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Abstract 

The effect of intrathalamic application of GABA B receptor antagonists on the basal excitatory amino-acid levels was studied using 
microdialysis probes implanted in the dorsal lateral geniculate nucleus and in the ventrobasal complex. In both nuclei, continuous 
perfusion of the GABA B receptor antagonist 3-aminopropyl-(diethoxymethyl)-phosphinic acid (CGP 35348) produced an increase in the 
extracellular concentration of aspartate and (to a lesser extent) glutamate, but no change was observed in the level of taurine, the main 
amino acid involved in the regulation of brain osmolarity processes. In contrast, 3-amino-2-hydroxy-2-(4-chlorophenyl)-propanesulphonic 
acid (2-hydroxy-saclofen), another GABA B receptor antagonist, failed to affect the extracellular concentration of aspartate, glutamate and 
taurine. Thus, the basal level of excitatory amino acids in the thalamus in vivo is under the control of CGP 35348-sensitive GABA~ 
receptors. 
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1. Introduct ion 

A high number of G A B A u  receptors occurs in the 
thalamus, in particular within the dorsal lateral geniculate 
nucleus and the ventrobasal complex (Bowery et al., 1987; 
Chu et al., 1990), where they are located both pre- and 
postsynaptically (Soltesz et al., 1988; Crunelli and 
Leresche, 1991; Lee et al., 1994: Emri et al., 1996). 
Presynaptic G A B A ~  receptors have been suggested to 
play an important role in the regulation of transmitter 
release (Bowery et al., 1980: Bonanno and Raiteri, 1993; 
Pende et al., 1993), and in the thalamus their activation has 
been shown to reduce the amplitude of inhibitory post- 
synaptic currents and excitatory postsynaptic potentials in 
vitro (Le Feuvre et al., 1995; Emri et al., 1996) and 
transmitter release in vivo (Banerjee and Snead, 1995). 
Studies using selective G A B A  B receptor agonists and 
antagonists have suggested the existence of G A B A u  re- 
ceptor subtypes (Bonanno and Raiteri, 1993; Misgeld et 
al., 1995; Kerr and Ong, 1995). tn particular, the release of 
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glutamate in cortical synaptosomes has been shown to be 
blocked by 3-aminopropyl-(diethoxymethyl)-phosphinic 
acid (CGP 35348), while phaclofen was inactive (Bonanno 
and  R a i t e r i ,  1993) .  3 - A m i n o - 2 - h y d r o x y - 2 - ( 4 -  
chlorophenyl)-propanesulphonic acid (2-hydroxy-saclofen),  
the more potent structural analogue of phaclofen (Kerr et 
al., 1988; Misgeld et al., 1995), has been found to antago- 
nize the effect of baclofen on excitatory postsynaptic 
potentials in the dorsal lateral geniculate nucleus in vitro 
(Emri et al., 1996), and to act as a partial agonist in the 
thalamus as well as in other brain areas (Nathan et al., 
1990; Caddick et al., 1995; Emri et al., 1996). 

The physiological  relevance of GABAR receptor-medi- 
ated regulation of transmitter release, however, is still not 
fully understood. Biochemical and electrophysiological  
studies in vitro have suggested the presence of a tonic 
activation of presynaptic G A B A  B receptors that control 
glutamate and G A B A  release (Bernasconi et al., 1992; 
Emri et al., 1996), but no direct evidence in support of this 
hypothesis is available in vivo. Such a process might 
underlie the blockade of  absence seizures (Liu et al., 1992: 
Snead, 1992) and the changes in the sleep-waking cycle 
(Juhfisz et al., 1994) produced by direct application of the 
G A B A  a receptor antagonist CGP 35348 into the thalamus. 
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In this study, therefore, the effect of intrathalamic injec- 
tion of two GABA B receptor antagonists, CGP 35348 and 
2-hydroxy-saclofen, on the basal extracellular concentra- 
tion of excitatory amino acids was investigated in the 
ventrobasal complex and dorsal lateral geniculate nucleus 
using the in vivo microdialysis technique in anaesthetized 
rats. 

