m Review Article

Metabotropic Glutamate =2HI9} SOt

Anxiety and Mood Vol 3, No 1

Metabotropic Glutamate Receptor and Anxiety

Young-Min Park, MD, Hyeon-Lyung Yi, MD and Seung-Hwan Lee, MD, PhD

Department of Psychiatry, llsanpaik Hospital, Inje University of Korea, Goyang, Korea

ABSTRACT

Although trestments of anxiety symptom have been available for decades, the biologica basis for anxiety
disordersin humansisjust beginning to emerge. Recently, thereis a growing body of literature suggesting that
group |1 metabotrpic glutamate (mGIu) receptors and group | mGlu receptors are important in the physiol ogi-
cal and behaviora sequel ae associated with stressful stimuli. Moreover, compounds sl ective for mGlu recep-
tors, particularly mGlu2/3 and/or mGlu5, have proven as effective as dassical anxialyticsin various animal
models of anxiety without producing many of the unwanted side effects that are typical of current therapies.
This artide will focus on the emerging predinical and dinica data that implicate modulation of the mGlu
receptors as apotential anxiolytic strategy. (Anxiety and Mood 2007;3 (1) :8-14)
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Hol g A8 AZEY AgS AdA 9 AZE
rEotEY Y AlFg APHAlE vxS ZEFEEY
v Az} AgA|, w27 AEA, GABA, A84 =
A5 Tgets ZE 71d AFEo] 2Rot T o] =

ol M= o]elef Ht 75 W 9l a¥AQl FE AR
HozA Al Ho]E 484 (metabotropic
glutamate re-ceptors; mGluRs) &) A3} dAAE AAA}k

4 AREN QA AnEel 24E BF7) D Zol.
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SFEMHOIE fENQ EFR-
lonotropic Metabotrpic

TEAE AuHow SAA|E Aow Sld gl
o] o] 55 uh EHE A7EA ] oA SFECIE 8A|
(ionotropic glutamate receptor; iGluRs) 7} £Ask=H], N—
methyl—D—aspartate NMDA), a—amino—3—hydroxy—
5methyl—4—isoazolepropionicacid (AMPA) 9} 2—car-
boxy—3—carboxymethyl—4—isopropenylpyrrolidine
(kainate) T&A7} 2A0|th(Fig. 1). o] AL F&A=
st 7HA] FE o9 A E /I heteromeric A
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\ \
lonotropic glutamate receptors Metabotropic glutamate receptors
(iGIuRs) (mGIuRs)
I I I I I I
NMDA AMPA Kainate Group | Group Il Group Il
Receptor Receptor Receptor
mGIuR1 mGIuR2 mGluR4
mGIuR5 mGIuR3 mGIuR6
NR1 GIuR1l GIuR5 MGIUR?
NR2A GIuR2 GIuR6 mGIURS
NR2B GIuR3 GIuR7
NR2C GluR4 KA-1 K
NR2D KA-2
NR3A Gg/Gu1 Gi/Go
NR3B ¢ ¢
v v v tpLc Iac
. . . Caz* Na* Na*
Fig. 1. Classification of glutamate re- Na+ (Caz") (Caz")
ceptors.

Gl HIS Al 14 E79) o] eA FFEolE +8
A 2gslelq SR1E o)At gjofo] 20~30%¢] E3tah
A o5 we TxAQ TEAS AT Ytk

A SFEHOIE FEAlE YA o HoA T2
2

AAAEE A=Y A48k Fold wEYEeIE E
¢k il (G—protein) — A% <=&-4 (guanine nucleotide—

binding protein—coupled receptors, GPCRs; ©|3} GPCRs)
oltk.” M 87149 mGIuR oF&e] AA7HA] =t o
A EFEHIOIE 8Al= okl 9 s de 7]
ZIkEA] oAl Al o R ERESICh 17 23k dYRt
oA E Eg I AHO)E (inositol trisphosphate) 2+ tho]
ol FE| M E (diacylglycerol) o 915291 A3} 3 F
2~3g]sjobA] C(phospholipase C) & A& Ga—~
protein®] 9A%+= mGluR1¥} mGIURSZ 4o Qi) 2
T mGluRs+ o} 29} 302 AT 37 mGluRs+ 4,
6,77 89] ofg o ® FAJHTt 277 379 mGluRs EF
H1Z A el M o] ARE 2EsHs 0% Holx|it
I=2 Ga—proteinol] A= 3L o]FA4 AA UellA o}
Jg so]ZehA (adenylyl cyclase) & AAEo 24 AlE
Ul cAMP 3442 fr=ghct?

