2 6.3+ 0.6 34
82+0.7 3% F718lglem (p<0.05) (Fig. 1), Y=l 3
N AlZolMs FoA2 giglent ot Fhasigch wl
o] Wzks ok 9] F 202 - 1% FHE Ho7] A%
gow] DHPG7} Zas|x] 92 Alxe] goloz As
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Fig. 2. Effects of DHPG on spontaneous inhibitory postsynaptic
currents (SIPSCs). (A) Current traces of sIPSCs show the effects of
DHPG on the synaptic activity of a MVN neuron. (B) Cumulative
fraction plot of sIPSCs interevent interval and amplitude. (C)
DHPG significantly increased the average sIPSCs frequency. No
significant effect on sSIPSCs amplitude was observed.
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JAX)7] & DHPGE =g 319 w] ok Z9l 3 30
Z -1 F Rkl wie] WEEA, ol ool
2EA] ke fNog AIFA AR 3=
(n=3, Fig. 10).

A A v] A A] Y £2F A F-(miniature postsynaptic current)
of did &3}

A ZAdel] F7kasE M9l DHPGO| 2H71A< 1t
ozl ma] AW Aol tigk DHPGS] E35 Yo}

okt WEHAee] A2 Heoll= non-NMDA, NMDA
TEAE 57 A A2 Aok GABA 8415
&3 QA AE AFTE AR 28 o Al
A A4l gleka v 5w} lol(Chun ef al, 2003a)
o] odFolAE A wAAYLT Aol et DHPGE]
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Fig. 3. Effects of DHPG on miniature inhibitory postsynaptic cur-
rents (mIPSCs). (A) Current traces of mIPSCs show the effects of
DHPG on the synaptic activity of a MVN neuron. (B) Cumulative
fraction plot of mIPSCs interevent interval and amplitude. Applica-
tion of DHPG increased the frequency of mIPSCs but the ampli-
tude was not changed. (C) DHPG significantly increased the
average mIPSCs frequency.

a5 E]lskGnt. A AES AE 7155 9
slod Alze] gollo] AMPA 84 Z3AI)] DNQX 20 uM
7} NMDA &= ZgAl AP5 20 uMs 718l &
A AT ARE Ao fAHYE -70mV
2 3435l AT ARE 7158

10719] Az =2pEAel AY2F AHfoll DHPG
100 uMS- Foi3l Az} HlxErl 29+0.8 3ol 72+1.9
3z FsHl SRl (P <0.05), 271 264+4.0
pACllA 29.5+55 pAg FolIgh WSS Molx] eiirh(Fig.
2). TTX 0.5 uM= A 2Jsle] A1748- A Aigt 3 o]
AR YT Zoll Bigk DHPGE] &5 ERlIsloiet. DHPG
A2 & HlxEE 25+04 3o 3.9+05 3= oA
7kl e (P <0.05), 715 22.7+42 pAolA 285+
46 pAZ S7Iskl ot o3k @skttn=7) (Fig. 3).
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doluf=A| #elskiat mGluR17H mGluRSel A28
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Fig. 4. Both mGluR1 and mGIuRS5 mediates the DHPG induced
increase in the frequency of sIPSCs. (A) DHPG-induced increase
in the frequency of sIPSCs was remained by coapplication with
MPEP or LY367385. (B) Bar graph showing the increase in the fre-
quency of sIPSCs induced by DHPG in the presence of MPEP or
LY367385.
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gjl

#¢ Z7lellE mGluR1Z mGIluRS”
claksh

BE ol

mlo

DHPGSY A Y&% =4
DHPG®| A% 8ol gt aabs dohir] $l5}e]
DHPGell oJet 7ol #H3ls 7|53t A= -
60 mVE 243sle] DHPGE AHzals = ek =i
7} Aslgint, ARl F7)= 35.7+5.7 pAelPem(n="7),
ofgo] FaEA] 92 FHORE AFFA] A4 AAte)
2 3]5FH3AHn = 10). %X]ijoﬂl"é_ —50mVZ 1A}k
DHPGel| 9]l 2hlgh Wekd = 67.1+52 pAY(n=7)
2715 Mo gl %ﬁr—?ﬂoﬂ upet Ao = F
7}eS- glelslgirt. DHPG2F mGluR59] &JA|#e]l MPEP
7} ¥3ty foloz JIFA|l 62.8+73 pAY WIAAF
71535+t n = 6). =211} DHPG2} mGluR12] A4

o] LY3673857} ¥3kEl foloz ﬂ—?rx]oﬂL Wz B
o]z ¢ol(n=6), DHPGel 2J3F WA+ mGluR 1+

otod WA ERlskck(Fig. 5A, B).

