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Abstract:  

Group II metabotropic glutamate receptor subtypes (mGluR2/3) have emerged in the last 

decade as a possible drug target based on their selective modulatory effects upon 

glutamatergic tone at specific synapses and their neuroanatomical location. In the 

present study we investigated the hypothesis that mGlu2/3 receptors modulate glutamate 

release by means of a negative-feedback mechanism. We have applied three Eli Lilly 

mGlu2/3 receptor related compounds in two in vivo models: dual-probe microdialysis in 

the mesolimbic system and microsensoring in the prefrontal cortex (PFC).  

The mGluR2/3 agonist LY354740 induced a non-significant decrease in glutamate 

dialysate in the ventral tegmental area (VTA) and a significant increase in dopamine 

dialysate in the nucleus accumbens (NAc) in the dual-probe microdialysis experiment. 

The mGluR2/3 agonist LY379268 induced an increase in glutamate and dopamine 

dialysate measured in the VTA and NAc respectively, although the increase in the NAc 

was not significant. These effects were not in agreement with the existing hypothesis. 

The mGluR2/3 antagonist LY341495 induced a significant increase in glutamate levels in 

the VTA and concurrent significant increase in dopamine levels in the NAc.  

The microsensor experiments, carried out in anesthetised rats,  revealed a decrease in 

extracellular glutamate after systemic administration of the mGlu2/3 agonists LY354740 

and LY279268. The latter two sets of data are in agreement with the presumed feed-

back hypothesis. 
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1. INTRODUCTION 

Glutamate in the extracellular fluid is continuously being released from a variety of 

sources. However, glutamate neurotransmission is tightly regulated by glutamate 

transporters and in part by metabotropic glutamate (mGlu) receptors. The discovery of 

mGlu receptors strongly changed the traditional view of glutamatergic neurotransmission, 

as the activation of mGlu receptors can modulate activity in glutamatergic circuits in a 

manner previously associated with only neuromodulators from non-glutamatergic 

afferents. 

 

The group II mGlu receptor subtypes (mGlu2 and mGlu3) have emerged in the last 

decade as a possible drug target based on their selective modulatory effects upon 

glutamatergic tone at specific synapses and their neuroanatomical location. Group II 

mGlu receptors function to inhibit glutamate release as autoreceptors on glutamatergic 

terminals, presynaptic heteroreceptors (Cartmell and Schoepp 2000;Schoepp 2001), or 

via modulatory actions on glia (Conn and Pin 1997;Bruno et al. 1998;Moldrich et al. 

2002). mGlu2/3 receptors are expressed throughout brain in areas commonly associated 

with neuropsychiatric and neurological disorders such as the cerebral neocortex, 

thalamus, striatum (STR), amygdale, and hippocampus (HC) and locus coeruleus 

(Schoepp 1994;Petralia et al. 1996;Ohishi et al. 1998;Shave et al. 2001). 

 

Histological studies have revealed that mGlu2/3 receptors are present in the nucleus 

accumbens (NAc) (Ohishi et al. 1993b;Tamaru et al. 2001;Richards et al. 2005). The 

NAc is located within the ventral STR and is an important neural substrate implicated in 

various motivational, reward, behavioural and cognitive functions, including the regulation 

of motor activity (Kalivas et al. 1993;Dalia et al. 1998). The ventral tegmental area (VTA) 

and medial substantia nigra are the sources of dopamine projections to the accumbens 

(Fallon and Moore 1978). Studies on synaptic ultrastructure in these areas support the 

likelihood that the dopamine and glutamate neurotransmitter systems not only share 

common postsynaptic targets but may also interact via a paracrine-like heterosynaptic 

modulation (Sesack and Pickel 1990;Swanson and Kalivals 2000).  

 

In the present study we investigate by use of in vivo models, the modulation of glutamate 

release through mGlu2/3 receptor related compounds. We investigated the hypothesis 

that mGlu2/3 receptors modulate glutamate release by means of a negative-feedback 

mechanism. Currently in vivo microdialysis is the most common technique used to 

monitor glutamate levels. However, the technique can not distinguish between glial- and 

neuronally-derived pools of glutamate (Timmerman and Westerink 1997). The recent 
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development of glutamate microsensors has shown an improvement in the temporal 

(second-to-second) and spatial (±25 µM) resolution and therefore glutamate can now be 

detected more closely at the release site. It has been suggested that glutamate detected 

by microsensors represents synaptic events more closely (Kulagina et al. 1999;Oldenziel 

et al. 2006c;Hascup et al. 2008). Here we performed dual-probe microdialysis in addition 

to microsensor experiments. The dual-probe microdialysis approach is unique and 

provides additional information to single-probe microdialysis experiments. 

