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Lack of the antianxiety-like effect of (S)-3,4-DCPG,

an mGlu8 receptor agonist, after central

administration in rats
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Abstract:

Substances acting as agonists of group III mGlu receptors were shown to induce an antianxiety-like effect after intrahippocampal

administration to rats. The purpose of the present study was to establish whether the selective mGlu8 receptor agonist

(S)-3,4-dicarboxyphenylglycine ((S)-3,4-DCPG) induced an anxiolytic-like effect after injection into the basolateral amygdala

nuclei or the CA1 region of the hippocampus in the conflict drinking Vogel test in rats. The obtained results indicate that

(S)-3,4-DCPG (10, 50 and 100 nmol/rat) produces no anticonflict effect in rats. We conclude that selective stimulation of mGlu8

receptors (a subtype of group III mGluRs) does not evoke anxiolytic-like activity, and that the mGlu8 receptors are of no significance

for anxiolytic-like effects of group III mGluR agonists.
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Introduction

Metabotropic glutamate (mGlu) receptors are a novel

family of eight (mGlu1–8) G-protein-coupled recep-

tors which are classified into three groups (mGlu

I–III) according to their sequence homology, pharma-

cology and preferred signal transduction mechanisms.

Group I mGluRs (mGluR1 and mGluR5) are posi-

tively coupled via Gq to phospholipase C, while group II

(mGluR2 and mGluR3) and group III (mGluR4,

mGluR6, mGluR7 and mGluR8) ones are negatively

coupled via Gi/o to adenylyl cyclase. All those recep-

tors are localized either pre- or postsynaptically at the

majority of glutamatergic synapses and at some

GABAergic ones. Group I mGluRs are mainly located

postsynaptically, whereas group II and group III ones

are localized primarily presynaptically [3, 16]. Sev-

eral lines of evidence suggest that glutamate as a ma-

jor excitatory neurotransmitter not only plays an im-

portant role in the physiology of the central nervous

system (CNS), but may also be involved in several

CNS disorders including anxiety and stress-related ill-

nesses [3, 12, 20].

Taking into account the physiological functions

and distribution of mGluR subtypes in the CNS, it

may be hypothesized that group I mGluR antagonists

and group II and III mGluR agonists may be potential

anxiolytic drugs due to the inhibition of glutamate

neurotransmission. Indeed, recent preclinical findings

point to group I mGlu receptor (both mGluR1 and
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mGluR5) antagonists and group II mGlu receptor ago-

nists as potential anxiolytics, which is also evidenced

by some clinical data from a study into a group II mGlu

agonist (mGlu2/3) [2, 10, 22]. The role of the sub-

types of group III mGlu receptors (mGlu 4,6,7,8) in

anxiety has not been unequivocally established. In our

earlier studies, we found that the agonists of group III

mGlu receptors L-serine-O-phosphate (L-SOP) and

(1S,3R,4S)- 1-aminocyclopentane-1,3,4-tricarboxylic

acid (ACPT-I), as well as the selective mGluR6 ago-

nist 2-amino-4-(3-hydroxy-5-methylisoxazol-4-yl)bu-

tyric acid (homo AMPA) [16] given intrahipocampally

(ihp) produced an anxiolytic-like effect in the conflict

drinking test in rats [13, 23]. At the same time,

(RS)-4-phosphonophenylglycine (RS-PPG), another

agonist of group III mGluRs with preferential affinity

for mGlu8 receptors [16], administered ihp did not

evoke an anxiolytic-like effect in that test [13]. In

contrast, Schmid and Fendt [19] observed that the

mGluR8 agonist 3,4-dicarboxyphenylglycine (DCPG)

given into the lateral amygdala blocked the expres-

sion of conditioned fear in a fear-potentiated startle

paradigm. Moreover, it was shown that mGlu8 recep-

tor knockout mice exhibited anxiety-like behavior in

the elevated plus-maze test [9]. These results indicate

that the activity of mGlu8 receptor agonists in animal

models of anxiety, as well as the participation of this

subtype of mGlu receptors in anxiolytic-like effects of

group III mGluR agonists have not yet been elucidated.

To determine more explicitly the role of mGluR8 re-

ceptors in the modulation of anxiety-like behavior in rats,

we attempted to examine the effect of the most selective

mGluR8 agonist (S)-3,4-DCPG [24, 25] after its injection

into the amygdala and the hippocampus – two brain struc-

tures involved in anxiety [4, 5] – in the conflict drinking

Vogel test. In those brain areas the localization of mGlu8

receptors was established by immunohistochemical [21,

26] or in situ hybrydization studies in rats [18].