FAAYS 70 mVE A3k —50 mVE 3% 53l step
255 7hele] s HFol DHPGE AHElsle] & Az}
W32 Ho|z| eglti(n=3) (Fig. 5C). °]+= DHPGel 2|
3 AEl AFe FFe A ARl sk ¥ EA
Fr(leak current)®] Zhgol] ofsl WAYE-E-S A4l

DHPGell 9Jsl| -k A77t o] o2 o]Fol ¢

A DHPG + MPEP

-50 mv m

30 ph

1 min

DHPG + LY367385
50mv WWWWWW
0s
C DHPG
Control
100 pA
500 ms
-50 miv
0myvd L

Fig. 5. Inward current is mediated by mGluR 1. (A) Inward current
induced by DHPG was remained by the mGIuR5 antagonist MPEP.
(B) DHPG induced current was not appeared in the presence of
mGluR1 antagonist LY367385. (C) A voltage step from =70 mV to
—50 mV induced an outward voltage dependent current. In these
conditions, DHPG did not induce any significant inward current.

3 whAsleAl Elskaal Aol AHHse detrsk
o}, —120 mwlxi —40 mV7HA1€] ramp AF=2(20 mV/s)

7kste] AfAgEAlE DHPG7} 237 A, Fof gol
of}4 71i6}9it i F FAES Hlsle] ol Mo] DHPG
of ofsl e A7A Jﬂ o]th(Fig. 6A). DHPGe 2

3 ke AR FHAGRE A £ Kol 6 mMelA 7]
= 35 v -74.0+ 1.6 mV(n="7)Z °]= Nernst 5432
2 AXkE Kol W3z jo (-79.8 mV)®} F4Fslel DHPG
of gdl fFitsle Afe= K'Y 1501] %H wAghe 3
15133k, DHPG= K4 =ATroll dgFe wXAY ¥
AEIA ool Aol ek Frhar A glo] Alxe
Lollo]] TEAZ i47}€1 Az gl K'S Cs'eq m
Asle] K9 o]5-& kgt o2 DHPGY] EA— g
olskgch. —110 mVellA 10 mVZHA] ramp A= 7}
i DHPG | A, $9o| ZF5 7halel] ofsle] 2]l
d=d HWoloﬂ o]zt %i?iq(n—4) (Fig. 6B).
% DHPGell ¢]gF W3k AfE K'e| olFuto] o]
a1 Na 2 #odsla Qx| 55 3 vepdct

- AR 254 8A ZdAst el A
Froll mA= EAE ot gl fAHE -50mVE 3L
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Fig. 6. DHPG-induced current is mediated by decreasing a leak
potassium conductance. (A) DHPG-induced current was analyzed
by linearly increasing the voltage from —120 to —40 mV in control
and in the presence of DHPG. Subtracted current representing
DHPG-induced current shows reversal potential of approximately
—75mV. (B) DHPG-induced current was analyzed by linearly
increasing the voltage from —100 to —10 mV in a K~ eliminating
solution. Subtracted current shows that DHPG-induced current was
not found.
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OomVv
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Fig. 7. Effects of mGIluR1 (A) or mGluR5 (B) antagonists on
DHPG-induced inhibition of 1, in MVN neurons. These cells
were clamped close to =50 mV and the slow I, was elicited with
brief depolarizing voltage jumps to 0 mV (30 ms) in the presence
of tetrodotoxin (TTX). (C) The DHPG-induced suppression of 1,;;p
is mediated by mGluR 1 and mGIuRS.

3L 0mVE 30 mssst AAEE 7IE ¥ ohA] —50 mV
2 500 ms &3t step AT= 7FFAek. 71538 3970 A
2 F 3009 AZoA —50mVEL] step A=A L3R4
AF7F 715= 300} WA E Aol DHPGE A 2|8has
3717} 64% FH4aErdemd(n=8), DHPGS} LY367385%
7o) Az2|ekgSw 58% FhAstaL(n=13), MPEPS} 2+
o] Mz|elsiswl 53% FHAslirk(n=9). ¢]i== DHPGell
o3t ZrahAsl FelrAFe] JAlE mGluR1# mGluRS
T8 Bl ofsliA] RS ouelch(Fig. 7).

