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Medial vestibular nucleus (MVN) neurons are involved in
the reflex control of the head and eyes, and in the recovery of
vestibular function after the formation of peripheral vesti-
bular lesions. In our present study, whole cell patch clamp
recordings were carried out on MVN neurons in brainstem
slices from neonatal rats to investigate the actions of a group
I metabotropic glutamate receptor (mGluR) agonist upon
synaptic transmission and ionic currents. Application of the
mGluR T agonist (S)-3,5- dihydroxyphenylglycine (DHPG)
increased the frequency of miniature inhibitory postsynap-
tic currents (mIPSCs) but had no effect upon amplitude
distributions. To then identify which of mGluR subtypes is
responsible for the actions of DHPG in the MVN, we
employed two novel subtype selective antagonists. (S)-(+)-o-
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 of mGluRS. Both LY367385 and
MPEP antagonized the DHPG-induced increase of
mIPSCs, with the former being more potent. DHPG was
also found to induce an inward current, which can be
enhanced under depolarized conditions. This DHPG-
induced current was reduced by both LY367385 and MPEP.
The DHPG-induced inward current was also suppressed by
the PLC blocker U-73122, the IP; receptor antagonist 2-
APB, and following the depletion of the intracellular Ca™
pool by thapsigargin. These data suggest that the DHPG-
induced inward current may be mainly regulated by the
intracellular Ca™ store via the PLC-IP, pathway. In
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conclusion, mGluR 1, via pre- and postsynaptic actions, may
modulate the excitability of the MVN neurons.

Key words: medial vestibular nucleus neurons, patch clamp,
inward current, PLC-IP; pathway
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FFA7AIA A glutamate 8419 A2 Al
73 e 24, AlfizellA] A ], A& v
ZA (plasticityysol#l wtekat =4 285 7R Qe
(Conn & Pin, 1997; Anwyl, 1999). A4 glutamate
Al GEPAI s FEAHE obn=Ab v
A olabdekAl 2HE whAlel wlhe}h Al Fog gt
Z, - 5840+ phospholipase C (PLC)E ©]-8-3F ino-
sitoltriphosphate (IP;) 4% =43=s] mGluR1, 57}
sl=la, 12} T2 adenosine 3',5'-cyclic mono-
phosphate AgA|2} HAel=]=d] 17~ mGluR2, 3, I~
< mGIuR 4, 6, 7, 8°] &3t} (Pin & Bockaert, 1995;
Conn & Pin, 1997; Pin & Duvoisin, 1997).

- &A= Gq A 53ted PLC7F phosphatidy-
linositol  bisphosphate(PIP,)E diacylglycerol(DAG)<}
inositol triphosphate(IPy)% ~+3llsh= 25 53lod Al
I35 viAsked], ukEelsl IPe AlEW s A%
szie AzAdz Zgs o]sA2e(Conn & Pin, 1997;
Fagni et al, 2000; Valenti et al, 2002). &2 &1l
A Al wefol| 4] B8]5 glutamateol] ]3] HAMK 4
LA S Salo] IPyIRE AF] Ca’'Y o]Fo] 43¢
Purkinje A|Ze} sliuke] AlZoll4 =gl o, o] A
717+sk(long term potentiation; LTP)} #-7]2F3k(long
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term depression; LTD)e} 722 A|Y2 7R3 d=do]
Hoh(Finch & Augustine, 1998; Bortolotto et al, 1999;
Nakamura et al, 2000; Bashir, 2003).

= &xe] ZgAls Aol tigh 28 elo I 4
A9 A2 dwke] CAl FANZollA Ei53) 25
At Hl= F7 5 AAAS] S 535 doFIvk(Gereau
& Conn, 1995; Mannaioni et al, 1999). °]& Z-FA
3} ofol Ao A (Crepel et al, 1994), 7=
(afterhyperpolarization) Z-2] A (Charpak et al, 1990),
FE=AF2 oAl (Guerineau et al, 1994), E&AJ3}7}
== At oA Zekr ARl Al (Luthi er al, 1996)
of ofsh=dl olzfdt AR W3t Alxu Zsreke]
=7kl A=l=le] vk (Mannaioni et al, 2001; Kettunen
et al, 2003; Morikawa et al, 2003; Rae & Irving, 2004).
TG A2 Ao oigl 2gogE AAA A FE
off g3 745, AxzA ] FEAE FA3} XA AE &
45 571 217174 (Llano & Marty, 1995; Poncer et al,
1995; Zhou & Hablitz, 1997) &4+ wheke] S-gxjol =
&slo] A FAALe] 9lFo] M =i 9rt
(Mannaioni et al, 1999; Park et al, 2003).

