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Modulation of glutamate release by a K-opioid receptor agonist in 
rodent and primate striatum 
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Abstract  

The influence of the K-opioid receptor agonist, enadoline, on endogenous glutamate release was investigated in rat and 
marmoset striatal synaptosomes. Enadoline decreased 4-aminopyridine (2 mM)-stimulated glutamate release (rat: IC50 ~ 8.7 
/~M, marmoset: IC50 ~ 2.9/~M). The effect of enadoline was reversed by nor-binaltorphimine (5 ~M). These data indicate that, 
in the striatum of the rat and marmoset, K-opioid receptor agonists can modulate glutamate release. These findings may have 
implications for the treatment of Parkinson's disease. 
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The striatum is the major input structure of the 
basal ganglia, and therefore is important  in the pro- 
cessing of information concerning motor  control and 
cognition. The excitatory corticostriatal projection is 
overactive in Parkinson's  disease (Carroll et al., 1995) 
and may be the key feature mediating the symptoms of 
Parkinson's disease. Glutamate  release in the striatum 
can be influenced by inter alia dopamine (Maura et al., 
1988), nitric oxide (Guevara -Guzman et al., 1994) and 
possibly glutamate itself (East et al., 1995). In this 
study, we used a striatal synaptosome preparat ion to 
establish whether  activation of pre-synaptic K-opioid 
receptors could also modulate  glutamate release. 

Synaptosomes were prepared  from the striata of 
male Sprague-Dawley rats and the common marmoset  
as previously described (East et al., 1995). Briefly, 
synaptosomes were resuspended in Hepes-buffered 
medium (HBM; containing (in mM) NaC1 (140), KC1 
(5), Hepes  (20), N a H C O  3 (5), MgC12 (1), Na2SO 4 (0.12), 
glucose (10)) and an aliquot (0.25-0.30 m g / m l  protein, 
Bradford assay) added to a constantly stirred ther- 
mostated (37°C) cuvette with N A D P  + (1 mM), gluta- 
mate dehydrogenase (Sigma type III,  50 U) and CaCI 2 
(1.3 mM) or E G T A  (1.3 mM) in experiments involving 
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nominally Ca2+-free conditions. Glutamate  release was 
monitored continuously during experiments using an 
enzyme-linked fluorometric assay in which glutamate- 
induced reduction of N A D P  ÷ to N A D P H  produced an 
increase in fluorescence (excitation was at 340 nm and 
emission 460 nm). This change in fluorescence being 
proportional  to glutamate concentration. 4-Amino- 
pyridine (2 mM) was used to depolarise synaptosomes. 
Drugs were added 5 min prior to depolarisation. The 
duration of each experiment was 5 min, the first 80 s of 
the experiment are used to establish basal glutamate 
release, 4-aminopyridine was added at 80 s and any 
change in Ca2+-dependent release is calculated by inte- 
grating the fluorescence signal with respect to time and 
comparing values before and after drug additions. In 
each experiment a concentration-response curve for 
glutamate ( 1 - 5 / z M )  and protein assay was established 
and used to convert fluorescence data to concentration 
(nmol g l u t a m a t e / m g  protein). 

