
INTRODUCTION
Drug ad dic tion is a chronic dis or der char ac ter ized by

crav ing and re lapse to drug use af ter ab sti nence. De pend -
ence oc curs due to long-term neu roadap ta tion that leads to
changes in mo ti va tional and emo tional area of brain func tion 
as well as learning mem ory [32, 53]. Many neu ro trans mit ters
are in volved in mecha nisms of drug ad dic tion e.g. do pa mine
(DA), nora drena line, ace tyl cho line, glu ta mate (Glu) and
oth ers, but in ter ac tion be tween them re mains still un clear
[26]. The re view is fo cused on re cently pub lished data con -
cern ing the role of glu ta mate me ta botropic re cep tors 7
(mGluR7), one of the sub type of group III me ta botropic glu -
ta mate re cep tors (mGluRs), in drug ad diction.

The glu ta mate is the most om ni pres ent ex ci ta tory neu ro -
trans mit ter in the brain which par tici pates in neu ro plas tic ity
me di ated to long term po ten tia tion, de pres sion, ex tinc tion
and mem ory re lated to re ward [11, 36, 61]. It has been rec og -
nized that re ward proc ess ing de pends on meso cor ti co lim bic
DA sys tems, com pris ing DA neu rons in the ven tral teg men -
tal area (VTA) and their pro jec tions to nu cleus ac cum bens
(NAc), amyg dala, pre fron tal cor tex (PFC), and other fore -
brain re gions. How ever, most drugs of abuse have been
shown to stimu late ex ci ta tory glu ta ma ter gic trans mis sion

throughout brain re ward cir cuitries [30, 71]. In creases in
glu ta ma ter gic trans mis sion have been shown to play an im -
por tant role in me di at ing the posi tive re in forcing ac tions of
ad dic tive drugs [27]. Glu ta mate acts by two types of re cep -
tors: iono tropic and me ta botropic. The iono tropic re cep tors
(iGluRs): ac ti vated by N-methyl -D -aspartate (NMDA), 2-
 amino- 3-(5- methyl- 3- oxo-1,2-oxazol- 4- yl)pro panoic acid
(AMPA) and ka inic acid (KA) are me di ated to fast ac tion by
ion chan nels while the mGluRs are re spon si ble for slow glu -
ta mate re sponses though G- protein [6]. mGluRs are di vided
into three groups based on sig nals trans duc tion mecha nisms, 
se quence ho mol ogy and phar ma col ogy prop er ties [56]:
– group I: mGluR1 and mGluR5 
– group II: mGluR2 and mGluR3 
– group III: mGluR4, mGluR6, mGluR7 and mGluR8.

Re cep tors from group I are pri mar ily lo cated post synap ti -
cally, while group II and III are largely situ ated pre sy nap-
ti cally, act ing as in hibi tory auto re cep tors regu lat ing glu ta -
mate re leas ing or het er ore cep tors con trol ling the re lease of
other neu rotrans mit ters. [51]. The group I re cep tors (mGluR1
and 5) are re spon si ble for  stimu la tion of phos pholi pase C
which leads to re lease of Ca2+ stores and in creased glu ta -
mate trans mis sion whereas group II and group III mGluRs
in hibit adeny lyl cy clase and de crease cAMP con ver sion
lead ing to a de crease in glu ta mate trans mis sion [13, 23, 56].