AA Aol = 84 T A glutamate 8
A (mGIuR) 13} 5, IR- 8418l mGluR2¢9} 3, TIT-
248l mGluR7¢] EAlgte] #l=]3lc} (Shigemoto er
al, 1992; Kinney et al, 1993; Darlington & Smith,
1995; Neki et al, 1996; Vidal et al, 1999; Horii et al,
2001). mGluR1, 2 &&#¢l l-aminocyclopentane -trans-
1,3-dicarboxylic acid (ACPD) &84 W& AAd 72
o] SAkgo] Sl AY Akl en (Darlington &
Smith, 1995), AGTAAIZAT sl fritsle 354
AT AR A FTH(Kinney et al, 1994). E3L,
2o Grassi 52002y I3 T F-&Ao] o)&)
LTPS] -frto] A== vk mGluRIe] ofsix= 4
=S BuFga Park 5(2003)> mGluRl1, 2 E&#HA]9]
ACPD9} mGluR2, 3 Z&AIQ] (28,2'R,3'R)-2-(2',3dicar
boxycyclopropyl)glycine (DCG-IVy} GAA Ao =
Adbetoll ] AZdAREA dvE AW Al 2o
2 AR Basisich

WEHdAgs Alzeld K- A glutamate 8-
Aol thgl oA dollA K- 8¢l EdAIl DHPG
= Azside wxske] B AhE et
s S7Ph wEE9la olidt TtAdel Wb K A
Z35e] Akl ek Wy ARel ZerdAst xels
Ao AAE Esked whAYsledae] ®BaEgich (Chun
et al, 2004). ZL2]1} DHPGel| 2J3F =] oju3l A
] HAabgo] ofste] wWAslERlE wHEIRA] 2k
oug o] gfor= HEHAA DHPGS] Wk =
o] WA Al Zsgele] oFA, AlEW ZHp =
H3E dogl= AR 5L patch clamp #HHS o83}
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A Aol ASHR gl 2 mM)yS 252
Sucrose, 2.5 KCI, 0.1 CaCl,, 2 MgCl,, 10 glucose, 26
NaHCO;, 1.25 NaH,PO/5--2 A= or, o] 24F
A% A ] WsHE A A T
22 124 NaCl, 5 KCI, 1.2 KH,PO,, 1.3 MgSO,,
2.4 CaCl,, 10 glucose, 24 NaHCO.°|313L, 95% 0,-5%
COZ Folo] pHE 742 fAstsleh, A1 A4
A% A 7154 A9 gelle T4 A¥E A
5 A7) $lFted AMPA 58 A=kAlel 6,7-
dinitroquinoxaline-2,3-dione (DNQX) 20 uM=} (+)2-amino-
5-phosphono- pentanoic acid (AP5) 20 uMS 3 Z
om vl APPAT AR 7|2 AellE TTX 0.5 uMS 3
7} skoick. AlEEele 140 KCI, 1 MgCl,, 0.1 CaCl,
10 HEPES, 3 MgATP, 0.3 NaGTPZ A}&sli, pHE
7322 3girt. Alglel] 83l APS, DNQX, thapsigargin,
BAPTA 52 SigmaAt (= )el4 73k, (S)-3,5-
dihydroxyphenylglycine (DHPG), (S)-(+)-o-amino-a-methy-
Ibenzeneacetic acid (LY367385), 2-methyl-6-(phenylethynyl)-
pyridine (MPEP), U-73122, tetrodotoxin (TTX), nimodifine,
2-APB (2-aminoethoxydiphenylbolate), dantrolene sodium
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= Tocris*h (@@= pixl T44sled AR&3I8AEE. APS, DHPG,
U-73122, LY367385, nimodifine 5-& ol o] A}-83
232w, thapsigargin, MPEP, 2-APB, dantrolene sodium
52 DMSO (dimethyl sulfoxide)l] =1# 53l & &
TE2 AR Aol ]Asle] ARESEnt. Aol gt 4
FENel A8 FH5 o83 WigA| (BPS-4SG, Ala
Scientific Instruments, @3 )5 o]-&3dle] 7|57 &
e sashl.

