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Obsessive-Compulsive Disorder and Glutamatergic Dysfunction
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ABSTRACT
The definite causes of obsessive-compulsive disorder (OCD) are till unknown. OCD has been suggested to
be related to many neurctransmitters in brain, such as serotonin, dopamine and glutamate. It has been
shown that serotonergic neurons play a crucid role in the pathophysiology of OCD. Recently, it is known
that neurotransmitters other than serotonin aso play ardein the pathophysiology of OCD, and a series of
studies have provided a few evidence that glutamate may be involved in some OCD patients. The purpose
of this artidle was to review the literatures on glutamatergic dysfunction in OCD. We suggest that glutama-
tergic dysfunction may be implicated in the pathophysiology of OCD. (Anxiety and Mood 2007;3 (1) :20-25)
KEY WORDS : OCD - Glutamate - Neurotransmitter.
N = = o]z Al (heterogenous) Aol = 712 HA7t
A et Uig Qle AdEoly vk AFHAEEA
Aagell= wiA] FQlshs Rol WiEAo R HeEs o ARIbsAo] AAHW A7 A&H L Qloh
Adst A7 A8+ ZakaLl(obsession) 8} ol & 3} AA7EA] 7Fabgol o] WejAglel loiA] 7Hg 5 vk
AA ERke FaAl7lE e ASAel L WAl des A e A2 AEEY THdolt bl St AEE
2t 7% (compulsion) & 540 s Agolth! W /M RS AREY AAE] 715014 A
ool 1 fEgo] 99 A 2~3% aEa Al ARl SAEC] ASACE HuEe] gtk Zubge) o]
Ol ALE 1.9% %A AARGAH] FA 89 1% Azl QoA AEEY AE5 A4 (serotonin reupta-
U 52 Agkolth ke inhibitors, SRIs) 7} 27| Sl= &3-S 7 AL glom,
BlAge] olsel A mRle] WAl wt Ao o] SEEe wEoVUIZY AFFE JAlshe FEeT
ape] SHE NS, AlA R V] Ee] Bejdt wlwskle W 1 &t gdstA %EPJ/V i =k
th= ofeg] A8l RaEial Qivk #d Zubgele] & SRIs9 AZEY F5 JAZEo] ZFabdefo Fdsd
olle ofd ABAGEZAAA A o] o] glof Zepgols 3 ddH= AAssy 7|dE9 F fi Ao R Ay
WA T AN Fadele A ARG EAAA AT ¢ vk S Adubgell St el paroxe-
o] o]ge] opd of#] 7kx] AAALEH] o)ifo] #ofs}t  tine—binding site ['H1 2 7F A2d<lel wis| dAsHA 3t

HaYRE 20079 48 1Y/ dlAkRE 20074 49 12¢

Address for correspondence

Chan-Hyung Kim, M.D., Ph.D., Department of Psychiatry, Yonsei University College
of Medicine, Youngdong Severance Hospital, Dogok—dong, Gangnam—gu, Seoul
135-720, Korea

Tel : +82.2—-2019-3340, Fax : +82.2—3462-4304

E-mail : spr88@yumc.yonsei.ac.kr

20

AHo] o] ARHE A0 ool HEEY

wdd e sshs 27 Holth
1 ol2fdt AR ErekaL ods] A= (ek 30%)

o PApEL
Skt R A AR

AZEY AE&F o of Ht
e AZEUY Sy F53

.

f

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



5olde wolA gtk ol

deel ASEU Aol G ABuREdel dolsha 3

& ZRgel A7l ek A

24 % RehlolE

SAPIA olol HR AT S e Bl
ofef] & w=ellME ZdedoelA

rVU
&%

¢

olabe] Pz 2Ehvlol= Bl fAAske] By, 1
o3 FFeho| =g B AL R BN 2
Eato] 7ol WAl QlojA FTekol =t ojw o

o T
gofl goet=AE s st gk

FEIHOIETt ZHfE0Q AA=HN?