2. Materials and methods 

Male Wistar rats (200-300 g) were anaesthetized with 
halothane (1%) and microdialysis probes, constructed as 
previously described (Juhfisz et al., 1989), were implanted 
in the thalamus. Briefly, hollow fibers (Travenol, cut off: 
5000 Da, outside diameter: 0.2 mm, length: 3 mm) were 
implanted in the ventrobasal complex, while, because of its 
smaller size, Terrenius HR hollow fibers with a 50000 D 
cut-off and 1 mm long active surface were used in the 
dorsal lateral geniculate nucleus. The probes were inserted 
into a 27-Gauge stainless steel tubing and implanted bilat- 
erally in the ventrobasal complex (A: - 1.8, L: 2.5, V: - 7  

mm) and dorsal lateral geniculate nucleus (A: - 2 . 8 ,  L: 4, 
V: - 6 . 5  ram) (Pellegrino and Cushman, 1967). 

Artificial cerebrospinal fluid (ACSF), containing 140 
mEq Na- ,  3 mEq K +. 1.2 mEq Ca 2+, 2 mEq Mg 2+ and 

144 mEq CI , was perfused at a rate of I ix l /min.  The 
perfusates (20 ixl) were collected every 20 min, frozen 
immediately and stored at - 2 0 ° C .  The first sample was 
collected 40 min after the end of implantation and two 
other samples were collected (control period) before perfu- 
sion with the GABA R receptor antagonists started. The 
GABA R receptor antagonists CGP 35348 (1, 2 and 5 mM) 
and 2-hydroxy-saclofen ( 1-3 mM) were dissolved in ACSF 
and applied unilaterally via the microdialysis probe for 2 h 
subsequent to the control period. On the basis of the results 
of in vitro calibrations of the probes (Juhfisz et al., 1989), 
the estimated concentration of GABA B receptor antagonist 
in the tissue surrounding the dialysis probe is 20-30% of 
the concentration inside the probe (Juhfisz et al., 1994). 
Thus, the effective concentration around the probes was 
estimated as 0.2-1.5 mM and 0.2 1 mM, for CGP 35348 
and 2-hydroxy-saclofen, respectively. As an additional 
control experiment, 9 rats were perfused with ACSF alone 
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Fig. 1. Position of the microdialysis probes and basal level of aspartate, glutamate and taurine during perfusion with ACSF alone. A schematic diagram of 
the position of the probe in the ventrobasal complex (VB) and in the dorsal lateral geniculate nucleus (dLGN) is shown iu A / and B l, respectively. The 
black portion indicates the active surface of the probe, that starts 1 mm above its tip. Drawings adapted from Pellegrino and Cushman (1967). Niss/-staincd 
coronal sections showing the probe tracts in the ventrobasal complex and in the dorsal lateral geniculate nucleus arc shown in A ~ and B~. respectively. 
Note that the active surface of the probe is 3 mm long and starts 1 mm above the probe tip. (C) Aspartate, glutamate and taurine concentrations do not 
show any change during continuous perfusion with ACSF alone. Concentrations are expressed as mean percentage (± S.E.M.) (n - 9 )  of control values 
(calculated from the -20 rain and 0 miu data points). 
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Fig. 2. Effect of intrathalamic application of CGP 35348 (1, 2 and 5 mM) and 2-hydroxy saclofen (1 3 raM) on extracellular concentration of aspartate 
(A), glutamate (B) and taurine (C) in the ventrobasaI complex (VB) and the dorsal lateral geniculate nucleus (dLGN). Data points are expressed as mean 
percentage (_+ S.E.M.) of the control values calculated from the last two samples before drug perfusion (i.e., 20 min and 0 min data points). Values for 
the aspartate data points in the ventrobasal complex are: 20 min: 195 ± 25%, 40 min: 22i + 29%, 60 min:183 + 23%, 80 min: 203 4-40%, 100 min: 
206 + 27%, 120 min: 209 + 36cA, : P < 0.05 (n 19). Values for the aspartate data points in the dorsal lateral geniculate nucleus are: 20 min: 
164_+ 27%, 40 rain: 212+42%, 60 rain: 180+23%. 80 min: 177-+ 18%, 100 min: 173+23%, 120 rain 195+30%. Values for glutamate in the 
ventrobasal thalamus at 20 and 40 rain are 140 _+ 13% and 136 4-9%, respectively. Glutamate concentration at 20 and 40 rain in the dorsal lateral 
geniculate nucleus is 129 -+ 10%. 111 + 12%, respectively. 