The mGluR7, one of the sub types of group III mGluRs, is
sup posed to play very im por tant role in the brain func tion
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[14], be cause of be ing the most con served re cep tor sub type
among all me ta botropic glu ta mate re cep tors in mam mal ian
spe cies [22]. It sug gests that an ef fec tive mGluR7 agent in
ex peri men tal ani mals is likely to be ef fec tive at hu man lev -
els [42]. These re cep tors are largely lo cated pre synap ti cally
and act not only as auto re cep tors, but also as het er ore cep tors
to modu late re lease of ă-ami nobu tyric acid (GABA) in par -
ticu lar [8, 10]. Gen er ally, the main role of the mGluR7 is
modu la tion of re lease neu ro trans mit ters. The high den sity of 
the mGluR7 in reward- related brain re gion – the ven tral pal -
li dum (VP), NAc, stria tum, hip po cam pus, amyg dala,
ol fac tory bulb, sug gest the po ten tial role of the mGluR7 in
mecha nisms of ad dic tive drugs [33]. There is nu mer ous evi -
dence that blockade of both   group I mGluRs, mGluR1 and
mGluR5 or ac ti va tion of pre synap tic group II mGluR2/3 de -
crease mo ti va tional and re ward ing ef fects of ad dic tive drugs 
such as co caine, al co hol, mor phine, nico tine [37, 38, 43, 50,
53]. The mGluR7 has been in ves ti gated the least among all
mGluRs because of long pe riod with no se lec tive agents
avail able. The mGluR7 ap pears to be in volved in the de vel -
op ment and ex tinc tion of aver sion and fear re sponses [21,
47]. Knock out ani mal stud ies as well as phar ma col ogi cal ap -
proaches sup port the rele vance of the mGluR7 re cep tor for
regu la tion of the hypothalamic- pituitary- adrenal axis (HPA
axis) and in mood dis or ders such as de pres sion and anxiety
[9, 17, 49].

AMN082 AND MMPIP AS NEW TOOLS
FOR MGLUR7 RESEARCH

In 2005 Mit su kawa et al. [48] iden ti fied AMN082
(N,N’–dibenz hy dry lethane–1,2- diamine di hy dro chlo ride) –
se lec tive al losteric ago nist of the mGluR7. This dis cov ery
was criti cal for in ves ti ga tion of the role of these re cep tors in
drug de pend ence. AMN082 ac ti vates re cep tor by al losteric
site in the trans- membrane do main, dif fer ent to ex tra cel lu lar
N- terminal do main for or thos tetic agent like en doge nous
glu ta mate [48]. In the ab sence of glu ta mate, this agent is de -
void of in trin sic ac tiv ity [49]. In di rect al losteric ac ti va tion
has the ad van tages over di rect orthros tetic agents due to less
ad verse re ac tions, e.g. ex ces sive ac ti va tion or de sen si ti za -
tion of re cep tors and pul sa tile re lease of neu ro trans mit ter
[44]. The in flu ence of AMN082 on glu ta mate level in the
NAc is com pli cated. On the one hand, AMN082 in hib its
non- vesicular NAc Glu re lease, but on the other hand this
agent ele vates ve sicu lar Glu level in the NAc by in di rect dis -
in hi bi tion mecha nism [39]. A de tailed de scrip tion of this
ac tion is pre sented fur ther in this re view. AMN082 is orally
ac tive and pene trates the blood- brain bar rier. It en hances the
lev els of stress hor mones cor ti cos ter one and ACTH in wild
type mice, but not in the mGluR7 knock outs [48]. AMN082
was re ported to in duce anxiolytic- like and an ti de pres sant ef -
fects, regu late emo tion and cog ni tive processes [21, 54, 63,
64]. How ever, re cently it has turned out that a me tabo lite of
AMN082, Met-1, is a monoamine trans port in hibitor. This
means that data col lected via sys temic ad mini stra tion of

AMN082 needs to be in ter preted with cau tion due to the po -
ten tial of ef fects be ing me di ated through non- mGluR7
re cep tor mecha nisms [65].

The next step in mGluR7 stud ies de vel op ment in cluded
se lec tion of the new al losteric nega tive modu la tor of these
re ceptors, 6-(4- methoxyphenyl)-5-methyl-3-pyridin-4-ylisoxa-
zol[4,5-c]pyridin-4(5H)-one (MMPIP) [66]. This agent
pene trates into the brain af ter sys temic ad mini stra tion in
mice and rats. In ves ti ga tion showed that MMPIP se lec tively
im paired cog ni tion pro cess with out any in flu ence on lo co -
mo tor ac tiv ity, sen so ri mo tor func tion, emo tional re sponses,
no cicep tion in mice and rats [28]. Re search ers usu ally use
MMPIP to in verse AMN082 ac tion in vivo to con firm that
mGluR7 ac ti va tion in only one fac tor in in ves ti gat ing pro -
cess [2, 3, 40, 41]. 