o
>
N, 4d
=
0
&
:011:1
s
o
Ao
:oé

B oM A7 o
ZFEO]E 0|43} g
Hlﬂtﬂ— ?41 %x%%]—x% oﬂ:[L‘%_. j/_;’d—

7534% B2 #dAdS WA} sk

ABGASE AL H AW ZAL

ol A2 o AFA AdE 7)%H, T
ZA, a8 3 ¥ AT A AE-Ax
A =Ald=34 3] 2 (cortico—striato—thalamo—cortical
CSTC circuitry) Follx BAsk= 7)ol 2t Zabgol
7} o] &S ARSI 53] vaka) okeldTe
o] Zupgolel #eE= AR FHOE Ao gk
o0 1199 okERek Aglo] gl bl ofFelA
Algst A 217157 &34 (proton magnetic reson-
ance spectroscopy, 'H-MRS) ZAzlo]A] uag 25
mlo|E9] w7t AAele] wa FAASA Eobd Ax!
2 Ho] ZgutgooA] FF
ol Bag mArels) 0}9er%‘:03 "H-MRSIM %=
TEe whet At RauE Qe Q) Aubdel] Skt
A A7l nlsl 5 kebdTHd ‘ﬂ’é‘- Y-2] FzolE]

e FEg] 9lo] 4
A

9AQ Z7bt Bawen At 8 Ae gubgel @
AAFE 5 TG WA FReplo| =g 37
el Sl o s

A

o8 AAE PR Adsht o B
[e;

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

Fepo] 29 ol AL,

2 3 'H-MRS Q7oAE= A= giatats wigs mad
oA =718 Glx 57t RuEgeh! o)gjs AnE 7}
ol & 7 ShatellA T} 7] A AlF -] A7]7F Rt

Al cks Bt 0N el shstel Az, Al
Glx 71744 (tonic) E4o] AEHA Aol AxA9] Glx
PES 3l8 A AvE xdstEe” Az
21274 (phasic) Glx9 #EEE Ssire A5 g
Glx9 FEAT}E A ok 37] wE o HIE" o
2ot NG AFEL kool FFERo|E
o] olge] #AH UFE AAREIL Yot 'H-MRS
Ao BE F7F GlxE B7HE o FFEHO|E

T 5o]Ho)A] ghrh= Alo] 1@01 = 5 oAt
21789] oz 3ol gl Aol Sxtell A AAlE
2 AFAl N Adle] HlE A =2 F
FEHOE FErt Baso] FFEMO|ES] 7)Fo]do]
Zargele] Hele}h #o] 9l& SAR AAFAEY dX
T 71 AR AgEhs A FUH HAFY F
FEHO|E st vdoly sdst AR FUke 25
ghlolE 843 AHoz Bdshrin & S loke A
2 Q

g ol

ZargojolA STERI0IE RMAL 7ol HY

oldel ABHAE 2 FAR HFR AFATE
wgolel] Qo] 1% UelHe) BAE 29 F7HE nof
F3 9lom 2% Ao vehrae Fuge] #42 o
A HEelA 8.3%2) T FsHE wolFu Uk 7
wgo] SN AR A ATAAE 47~50%2)
VA Bl oldy Aotel ws) Y Aot
80~87%°] & AAEE Bk oleld Ak P}
Aolel gele] o] Faz
z‘ﬂ— Z,: 01.9_.9_ }\]/\}_3}_}‘_;

7hﬂ1—;é}oH 4 _,_7(}

A4 A7) HgE Fa 9l uw Age) s o
SRIs7F Z¥PRe] AR Fabh ek ARl uke
Fo AZEY AN FRAAAE TFHALS wot
O ARG $AAE 2ARE dTE A
Geeto] AT AR FRAAL ATE Fu
of glof BolHow Hord HAME AT
b Al ofele doE ugt

A Ao A3k Bubgel] el ool 2

7.