AZ1A A 7159y

olAl 2] H=S Al =7)(PP-830, Narishige, 2¥)2}
microforge (MF-830, Narishige, ¥-&)5 ©]&3lo] €7
1.5 mme] oA fmAl (WP, =lE)E Adde] 5-8 MQ
o] H=F 7|EATE ARSIt Azl HASS H2A]
7l e B E9ye i s flsie] S
CCD 7H2} (Panasonic, %¥)E ©]-83F videomicroscopy
stoll A} Alefsioct. Aol ofshs FHAl Aol AZs}
of W& AAFE Alxate] opzhe] Wy 2 o 3
3hE 718k giga ohm seals o] Fth. At Aol <]
=Aoll&= Axopatch 200B 57| (Axon, ©|= )5
Ag3195, o] 27| Digidata 1200B (Axon, T
ADHIZ7|E Ested ZrE e dAskelew, pCLAMP
software (Version 8.0, Axon, T|5 )5 ARg35to] A<
o] HEy} dojzl A7l AR 5l Aol o]-gs)
9}, Series resistances= X% 3-8 MQ A= owm, A
TR AR @ohar HAE A= low pass 8-
pole Bessel filter? 2 kHzZ o}#}s}oic}, & A2 4]
2ollA] AleYstaict.

(ol
N
:’m

AR B4

AAAY AT Afe] 42 Mini Analysis program
(version 6.0, Synaptosoft, v]=r )& °|-833ix =9
+4-% Clampfit (Version 8.0, Axon, BT )& ©]-83}
ot iz AT Abolo] FAIAo® folgt zbe|r}t
EAsF=A2] o]H+= paired 2> non-paired t-testE ©]
S92, p< 005l EARCE Felaet el
ot SARIES] e gk + 79 A (mean + S.EM.)E
FA|soiet

2 I

A A A w] A A Y 2F A 7 (miniature postsynaptic cu-
rrent)ol] & &3}

UEAgale] A2 Addol= non-NMDA, NMDA <
A &3 A AW AfrEre GABA F8AE
&3 AN AfE ARTE AEEEA 2o o A
7 A3l ek 1wy g v} 9o](Chun ef al, 2003)

o] AdelAle A A YAS Aol gk DHPG
o 35 Rl A AES ARE 715
sled A|Ee] oo AMPA 484 Z3A|el DNQX
20 uMZ} NMDA 8| AgAIal APS 20 uMs 37}
sto] T4 AfeS ARE Aslger fAHE
70mV 32 50 mVE wA45te] APAE AFES 7=
Shoict.

TTX 0.5 uM= Azlste] AAEE HAds Awet £
oA Y 2S Aol thdk DHPGS &35 gllsigict.,
DHPG Az % ¥z 25+0.4Hzol4 3.9+0.5HzE
oAl 571k (P<0.05), 7]+ 22.7 +4.2 pAdl
A 28.5+£4.6 pAR S7FsI O foskAl skrk(n=7)
(Fig. 1).

DHPG?| #-8¢] mGluR1 3-& mGluR5e] A& o g
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Fig. 1. Effects of DHPG on miniature inhibitory postsynaptic cur-
rents (mIPSCs).

A; Current traces of mIPSCs show the effects of DHPG on the syn-
aptic activity of a MVN neuron. B; Cumulative fraction plot of
mIPSCs interevent interval and amplitude. Application of DHPG
increased the frequency of mIPSCs but the amplitude was not
changed. C; DHPG significantly increased the average mIPSCs
frequency.
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Fig. 2. Effects of MPEP and LY367385 on DHPG-induced in-
crease in the frequency of mIPSCs.

A; Current traces of mIPSCs at a holding potential of -70 mV.
DHPG-induced increase in mIPSCs was remained by DHPG pre-
incubation with MPEP, but decreased prominently by DHPG pre-
incubation with LY367385. B; Cumulative fraction plot of mIPSCs
interevent interval and amplitude induced by DHPG in the pres-
ence of MPEP or LY367385.