for 3.5 h from the end of the surgery (Fig. 1C). The 
location of the dialysis probes was verified using Nissl- 
stained coronal sections (Fig. 1A2,B2). Results are ex- 
pressed in the text and figure as percentage (means + 
S.E.M.) of the last two control samples (40 min in total) 
collected before injection of the drug commenced (i.e., 
- 2 0  min and 0 rain data points in Fig. 2), and statistical 
analysis of the data was performed by Student's t-test. 

To measure the amino-acid concentrations, precolumn 
derivatization of the amino acids with ortophthalaldehyde 
was used. Derivatization reactions were performed in the 
presence of mercaptoethanole at pH 10.5, and the ortoph- 
thalaldehyde-derivatized amino acids were detected using 
a fluorescent detector with 305-395 nm excitation and 
430 470 nm emission filters. Due to the instability of the 
ortophthalaldehyde derivatives, the high pressure liquid 
chromatography technique was automated on a Pharmacia 
AminoSys chromatograph system for amino-acid analysis. 
Detection limits for amino acids were 0.5-5 pmol/10 ILl. 
Separation of amino acids was performed by HP Hypersil 
ODS reversed phase columns (200 × 2.1 mm). Eluent A 
was 0.1 M phosphate buffer containing 0.5 (v /v)  % 
tetrahydrofuran and 0.02 (v /v)  % tetraethylammoniumhy- 
droxide, pH 7.2; eluent B was 70% acetonitrile mixed with 
0.1 M phosphate buffer adjusted to pH 7.2 with phosphoric 
acid. The gradient profile was: 0% B at 0 min, 11% B at 2 
min, 22% B at 17 min, 50% B at 21 min, 100% B at 25 

rain, and 0% B at 35 min. Chromatograms were evaluated 
by PE Nelson 2000 software. External standards contain- 
ing a concentration of l0 ~M of the different amino acids 
were injected every 10 samples. 

3. Results  

3.1. Control leuels of  excitatory amino acids and taurine 

Histological analysis of the position of the microdialysis 
probes showed that those implanted in the ventrobasal 
complex were all located close to the middle of this 
nucleus (Fig. 1AI,A2), and therefore the biochemical re- 
sults obtained from these animals (n = 28) were all in- 
cluded in the analysis. Because of the smaller dimension of 
the dorsal lateral geniculate nucleus, however, it was diffi- 
cult to locate the probe well within the centre of this 
nucleus (Fig. IB1,B2). Thus, only data from 6 (out of 12) 
rats with probes implanted in the dorsal lateral geniculate 
nucleus were retained for subsequent amino-acid analysis. 

Analysis of the amino-acid levels in animals that had 
been perfused with ACSF alone for 3.5 h showed no 
change in aspartate, glutamate and taurine 1 h onwards 
from the end of the implantation ( - 4 0  rain data point in 
Fig. IC). The average amino-acid concentration in the 
samples collected from the probes were as follows: ven- 
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trobasal complex: aspartate 0.53 + 0.06 ~M, glutamate: 
2.42 +__0.21 >M, taurine: 5 .12± 1.1 buM: dorsal lateral 
geniculate nucleus: aspartate 0.45 ± 0.03 buM, glutamate 
0.63 _ 0.08 buM, taurine 1.57 _+ 0.63 i_uM. 