= %
e AT UgolE Bra 2t

X2 o rE tlo el
T

o,
o
>
o
o _@ >L4

o> e
[

=
o

]

it



20Nt SFEIHOIE

ol dvte SFEHOIE A FRAAR AT e v
n)sk Agolt. 2000d el Sl A SFEHO|E
d Az Ahse] BaEr] AlEsklE, 59 SFE
Hjo|E ’**Zﬂo] solute carrier family 1, member 1 gene
(SLC1A1) #dAHE $H2 A= 7Hgs A7 A%
A B 9k Veenstra—VanderWeele %<&
ezt Sl kgl HEE ZFOE g 407¢] 7t
= EH"LP_E SLC1A1l 37+ o833 7abgel <]
A ATE At oy #EAde YegA gtk
:yLoﬂ A AR A 2709] single nucleotide po-

O

2 AN
ﬂ M{

i
F

o

]

2

lymorphism (SNP) 7+ tjit o2 #aEAd-e Av H k=]

o]F-of o]Folxl 2 kS tiFoE 3sto] 971 SNP
st AT M = SLCIA1 F3A vz Zdbd
o7} B&o] g AAlEHE AHE HoFQoh® w3t
Arnold s 15779 7ol 82} 715 4768
O % SLCIAL At v&d st Zapdole dds o+
o A 58] @Al glo] SLC1AL 47 vh&Adol
oo H ) geo] eg HAAFIEY o %
Aol SLCIAL fazkel 7o) #ads A2
e 4 o ARAS ] ab] flaEiA = R A
AT7F Qs

1 Sloll SFEHCIE 84 Azt #AHgS A
HE dTE E.LE]O']‘LL 4], glutamate receptor iono-
tropic kainite (GRIK) f-3#Fe} 73ekgol obe] Ay
TolAs 141789 AAARlE dxwo® o] 15679
a5 GRIK29} GRIK3 4 thg o] «1+t%]9]
A} 7o gle] A o] AAbEE A= oA o
okth® wE Arnold & glutamate ionotropic recep-
tor 2B(GRIN2B) #4dAE $1 FAA=2 7Hgskar 73at
ol Aekel Fxhe] 715 13078 e GRINZB F
3l X} ];}—Gi/ﬂ JJr ﬂul%koﬂ 3}4 ATA % ZA }3}9& 2 GRIN2B

A

rOJ

24 Bgge] Blo] s AEHE wuskn® A
20 ARRE0] FEAlE U AlWF AT E 102
49 o) B4 3o GRINZD fil o9

& A E o HaAo] AALE =
S ey o) 04%% 3 Bag
0“#%%494 JHIAS B GRIN2B 8#9) 29/
e dist Zukacle] #Ado] 9l9len GRINZB

£3 7“#5*“ ol s 7HsAol AVl H

& ZFargolzh 491s dEjshs o]d A
QA AEAY 7}%@% = At & 4 Q)
A 1;1 A z:;_

27129 A7} 9

xﬂsl—x% 01-?7} o]_ro]z] QA Hk
& A7} o]oIX %] 91 9= Ag’oo]w% EE?} B o
HBo oq:[L7} oq]lﬂ] T2

%}H*Qoﬂol X202 SFEMHOIE A

FEHO]E AgE42 riluzole & 954 F2)
SoFERE
228

o,

ﬂ*(amyotrophlc lateral sclerosis, ALS) 2] |
Q1 guEL. okE 7 ¥ 3} wEt FREhHo]E EHAo]
© AaAgel @t glglon, 535 Foe-el, 4
S & sl Bt 1Ela AubdofelA e A}
7} RugQep PP B3] Coric 52 UubAQl oFEX]
o4 THdo] A %= 1379 g #akE i
O %2 & Aol riluzoleo] @AE I AEt s
S BusSIeh® w3k SRIsol WHEEHA ek Aagelol
A SFEHO|ES] AAHAES okshaZitkal B7tEE N-
acetylcysteine (NAC) &) &35 K 315 g )%

_1

I~

o1ge] ATEL Zugele] s FTeplol =9 of
ol B0l 988 HolFH FTeholEe] s

o|Aute] AT/ E AAFZEL TeLt 150 HuE A

AF7HA ] Ao 7 S5

ol WA ol dofste T A %éOI
EP Bl Fe7b Sinh uiebA SFEo|EVF g Al

AAGERA T FAedte] Fabgof| & olr|et 7sAS /\gﬂ
& & ook E=3 7|EA R whgetA] o St A
A deRd SFEolE fokEe] gikE A4 o 7
dlglof| = o] Z Aol Z2AL] AdkA ol FFEMo|ELE
4l 24 T i TFeAE el Hojop & Fago]
thoolelet Tk Ee A4 o el el w2
EHlo|E AAI9] o] d2 AFA ol TEE A7t o) F

ook & B et 9.