Ict.

_l\l

kel AgAE 2348 olel4 DHPGE 7o

7z MPE dzm 7ol i% °-46P Hlxo] 2717}
WA=k (p <0.05) (n=5) LY 367385 &AAz2] ol
% vz F7pt frosA] °‘°L°U4 (n=35), Z7]°lA
T TollA fefgt wshE Holx| edokeh(Fig. 2, 3). w
2k DHPGel| 9f3t A& A72] M= S7lell= mGluRl
o] F& g3 ZoFE AlEdrt
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3= 7]5skslct. T"r7<174°‘~°— -50 mVE 34ste] DHPG
= Aisie vl FEAE F 30% - 2 S7E WA
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Fig. 3. Bar graph showing the changes in the frequency and ampli-
tude of mIPSCs induced by DHPG in the presense of LY367385 or
MPEP. Note that significant increase of mIPSCs frequency by
application of DHPG with MPEP.
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Fig. 4. DHPG-induced inward current is mainly mediated by
mGluR,. Bar graph showing the DHPG induced inward current in
the presence of LY367385 or MPEP.

olglerm (n=11), oFeo] Z3h=lx] e glo=z A
R B K e 2 ot 2 N R s L vzlﬂ"% -70 mVZ
145129 DHPGell 2Jsl] A3 W3kA 285+
34pAY (n=7) Z7|E F5HA FRASled (p<005) 2}
Zgfe] RS ol whet o] 277t Fkske gl
stch. DHPGell 93k Wigkd AR7) o= w*&xﬂ 5
SHe7E doln ] 9Jste] LY3673852F MPEPE Az
3t & DHPGE Foi3tgdth. DHPGF mGluR5e] A4
9 MPEM 73k oo g A 52.0+6.5 pAL] Wk
AAF2 712395 n = 10). 22t} DHPG} mGluR1<]
oqxﬂxﬂoL LY3673857} ¥3ks] felo g AFAloE wix
o] Hl%ﬁ frolakAl 243k (p < 0.05), DHPGell <JgF Wl

FAAFE mORIE Falo] WATS 151k (Fig. 4).
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Fig. 5. Inhibition of DHPG-induced inward current requires PLC
activation and Ca’" release from internal stores. DHPG-induced
inward current was blocked with the PLC blocker U-73122, intrac-
ellular calcium chelator BAPTA. Effect of DHPG was blocked
when the internal Ca’" stores were depleted with thapsigargin.

Wk AR ZgoEA

DHPGel| o34 #bAs Wk dAfrt Az 2o
Hstel A F=xE dofra o= Az Alexd
7AEE B3R5 geldkal PLC xFsHA] U-73122, Al
¥ Z45 chelator BAPTA, AlZW ZgrA#so] 24
S 377 #go] U+ thapsigargin, ZA A4
1P, 84 A=kA] 2-APB, 7‘*1;?17‘ -4 ryanodlne I8
A =}ehAl] dantrolene sodiu < DHPG*]
Foi ZHE gl shsict

U-73122 1 pM= DHPG #-& 2-3%-4o] AAe] 3
DHPGE 7o 3I3& o oo AlZollA= Wk A
7F WAl =2] @Sk FoHe] AlEollA] 10-20 pAS] AR
A7 715=0] PLC ARE &3 Az g $7t
7F gk Aol wAlel]l F835HA 283t Aew 5
Hrh PLCY A2 P55 Al Alxd Zg A%
420 AzAdz Zg 4= wilgeh. o] Aol
Azl ] Zgg AAXZI7] $lsle] Az g 2
% chelatorq] BAPTA 10 mM= AH-8-3tich. BAPTAZ}
23 HA5o2 7|54 DHPGel| 9§ WA A=
42 +3.4 pAZ A5 7431IHP < 0.05). T3 BAPTA
7 23 ASE o]8sle] mwhdske] wskE E5dE
wol| = DHPGell 2Jgt Bht=-& frdstx] H3k3irk(n = 3).
Thapsigargin® A ZW ZgAA42 Ca” 2 reuptake
e S Axigle gy B Zge a7

[e]
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Fig. 6. Mean inward current amplitude induced by DHPG in con-
trol and in neurons pretreated with U-73122, BAPTA, tharpsigargin
and nimodipine. *denotes significant difference from the control
by independent #-test (*p < 0.05, **p < 0.01).