 

We investigated the mGlu2/3 receptor agonists LY354740 and LY379268 and the 

antagonists LY341495 in the mesolimbic pathway of freely moving rats by using a dual-

probe microdialysis model. In the mesolimbic pathway, the dopamine cell body A10 is in 

the region of the ventral tegmental area (VTA) and the axonal terminal is in the ipsilateral 

nucleus accumbens (NAc) region. It is therefore possible in a dual-probe microdialysis 

model to infuse specific compounds into the VTA and simultaneously record dopamine in 

the ipsilateral NAc in order to study properties of mGlu2/3 receptors in the VTA of freely 

moving animals (Westerink et al. 1996). In addition to the microdialysis model, we also 

evaluated the effect of the mGlu2/3 receptor agonists LY354740 and LY379268 in the 

prefrontal cortex (PFC) of anesthetised rats by using a hydrogel coated glutamate sensor 

(Oldenziel et al. 2006c). 
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2. MATERIALS AND METHODS 

2.1 Animals 

Male albino rats of a Wistar-derived strain (275-350 g; Harlan, Zeist, The Netherlands) 

were used for the experiments. The rats were housed individually in plastic cages 

(35x35x40 cm) with food and water ad libitum. Animals were kept on a 12 h light 

schedule (from 7 A.M. until 7 P.M). The experiments were concordant with the 

declaration of Helsinki and were approved by the Animal Care Committee of the Faculty 

of Mathematics and Natural Sciences of the University of Groningen, The Netherlands.  

 

2.2 Materials (drug treatment and doses) 

The following drugs and chemicals were kindly provided by or obtained from the following 

sources: LY354740 synthetase in own lab. LY341495, LY379368 (purchased from Tocris 

Neuramin, Essex, England). Glutamate oxidase (GluOx; G-0400; 6.5 units/mg) was 

purchased from USBiological (Swampscott, MA, USA). Salts, acetone p.a. and 2-

propanol p.a. were obtained from Merck (Darmstadt, Germany). Ascorbic acid oxidase 

(AAOx) was initially obtained from Seravac (Cape Town, South Africa; Product nr. 

011530), but was purified prior to its use (Oldenziel et al. 2006a). Horseradish 

peroxidase type II (HRP; P-8250; 158 units/mg), [4-(2-hydroxyethyl)-1-piperazineethane-

sulfonic acid] (HEPES), HEPES sodium salt, l-glutamate, l-ascorbic acid, poly(ethylene 

glycol) diglycidyl ether (PEDGE), silver chloride and Nafion (5% Nafion solution, 1100 

equivalent weight), tetrodotoxin (TTX) and all other chemicals were obtained from Sigma-

Aldrich (Zwijndrecht, The Netherlands).  

 

aCSF was used for the calibration procedures and for the dissolution of drugs. It had the 

following composition: 145 mM Na+, 1.2 mM Ca2+, 2.7 mM K+, 1.0 mM Mg2+, 152 mM Cl- 

and 2.0 mM phosphate; pH 7.4 adjusted with sodium hydroxide. aCSF solutions were 

made in ultra-purified water (U.P.; Elgastat maxima, Salm en Kipp).  

 

The drugs were first dissolved in water at a concentration of 10 mM and further diluted 

with the perfusion fluid. Drugs dissolved in Ringer were infused via retrograde 

microdialysis into the VTA. The composition of the Ringer’s solution was (in mM) NaCl 

147.0, KCl 3.0, CaCl2 1.2 and MgCl2 1.0, with a pH of 6.0.  

 

One of the conditions of the dual-probe technique is that infused concentrations of drugs 

should be sufficiently high enough to block or stimulate the appropriate receptors in the 

infused area (here aimed at the VTA). Infused doses were based on earlier studies on 
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related experiments (Melendez et al. 2004;Smolders et al. 2004;Swanson et al. 

2004;Greenslade and Mitchell 2004;Karasawa et al. 2006). 

 

2.3 Microdialysis: Surgery and experiments 

Microdialysis was performed with two I-shaped microdialysis probes constructed with a 

Hospal AN67HF: polyacrylnitrile/sodium methyl sulfonate copolymer dialysis fibre 

membrane (Brainlink, Groningen, The Netherlands), with an i.d 220µm and o.d 310µm. 

One probe (exposed length 1.5 mm) was implanted into the VTA, and the second probe 

(exposed length 1.5 mm) was implanted into the ipsilateral NAc. Drugs were infused into 

the brain via the VTA probe, and the NAc probe was used to record extracellular 

dopamine. Coordinates of the implantation were as follows: A/P 2.2, L/M -1.6 and V/D -

7.2 (NAc); A/P -5.0, L/M +0.9, and V/D -8.0 (VTA), from bregma point and dura. The 

dialysis probes were stereotactically implanted under the following conditions: 

isoflurorane 2%, O2, 600ml/min and local bupivacaine hydrochloride monohydrate 

(Marcaine 0.5% adrenaline) anaesthesia. The microdialysis probes were permanently 

fixed to the skull using stainless steel screws and methylacrylic cement. Animals were 

allowed to recover 24 hrs before microdialysis experiments commenced. 