[

a

= oAk 25kl 8418l mGuR1Z} 5+ A= o}
E AZES wiAge] dEizied] o= sEo Fol w
g} = Alxe] Fiel whet xpo]E wlrh A4
(subthalamic nucleusy> mGluR13} 55 EF 7Fx]aL 9l
1} DHPGell &3t -t=rolli= mGIuRS "be] 2-8-ghvtar
SkaL(Awad er al., 2000), 3vle] CAl AlZol4lE mGluRl1
of| osirt= Al Z4r F=o] Ik FUSIIa mGIluRS

of faxle ZwdAst Tekr ARyl JAE do
ZtH(Mannaioni et al., 2001).

U AA oA E mGluRl, 5 847} 25 EAsht
2 ARG AR Aelslrta B 5l v} Uek(Grassi ef dl.,
2002). %, mGluRl 8H5 53] M= =50l 23
2=l long term potentiation(LTP)E- F7FA1Z o}
mGIuRS F8A15 Fslod= JAETha 3o}, wlebad o]
ATollM= WS Aol - A 74 78
Ao qTE s FAH R Ilsly] 25l A A
We A=, 7549, ZadAst elkgy Aol mlA+=
mGluR1%} mGluR5 Z&Ae] E35 ZAbslgic}.

o] odFollA 7|53t bRt Ak AF 3479 3F
oll4e] Z3}(Johnston et al., 1994)2} F-AFsIc). 2vt
2k ZHAJO) Hlw (2 6.33] )0l Yol in viveoll A
7123}k 373] (Ris & Godaux, 1998)2t} ZA| YFokch(Fig.
). el oFe T4 dEAlSIE e At
AR o] Z 3 F1 Yk B 1 (Ris & Godaux,
1998l whel FtA oz AMizcizdoe] ajgkel = Ao
Al Aol AAERE AR AR 4 glom, o] o
T7F A=) opd ARol|A] o]Folxl A 5o F=
ahoks 7FsAdel adet AP &4l disle] DHPGE A
2lolots W oi-te] AlzelM Hl=r} S7slsick(Fig. 1).
o]2|3} DHPGS| ZHa3= 3HAASIAZ(Awad ef dl.,
2000), sl=ke] CAIAZ(Mannaioni e al., 2001), 4
E(Kettunen ef al., 2003) SollA= 2 5c}

DHPG®| Azlof| oJste] ApdA] A|2s At w4l
AAS AF7L Z71skeiek(Fig. 2, 3). ©1& DHPG7} 4]
WA AZzAG S-Sl EAlskE 8l A sl
AHAQ] BiSg doA ARALEAL] T doFl
3(Zhou & Hablitz, 1997), || AlA% Afe] Z7}
= FAgtlel EAlske F&Alol Zg3ted GABAS]
quantal release® 57} A1Z= o2 A7-Ect. DHPG7;
ald] AP Ao HEE FTTRIIE ave A
thol] EAl5h= mGIuR1 2] #A4slel] 284 phospholipase

5 3HAJSIA]7)aL o]+= inositol-(1, 4, S)trisphosphate(IP3)
7320l o3l Al Zgwke T7HRIA FAFleld GABA
5 FAgcka d#fA glrh(Kawabata er al., 1996).
DHPGel| &Jsfed mlAl Afas A9)e] 27] S7ke 9
SlA] grgkort olo] AlzolA =] Qlck(Fig. 4). wIAl
A= Aol 2717 Sk olfrEe 1) sh4d
quantum Hulol] 2]8] GABA S~%A|7} Z3}E]x] eIgkS
739, GABA°| wigl &Ale] Astx F7lE wvls=
GABA°l A== 484 71 S7FIAY, 2) Al¥x
5 FEAlY] AE=r} Srbste] B o] s o]sAA A
o] Z717F SRk, 3) F4to] X2 w] AFolA
ok Al73A" Ede] FulEei) nlske SAERRe]
7} 78l AlF &A1l open probability”t F7F
HolE A5 & T Uch(Perrais & Ropert, 1999).
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A -60 mVE 435l DHPGE AE] sl
ek AFrL AEIch(Fig. 5). ol WS4 w&
oA o Aol E - SRR 84 &
Aol WEk AFE WAAZIAL ofoll wel mhH9le] Bt
S AL Sk i @ F des etk 2
HAE -50mVE BT AZE = K ool 7)Y
(driving force) S7FE W3 HF= o] ZA A=A