GABAg, Ca2r—sensing, 223} 0|z} =84 181
#+* deorphanized GPRCEAS} 37 121% mGluRsE C 7
9] GPCRsZ F-FHth! o] Alde FEAEL o294
TFZ(bi—lobular structure)©l| 93| FAAH clefte] W14
A A 5945 T3e= Ak AEL] amino—ter-
minal domain(ATD) < Ztal Q& Zlo] E3olr}, #nt o}
Yz}, 2E GPCRs®] 541 771¢] transmembrane domain
(7 TMD) 2] E4 % HeRIth mGluRs+ 5<% (homo-
dimer) 2 A (Fig. 2). v 584 o]=3}(dimeriza-
tion) 7k A A9 2] GPCRsell tiaiA% F71¢] 7 TMDs 1t
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of dojd F= AR F71e] ATDs Atelel] dofih= o]
Fsl= 7 719 ATDs Ato]9] ARt o338} Agle] <JaliA
QFg3}t Hrh(Fig. 2). ATDNA 484 ol&sl= 484 &
Jstel] Aot ukshd, olFA ] ATDsF dht 2=
7 el L-2Fepro] EC] ZA3gto] ATDs7} @8|5% &
Ve S S7HA71a AZoAl ATDs?) 7% Wsks 73
&7) ol

SFEHOIE 2L8N|9)
7 Transmembrane Domain(7 TMD)

Orthosteric2} allosteric : allosteric modulation2| 74

A9 Yol #7=(ligand) & A% ¥-9)+= orthos-
teric A% FHeta st 13k Aglske Ui 2zt
S iRl ERIEE A|$kehke adA] 22 AEAE ortho-
steric 2= &2 AAA 7= (competitive ligand) 212
F-Ec} B E, allosteric 7= WA Ezt=e] A%
2ok o Al Sl AR F9E FEl EAA 2
aE B3k sshEolth o)A mGluRsel 3o L-
ZFEH o] EV} Agteh= ATDIA 9 gzt= dg 597}
orthosteric AFF-9191E A Fstth(Fig. 2).

ATDE] 2= A -9 9] f1X]elA mGluRe} A3
sh= gzreebd 99 2ol allosteric #7t=gl & 4= itk
Htoll, v42] mGIuR o} 9] 7 TMDel A sk W
allosteric |7F=5°] #RIE 1 Qlt}h orthosteric =7
A = 2elA a2 ¥ YERE allosteric
eSS 74748 715l met allosteric @A -2 allo-
steric A&A2kal £}, Orthosteric 2= §l& wWiE
a7 YRR ¢ allosteric 7=+ 24 A (modu-
lator) 2 E9T}h IR 52 orthosteric £3A49 &35 W
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N-terminal extracellular
Ligand-binding domain

Cysteine-rich domain ——p»

7TM domain

Homodimer

Amino-terminal

A/ domain

Cystein-rich
domain

/

7TM domain

Fig. 2. The structure of seven trans-
membrane domain and homodi-
mer of metabotrophic glutamate re-

ceptor. The conformational change
‘ of amino-terminal domain (ATD) is

dependent to cystein-rich domain.
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a3 glo] dsteta 9+ allosteric BZHE9] o= St} 1
3t T4l allosteric B]F=E-S allosteric -] 2
a13}o] orthosteric B7HE=9] 5ot A3bro] 9JakS n|
A ka oA &8 SA4 allosteric A4S a9
Aptet —’FE A= dghEolt)h wkA] orthosteric #]3F=7F
*351 AgA|, F2 adA, ¢d ad
WS 7IAE= AAH allosetric &
@7‘}4 ﬁro“‘)ﬂ 3101/‘15 TR A8 g glom o=
ojw] Ao R &