LErRojoY SREMO|=E Cf=
NYTYETI OfF BHO| T

SN 71 EgE0] FREHo|E L 7o) WAl
Holsf B0l 4242 & 3ok el 2Rl
e fo] sheAt RAgith ode the 417

AUEAs SA0) ol BE AgAeEA )
A7E EAG, ol e AFAEEAE WA sl

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



2
o,
[
e
it
o
o
o
=)
o

=FEHH0|ELt NZEH

AEoll A wHgl migl 3o Zupgolel Bdol qlukal o
Ao % AztE o] AR AGEAS AZE Yotk SRIs
7F 79 Aargel o] ARAE o] &l =l Aol
7F Sl 94 obsg 127 &% gEAR o R Fopgh &
A&E 'TH-MRSoIA nAke] FFEpdo]E ' (reson-
ance) 9 @A W3y} RuE Ykt w3k SRIsFoko
2 gy ow 7apidoefzt X]E% 7Z3$-olA4] CSTC circui-
tryolld SFEpo|ES] ATt A= 71% % =

7ol el A} SRIsell &gt
+ 5—HT F&Alol X34l tpekst 5-HT
3 SFEHolE WE, vt WA EolA SFEHo|E
of ogt A3}, TEa WFAMEY Y GAsE B
o Ft B8 AeA TP

*ﬂii‘/h’]' =FEO|ES] A5Age A&HAow
ZE e, A2EY GdA1 LSDsel 9%k 5-HTo,
TEA ] B sh= AT g A9 oA =FE o]
E9 H %% ST SR 5-HT,, 847}
XPlEl FEH|o] B Hgo] ofsljA|= e Hola

FEpH|o l TEA4 9 7.4_5*:5.;34% 5—HT,, &4l 2
5]— AL TR A| 7= oFA) Eo]r/}}ﬁ*%

o]} o] ZFEHolE
SAC] el WAE AR S T I s R R At
ol gt A EO]” SFEHO| ES] T 5—HToa
TEA Y o

L
OU:
HHN'
we
=
e
rlo
T
T
o
b=

_(

ol Tl %‘r@rﬂﬂ% 1740] E}uﬂo] E 4%21] 715}
Al Fol Algh FUsH ol et Zubgel o]
Aol FFERo|Eg AR Edo] WHF APALS 7R
i B7REE = Qlvk

=FEMO0|EQ} =il

Eo) obmE o] EojA] ZukslEal GAbEF A A
Tl s a%e) FPNYHE] Foi7k SRIs

pugelt gol e Ak

AES &
olch. ole g BHANOEE Fol Aol byl 24
of oa] FREplo|ES] AN AR o] Fof
o,

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

ot

LA YR

Ed FRgN AF7H) deiR vz mu 2
Q) gEselEs} FuAol ot §EYY AR -8
bl sbel EeAel W Hlo] st el g3

1

oot

2

o

A ok RelN? okl Bae] wold Zol
2 AZo] $itt.

124} opiate A&A|7F ©
o] g37dell azrt vk AolA v Asistd 24
83543 Aol Sleol AAEHAL vk McGrath &)
A5 B 9d-wdA e SFEHOE fEs 1A
o= A=a 13 AA NMDAZE4 2849l MK801
FRol g} 7ol 7h FRbE o)At B By
(transgenic mouse model) JIX = 73urel %3} FALSE o]
A FAR gFA eSS A7t e gt