T AlZoA= TSl whet W AT Sobt 2
Z=]9)+=d(Chuang et al., 2000; Kettunen et al., 2003),
Wk AFe] waslele o] ATolAsl o] K 9% A
o] 734 (Awad et al., 2000; Mannaioni ef al., 2001) ¢
o= Na'/Ca™ a371x¢] &I (Hirono et al, 1998)°]+}
v|A )4 ofo]2 H-F2] A (Crepel ef al., 1994; Chuang
et al., 2000; Mannaioni et al., 2001; Ireland & Abraham,
2002) Fo| &#A rt

WEAA 2o DHPGel o3 Wiy HAie=
mGluR 1= Fste] WhAstgled] Akl 227t A5l
(Kettunen e al., 2003)ll4] B3 E]g] o} SAANEY AlE
o4+ HFHE mGuR5el 2laiA Wakd AFr Al
o] BEglow(Awad er al., 2000) o||gF zfo]lE AE
o] Fel TE £ 5 AR A=el we oE2A o
epdrla deix vk (Mannaioni et al., 2001; Ireland &
Abraham, 2002; Kettunen et al., 2003).

g2 A RS BB ololAE FaETe]
dlol web A¥ B TRdTh %, AL 279
W SIS wolt Holx, BHS 279 Wl
ol ololAlt =2l FAEFEL wolk Foz, oA
o Adold 27l e FAEIe Awwsl 2 24
A3} ZeHr A-F(large conductance Ca’™ activated K
currentel] &Jsked e 8] SIS HAEwo)
> 24 A3 Telr AF(small conductance Ca’
activated K~ currentel] 71¢13h& 2kl skdeh(Chun ef al,
2000). 53], BY reoll4le] e e] w7 de] )<
A v Adrell ot B3 gt xelr A
of ogt FE=e] AdE Aol ofsl AEntaL ¥ u}
AL (Chun et al., 2003b), HAMY SF5HAKT 8419 7
TSt LelrAlol gk aabh deizlal Qlof(Anwyl,
1999) o] od7<l4 DHPGel ¢J3h Zradst el
of tHelk &35 Isisict.

0mVe] A=5 30ms 7khe 52t ZHrol&o] Alxd
o5& sk thA] 50 mVE step A= SFG= ol £
Elgre] o3 ARt wAskodck(Fig. 7). 7153 76%(30/
39)e] AlxZollA] DHPGoll ©Jgt <3k AfFel 7z 3
o} DHPG®| Z&AJst Zelgpalfol et AJAlaz= &
Zslolet. o] AlxoA oFkd At 715EHA ek
AL o] Axrt AY AEZE Amwrt o ZgdAst 2
ERp S 7RI ol Z1/lda 253 4 A o
= o]"¢] ATolx AFI} B ulEo| 3.7E ¥

rop
Lo

= X3 (Chun ef al., 2000)2} A7},

o] sIrolrie Zer 43t Xelr ARl 9APPE mGluR1
3} mGluRS G-8A| =5l eJalix] WAl s9lew, o] A
I= CAL dfupA|Zel|A] 173k Treland®} Abraham(2002)
o] Bweo} zh}, 2@u} Mannaioni 5-2(2001) 2 AlE
N Lyl GAlol mGluRSHke] ofdehar dhglon o]
2Jgk Aol= F3 A A= Hfolof| 7]Qlgkk shoict.

AgA R I+ A S5k 8l S
3 Yol4 mGluR1 & mGIuR5 FEA415 F5lo] Al
A STl A AHEEA RSTHE e
I AT FEAE Fole] Bt xekr Aol
AAE Fstg e mGluRl 8415 53l K9
A Aks doA AHZIAE 2 Y o

Epaic),

l

o] E=H-& 20099% AeHEtme] mu|| el oJaiA
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