Ex cept nu mer ous ap pli ca tions of mGluR7 in neu rop sy -
chi at ric dis or ders, these re cep tors are likely to take part in
the de vel op ment of drug de pend ence. AMN082 and MMPIP 
have be come use ful tools to en able ex plo ra tion the mGluR7
mecha nisms in drug ad dic tion in ani mals and dis cov ery new
medi ca tion for hu mans in fu ture. The in ves ti ga tion has taken 
two main di rec tions: the mGluR7 in al co hol and psy -
chostimu lants de pend ence, par ticu larly co caine. 

THE MGLUR7 IN COCAINE DEPENDENCE
De spite many re search stud ies and ef forts, there is no

medi ca tion avail able and ap proved by the Food and Drug
Ad min istra tion (FDA) for the treat ment of co caine de pend -
ence. Lack of suc cess proba bly re sults from com pli cated
cen tral ef fects of co caine and its po tent re in forc ing ac tion.
The ex plo ra tion of phar ma cologi cal and be hav ioral ef fects
of co caine is en abled by ani mal mod els of ad dic tion in par -
ticu lar [26].

Li et al. [40] re vealed that ac ti va tion of the mGluR7 by
AMN082 in hib ited the re ward ing ef fect of co caine, as sessed 
by elec tri cal brain stimu la tion reward (eBSR). eBSR is a sen -
si tive ani mal model to de ter mine the re ward ing prop er ties of 
drug [69]. AMN082 at tenu ated cocaine- enhanced eBSR in
rats. This in flu ence is se lec tive only for co caine, be cause of
the fact that AMN082, ad min is tered intrape ri to neally (i.p.),
in duced nor aver sive- nei ther rewarding- like ef fect on
eBSR. Sys tem atic ad mini stra tion as well as in trac ra nial mi -
cro in jec tion of AMN082 into the NAc or VP, but not the
dor sal stria tum, in hib ited in tra ve nous co caine self- admini-
stration un der both fixed (FR) and progressive- ratio (PR).
So AMN082 not only in hib ited pri mary re ward ing and mo ti -
va tional ef fect of co caine, but also reward- enhancing in PR
sched ule [42]. It should be noted that AMN082 had no ef fect 
on ei ther lo co mo tion or su crose oral self- administration,
sug gest ing a se lec tive in hi bi tion of co caine re ward ing prop -
er ties. This ef fect was blocked by co- administration of
MMPIP, sug gest ing that an ef fect is me di ated by ac ti va tion
of mGluR7s in the NAc- VP path way. Ad di tion ally, mi cro -
dialy sis showed that systemic ad mini stra tion of AMN082
changed nei ther ba sal nor cocaine- enhanced ex tra cel lu lar
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DA in the NAc or VP, but at tenu ated cocaine- induced in hi -
bi tion of VP GABA re lease in both drug na ive rats and
co caine self- administration rats. The data sug gest that the
NAc- VP GA BAer gic mecha nism could con trib ute to mGluR7
modu la tion of co caine re ward [40]. There is evi dence that
the psy chostimu lant re ward is re lated to the VTA- NAc- VP
path way, in clud ing the NAc- VP GA BAer gic pro jec tion [36, 
59, 70]. There fore, any phar ma col ogi cal strat egy that in -
creases GA BAer gic trans mis sion of re ward cir cuit might
di rectly coun ter act psychostimulant- induced in hi bi tion of
GA BAer gic neu rons. [18, 72].