(S)-3,4-DCPG was described as a selective and full

mGlu8 receptor agonist (EC50 = 31 ± 2 nM) with signifi-

cantly weaker effects on other mGlu receptor subtypes

(EC50 or IC50 values 3.5 µM on mGluR 1–7); moreover,

electrophysiological characterization revealed that

(S)-3,4-DCPG activated mGluRs on primary afferent

terminals in neonatal rat spinal cord [24]. It was also

demonstrated that, in contrast to (RS)-3,4-DCPG, iso-

mer S did not change the activity of AMPA, kainate or

NMDA receptors [24, 25]. In addition, it was reported

that intracerebroventricular injection of (S)-3,4-

DCPG inhibited sound-induced seizures in mice [11].

Materials and Methods

Animals and housing

The experiments were performed on male Wistar rats

(250–270 g). The animals were individually kept in

cages (40 × 27 × 15 cm) under a natural day-night cy-

cle at a room temperature of 19–21°C, and had free

access to food and tap water before the experiment.

All the tests were carried out in the light phase of the

natural light/dark cycle (from November till January),

between 9 a. m. and 2 p.m. All the experimental pro-

cedures used were approved by the Local Bioethics

Commission at the Institute of Pharmacology, Polish

Academy of Sciences in Kraków.

Surgical procedures

The rats were anaesthetized with intramuscular injec-

tion of ketamine (100 mg/kg) and xylazine (65 mg/kg)

in a 0.9% NaCl. A socket with two stainless steel

guide cannulae (0.4 mm o.d., 0.3 mm i.d., 10 or 8.0

mm long) was implanted stereotaxically 2 mm above

the basolateral amygdala (A 2.56 mm, L 5.0 mm, H

8.6 mm from the bregma), or above the CA1 region of

the dorsal hippocampus (A 5.2 mm, L 2.0 mm, H

7.3 mm from the interaural line) [15], and was fixed

to the skull with stainless steel screws and dental

acrylic cement. Seven days later the rats were sub-

jected to behavioral testing.

Drug treatment

The injections of the drug were made using Hamilton

microsyringes connected via polyethylene tubing to

two stainless steel needles (0.3 mm o.d.). The needles

were inserted 2 mm below the tip of the guide can-

nula. Solutions were administered bilaterally for 60 s.

The injection needle remained in place for another 60 s

before it was removed and replaced with a stylet.

(S)-3,4-Dicarboxyphenylglycine ((S)-3,4-DCPG; Tocris

Cookson Ltd., Bristol, UK) was dissolved in sterile

saline with an addition of a minimal amount of 0.1 M

NaOH (pH = 7.2), and was injected in a volume of

0.5 µl/site into the basolateral amygdala or into the

CA1 region of the hippocampus 10 min before the

test. Control rats received vehicle according to the

same schedule.
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The experiments were performed by an observer

unaware of the treatment.

Conflict drinking test (Vogel test)

To evaluate the anxiolytic-like effects of a tested drug,

a modified method described by Vogel et al. [27] was

used. On the first day of the experiment, the rats were

adapted for 10 min to the test chamber, i.e. a Plexiglas

box (27 × 27 × 50 cm) equipped with a grid floor

made of stainless steel bars and with a drinking bottle

with tap water. After the adaptation period the ani-

mals were deprived of water for 24 h, and were then

placed in the test chamber for another 10-min adapta-

tion period during which they had free access to the

drinking bottle. Afterwards, they were allowed a 30-

min free-drinking session in their home cage. After

another 24-h water deprivation period, the rats were

placed again in the test chamber and were allowed to

drink for 30 s. Immediately afterwards, their drinking

attempts were punished with an electric shock

(0.5 mA). Electric impulses between the grid floor

and the spout of the drinking bottle were released

every 2 s (timed from the moment when the preceding

shock was delivered). Each shock lasted 1 s, and if

a rat was drinking while an impulse was released, it re-

ceived a shock. The number of shocks accepted

throughout a 5-min experimental session was recorded

by the experimenter who observed the rats’ behavioral

reaction (e.g. body jerks) to an electric shock.

Histological analysis

On completion of each experiment, the location of the

infusion was verified visually. All the animals were

killed on the final testing day; their brains were re-

moved and stored in a 10% formalin solution. To

identify the position of the cannula tracts, the frozen

brains were cut in the coronal plane in a Cryo-cut.

Only the data from the rats in which the cannulae

were located bilaterally in the intended structure were

included in the results for calculation.

Data analysis

The obtained data were presented as the mean ± SEM

and were evaluated by a one-way analysis of variance

(ANOVA), followed by Dunnett’s test.

