
PROCFEDINGS OF T H t  SOCItTk FOR tXPFRIMthTA1 BIOLOGI AND M t D l C l h t  151. 442443 (1976) 

The Effect of Dopamine on the Electrically Induced Release of [3H]Choline from Rat 
St ri atal SI i cesl (39230) 

NANCY PERKINS AND THOMAS C. WESTFALL 
Department of Pharmacology, University of Virginia School of Medicine, Charlottesville, Virginia 22 903 

It is well established that the mammalian 
caudate nucleus has both dopaminergic and 
cholinergic innervation (1, 2). The cell bod- 
ies of the dopaminergic neurons are found 
mainly in the pars compacta of the substan- 
tia nigra and appear to project mainly to the 
caudate nucleus and putamen (3). Unlike 
the dopaminergic neurons, some cholinergic 
fibers appear to exist as interneurons with 
both cell bodies and terminals present 
within this structure (4, 5). Recently it has 
been suggested that dopaminergic fibers 
make synapses with cell bodies of the cho- 
linergic interneurons in the caudate nucleus 
(4, 6, 7). These studies have also suggested 
that dopamine exerts an inhibitory effect on 
cholinergic interneurons. For instance, block- 
ade of dopaminergic transmission with neu- 
roleptic drugs increases the turnover of ace- 
tylcholine in striatal neurons (6) and de- 
creases striatal acetylcholine levels. This 
neuroleptic-induced increase of acetylcho- 
line turnover can be prevented or reversed 
by dopamine receptor stimulating agents 
such as apomorphine or L-DOPA (6, 7) and 
these same agonists produce an increase 
striatal levels of acetylcholine (8). 

The present studies were carried out to 
investigate whether or not exogenously ad- 
ministered dopamine could alter the release 
of acetylcholine induced by electrical stimu- 
lation of superfused slices of rat striatum. It 
was thought that this would provide infor- 
mation concerning the concept of inhibitory 
dopaminergic regulation of cholinergic neu- 
rotransmission in this structure. 

Methods and materials. Rats were killed 
by decapitation and brains quickly removed 
and placed in the cold room at 4" where they 
were sliced with a MacIlwain tissue chopper 
at a thickness of 1 mm. Individual striatal 
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slices of this thickness and approximately 3 
cm in diameter were then separated from 
other brain regions. They were placed in 1.9 
ml of Krebs-Ringer buffer at 37" for 10 min. 
The buffer had the following composition in 
mM; NaCl, 126.5; NaHCO,, 27.5; KCI, 2.4; 
KH2P04, 0.5; CaCl,, 1.1; MgCl,, 0.83; 
Na,SO,, 0.5; glucose, 5.9. 

The slices were incubated with 10 pCi of 
[3H]choline (sp act 17 Ci/mmole) for 40 rnin 
in an atmosphere of 95% 0,-5% CO,. Fol- 
lowing the incubation, individual slices were 
placed in specially designed glass chambers 
and held in place between two platinum 
mesh grids which also served as electrodes 
(10, 11). The slices were then superfused 
with physiological buffer at a rate of 1.0 ml/ 
rnin with Buchner peristaltic pumps. The 
total volume of the chambers was 2.0 ml and 
the entire unit was jacketed so that water 
could be circulated at 37". An initial 40-min 
superfusion with normal buffer was fol- 
lowed by an additional 40-min superfusion 
with buffer containing 10-4M hemicholi- 
nium (Aldrich). Various concentrations of 
dopamine (1 0-7-1 0-5 M )  were added to the 
superfusion medium 10 rnin prior to elec- 
trical stimulation of the slices. Ascorbic acid 
was present in the buffer to protect the cate- 
cholamine from oxidation. The superfusate 
effluent was continuously collected at var- 
ious intervals during the entire experiment. 

After 80 rnin (40 rnin with normal buffer 
and 40 min with a buffer containing hemi- 
cholinium) the slices were stimulated for 2 
rnin with biphase square wave pulses (100 
pps; 1.1 msec duration; 5 V) by means of 
two Grass stimu1atoi.i. Each slice was stimu- 
lated only once. The wave form, intensity, 
and duration of the electrical puses was con- 
tinuously monitored by a EV-70A Heath 
dual trace oscilloscope. [3H]choline in the 
perfusate effluent was determined by liquid- 
scintillation spectrometry in a manner de- 
scribed by Szerb and Somogyi (1 1). 
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A statistical comparison between the 
release of [3H]choline from control slices 
with the release from slices treated with do- 
pamine was made utilizing Student’s t test. 

Results. The effect of various concentra- 
tions of dopamine added to the superfusion 
medium on the electrically induced release 
of labeled choline is shown by Fig. 1. It was 
observed that a concentration of M 
dopamine did not have a statistically signifi- 
cant effect on the release of [3H]choline. At 
concentrations of and M, how- 
ever, dopamine produced a significant 
suppression of the electrically induced 
release of [3H]choline (P < 0.05). 

Discussion. Szerb and Somogyi (1 1) have 
utilized this method of introducing labeled 
choline in isolated tissues. They have pre- 
sented evidence showing that labeled choline 
is incorporated into newly synthesized ace- 
tycholine and that this newly synthesized 
3H-mediator is affected by the same condi- 
tions known to effect acetylcholine. The in- 
creased efflux of [3H]choline was blocked by 
tetradotoxin and abolished by omission of 
extracellular calcium from the medium. 
From this and other data, the authors con- 
clude that [3H]choline originates from 3H- 
stores that do not exchange with choline in 
other compartments because hemicholi- 
nium, which is present during superfusion, 
blocks such an exchange. This appears, 
therefore, as a valid method of accessing the 
release of acetylcholine and is devoid of the 
problem of utilizing an anticholinesterase, 
which results in the production of high levels 
of endogenous acetylcholine. This could in- 
fluence the release of acetylcholine by an 
action on presynaptic cholinergic receptors. 

In the present study, electrical stimulation 
produced a measurable increase in 
[3H]choline, which was also found to be de- 
pendent upon extracellular calcium and was 
reduced by tetrodotoxin. The inhibition of 
the electrically induced release of 
[3H]choline by and dopamine is 
consistent with the idea that dopaminergic 
neurons exert an inhibory influence on the 
release of acetylcholine from striatal slices. 
It is of interest that the lower, perhaps more 
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FIG. 1. The effect of electrical stimulatin on  the 

release of [:’H]choline from normal slices ( c , e )  or from 
slices in which various concentrations of dopamine had 
been added to the superfusion medium. Data is plotted 
as increase in [3H]choline over prestimulation level as 
dpm/mg tissue 2 SEM. Number above each column 
refers to the number of slices. 

physiological concentrations of dopamine 
was the most effective in inducing this ef- 
fect. The present results provide direct evi- 
dence for the dopamine inhibitory hypothe- 
sis that has been generated with the use of 
dopamine receptor agonists and antagonists 
in vivo (4, 6-8).  
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