The pre vi ous stud ies of Li et al. showed that acute sys -
temic and lo cal AMN082 ad mini stra tions pro duced de crease
of GABA and slow on set, long-term in crease of glu ta mate
level in NAc [39]. It is pos si ble that GABA pro duces in hibi -
tory con trol over NAc glu ta mate re leas ing via pre synap tic
GABAB re cep tors on glu ta ma ter gic ter mi nals [64]. On the
other hand, the mGluR7 acts ei ther as auto-re cep tor regu lat -
ing glu ta mate re leases or as pre synap tic het er ore cep tor
regu lat ing GABA re lease. In the con se quence, AMN082 in -
duces re duc tion in NAc GABA lev els by mGluR7 het ero-
re cep tor. Af ter that, a lower GABA level un blocks the other
het er ore cep tor GABAB on glu ta ma ter gic syn apses. In con -
clu sion, the di rect in hi bi tion mecha nism by mGluR7
auto re cep tors is sup pressed by dis in hib it ing mecha nism via
GABAB re cep tors, re sult ing in an in crease of NAc glu ta mate 
re lease from ve sicu lar sources [39]. These changes of
GABA and glu ta mate level in NAc are sup posed to en hance
ex cit abil ity of post synap tic medium- spiny GA BAer gic pro -
jec tion neu rons that coun ter act cocaine- induced GA BAer gic
in hi bi tion in the VP [39]. It is con sis tent with the GA BAer -
gic hy pothe sis of drug re ward dis cussed pre vi ously [18, 72].

It is well docu mented that glu ta mate trans mission in
cocaine- dependent in di vidu als is deregu lated. High doses of
co caine (30 mg/kg) cause an in crease in ex tra cel lu lar glu ta -
mate in the NAc in drug naive rats [57, 62], but re peated
co caine in jec tions or co caine self- administration pro duces
long- term de pres sion in ba sal glu ta mate level in the mouse
and rat NAc [47, 67]. Moreo ver drug crav ing and re in state -
ment (re lapse) of cocaine- seeking be hav ior are sup posed to
be re lated to re peated cocaine- induced re duc tion in ba sal
lev els of glu ta mate trans mis sion in the NAc dur ing co caine
ab sti nence and to en hanced glu ta mate re sponses to acute co -
caine prim ing [31, 55, 67, 72]. It should be noted that
glu ta mate pro jec tion from the PFC to the NAc plays a criti -
cal role in cue-, stress- and cocaine- primed re in state ment of
co caine self- administration in animals af ter ex tinc tion [5,
16]. The prob lem of re lapse to drug tak ing and drug- seeking
be hav ior is a chal lenge for phar ma co ther apy of drug ad dic -
tion in hu man. The find ings showed that sys temic or lo cal
ad mini stra tion of AMN082 in the NAc, VP but not dor sal
striatum (DS) in hib ited cocaine- induced re in state ment of
drug- seeking be hav ior in rats. AMN082 pre- treatment sup -
pressed cocaine- induced in creases in NAc glu ta mate. These
two ef fects of AMN082 were blocked by intra- NAc mi cro -
in jec tion of al losteric mGluR7 an tago nist MMPIP and by

sys temic ad mini stra tion of the se lec tive mGluR2/3 an tago nist 
LY3411495 [41]. As it was de scribed pre vi ously, AMN082
alone in creases ex tra cel lu lar glu ta mate in the NAc [39]. The
ele vated level of the NAc Glu ac ti vates the pre synap tic
mGluR2/3 on the PFC glutama ter gic ter mi nals. Next, the ac -
ti va tion of mGluR2/3 coun ter acts cocaine- enhanced glu ta mate
in the NAc. In re sults, pre treat ment of AMN082 in hib its
cocaine- induced re in state ment of drug- seeking be hav ior by
mGluR2/3 mecha nism [41].