Results and Discussion

In our study, we investigated the effect of (S)-3,4-DCPG,

a selective agonist of mGlu8 receptors [24, 25], in the

conflict Vogel test in rats. This test is frequently used

for evaluating anxiolytic-like activity in animals,

since it is regarded as a particularly important, rigorous

and clinically relevant model to be used for pharma-

cological studies of potential therapeutic agents and

of the role of endogenous modulators in the control of

anxious states [10]. As shown in Table 1, (S)-3,4-DCPG

(10, 50 and 100 nmol/rat) administered into the baso-

lateral amygdala nuclei or into the CA1 region of the

dorsal hippocampus did not produce any effect char-

acteristic of anxiolytics, since it did not alter the pun-

ished responding during an experimental session in

the conflict drinking test. These results are in line

with the findings of our previous study which indicate

that the mGluR8 agonist R,S-PPG, being less selec-

tive than (S)-3,4-DCPG [25], did not show an

antianxiety-like effect in the conflict drinking test in

rats when given into the CA1 region of the hippocam-

pus [13]. On the other hand, Schmid and Fendt [19]

demonstrated using a fear-potentiated startle para-

digm that DCPG given into the amygdala produced an

anxiolytic-like effect. However, the latter authors did

not account for the fact that (R,S)-3,4-DCPG (proba-

bly used by them) was a mixed agonist of mGluR8

and an antagonist of AMPA receptors; the S isomer

was found to be responsible for mGluR8 agonistic
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Amygdala Hippocampus

Treatment Dose
[nmol/rat]

n Number of shocks
accepted/5 min;

mean ± SEM

n Number of shocks
accepted/5 min;

mean ± SEM

Vehicle – 8 9.9 ± 1.0 8 11.3 ± 2.8

(S)-3,4-DCPG 10 7 13.7 ± 1.7 8 7.3 ± 0.8

50 8 9.4 ± 1.3 7 9.9 ± 0.9

100 8 13.1 ± 1.8 8 10.5 ±1.7

F(3,27) = 1.761
ns

F(3,27) = 0.9953
ns
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properties [25], while its AMPA antagonistic activity

was demonstrated by its R isomer [24]. Since some

AMPA receptor antagonists exert anxiolytic-like ac-

tivity [10], it cannot be excluded that the potential

anti-anxiety effect of DCPG, observed by Schmid and

Fendt [19], is connected with the blockade of AMPA

receptors. The recent study of Linden et al. [8]

showed that systemic administration of (S)-3,4-DCPG

increased c-Fos expression in stress-related brain re-

gions in wild-type (but not mGlu8 receptor knockout)

mice, an effect which can be induced by both anxio-

lytics and anxiogenics. The mechanisms operating in

the neuronal pathways mediating c-Fos induction in

the brain after administration of (S)-3,4-DCPG still

remain to be elucidated.

Summing up, the above data indicate that selective

stimulation of mGlu8 receptors, which are expressed

in the rat amygdala [26] and hippocampus [21], does

not evoke anxiolytic-like activity. Moreover, these

findings support our earlier assumption that mGlu8

receptors are not involved in the anxiolytic-like activ-

ity of group III mGluR agonists [13].

The lack of the anti-anxiety activity of (S)-3,4-

DCPG was somewhat unexpected, as it is believed

that the potential therapeutic application (including

anxiolytic activity) of group III mGluR agonists may

be related to their ability to inhibit the glutamate sys-

tem via stimulation of the presynaptically located

group III mGlu receptors [16]. In general, the activa-

tion of group III mGlu receptors leads to the suppres-

sion of glutamate and GABAergic transmission in nu-

merous preparations [see 1], hence, it is assumed that

mGluRs on GABAergic terminals act as heterorecep-

tors which mediate the crosstalk between glutamater-

gic and GABAergic synapses [6]. Little is known

about the physiological role of mGlu8 receptors; on

the basis of localization and electrophysiological

studies, mGlu8 receptors seem to function as autore-

ceptors which control glutamate and GABA neuro-

transmission. In fact, it was shown that (S)-3,4-DCPG

reduced in vitro excitatory synaptic transmission via

selective mGluR8 stimulation in rat spinal cord [25],

superior colliculus [17], hypothalamus [14] and hip-

pocampus [28], and also inhibited transmission at

GABAergic synapses of the rat hypothalamus [14].

On the other hand, Lee et al. [7] recently reported that

(S)-3,4-DCPG did not affect glutamate release in the

cerebral cortex in vitro. To date, no information has

been available about the action of mGluR8 agonists

on glutamate and GABA release in animal brain areas

in vivo, therefore, it is very difficult to find any expla-

nation for the absence of an antianxiety-like effect af-

ter administration of the selective mGluR8 agonist

(S)-3,4-DCPG.
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