Incubation of synaptosomes with 4-aminopyridine (2 
mM) produced an increase in Ca2+-dependent gluta- 
mate  release of 6.98 nmol g l u t a m a t e / m g  protein (n = 
15) and 7.67 nmol g l u t a m a t e / m g  protein (n = 13) in 
rat and marmoset  striatum respectively. Pre-incubation 
with enadoline produced a concentrat ion-dependent  
inhibition of 4-aminopyridine-stimulated Ca2+-depen - 
dent glutamate release in both rat and marmoset.  
Maximum inhibition occurred at 300 IzM enadoline 
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Fig. 1. Inhibition of 4-aminopyridine-stimulated Ca2+-dependent glu- 
tamate release from rat (closed circles) and marmoset (open circles) 
striatum by the K-opioid receptor agonist enadoline. Enadoline or 
nor-binaltorphimine (nor-BNI) was applied to the synaptosomes 5 
min prior to addition of 2 mM 4-aminopyridine. Significant inhibition 
was observed with enadoline (* P<0.01, **P<0.005, * * * P <  
0.002 compared to 4-aminopyridine alone; ANOVA followed by 
Duncan's post-hoc test; data shown are the mean_+ S.E.M., n = 3-6 
experiments), nor-BNI (5 /xM) significantly inhibited the 30 #M 
enadoline-induced inhibition in both rat (closed square) and mar- 
moset (open square) striatum (## P < 0.005 compared to 4-amino- 
pyridine + 30 p~M enadoline; ANOVA followed by Duncan's post-hoc 
test; data shown are the mean + S.E.M., n = 3 experiments). Control 
release (100%) was 6.98 nmol glutamate/mg protein (n = 15) and 
7.67 nmol glutamate/mg protein (n = 13) in rat and marmoset stria- 
turn respectively. 

(rat: 68%; marmoset :  69%) and  the ICs0 was approxi- 
mately 8.7 /xM and  2.9 /xM in rat and  marmose t  
respectively. G lu t ama te  release in the presence  of 
enado l ine  (30 /xM)  and  nor -b ina l to rph imine  (5 /xM),  a 
selective K-opioid receptor  antagonist ,  was not  signifi- 
cantly different  from control  in e i ther  rat or marmose t  
(Fig. 1). However,  p re - incuba t ion  with cyprodime (20 
/xM) or na l t r indole  (10 /xM), selective /x-opioid and  
6-opioid receptor  antagonis ts  respectively, had no ef- 
fect on the enado l ine - induced  inhibi t ion  of g lu tamate  
release (data not  shown). 

These  results show that  act ivation of pre-synapt ic  
K-opioid receptors  inhibi ts  g lu tamate  release from ter- 
minals  within the rat s t r iatum. The  3-fold difference in 
potency of enado l ine  be tween  rat and marmose t  may 
indicate  differences in •-opioid receptors  be tween  
species. The  endogenous  l igand for the K-opioid recep- 
tor is dynorph in  and  m R N A  encoding  for this pept ide  
is p resen t  in the str iatum. Indeed ,  dynorph in  is co- 
t ransmi t ted  with G A B A  in recur ren t  collaterals in the 
s t r ia tum (Ger fen  and Young,  1988). We have previ- 
ously demons t r a t ed  that  in t raper i tonea l  adminis t ra t ion  
of ~¢-opioid agonists has an t i -pa rk inson ian  effects in rat 
and marmose t  models  of Park inson ' s  disease (Mitchell  
et al., 1995; M a n e u f  et al., 1995). In addi t ion,  we have 

demons t ra t ed  that  K-opioid agonists reduce depolarisa-  
t ion-evoked g lu tamate  release from rat substant ia  nigra 
slices ( M a n e u f  et al., 1995), indicat ing a site of action 
of K-opioid agonists in the ou tpu t  regions of the basal 
ganglia.  Here  we demons t ra te  that  activation of K- 
opioid receptors  may also modula te  funct ioning  of the 
major  input  nucleus  of the basal ganglia, the str iatum. 

In  Park inson ' s  disease there is funct ional  overactiv- 
ity of the corticostriatal  pathway. In  addi t ion  dynor- 
ph in  t ransmiss ion is reduced in the pa rk inson ian  pa- 
t ient  (Engber  et al., 1991) and  our results suggest that  
this reduct ion  may cont r ibute  to this overactivity. It has 
been  demons t r a t ed  that  modula t ing  post-synaptic glu- 
t amate  receptors within the s t r ia tum can produce  anti-  
pa rk inson ian  effects (Carroll  et al., 1995). Our  results 
suggest that  pre-synapt ic  activation of K-opioid recep- 
tors may be beneficial  in the t r ea tment  of Park inson ' s  
disease, by reducing g lu tamate  release from the over- 
active corticostriatal  terminals .  
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