THE MGLUR7 IN ALCOHOL DEPENDENCE 
The criti cal role of glu ta mate in al co hol de pend ence is

well known. Acute etha nol ad mini stra tion in hib its glu ta -
matergic trans mis sion by iGluRs ( NMDA, AMPA) parti- cu -
larly and also af fects mGluRs. [12]. How ever, chronic
al co hol ex po sure and ab sti nence in duce glu ta mate sys tem
hy per ac tiv ity. It is sug gested that chronic etha nol drink ing
causes re duc tion of number or ac tiv ity of pre synap tic II and
III group mGluRs, which con trol ex ces sive neu ro trans mit -
ters re lease. In the con se quence, glu ta mate sys tem could be
less con trolled. This hy pothe sis is sup ported by ge netic stud ies.
Va dasz et al. [68] show that mGluR7- locus is cis-reg ulated
gene for al co hol con sump tion. The mGluR7 knock out mice
rep re sented more con sump tion of etha nol in com pari son to
wild type lit ter mates [25]. Moreo ver, there was evi dence
that the level of in ter me di ary mole cules, which are nec es -
sary for the pro duc tion of mGluR7 pro teins, were re duced in
the hip po cam pus of the ethanol- dependent rats. Many find -
ings em pha sized mGluRs in volve ment in etha nol
de pend ence i.e. mGluR2/3 ago nist LY379268 as well as
mGluR5 an tago nist MPEP de creased etha nol self- admini-
stra tion in mice and al co hol pre fer ring in rats [4, 7, 29, 38].

The most find ings about the mGluR7 in al co hol de pend -
ence have been brought by stud ies of Bahi et al., who
in ves ti gated the mGluR7 in al co hol re in force ment and re -
ward ing pro cesses. It was re ported that al losteric ago nist of
mGluR7, AMN082 spe cifi cally re duced al co hol in take and
pref er ence in rats and mice in two- bottle free- choice para -
digm with out af fect ing taste pref er ence, etha nol me tabolism,
and lo co mo tor ac tiv ity (at the doses used in in hi bi tion of al -
co hol in take). Ad di tion ally, mGluR7 block age with MMPIP 
en hanced al co hol con sump tion and pref er ence in rats. The
binge drink ing was also sup pressed by AMN082 in drink ing
in the dark (DID) model in mice [1, 2]. The author sug gested
at least three mecha nisms that may ex plain these mGluR7
ef fects in etha nol pref er ence and con sump tion. First,
mGluR7 are as so ci ated with brain struc tures con trib uted to
re in forc ing ef fects of al co hol, such as the lo cus co eruleus,
amyg dala, or PFC. The sec ond rea son may de rive from
AMN082- induced in crease of stress hor mones. The
mGluR7 plays a role in the glu co cor ti coid receptor- related
nega tive feed back of the stress axis as well [48, 49]. Stress
hor mones have an in flu ence on hu man drinking mod els [15,
20]. The mGluR7 ac ti va tion in the hip po cam pus and/or hy -
po thala mus may pre vent ex ces sive drink ing of al co hol.
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Fi nally, AMN082 de creases GABA re lease in the NAc caus -
ing an in crease of the NAc Glu level. These changes could
al ter the oc cu pancy of GABAB and NMDA re cep tors and
coun ter act etha nol’s al losteric modu lat ing ef fi cacy, re sult -
ing in re duced etha nol re ward. Fur ther more, the mGluR7
re duced ethanol- induced CPP with out in flu ence on lo co mo -
tion. It con firms a role of the mGluR7 in brain re ward [40].

The mGluR7 re cep tor is also re garded as modu la tor of
etha nol sen si tiv ity in mice [1]. AMN082 sup pressed a few
ef fects in duced by acute etha nol ex po sure. This agent re -
duced sen si tiv ity to ataxic ef fect of etha nol (as sessed as the
ro ta rod per form ance) and ethanol- induced lo co mo tor ac tiv ity.
It is quite in ter est ing that AMN082 de creased ethanol-
 induced acute with drawal con vul sions only when ad min is -
tered be fore al co hol in jec tion, not af ter. That find ing
in di cates that AMN082 in hib its some as pects of the de vel -
op ment of etha nol de pend ence, but is not be able to
coun ter act the ex pres sion acute with drawal [1].