AlZ1ek. Thapsigargin 1 pMS 455 o]AF A=A 2| ska
DHPGE Foisloie wlf 8] AlZolr= W3 A
7k S8 AREELA 2709 Aol A 20 pA H=ef 2
< Afr} A ACH(Fig. 5).

LY ZF527) oA 25 78AE B3 2
9 o5l HoIghetn B3 Eo] 9lo] (Kettunen et
al, 2002) LY Z<g5E ARl nimodipine 10 uMs
AAe] & DHPGE Fo siich. 7155 1079 A=

ol Wk AFE sRlsigEdl Z7|E 41.5+4.7
pAZ DHPG "5 SFofol] wlsto] 23 2Hag Holx|
°L°LD}(Fig 6)

Az AReld e e Alede 1P 8
= ryanodme T&A7L et IPA-EH AbkAIQl 2-
APB 20 uME #AAz] & DHPGE Foldlgs wl 47
o AEZ F e AZolA 15pA2 WA AFZE 7
E3)19c}. Ryanodme 484 A4l dantrolene sodium
10 uyMS- AAE] & DHPGE A3ge vl 55+6.1
pAS] WA ARt 715 =dvk(n=4) (Fig. 7).

1

1]

ZZR- A glutamate 8-411¢1 mGluR 12}k 571 A2
ok Al Wk vipigle] dedxlct. sHAARY (subthalamic
nucleusy> mGluR13} 55 =5 7Fx|aL 9lorv} DHPGe]
o3k BESol= mGIuRS g #Rg-ghrhal slaii(Awad
et al, 2000), 5% (substantia nigra)2] GABAA &
7 8AE B 7RI glevt mGluRlel] 9|3}
04 o] 0‘”51"/]'—1— B3 Eglew(Marino ef al,
1999), smke] CA1 AlZoj4lE mGluRl1e] &aiAE Al
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Fig. 7. Effects of dantrolene sodium or 2-APB. DHPG-induced
current was markedly blocked in the presence of 2-APB.

T ZHr w=e] WIE el mGluRsel 234
ZreAst Zelr AF(yp)el 94, NMDA 484
Ao $715 Yo7l om(Mannaioni er al, 2001), ©]
3 AR e a9 Y Fol we = Azl F
Froll whe} ApolE Melet, WiF HAA A= mGluRl, 5
TEAE 2 EAlsht 2 A2 A E Aelslrial B
H v} cK(Grassi et al, 2002). <, mGluR1 $~&4|E
Eote] alE AFol o3 fiEE LTPE F7HIFe
1 mGIuR5 8A1E Gslole oAldeka kot ulet
A o] 7= WS AAelN R A glutamate -
44 #8579l DHPGY| &7} oj= 48415 53}
dojut=rE gelskalrt.

DHPGS| #2lell 2Jsto] wlAl Adas Afrh S71s)
rh(Fig. 1). ¢l DHPG7} SAtdwlel EAlste &
Aol 2Hg3lo] GABAL] quantal releases 57} AlZ S
Rog AzkErh DHPGZE w4l Afas Afe Hliw
= SRRl 2= Aol E45= mGluR1 <
st ofsfia] PLCE SASHAFIAL o] 1Py 7 Ro
&l Az Zgeke S7HIA FAhdwlelA GABA
H|E E203kcta dedA Qloh(Stefani, 1994; Kawabata
et al. 1996). DHPGol| ]3] ula] A is% A9 =
7] S7he FBIAl fskort el AlxollA k=|gd
t}(Fig. 2, 3).