3.2. E, vtracellular concentration o/ amillo acids during 
CGP 35348 application in the rentrobasol complex 

Application of different concentrations of CGP 35348 
(1, 2 and 5 raM) produced similar changes in aspartate and 
glutamate concentration. The aspartate level in the ven- 
trobasal complex increased significantly from the first 
sample collected alter CGP 35348 application had begun 
(20 rain data point in Fig. 2A) (195 -F 25%, n --  19, P < 

0.01), and remained elevated throughout the experiment (2 
h). 

The extracellular glutamate concentration increased in 
the first two samples (140 + 14c~:, 136 _+ 9%, respectively: 
n = 19, both P < 0.05), but to a lesser degree than aspar- 
tate. Following this transient increase, the basal glutamate 
concentration returned to the control level (Fig. 2B). No 
change in the extracellular concentration of taurine was 
observed throughout the experiment (Fig. 2C). 

3.3. E.vtracellular concentration qf amino acid.s during 
CGP 35348 al~plication in the ~h,wal lateral geni('ulote 
I l l t ( ' le l lS 

Application of 5 mM CGP 35348 in the dorsal lateral 
geniculate nucleus increased the aspartate level throughout 
the test period, although no statistical significance was 
observed in the first sample collected (20 min data point in 
Fig. 2A) (165 ± 26%, n = 6). Thus, the concentration of 
aspartate reached its peak in the 2nd sample (212 ± 42~/c, 
n = 6, P < 0.05) and remained elevated throughout the 
course of the experiment (Fig. 2A). The change in the 
extracellular glutamate level only reached statistical signif- 
icance in the first sample (128 ± 10%, n = 6, P < 0.05) 
(Fig. 2B). The extracellular taurine concentration in the 
dorsal lateral geniculate nucleus did not show any change 
during a 2 h perfusion with CGP 35348 (Fig. 2B). 

3.4. Lack o1 effect q[ 2-hydro.vy-socloft,,1 on andno-ocid 
lez'els in the vent,~)basal comple.v 

2-Hydroxy-saclofen ( I - 3  mM) was only tested in the 
ventrobasal complex of 9 rats (n = 9), and it did not have 
any effect on the extracellular concentration of aspartate. 
glutamate and taurine (Fig. 2A,B,C). 

4.  D i s c u s s i o n  

The main conclusion of this investigation is that bh)ck- 
ade of GABAu receptors by intrathalamic application of 
CGP 35348 increases the basal extracellular concentration 

of aspartate and (to a lesser extent) of glutamate in two 
sensory nuclei, the ventrobasal complex and the dorsal 
lateral geniculate nucleus. 

4. I. E.xlrocelhdor e.vcitotorv amim,-ocid leve/,~ ctrc modu- 
lated hv CGP 35348 

No change in the concentration of taurine accompanied 
the increase in aspartate and glutamate levels produced by 
continuous pcrfusion of CGP 35348. Since taurine is the 
lnOSt potent amino acid in regulating osmolarity processes 
in the brain (Lehmann, 1990: Schousboe and Pasantcs- 
Morales. 1992), we may therefore exclude the possibility 
of a non-specific amino-acid release produced by volume 
regulation by, the neurones/glial cells around the dialysis 
probe during the 2 h application of CGP 35348. 

Relatively, high concentrations of CGP 35348 in the 
dialysis probes were used to achieve a concentration of the 
antagonist in the tissue around the probe similar to that 
achieved in previous in vivo experiments on the sleep- 
waking cycle (Juh~sz et al.. 1994). In addition, because of 
the dilution factor, the effective concentration outside the 
probe reached in this experiment was similar to the con- 
centration that has been shown in in vitro electrophysiolog- 
ical experilnents to affect both pre- and postsynaptic 
GABAt~ receptors (Emri et al.. 1996). Thus, the inability 
of CGP 34358 to change the extracellular levels of gluta- 
mate in the thalamus (Banc[jee and Snead. 1995) and 
striatum (Waldmeier et al., 1992) could have been due to 
the much lower concentrations of CGP 35348 used in 
these studies. 