rlo

ool Aol SFEpolE 7P 4= AASith =3 o]
g Ayl FFECIEZF SRl o] Ao wofdhE

AAFeE Fgel7] % stk
TRl dagelsl Eah FrlEE AgklgPtT
2o g} kAol 7t 5w ?l Do A Kol B|AAA 3
& ANAA, e T 2ela Hree] Qlo] vH-
A o] &t 1 Zé_ﬁri HhgEk 22 Q)= AN
ZA LEARAAY SFEPCIE HEA T B
o0 et FReo 2] RBAE DIFEAE
ato] gl g} kgl Futel mEelA o)y
s 71 Al et
7ol = HiE-A o) 1 H

gojeh el WEAQl ol FAFS Holt Felgel o

E

o
o 3~
mo Jl 3o

Aol olom whEol Elelet et FEligolof
A Hol= JEE}uﬂolEfﬂ oy} Eupvlate] FAgS 7
ol o] YlS wgshE Hellx &n|7t gith
Ol%ﬂw BZzo] Zabelu Felgel] 5 ZFulael o}
FAE Aye] A glo] FFEH0]ES] Y]F o)l
2 Ageth] Hoke
ARG EA D WS AEdS 7R Fgshs
S & & Sk ey olyst U st dedgel®
akal oo A SRIsoll wk-g-8hA] o= Wlwo} A
a7 ASel SFEHO]EdRE SolHor Agsh=
AAksH= BE7E ELD} =, 7yt
Al Agtoz FAJol| we} o}y S UE F
| wel SolHow Aga= él?é A B

E»‘_ﬂ

F

2 g
O
Bl
9 o
By
w
3
S
ot
L
o
©
o
A
A



pid=]

et E 02t =FEHHO0IE

1o

o

24

[e]
A7 el et W3t

Z3akzkol 71 o] A 2l

O
o

Ir
o

=
T
2 o r

X,
1S/

)
4
pas
&
[
Ay
(d
U
o
1=
O
|
ol
o ok
| -
%
S,
o
ol

Ak

W o ®
r

e
4
N
X
o
it
2
R
o B
it
et E?L
Y N
o ok
> o X
N2

REFERENCES

. Leckman JF, Grice DE, Boardman J, Zhang H, Vitale A, Bondi C, et

a. Symptoms of obsessive-compulsive disorder. Am J Psychiatry 1997,
154:911-917.

. Karno M, Golding JM, Sorenson SB, Burnam MA. The epidemio-

logy of obsessive-compulsive disorder in five US communities. Arch
Gen Psychiatry 1988,45:1094-1099.

. Lee CK, Kwak YS, Yamamoto J, Rhee H, Kim YS, Han JH, et a.

Psychiatric epidemiology in Korea. Part | Gender and age differences
in Seoul. JNerv Ment Dis1990;178:242-246.

. Greist JH, Jefferson JW, Kobak KA, Katzelnick DJ, Serlin RC.

Efficacy and tolerability of serotonin transport inhibitorsin obsessive-
compulsive disorder. A meta-analysis. Arch Gen Psychiatry 1995,52:
53-60.

. Marazziti D, Ross A, Gemignani A, & d. Decreased platelet 3H-

paroxetine binding in obsessive-compulsive patients. Neuropsycho-
biology 1996;34:184-187.

. Bastani B, Arora RC, Médltzer HY. Serotonin uptake and imipramine

binding in the blood platelets of obsessive-compulsive disorder
patients. Biol Psychiatry 1991;30:131-139.

. Saxena S, Rauch SL. Functional neuroimaging and the neuroanatomy

of obsessive-compulsve disorder. Psychiatr Clin North Am 2000;23:
563-586.

. Alexander GE, DeLong MR, Strick PL. Pardld organization of

functionally segregated circuits linking basal gangliaand cortex. Annu
Rev Neurosci 1986;9:357-381.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Saxena S, Bota RG, Brody AL. Brain-behavior relationshipsin obse-

ssve-compulsve disorder. Semin Clin Neuropsychiatry 2001,6:82-101.
Whiteside SP, Port JD, Abramowitz JS. A meta-analysis of functional
neuroimaging in obsessve-compulsive disorder. Psychiatry Res
2004,132:69-79.