<o} gk

Allosteric ZEXI2| A
ATDY] orthosteric 9l £A5= mGluRsE &%
sk R WA Qlo] 7 7HA] T8 el 2]lo] EA)
3 stk 221 o} AeidH =egteld SAEelth B
T 87F4¢] mGluRs= 22 Ul 2ztERl L—=FEh
o|Es}t Hitsly| wWitel 1 AF -9l AZ fAksith 1
Hol= =78, v AEA eter) daEgioh T 2
& 79 ofF oAM= AEF es AL YERA] S
o & oE Aol 2912 orthosteric Z|7IEE 4E R B
AE0] oppiAtoleb= M3t o]y d 241 R 4E0]
goll glo] FAoleh= Aol B3| % opv| Ak
4O R Q3 v FHOR o] FHA| ¢z o g ¥-
g7 s Tt XE allosteric Z2EAE o]&
s olgsh el QRS S5 F= vk A, Wyst
A0 Z orthosteric FHHt} allosteric 9= 23240
2 RESH= go] otk o)A 9u|&= allosteric F-9
7} orthosteric F-1ET O thefet Zlojeh= 7|tiE 77|
3k, 12 g e s FA allosteric oF8 2E F-$

o MEY SEE AL S 9SS drEc  w

I r{n
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2, allosteric BJZFEAA = HIEA] oju]-Ato]ojof = A
A F7o] de glorw AAZ HAA e o F
T2 FAA0| FAFE] EAFEol A Al 2t

el ¥ IR GHE AEA T Zow Jgdh ¥

=2 7 TMD9l $25F= mGIuR allosteric @47} goly]
A ol MaAQ F3tESo] wdE 4 9y o|#3l 3}

S E 3k
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27 mGlul}t 9t
27 mGlu 84 (mGlu 2/3)+= CNS ko] 24X 4

By vl 459 94 g8jn A5 2835 Bel
Ao} T3] Ay ¥ 9o F5E UK nxe
g vhehdch mGlu2 —r%zﬂ% quir oz A7

o] AR glH-ollx 2 U] Aol T2
opu] Ak M-S ﬁxﬂz‘s}% &ti R o gh= o
ZA 0% mGlu3 FEA gokst 9o X3} Tamaru
520 mGlud 2% A9 mGlu2 584 24 HE AL
slo] Al Ao A WFof BALsH= R ofet &
A ok Al E(glial cell) oM % theket $Jx]of EE3ch= A
< sl

27 mGlu 84 84 (mGlu 2/3 F&Ao] F-gah=)
EQH} #AE ¥ JAolA IS FATOEN =
AHIE 3EAT]ET
< e LY354740 33HES
A 27 AeAds fEA 18
Eo|th(Fig. 3). LY3547402 &
AlRdef X3l A2 F/e
FF& 2 bkedsta Q)

AH A LY354740L ZEERo|EC] Hu|=
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1 F93 482 sh g0 B,
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Agonist for group Il
(MGIuR2/3) : LY354740
(Lilly)

HO:C

S . H N
X NH
e, 4
* COH N

24 LY354740 HsC

Antagonist for group Il
(MGIUR5) : MPEP

Fig. 3. Chemical structure of agonist and antagonist related to
metabotropic receptor.

= A4 mGlu 2/3 —’F%iﬂ of zhg-alx|ut =
(dendrite) 9] mGlu2y & mGlu3 584 75‘ 3 213
B SR 4Fs = 75 3 T mGlu
2/3 FEAEL 3t Tyl (dopamine) 7} J_EOPEEH%?J
(noradrenaline) 121 FZHEF| = (neuropeptide) 9F 2
< FExoll(monoamine) % GABAE 3l 7]El Al
A A B Bu|E AAHA o7 Aslel= o]F dAH &
s = geh?