The larger increase in aspartate (compared to glutamate) 
is in contrast with the results obtained with CGP 35348 in 
cortical synaptosomal preparations (Bonanno and Raiteri. 
1993: Pende ctal.. 1993). A different sensitivity of aspar- 
rate and glutamate release to the modulation of presynaptic 
receptors in the hippocampus has been observed (Martin et 
al., 1991: Zhou et al., 1995), and the presence of a similar 
difference in the thalamus might explain the higher in- 
crease in aspartate levels observed in our experiments. 
Furtherlnorc, glutamate and aspartute are taken up by high 
affinity glutamate/aspartate transporter systems present in 
neurones and glial cells (Currie and Kelly, 1981). The 
presence of several glutamate transporters with dilTerent 
affinities for glutamate and aspartate has been reported 
(Ferkaney and Coyle, 1986: Robinson et al.. 1991: Balcar 
and Li, 1992), and it is thereforc possible that the smaller 
and transient increase in glutamate concentration observed 
m this study might be the rcsuh of a more efficient 
removal of glutamate from the extracellular space. 

Finally, the similarities of the effects produced by CGP 
35348 application into the ventrobasal complex and the 
dorsal lateral geniculate nucleus indicate that the GABA~ 
receptor-mediated processes regulating the extracellular 
concentration of aspartate and glutamate in these two 
sensory thalamic nuclei are virtually identical. It is also 
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wor th  not ing  that a tonic act ivat ion o f  presynapt ic ,  but  not  

o f  pos tsynapt ic ,  G A B A  B receptors  has been  obse rved  in 

vitro in the vent robasal  c o m p l e x  and the dorsal  lateral 

genicula te  nucleus .  Howeve r ,  the abili ty of  C G P  35348 to 

interact  with pre-  and pos t synap t ic  G A B A  B receptors  and 

the compl i ca t ed  tha lamic  ne twork  makes  it imposs ib le  at 

p resent  to d is t inguish  be tween  a tonic act ivat ion of  e i ther  

pre-  a n d / o r  pos t synap t ic  G A B A  B receptors  as the mecha-  

n i sm under ly ing  the increase  in tha lamic  exci ta tory  

amino-ac id  concen t ra t ion  obse rved  in this study. 

4.2. 2-Hydroxy-saclofen had no elfect on excitatory 
amino-acid leuels 

The ext racel lu lar  level o f  amino  acids did not change  

dur ing cont inuous  per fus ion  wi th  2 -hydroxy-sac lo fen .  In 

vitro inves t iga t ions  have revea led  a partial  agonis t  act ion 

of  2 -hyd roxy - sac lo f en  both  on pre- and pos t synap t ic  

G A B A  B receptors  (Nathan et al., 1990; Cadd ick  et al., 

1995; Emri  et al., 1996), and phac lofen ,  a c lose  structural 

analogue  o f  2 -hydroxy- sac lo fen ,  has been  shown  to be 

unable  to modula te  g lu tamate  re lease  in vitro and in vivo 

( B o n a n n o  and Raiteri ,  1993; Baner jee  and Snead,  1995; 

Mi sge ld  et al., 1995). A l though  C G P  35348 and 2-hy-  

d roxy- sac lo fen  have been  s h o w n  to be ' about  equiac t ive '  

in o ther  prepara t ions  (cf.,  Kerr  and Ong,  1995), the p resen t  

results  indicate  that the thalamic  m e c h a n i s m ( s )  cont ro l l ing  

the basal  levels  o f  aspartate  and g lu tamate  are not a f fec ted  

by 2 -hydroxy-sac lo fen .  
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