Rosenberg DR, MacMagter FP, Keshavan MS, Ftzgerald KD, Se-
wart CM, Moore GJ. Decrease in caudate glutamatergic concentrat-
ionsin pediatric obsessve-compulsive disorder patients taking paro-
xetine. JAm Acad Child Adolesc Psychiatry 2000;39:1096-1103.
Whiteside SP, Port JD, Deacon BJ, Abramowitz JS. A magnetic reso-
nance spectroscopy investigation of obsessive-compulsive disorder
and anxiety. Psychiatry Res 2006;146:137-147.

Coric V, Milanovic S, Wasylink S, Patel P, Malison R, Krystal JH.
Beneficial effects of the antiglutamatergic agent riluzole in a patient
diagnosed with obsessive-compulsive disorder and mgor depressve
disorder. Psychopharmacology (Berl) 2003;167:219-220.

Rosenberg DR, Mirza Y, Russll A, Tang J, Smith JM, Banerjee SP,
et d. Reduced anterior cingulate glutamatergic concentrations in ch-
ildhood OCD and major depression veraus hedlthy controls. JAm Acad
Child Adolesc Psychiatry 2004,43:1146-1153.

Theberge J, Bartha R, Drost DJ, Menon RS, Malla A, Takhar J, et dl.
Glutamate and glutamine measured with 4.0 T proton MRS in never-
treated patients with schizophrenia and healthy volunteers. Am J
Psychiatry 2002;159:1944-1946.

Rosenberg DR, Keshavan MS. A.E. Bennett Research Award. To-
ward a neurodevel opmental model of of obsessive-compulsive disor-
der. Biol Psychiatry 1998;43:623-640.

Szeszko PR, MacMillan S, McMeniman M, Chen S, Baribault K,
Lim KO, et a. Brain structural abnormalities in psychotropic drug-
naive pediatric patients with obsessive-compulsve disorder. Am J Psy-
chiatry 2004;161:1049-1056.

Keshavan MS. Development, disease and degeneration in schizoph-
renia: a unitary pathophysiological model. J Psychiatr Res 1999;33:
513-521.

Chakrabarty K, Bhattacharyya S, Christopher R, Khanna S. Glutama-
tergic dysfunction in OCD. Neuropsychopharmacology 2005;30:1735-
1740.

Pauls DL, Alsobrook JR, 2nd, Goodman W, Rasmussen S, Leckman
JF. A family study of obsessive-compulsive disorder. Am J Psychiatry
1995;152:76-84.

Nestadt G, Samuels J, Riddle M, Bienvenu OJ, 3rd, Liang KY,
LaBuda M, & d. A family study of obsessve-compulsive disorder.
Arch Gen Psychiatry 2000;57:358-363.

Hettema JM, Neale MC, Kendler KS. A review and meta-analys's of
the genetic epidemiology of anxiety disorders. Am J Psychiatry 2001;
158:1568-1578.

Inouye E. Similar and Dissmilar Manifestations of Obsessve-Com-
pulsive Neuroses in Monozygotic Twins. Am J Psychiatry 1965;121:
1171-1175.

Pato MT, Pato CN, PaulsDL. Recent findingsin the genetics of OCD.
JClin Psychiatry 2002;63 Suppl 6:30-33.

Rosenberg D. Selective serotonin-reuptake inhibitors. In: Rosenberg
D, Davanzo P, Gershon S, eds. Pharmacotherapy for child and ado-
lescent psychiatric disorders. Dekker, New York;2002. p.223,296.
Veenstra-VanderWeele J, Kim SJ, Gonen D, Hanna GL, Leventhal
BL, Cook EH, Jr. Genomic organization of the SLC1IAT/EAACL gene
and mutation screening in early-onset obsessve-compulsive disorder.
Mol Psychiatry 20016:160-167.

Arnold PD, Sicard T, Burroughs E, Richter MA, Kennedy JL. Glu-
tamate transporter gene SLC1A1 associated with obsessive-compul-
sive disorder. Arch Gen Psychiatry 2006,63:769-776.