 

Microdialysis experiments were carried out 24 to 72 hrs after implantation of the probes. 

In all experiments the dialysis probes were perfused with a Ringer solution at a flow rate 

of 1.5 µl/min (infusion pump, Technical and Scientific Equipment (TSE), Bad Homburg, 

Germany). All pharmacological agents used for infusion were prepared in this Ringer 

solution. All inlet and outlet tubing was constructed from flexible PEEK (I.D. 0.15 mm; 

Watson-Marlow). 

 

An on-line approach was used to determine dopamine in the NAc where the dialysate 

was directly introduced into the HPLC injection loop (30 µl) and automatically injected 

every 15 min. An off-line approach was used to determine glutamate in the VTA. 

Microdialysis samples were collected every 15 min in HPLC vials containing 7.5 µL 0.02 

M acetic acid to prevent amino acid degradation. After four basal samples were 

collected, drug infusions were performed, followed by reperfusion of the Ringer solution. 

The collected samples were stored in a freezer at -80ºC. 

 

Implantation of the cannulas was evaluated functionally as described below. The 

experiments were finished with infusion of 50 µM baclofen or 1 µmol/l TTX into the VTA 

probe, and the response in the NAc was determined. A decrease in extracellular 

dopamine in the NAc equivalent to at least 40% of baseline was considered as a 
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measure for correct implantation. When the experiment was terminated, the animal was 

anaesthetised with isofluorane and then sacrificed with 1.0 mg/kg sodium pentobarbital.  

 

2.4 Chemical assays 

Dopamine was quantified by HPLC coupled with electrochemical detection. A Shimadzu 

(LC-10AD) pump was used in conjunction with an electrochemical detector (ESA 

Coulochem II), with a Coulochem 5011 detector cell (potential first cell: +500 mV; 

potential second cell: -250 mV). A reverse-phase column (150 x 4.7 mm2; Supelco LC18, 

Bellefonte, PA) was used. The mobile phase consisted out of mixture of 0.05 M sodium 

acetate, 1 M octane sulfonic acid, 0.5 mM Na2-EDTA, and 130 mL/l methanol adjusted to 

pH 4.2 with acetic acid, at a flow rate of 1.0 ml/min. The detection limit of the assay was 

±3 fmol/sample (on-column). 

 

Glutamate in the microdialysis samples were detected with high performance liquid 

chromatography with tandem mass spectrometry (LC-MS/MS). In brief, 10 µl samples 

were mixed with internal standard,1.2 µM [D5]-glutamate (from Cambridge Isotope 

Laboratories Inc., Andover, USA) and 30 nM [D6]-GABA (from Isotec, Miamisburg, USA), 

and were automatically derivatized with SymDAQ (Symmetrical DiAldehydes Quaternary 

ions) in the autosampler (SIL-10AD vp, Shimadzu, Japan) by adding 40 µl reagent to the 

sample. After a reaction time of 2 minutes, 40 µl of the mixture was injected into the LC 

system by an automated sample injector (SIL-10AD vp, Shimadzu, Japan). 

Chromatographic separation was performed on a reversed phase Hypersil Gold 50 x 2.1 

mm (1.9 µm particle size) held at a temperature of 40° C. Components were separated 

using a linear gradient of ACN / 0.1% FA in ultrapure water /0.1% FA (flow rate 0.3 

ml/min) according to the following scheme: LC time scheme. Time (min) % ACN/0.1 % 

FA 0.00 3; 3.50 35; 4.50 90; 5.50 3. After 2 min of eliminating the waste, the flow of LC 

was switched to the MS for the detection of glutamate. MS analyses were performed with 

an API 4000 MS/MS system consisting of an API 3000 MS/MS detector and a Turbo Ion 

Spray interface (both from Applied Biosystems, the Netherlands). The acquisitions were 

performed in positive ionization mode, with ion spray voltage set at 4 kV with a probe 

temperature of 200 °C. The instrument was operated in multiple-reaction-monitoring 

(MRM). Data were calibrated and quantified using the Analyst tm data system (Applied 

Biosystem, version 1.4.2). 