The mGluR7 has been in ves ti gated in the other as pect of
al co hol ad dic tion such as re in state ment to drug- seeking be -
hav ior af ter ab sti nence. It was re ported that AMN082,
ad min is tered af ter pe riod of ex tinc tion, in hib ited the re in -
state ment of ethanol- induced CPP and this ef fect was
re verse by MMPIP, a se lec tive al losteric an tago nist of the
mGluR7 [3]. It means that the mGluR7 takes part in mem ory 
re lated brain re gions func tion: the PFC, NAc, amyg dala,
dor sal stria tum, thala mus, hip po cam pus [33, 34]. AMN082
had no in flu ence on ethanol- CPP ex tinc tion. How ever, in the 
other stud ies this agent fa cili tated ex tinc tion of con di tioned
fear [24]. It shows that the mGluR7 is not in volved in modu -
la tion of nega tive learn ing in ethanol- extinction, but in
etha nol con di tioned re ward mem ory. This re sult sug gests
that clini cally ac ti va tion of the mGluR7 in hu mans may pro -
mote al co hol ab sti nence and pre vent re lapse in the fu ture. In
ad di tion, it is con sis tent with pre vi ous stud ies that re vealed
that AMN082 in hib ited cocaine- induced re in state ment of
drug- seeking be hav ior in rats [41]. The glu ta ma ter gic sys -
tem seems to be a key of drug ad dic tion and drug- related
me mory. The re lapse to drug- taking be hav ior is linked to
long- lasting drug ef fect such as neu ro plas tic ity. Alco hol,
simi lar to co caine, pro duces neu roadap tive changes of glu ta -
ma ter gic trans mis sion in the NAc, which lead to the
de vel opment of drug- seeking be hav ior [45]. The mGluR7
may be able to main tain the nor mal bal ance of glu ta ma ter gic
neu ro trans mis sion and modu late un natu ral changes in
neuronal ex cit abil ity [12].

ADVANTAGE OF THE MGLUR7 OVER 
OTHER MGLURS

The mGluR7s be come more sen si tive dur ing pe ri ods of
in ten sive syn ap tic ac tiv ity, for ex am ple af ter long- term drug
ex po sure. These prop er ties are dif fer ent from other mGluRs, 
caus ing less ad verse re ac tions [42]. Most find ings showed
that al losteric ago nist of the mGluR7, AMN082 had no ef -
fect on the natu ral re ward. This agent, ad min is tered alone,
did not al ter in trac ra nial self- stimulation thresh old [40],

while the mGluR2/3 re cep tor ago nist LY379268 and the
mGluR5 re cep tor an tago nist MPEP had aversive- like ef fect
on eBSR [43]. Moreo ver, AMN082 did not in ter fere sweet
(sac cha rin) fluid in take in rats, the natu ral re ward for ro dents 
[2]. The mGluR7 al losteric ago nist did not change ei ther ba -
sal or cocaine- enhance lo co mo tor ac tiv ity in the same doses
that in hib ited drug self- administration [2, 40]. Whereas
mGluR2/3 ago nist LY379268 attenu ated al co hol self-
 administration and re in state ment at doses that also de -
creased spon ta ne ous lo co mo tor ac tiv ity [4]. Simi larly, both
EMQMCM mGluR1 an tago nist and MTEP mGluR5 an -
tago nist sig nifi cantly re duced ver ti cal mo tor ac tiv ity [19].
The clash about in flu ence of AMN082 on lo co mo tor ac tiv ity 
and natu ral re ward is no ta ble. In con trast to the above stud -
ies, Sail ing et al. [58] re vealed AMN082 re duced etha nol
self- administration in mice, but it is non spe cific ac tion be -
cause of in hibi tory ef fect on gen eral lo co mo tor ac tiv ity and
natu ral re ward (as sessed in su crose self- administration
sched ule). This data in di cates a need for more re search to ex -
plain these dis crep an cies, but gen er ally, mGluR7 ac ti va tion
pro duces less ad verse re ac tion than other mGluRs.
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