Dickel DE, Veenstra-VanderWedle J, Cox NJ, Wu X, Fischer DJ, Van
Etten-Lee M, et d. Association testing of the postional and funct-
ional candidate gene SLC1A1/EAACL in early-onset obsessive-com-
pulsive disorder. Arch Gen Psychiatry 2006;63:778-785.

Ddorme R, Krebs MO, Chabane N, Roy |, Millet B, Mouren-
Simeoni MC, et a. Freguency and transmission of glutamate rece-
ptors GRIK2 and GRIK3 polymorphisms in patients with obsessive
compulsive disorder. Neuroreport 2004; 15:699-702.

Arnold PD, Rosenberg DR, Mundo E, Tharmalingam S, Kennedy JL,

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



3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Richter MA. Association of a glutamate (NMDA) subunit receptor
gene (GRIN2B) with obsessive-compulsive disorder: a preliminary
study. Psychopharmacology (Berl) 2004;174:530-538.

Hwang SS, Kim CH, Kim SJ. Association between obsessive-com-
pulsive disorder and glutamate n-methyl-d-aspartate 2b subunit rece-
ptor gene. Psychiatry and clinica neurosciences. 2007:unpublished
observation.

Aventis. Rilutek. In: Physician's desk reference. Montvale NJ, Thom-
pson Healthcare;2004.

CoricV, Takiran S, Fittenger C, et a. Riluzole augmentation in treat-
ment-resistant obsessive-compuldve disorder: an open-labe trial. Biol
Psychiatry 2005;58:424-428.

Zarate CA, Jr., Payne JL, Quiroz J, Spron J, Denicoff KK, Luck-
enbaugh D, & al. An open-labd tria of riluzole in patients with treat-
ment-resistant major depresson. Am J Psychiatry 2004,161:171-174.

Sanacora G, Kendell SF, Fenton L, Coric V, Krystal JH. Riluzole au-
gmentation for treatment-resistant depression. Am J Psychiatry 2004;
161:2132.

Singh J, Zarate CA, Jr., Krystal AD. Case report: Successful riluzole
augmentation therapy in treatment-resistant bipolar depression follo-
wing the development of rash with lamotrigine. Psychopharmacol ogy
(Berl) 2004,173:227-228.

Zarate CA, Jr., Quiroz JA, Singh JB, Denicoff KD, De Jesus G,
Luckenbaugh DA, et al. An open-label trial of the glutamate-modu-
lating agent riluzole in combination with lithium for the treatment of
bipolar depression. Biol Psychiatry 2005,57:430-432.

Lafleur DL, Rttenger C, Kemendi B, Gardner T, Wasylink S,
Malison RT, et a. N-acetylcysteine augmentation in serotonin reup-
take inhibitor refractory obsessve-compulsive disorder. Psychophar-
macology (Berl) 2006;184:254-256.

Pittenger C, Krystal JH, Coric V. Initia evidence of the beneficial eff-
ects of glutamate-modulating agentsin the treatment of self-injurious
behavior associated with borderline personality disorder. J Clin Psy-
chiatry 2005;66:1492-1493.

Moore GJ, MacMaster FR, Stewart C, Rosenberg DR. Case study:
caudate glutamatergic changes with paroxetine therapy for pediatric
obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry
1998;37:663-667.

Maura G, Roccatagliata E, Ulive M, Raiteri M. Serotonin-glutamate
interactions in rat cerebdlum: involvement of 5-HT1 and 5-HT2 rece-
ptors. Eur J Pharmacol 1988;145:31-38.

Zhang JY, Zeise ML, Wang RY. Serotonin3 receptor agonists atten-
uate glutamate-induced firing in rat hippocampal CA1 pyramidal
cells. Neuropharmacol ogy 1994,33:483-491.

Salgado-Commissariat D, Alkadhi KA. Serotonin inhibits epilepti-
form discharge by activation of SHT1A receptorsin CA1 pyramidal
neurons. Neuropharmacology 1997,36:1705-1712.

Muschamp JW, Regina MJ, Hull EM, Winter JC, Rabin RA. Lysergic
acid diethylamide and (.) -2,5-dimethoxy-4-methylamphetamine in-
crease extracellular glutamatein rat prefrontal cortex. Brain Res 2004,
1023:134-140.