 

2.5 Sensoring: Surgery and experiments 

Rats were anaesthetized with Equitensine (Bo et al. 2003) and placed in a stereotaxic 

frame (Kopf, Tujunga, CA, USA). The body temperature was monitored and maintained 
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at 37°C with a homeothermic blanket (Temperature co ntroller CMA 150; CMA, Solna, 

Sweden). Throughout the experiments, the rats were kept anesthetised with additional 

doses of equitensine as needed, to prevent any detectable motor response when gentle 

pressure was applied to the hind paw. Before incision, the skin on top of the head of rat 

was wiped with diluted ethanol to keep the incision area clean and to help prevent 

infection. A small incision was made on top of the scalp, which was retracted to expose 

the skull. The rat underwent a 4 x 4 mm craniotomy on the right side to permit 

subsequent placement of both microsensors (a glutamate and background microsensor) 

and the micropipette. Both microsensors were placed in close proximity (< 150 µm) in a 

V-shaped form. The microsensors were slowly implanted in the prefrontal cortex (PFC) at 

an angle of 25° at the following coordinates: A/P: + 0.34, M/L: - 0.08 and V/D: - 0.50 cm 

from bregma point and dura respectively (Paxinos and Watson 1986). A small hole was 

drilled on the contralateral side and used for placement of the miniature silver/silver 

chloride reference electrode. Drugs were applied i.v. via tail cannulation. Different 

volumes of mGlu receptor agonist and antagonists dissolved in ringer were injected. 

When the experiment was terminated, rats were sacrificed with an overdose of 

equitensine. 

 

2.6 Microsensors 

Microsensors (glutamate- and background sensors) were constructed and selected for in 

vivo recordings as previously reported (Oldenziel et al. 2004;Oldenziel and Westerink 

2005). Briefly, a single carbon fibre (P-55s, Thornel carbon fibre’s, Amoco; 10 µm 

diameters) was sealed with epoxy into a pulled glass capillary (TW100F-3, World 

Prevision Instruments, Sarasoto, FL, USA) and the exposed fibre was trimmed to a 

length of 300-500 µm. The microsensors were prepared by immobilization of a five-

component redox-hydrogel, in which l-glutamate oxidase (GluOx) (0.0065 Units/µl); 10 

µl), horseradish peroxidase (HRP) (0.711 Units/µl; 10µl), and ascorbate oxidase (AAOx) 

(1.5 Units/µl); 10µl) were wired via poly(ethyleneglycol) diglycidyl ether (PEDGE) to an 

osmium containing redox polymer abbreviated as POs-EA. The redox polymer POs-EA 

(1 mg/ml; 20 µl) and cross-linker PEDGE (3 mg/ml; 4 µl) were dissolved in ultra-pure 

water. Enzymes solutions were made in HEPES buffer (pH 8.00) prepared by the 

addition of the HEPES sodium salt to a 10 mM solution of the acid. The coating 

procedure was mechanised by using an automated dipcoater. After coating, the sensors 

were cured for 1 hr at 37ºC, followed by a 10 min dip in ultra pure water and 2 hrs drying 

in ambient air. Application of a thin Nafion coating completed the fabrication. Nafion 

repels anions such as 3,4 dihydroxyphenylacetic acid (DOPAC) and ascorbic acid (AA). 

The Nafion coating was performed by dipping the hydrogel-coated microsensors 
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repetitively 5 times for 10 seconds, with 20 second intervals, in a 0.5% nafion solution 

(1:10 dilution in isopropanol p.a). All the sensors were coated with Nafion, unless stated 

otherwise. The sensors were cured overnight in refrigerator before calibration the next 

day. The background sensors were prepared in a similar fashion to the glutamate 

microsensors, with the exception that GluOx was not incorporated into the hydrogel. 

  

Electrochemical detection of glutamate by the sensor occurs as follows. The glutamate is 

first converted by GluOX to H2O2, α-ketoglutarate and NH3. Next, the H2O2 is converted 

by HRP, which in turn communicates with the Pos-EA. Finally, the Pos-EA mediates the 

electron transfer to the CFE surface. AAOx is incorporated to prevent interference from 

AA. For a more detailed description of the performance of the sensor, please refer to 

previous reports (Oldenziel and Westerink 2005;Oldenziel et al. 2006b). The experiments 

were carried out by amperometrically operating the microsensor at a constant potential of 

–150 mV (vs. Ag/AgCl). Before the microsensors were used in vivo, they were calibrated 

in a flow-injection analysis system (FIA). Several microsensor properties were 

determined during this calibration, as described previously (Oldenziel and Westerink 

2005): shape and height of the CV (nA; determined as the sum of the cathodic (Ipc) and 

anodic peak (Ipa) current), sensitivity (pA/µM), interference (%), linearity (R2), detection 

limit (µM); 3 times signal to noise ratio and response time (sec); time required for the 

signal to increase from 10 to 90%.  

 

After the in vivo experiment was performed, the microsensors were post-calibrated. The 

sensitivity of the microsensors for glutamate were calculated with the previously 

described conditions (Oldenziel et al. 2006a). This sensitivity was used to correlate the 

detected current (pA) to final extracellular glutamate concentrations. In addition, TTX was 

also injected during the calibration and induced no effect. 

 

2.7 Histology 

After the in vivo experiment was completed, the brain was removed and fixed with 4% 

paraformaldehyde. Coronal sections (40µm thick) were sliced with a cryostat (CM3050S, 

Leica Microsystems, Germany). The placement of the microdialysis probes and 

microsensors were retrospectively verified according to the stereological atlas (Paxinos 

and Watson 1986). 