FAFE -50mVE 343le] DHPGE A2 shols
o Wk AR7E At ol WS HA W wEeilA
= out AL el = - glutamate 83| EAo]
Wk AiE WAAZIAL o] whel 29]e] BE=3t
A S i & g e ofnlgket 2Rk
S 70mVE 24 AL wf K o] 7]HZ (driving
force) 72 W A= o] ZA =G oA
o] <-4 DHPGZ} #HstelEA T25 B3 Awe

fr

HSHA] 7] 2] ok DHPGe] o]k e ofxlzigte] K
of gzigtoln] Az glg Cs o7 wAIRIAE v
WA 77 sl ¢kel DHPGE K 2475 7
227 e SIS Aeg F5519ick(Chun e
al., 2004). Th& Al ZolM = ©RFo] we} gk Afe
S77F A== (Luthi et al, 1997; Chuang et al,
2000; Kettunen et al, 2003), HaFA A-Fe] gl
o] adtellMel Fo]l K& HFe F(Awad er al,
2000; Mannaioni et al, 2001) ¢Jo]= Na'/Ca® 374
9] A (Lee & Boden, 1997; Hirono et al, 1998)°]1}
vl okol AFe] B4 (Crepel et al, 1994; Chuang
et al, 2000; Mannaioni, et al, 2001; Ireland & Abraham,
2002) o] <A 9l

ZAAE FEol4 DHPGel 93 W3k Afe F
2 mGluRle F3ted hAsted AR A3t 24
TE(Kettunen et al, 2003), A A MNAFE
(Marino et al, 1999) GollA Bi=|l o) sl
EolAle dbE mGluRSel <JsiA WH3kd AH-Frt A
Ho] By Fglow(Awad er al, 2000) ©|2|3 zlo]=
Az FRoh FE F 5o A% Awo] wel th2
vebdols 2= itk (Mannaioni er al, 2001; Ireland
& Abraham, 2002; Kettunen et al, 2003).

Al ZWol|A Zgro] o]5dhe T893 ZHEEE dubzo
Z PLC-IP, 7 Zo|t}. Ligand7} AlEufel]l 2x18k= G
chlzt AAE FgAlet Adshd Gq/ll whyde] 24
shE)a AskE G xhie PLCPE A7) B4
35l PLCBE PIP,E 7E8llglcth. PIP= 73l =
o] IP,9} diacylglycerol (DAG)E AAslh=dl IP;= Al
I ZrA7gar]l WA (endoplasmic reticulum)®]
2ol EAjel= P, &Aloll Aol AzHE e
Rl 7l et

et oleigt AlEW Zgpe] v F greiE Z
wo| Y=l o] Yol o] RFEE o|AHH store-
operated Ca’ channel (SOCC) 32 transient receptor
potential channel (TRPC)Z w3}l ZH= o] oA+
7} HofA|a 9tk o] SOCCE &3l Eol& ZFe o
2 &A(agonistysoll 93 ZHF vks-S AT Pt
obde} Al Atare] ZHrs FE5ke 9%E e A
o2 o#x 9lc(Parekh & Penner, 1997). AgH o g
QA7AEe] TRP T25 s WS Axd 2w
ARnE ngGE o BYsE AL AFoE S
d], & thapsigargin®|y} cyclopiazonic acid (CPA)E A}
g3l BRI} BAKIAY T2 Az o] F715)
71 SOCC T EAglaL sigiet. o] A7olx% thapsigargin
45+ o] AxH|ste] AlEd ZgAAIE 127
DHPGE Azlotols W 270] A ZollA 20 pAS] =
Hakd Aw7t 715= e olzieh W3kt SOCCE
gk Az el Z=rel fslell o WS TFeAdE
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oft rlo o w
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WA 4 et

Cyclic ADP-ribose (cADPR)S ¥f-oll4] Hyy =
oE e E L%Z}O]Q-(Petersen & Cancela, 1999).
cADPRe| ZHgo|gol thgl e A7 Aol A ryanodine
TEHE Esl] Zgel o8l sl 2w WES %
sfokar, Al A wrlelA AlAAEEA Y] HlE —57}
A7) go] B = (Empson & Galione, 1997;
Mothet et al, 1998; Brailoiu & Miyamoto, 2000). FE3}
2 59 =9l f7EolA A glutamate 8-l
oJgt Zge] olFo] P3Est I o] cADPREE®E 7
o] Zofstar 9lgo] 2kl =3tk (Morikawa er al, 2003).
o) AR I A S0 4 S
el S7k F2 PLCE o¥ IP3 TEAE &5t
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}o:]o uﬂ olH ﬂ:{-_oﬂ/ﬂ o}:—]. LHB‘]:/H ;q 9] B_L}xgo] o
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o) 1P, 8418 Aekelolx Y AR BAD(Fig
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A} gt
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