Scruggs JL, Schmidt D, Deutch AY. The hallucinogen 1-[2,5-dime-
thoxy-4-iodophenyl]-2-aminopropane (DOI) increases cortical extra-
cellular glutamate levelsin rats. Neurosci Lett 2003;346:1370140.

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

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

LA AL . 2IRES

o=/ T o

ot

ogr

Waters N, Lundgren C, Hansson LO, Carlsson ML. Concurrent loco-
motor stimulation and decrease in dopamine reease in rats and mice
after treatment with the competitive NMDA receptor antagonists D-
CPPene and CGS 19755. J Neural Transm 1996,103:117-129.
Carlsson ML. The sdective 5-HT2A receptor antagonist MDL 100,
907 counteracts the psychomotor stimulation ensuing manipulations
with monoaminergic, glutamatergic or muscarinic neurotransmission
in the mouse Zimplications for psychosis. J Neura Transm 1995;100:
225-237.

Marek GJ, Aghganian GK. Excitation of interneurons in piriform
cortex by 5-hydroxytryptamine (5-HT) : blockade by MDL 100, 907,
a highly sdlective 5-HT2A antagonist. Eur J Pharmacol 1994,259:
137-141.

Carlsson ML. Hypothesis is infantile autism a hypoglutamatergic
disorder? Relevance of glutamate? serotonin interactions for phar-
macotherapy. JNeura Transm 1998;105:525-535.

Wallach MB. Proceedings Drug-induced stereotyped behavior:
Similaritiesand differences. Psychopharmacol Bull 1974;10:12-13.
D’'mico G, Cedro C, Muscatdlo MR, Pandolfo G, Di Rosa AE, Zoccdli
R, et a. Olanzapine augmentation of paroxetine-refractory obsessve-
compulsive disorder. Prog Neuro-psychopharmacol Biol Psychiatry
2003;27:619-623.

Guadltieri CT, Patterson DR. Neuroleptic-induced tics in two hyper-
active children. Am J Psychiatry 1986;143:1176-1177.

McGrath MJ, Campbell KM, Parks CR, Burton FH. Glutamatergic
drugs exacerbate symptomatic behavior in a transgenic model of co-
morbid Tourette's syndrome and obsessive-compulsive disorder. Br-
ain Res2000;877:23-30.

Frankd M, Cummings JL, Robertson MM, Trimble MR, Hill MA,
Benson DF. Obsessions and compulsions in Gilles de la Tourette's
Syndrome. Neurology 1986;36:378-382.

Leonard HL, Lenane MC, Swedo SE, Rettew DC, Gershon ES,
Rapoport JL. Ticsand Tourette's disorder: a2- to 7-year follow-up of
54 obsessive-compulsive children. Am J Psychiatry 1992;149:1244-
1251.

Nee LE, Caine ED, Polinsky RJ, Eldridge R, Ebert MH. Gilles de la
Tourette syndrome! clinical and family study of 50 cases. Ann Neurol
1980;7:41-49.

Rapoport JL, Swedo SE, Leonard HL. Childhood obsessive compul-
sive disorder. JClin Psychiatry 1992,53 Suppl:11-16.

Breiter HC, Rauch SL, Kwong KK, Baker JR, Weisskoff RM,
Kennedy DN, e d. Functiona magnetic resonance imaging of sym-
ptom provocation in obsessive-compulsive disorder. Arch Gen Psy-
chiatry 1996;53:595-606.

Jenike MA. Neurosurgical treatment of obsessive-compulsive disor-
der. Br J Psychiatry 1998; Suppl:79-90.

Kurlan R, Kersun J, Balantine HT, Jr., Caine ED. Neurosurgical tre-
ament of severe obsessive-compulsive disorder associated with Tou-
rette's syndrome. Mov Disord 1990;5:152-155.

Sheppard DM, Bradshaw JL, Purcell R, Pantelis C. Tourette'sand co-
morbid syndromes’ obsessive compulsive and attention deficit hyper-
activity disorder. A common etiology? Clin Psychol Rev 1999;19:531-
552.

25