 

2.8 Expression of results and statistics 

In all microdialysis experiments, values given are expressed as percent of the basal 

levels. The average concentration of four consecutive base-line samples (less than 10% 
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variation) was considered the basal level and was set as 100%. Statistical analysis 

(SPSS14.0 for windows) was performed using one-way analysis of variance with 

repeated measures followed by the Dunnett’s multiple comparison test. The significance 

level was set at p<0.05. 

 

Sensoring data are presented as mean ± SEM. The recordings of the microsensors (in 

pA) were averaged and represented as a black line (mean) with a grey area (SEM). Each 

experiment (n) represents a different animal investigated with a separate set of 

microsensors. Statistical analysis was performed using a One Way Anova with repeated 

measures followed by a Student-Newman-Keuls posthoc test. The level of significance 

was set at p <0.05. For statistical analysis the data (each second, a data point) were 

averaged to sections of minutes and the output of both microsensors at the minute prior 

to treatment was compared to the different post-treatment minutes. 
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3. RESULTS 

3.1 Basal values of dopamine, DOPAC and 5-HIAA in t he NAc in the microdialysis 

experiments 

Basal values of dopamine (DA), dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC) and 

the serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) in the NAc are given in 

Table 1. 5-HIAA levels are usually not related to dopamine metabolism and can be 

considered as an “internal standard” representing the stability of the microdialysis 

experiments.  

 

Table 1: Basal values of dopamine, DOPAC and 5-HIAA 

Compound  Dopamine  
(fmol/min) 

DOPAC 
(pmol/min) 

5-HIAA 
(pmol/min) 

n-
values 

LY354740 7.67 ± 3.16 0.97 ± 0.20 0.27 ± 0.04 5 
LY379268 3.44 ± 1.05 1.48 ± 0.37 0.27 ± 0.02 6 
LY341495 4.45 ± 2,17 1.44 ± 0.30 0.24 ± 0.03 5 
 

3.2 Effect of infusion of LY354740 into the VTA on the dialysate content of 

glutamate and dopamine in the ipsilateral NAc 

It was determined that the increasing concentrations of 10 µM, 100 µM and 1 mM 

LY354740 infused into the VTA caused a decrease of extracellular glutamate to 94%, 

87% and 72% of basal level respectively. However, this decrease was not found to be 

significant (F3,87=0.190; p=0.903) (Figure 1). In contrast, infusion of LY353740 caused a 

significant increase over time in basal dopamine levels in the ipsilateral NAc when 1 mM 

LY354740 was infused (F21,87=2.017; p=0.016) and an increase in DOPAC levels 

(F21,87=1.676; p=0.058), but not in HIAA levels (F21,87=1.005; p=0.470). An increase in 

dopamine concentration of 103%, 106% and 129% was found respectively after infusion 

of 10 µM, 100 µM and 1 mM LY354740. However, a statistical significance was found 

only for the highest concentration of 1 mM compared to the basal samples (p=0,001), 

10µM (p=0.002) or 100µM LY354740 (p=0.013) (F3,87=12.094; p=0.000) (Figure 2a,b). 

 
3.3 Effect of infusion of LY379268 into the VTA on the dialysate content of 

glutamate in the VTA and dopamine in the ipsilatera l NAc 

Infusion of 1 µM, 10 µM or 100µM LY379268 into the VTA caused an increase in the 

VTA glutamate levels of 127%, 158% and 151% of basal levels (F3,87=1.910; p=0.134). 

The highest concentration, 100 uM LY379268, induced a significant increase compared 

to the basal levels (p=0.038) (Figure 3). Infusion of LY379268 caused no significant 

increase in basal dopamine levels over time in the ipsilateral NAc (F21,131=0.603; 

p=0.909) or in DOPAC (F21,131=0.990; p=0.481), or HIAA levels (F21,131=0.304; p=0.999). 
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An increase in dopamine concentration of 107%, 113% and 116% was found 

respectively after infusion of 1 µM, 10 µM and 100 µM LY379268. A statistical significant 

increase was found for 100 µM LY379268 compared to the basal samples (p=0.033) 

(F3,131=2.876; p=0.039). (Figure 4a,b). 

 
3.4 Effect of infusion of LY341495 into the VTA on the dialysate content of 

glutamate in the VTA and dopamine in the ipsilatera l NAc 

Glutamate levels in the VTA increased significantly after infusion of 10 µM, 100 µM and 1 

mM LY341495 causing an increase of 115%, 139% and 210% respectively (F3,65=6.262; 

p=0.001). The highest concentration (1 mM LY341495) infused was found to be 

significant compared to the basal glutamate levels (p=0.017) (Figure 5). Infusion of 

LY341495 caused a significant increase in basal dopamine levels in time in the ipsilateral 

NAc when 1 mM LY341495 was applied (F21,109=1.864; p=0.024).  However no change 

was seen in DOPAC (F21,109=0.348; p=0.996) or HIAA (F21,109=1.835; p=0.271) levels. 