30| 93 A3e =% Wk (fear potentiated startle
response) <= Aol oJgt FEE o]Ho| U= A=) A8
= B7kel] f1g sHEEe] F 2AEE ARk Bl
mdolr}, WizrjololAlza} FARBHAL Aol A|A1F e

2 2L W 27 mGlu 84 &3AIQ) LY3547409] +
A FolA w3zl 23l Zeke =9 HheS AE5A o]l &
g nlg g oz sttt Boldt e o|3t gt 7|
4 =% (basal startle) o= oJH &3 % Holx oAt ¥
27V s wgele A9 e AdE HoEthe A
O] E}—.24

53 1A%

—

# 474 9)

2, 1Y3547402 FAlAM kg@ 1, 3 zaﬁ 10 mg.J AT
fero g o33} ;g/\oﬂ/q,J %@% %7},\]7]]—/}2427

=
7t2 77} (early 1mmed1ate gene) B olgsk=
75 58 vEAa 9tk EPMel| 988 B 5EES 5

o
AA o2 CA1¥ CA3, #/43](dendate gyrus)E ¥}
ane] F3 AR FH oA c—Fosel 542491 &
d 55 YeRITE LY354740°0.2 9 HAX g+ 3jv} XY
o|A12] c—Fos HdS ASHAINE AR T4
Eltl= EPM—induced c—Fos 55 4384 &3l 4

r1r

Anxiety and Mood | Volume 3, No 1 | April, 2007

[=1ZecNu]]
— o

[uy

on

A&, LY354740 A F= RS S Rt @507 c—
FosE 52710
U2 1 oM optAd A (subchronic) YF ¥l ¥} tlo]o}
A T4 wdel Qlal ofr]E =Rt AEi7E FAE =%
9k (acoustic startle response) ol laiA H71EQch?
27 mGlu T84 adAs0] k= o} e =9 A
S A7l ul anpdloln] Fzhgo|u; 4417 <
w8 TFs s YERIA]L it
vk LY3547407F 719 A7 A4S wWalgiths A

FPN

=
=

rlo

¢

oA} =& wdlo] Wyvt 9itt 6 E9, Higging 5202
MORRIS WATER MAZESIX 2] 43 Aol S 53Tk

ol gt W32 mGlu2E AASH FHollM= vehdA] 23kt
gxA oz G AhdAE 7ke-dl Alekyl it OIZI Zol]
7} LY3547400] g3l oAW=HNL 1
e Az Aolst At 18 =E 7Y 713011*1 2

T FEAEY A8 EYEs dolelon &% -3t

1TE T

(

WH YA ks 5 784 AA s8) = 01%5 Al
o A7 B g Aojt

AAA o R, olgfdt 2752 27 mGlu SFEE(S,
mGlu2$} mGlu3°ﬂ G4E 2= U <]

X} /\EEB‘]—Xq tﬂ—%_ %
s} 719 =

71Q18k= 740]% A& *Wﬂi ‘il\‘%.‘“ Tﬂ&@f’i, il
tholobA| A e] % 4] S
= FEAIETY A% Al 7|eleke 740]1:}” @2—GABA,
TEAEL SFEMO|EA 4 *ﬂ (pyramidal cell) °|A]
WAL, o] 9A3 ulel] FHE RS Bl
LY354740¢] Ag- F<] HellA a2—GABA T84 4
b FRT IS HATDP o]eldt 2AFS W
olobl M3} 2 mGlu §415] CNS 8ol glo]
At 235 Yehdoe 71dS AXBRE Aol

o>“ﬂ1
IS
=

K}

12 mGlut 20t

HE 7] AdFy 92 FA0| Al 7FAE719] mGlul
o] EAFT= Alo] HFo AN dntAo® 17
mGlu FEA (mGlu 1/5) & ¥ gelx] 45 HeAl &
X5 Rk & mGlus7t ol 324 (ventral striatum)
g} 94 T sefell A 8 B2 E Hols Wi, mGlul
& AA5e] ol dfutel] EAlHA] AL - At
ARG 17 mGlu 415 AT 224 (post-