Statistical significance was found in the following concentrations: 100 µM and 1 mM 

LY341495 compared to the basal samples and 10 µM (F3,109=13.633; p=0.000). (Figure 

6a,b). 

 
3.5 Effect of LY354740 and LY379268 on extracellula r glutamate levels in the PFC 

measured with hydrogel microsensors 

The hydrogel glutamate sensor showed a sensitivity of approximately 0.55 pA/µM in vivo. 

The effect of systemically applied metabotropic glutamate receptor agonist LY354740 

and agonist LY379268 was measured in the PFC. An immediate decrease of ±73 µM 

(39%) of the glutamate current was measured following intravenous injection of the 

glutamate agonist LY354740 (1 mg/kg, 3.2 mg/kg and 10 mg/kg). This decrease is 

significant (F3,1200=4127.70 p=0.000) (Figure 7). A decrease in glutamate concentration 

was also measured, when the glutamate agonist LY379268 was intravenously injected 

(1.2 mg/kg and 3.7 mg/kg). An immediate decrease of ±35 µM (22%) of the glutamate 

current was measured. The decrease is significant (F2,900=23.948 p=0000) (Figure 8). 
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Figure 1: Effect of infusion of LY354740 (10 µM, 100 µM, 1 mM) into the VTA on the 

extracellular concentrations of glutamate. Data are given as percentage of basal values ± 

SEM (n=4).  
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Figure 2a: Time course of the effect of LY354740 (10 µM, 100 µM, 1 mM) infused into the 

VTA on the dopamine, DOPAC and HIAA levels in the ipsilateral NAc. The horizontal bar 

indicates the period of LY354740 infusion. Data are expressed as percentage of basal levels 

± SEM (n=4).* represents post-hoc significance (p<0.05) versus baseline. 
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Figure 2b: Effect of infusion of LY354740 (10 µM, 100 µM, 1 mM) into the VTA on the 

extracellular concentrations of dopamine the ipsilateral NAc. Data are given as percentage of 

basal values ± SEM (n=4). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 3: Effect of infusion of LY379268 (1 µM, 10 µM, 100 µM) into the VTA on the 

extracellular concentrations of glutamate. Data are given as percentage of basal values ± 

SEM (n=4). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 4a: Time course of the effect of LY379268 (1 µM, 10 µM, 100 µM infused into the VTA 

on the dopamine, DOPAC and HIAA levels in the ipsilateral NAc The horizontal bar indicates 

the period of LY379268 infusion. Data are expressed as percentage of basal levels ± SEM 

(n=6). 
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Figure 4b: Effect of infusion of LY379268 (1 µM, 10 µM, 100 µM) into the VTA on the 

extracellular concentrations of dopamine the ipsilateral NAc. Data are given as percentage of 

basal values ± SEM (n=6). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 5: Effect of infusion of LY341495 (10 µM, 100 µM, 1 mM) into the VTA on the 

extracellular concentrations of glutamate. Data are given as percentage of basal values ± 

SEM (n=4). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 6a: Time course of the effect of LY341495 (10 µM, 100 µM, 1 mM) infused into the 

VTA on the dopamine, DOPAC and HIAA levels in the ipsilateral NAc. The horizontal bar 

indicates the period of LY341495 infusion. Data are expressed as percentage of basal levels 

± SEM (n=5). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 6b: Effect of infusion of LY341495 (10 µM, 100 µM, 1 mM) into the VTA on the 

extracellular concentrations of dopamine the ipsilateral NAc. Data are given as percentage of 

basal values ± SEM (n=5). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 7: Effect of LY354740 (1, 3.2, 10 mg/kg) i.v injection on extracellular glutamate levels 

in the PFC determined with microsensors. Data are expressed as percentage of basal levels 

± SEM (n=5). * represents post-hoc significance (p<0.05) versus baseline. 
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Figure 8: Effect of LY379268 (1.2 and 3.7 mg/kg) i.v injection on extracellular glutamate levels 

in the PFC determined with microsensors. Data are expressed as percentage of basal levels 

± SEM (n=5). * represents post-hoc significance (p<0.05) versus baseline. 
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4. DISCUSSION 

The mGlu receptors operate very differently from ion channel receptors. Firstly, mGlu 

receptors activate biochemical processes within the cell rather than opening the gates to 

ions, and are therefore capable of subtle modulatory actions. Secondly, even though they 

are located both presynaptically and postsynaptically – unlike ion channels, which are 

postsynaptic in nature – they are primarily pre-synaptic on axons, at the periphery of the 

synapses where they monitor glutamate that escapes or “leaks” from the synaptic sites 

(“spillover theory”) (Schoepp 2001;Tamaru et al. 2001;Moldrich et al. 2003;Rae et al. 

2005). mGlu3 receptors are also highly expressed in glial cells and although the role of 

these glial receptors are a matter of debate, activation of these receptors is likely to result 

in significant downstream effects considering the major contribution of glia towards the 

uptake and synthesis of glutamate (Conn and Pin 1997;Bruno et al. 1998;Moldrich et al. 

2002).  

 

In the present study two different methods were used to investigate the modulatory 

properties of mGlu2/3 receptors on extracellular glutamate levels. A dual-probe 

microdialysis approach in the mesolimbic dopamine pathway was used in freely moving 

animals in addition to a glutamate microsensoring technique in anaesthetised rats. 

 

4.1 Microdialysis studies with metabotropic glutamate group II agonist: LY354740 

LY354740 is specific for the activation of mGlu2/3 receptors with no appreciable affinity 

for other glutamate receptors or transporters (Swanson et al. 2004). In the present study 

only minor effects were seen at the highest infused concentrations (1 mM) i.e. LY354740 

induced a (non-significant) decrease to 72% of controls in the glutamate dialysate levels 

in the VTA and an increase of 129% of controls in the dopamine dialysate levels in the 

NAc. mGlu2/3 receptor agonists such as LY354740 have been suggested to modulate 

glutamate release by a negative feedback mechanism, which is supported by the 

observed changes in glutamate. However, it is surprising that infusion of LY354740 into 

the VTA caused an increase instead of a decrease in dopamine levels in the NAc. There 

is no apparent correlation in these results between extracellular glutamate levels 

measured in the VTA and dopamine levels in the NAc of the mesolimbic pathway. 

 

Swanson et al. (2004) noted a small, but not significant, increase of 130% of controls in 

dopamine levels after infusion of 30 µM LY354740 in the PFC. However, another study 

showed a significant decrease of ±69% of controls in dopamine levels when 10 µM was 

applied in the NAc shell (Karasawa et al. 2006). Even though these studies cannot be 

directly compared with ours due to methodological differences, it is interesting to note 
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these discrepancies which add to the complex nature of neuronal glutamate homeostasis 

in the brain. Furthermore, data obtained from animals systemically injected with the 

active and highly selective agonist LY354740, has shown no affect on basal glutamate or 

dopamine levels in the PFC or STR (Battaglia et al. 1997;Moghaddam and Adams 1998).  

 

4.2 Microdialysis studies with metabotropic glutamate group II agonist: LY379268 

The LY379268 analogue of LY354740 has a slightly different pharmacological profile at 

group II mGlu receptors, being more potent at mGlu3 (EC50= 5 nM) receptors in 

comparison with LY354740 (EC50= 38 nM) (Monn et al. 1999). Local infusion of 

LY379268 in the VTA caused an increase in glutamate dialysate levels (151% of 

controls) in the VTA and a slight increase in dopamine dialysate levels (116% of controls) 

in the NAc. Both changes were statistically significant but in contradiction to our 

hypothesis, as the proposed activation of the negative feedback mechanism should 

decrease extracellular glutamate concentrations in the VTA and subsequently result in 

decreased extracellular dopamine concentrations in the NAc.  

 

In contrast, other studies generally did not observe changes in dialysate glutamate and 

dopamine levels (Cartmell et al. 2001;Smolders et al. 2004;Greenslade and Mitchell 

2004). This could, however, be explained by the lower concentrations administered in 

these studies. One exception is a study by Greenslade and Mitchell (2004), where they 

did find a decrease (60% of control) of dopamine after infusion in the NAc shell that was 

not observed in the NAc core. Interestingly, at a higher concentration (10 mg/kg) there 

was an absence in change of dopamine and glutamate levels, whereas 1.0-3.0 mg/kg 

induced a decrease in basal levels (Cartmell et al. 2001). The fact that in our study we 

only observed changes at the highest concentration might question the specificity of the 

elicited effects. 

 

With regards to systemical injections of LY379268, while no effect was noted on 

glutamate and dopamine dialysate levels in the PFC or NAc in one study (Lorrain et al. 

2003;Kim et al. 2005), other studies indicated a significant increase in dopamine levels in 

the mPFC (Monn et al. 1999;Cartmell et al. 2000a). In the two studies by Cartmell et al., 

variations in results were also found. The increase in dopamine levels were speculated to 

be due to the use of nomifensine, however in the study where no effect was seen, 

perhaps the high dosage of 10mg/kg was excessive (Cartmell et al. 2000a;Cartmell et al. 

2000b).  
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Regarding the latter observations and our present results, it is evident that a discrepancy 

exists between in vivo and in vitro or electrophysiological data, which clearly show 

negative feedback activation of glutamate release via low concentrations of the mGlu 

agonists. In this regard, cell culture and brain slice studies have shown that group II 

mGlu receptor agonists modulate synaptic transmission by decreasing evoked-release of 

glutamate from synaptomes (Lombardi et al. 1993;East et al. 1995) and inhibited 

glutamatergic neurotransmission in electrophysiological studies (Lovinger and McCool 

1995;Yoshino et al. 1996). Group II mGlu antagonists have also been shown to 

antagonize the effect of mGlu2/3 agonists (Lovinger and McCool 1995;Zhai et al. 2003). 