11
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synaptic density) 8] Sl AHT AAAM x| trhe &
zH k. 18y mGlul 84019 A e st
gl ety elu Agksky SA7F EAsk e gt
S AQF GAFlA mGlus —r%zﬂ of gt A% A
iR ”X]voﬂ/ﬂ mGlu5 —r%xﬂ < 7l 3;1(:1‘:[8‘ o 914

A A5 R4S ATOH GHE ABAES
o] JBE T 0T RATZ BE FA50] AAR
o4 Guet D3k BTl 9lol mGlus FEA Hetel
e g AH@,

[e;

=QFAdEelA 17 mGlu &A1) Sgke- WA vt 2
& 2ol g8 AARESITE 23 mGlu FEAlA -t &
5 Hols 17 mGlu 84 AgARJ(S) —4-
carboxy—3—hydroxyphenylglycine (S—4C3HPG) o] #
oA dEet a3= Yehdths Aotk 2—Methyl-6-
(phenylethynyl) pyradine MPEP) & & t}52] 25 &
doflA =t 54E Afrshs Z0R Hols, Aol
AAA B34S Hol= mGlub 84 oo AgAo|th
(Fig. 3).**

THA R & o, o]ys A= MPEP7L AlREY ¢
PR Sosh WA -HE sljnol| ] FE 271310 §
oA - OE A-G3FAINE Bt SfuH(E HEE A9]
‘“/P—LE—_ u -J mGlub &A1 2] A SaA FE

W] S Ao 28 ¢ itk

EN ot Jlﬂ o2

3& mGluet 20t

27 mGlu FEAAY, 33 mGlu FEASS dubz o
2 AR A AR B4 20E JAlste 8
21 MAAA Szl Fxsth ol E 50, 37 mGlu F
A5 dukel APdsHRU] SFEo] EY GABAS] o

=
Alsk elzto] kO et WA oksy Ee o
FoA EAHS WAE okEEA Suo] ¢l Bob) AE

&3l stk
mGlu?JJr mGlu8 Xﬂﬂ = EAL o] FEAlEel &
kel Agsh= E 7 AAE AlFsiiaL v ‘l‘%‘zﬂ OP
e GAARI At tisiAE AI8HITE Masugi &
mGlu7 AA A7} FF 92 W3} glo] EebA u-rOW
= 3% (freezing behavior) ©] ZAE S B Pt} o]
ob= Uizd oz, H EPM d7ollA B¢ & %o
719 Bol: mGlug A1A A7F HaH ek mGlug Al

12

1F

A SReN wolt w39 EE FRE0] A
(o1 So) Aut nFo] FolAA, FYE 2 okgelA
AR 2Dl AR wolFi Wt AR,

=
7 LEAE AT A A, 6@%@ Aol %
gafehs e Adshs Eel F5aa Yek A}

< mGlub gl st
owA et a7l
O

TERYE T AT

A 31 mGlu T84 3=

EEERIDS

mGlu 84 adA¢ 1+

Z,] ?ﬁ I}

mGlu 84 A& EF It
Aoz FRA NFAEY A, 1A AAE Fatol A
A BERHE 2ASES gk AL 9.
27 mGlu 84 adA=
Aee e Few T

%40

W) AT TR A - m S
AGNAT, WG 2y AE
REENEES RS HZM 4@6}% 9]
3} o] FofSo] Bolyl AEP A BHEE Ao Ayziy
o ek} AEUAY BE RUES of AYES s}
Tl Azt Agd s =efditk? 28 ER oF 94 mGlu
FEA SR AR M At difee A7 Aol

of gt -2l o] Waledl Aotk 2pEAQl <

34 azel digk 243 mGlu 84 248-2] st 7)1

ll
a
8
©
5
&
olo
i—l‘;
_)‘ﬂ
rlo

S s vl o B 55 Y d3So] A
thd, 54 ol Bl FRES HRR = 5% AR
Ags FA7)= 20] 7 e < 9l

ZM CH0] : <k - Metabotropic Glutamate 584 - &<t
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