 

4.3 Microdialysis studies with metabotropic glutamate group II antagonist: 

LY341495 

Although LY341495 is a selective mGlu2/3 receptor antagonist, it is realized that it 

displays activity at other glutamate receptors at higher doses/concentrations (Swanson et 

al. 2004). In the present study, infusion of LY341495 in the VTA caused an increase in 

glutamate dialysate levels in the VTA at 210% of controls. In the meantime dopamine 

dialysate levels in the NAc rose to 174% of controls. These observations are in line with 

the hypothesis that increased extracellular levels of glutamate activate the dopamine 

neurons projecting to the NAc. The results are also  consistent with the study of 

Melendez et al. (2004), which noted an increase in glutamate concentrations after nM 

concentrations were administered in the PFC. Another study also demonstrated that local 

infusion of (10µM) MGS0039, a mGlu2/3 receptor antagonist, increased extracellular 

dopamine levels (132% of controls) in the NAc shell (Karasawa et al. 2006). Smolders et 

al. (2004) however, did not observe any change in basal levels in the hippocampus. 

 

4.4 Microsensoring with metabotropic glutamate group II agonist in the PFC 

This is one of the first studies to our knowledge in which the glutamate microsensors are 

practically applied to elucidate the function of metabotropic glutamate II receptors in the 

brain. Activation of the mGlu2/3 receptor agonist by i.v. injection of LY354740 and 

LY379268 both caused a statistically significant decrease of extracellular glutamate of 

approximately 73 µM (61% of controls) and 35 µM (78% of controls) respectively. These 

observations support the modulatory actions of group II agonists as result of a negative-

feedback mechanism. 

 

4.5 Behaviour 

Behavioural activity such as hyperactivity, increased exploration, sniffing, scratching, 

rearing and frog-like posture are described when mGlu2/3 receptor agonists were 
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injected i.p., but not when infused locally (Smolders et al. 2004). In line with this, we also 

did not observe these behavioural changes after local infusion of mGlu2/3 agonists. 

Instead, we noted that rats were more anxious and startled after infusion of the mGlu2/3 

receptor antagonist into the VTA. The increase in extracellular dopamine seen in the NAc 

after agonist exposure could therefore also be due to stress. 

 

4.6 NAc core and shell 

mGlu2/3 receptors are abundantly expressed in the NAc (Ohishi et al. 1993a;Ohishi et al. 

1993b;Testa et al. 1994). The anatomical distinction of the NAc has been reported to be 

important in view of the fact that the NAc core and shell have distinct 

immunohistochemical characteristics, afferent inputs and efferent projections (Voorn et 

al. 1989;Heimer et al. 1991;Zahm and Brog 1992). For example, the NAc receives 

projections from various limbic structures including the PFC, HC, amygdale and thalamus 

which terminate predominantly in the shell sub-region (Greenslade and Mitchell 2004). 

Functionally, the NAc shell constitutes a limbic sector of the brain, involved in 

motivational and emotional processes such the rewarding (hedonic) effects of food, sex 

and addictive drugs, whereas the core comprises a striatal sector that plays a role 

predominantly in motor functions (Deutch 1993). Results from anatomical studies, 

however, do not indicate differential distribution of mGlu2 and mGlu3 receptors in the 

NAc core, shell and STR (Petralia et al. 1996;Ohishi et al. 1998;Richards et al. 2005). 

The two distinct roles of the main subdivisions of the NAc, the core and shell 

(Groenewegen et al. 1987;Heimer et al. 1991), were therefore not assessed in this study.  
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5. CONCLUSION   

In the present study we evaluated the hypothesis that mGlu2/3 receptors might modulate 

glutamate release by a negative feed-back mechanism. The results of the dual-probe 

microdialysis model in the mesolimbic dopamine pathway (VTA→NAc) only partly 

confirmed this hypothesis. The antagonist LY341495 indeed did induce a significant 

increase in glutamate and dopamine levels in the VTA and NAc respectively. However 

the agonist LY354740 and LY379268 did not decrease glutamate levels in the VTA with 

a subsequent decrease in dopamine levels in the NAc. 

 

The microsensoring technique protocol revealed significant findings. In line with our 

hypothesis, a decrease in glutamate levels was observed in the PFC after LY agonists 

were administrated systemically.  

 

Part of the discrepancy might be explained by the fact that the origin of extracellular 

glutamate is derived from both neuronal and non-neuronal sources. At present it is yet 

not known which glutamate pool is modulated by group II mGluRs. 

 

Finally it should be noted that studies conducted with LY components over a period of 

hours might be too short to draw conclusive results.  

 

 

 


