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SAPONJIC, R. M., K. MUELLER, D. KRUG AND P. M. KUNKO. The effects of haloperidol, scopolamine, and 
MK-801 on amphetamine-induced increases in ascorbic and uric acid as determined by voltammetry in vivo. PHARMACOL 
BIOCHEM BEHAV 48(1) 161-168, 1994.--Amphetamine (which enhances dopaminergic, cholinergic, and glutamatergic 
activity) increases release of ascorbic acid (AA) and uric acid (UA) in the caudate nucleus. In this study, finear sweep 
voltammetry with carbon past electrodes was used to investigate the effects of halopcridol (a DA receptor blocker), scopol- 
amine (a muscarinic receptor blocker), and MK-801 (an NMDA receptor blocker) alone and in combination on amphetamine- 
induced increases in AA and UA in the caudate nucleus. Both scopolamine (0.5 mg/kg, IP) and MK-801 (0.5 mg/kg, IP) 
significantly reduced amphetamine-induced increases in hA. Also, scopolamine did not affect MK-801-induced reductions of 
amphetamine-induced increases in AA. Unexpectedly, a subthreshold dose of haloperidol (0.1 mg/kg, IP) potentiated the 
ability of scopolamine to block amphetamine-induced increases in AA. Therefore, the data suggest that aoetylcholine release 
and subsequent binding to cholinergic receptors in the caudate, are components of amphetamine-induced increases in hA. In 
addition, scopolamine modulated haloperidol-induced reductions of amphetamine-induced increases in release of UA. Thus, 
our data demonstrate that cholinergic and dopaminergic systems may interact to control release of UA. 
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ASCORBIC acid (AA) and uric acid (UA) are present in 
brain; however, their function (if any) or origin is not yet 
understood. Amphetamine increases release of  AA and UA. 
If this effect is dependent upon stimulation of  dopaminergic, 
cholinergic, and/or  glutamatergic systems, then haioperidol 
(a dopamine receptor blocker), scopolamine (a muscarinic an- 
ticholinergic), and MK-801 (noncompetitive NMDA antago- 
nist) should reduce the effects of  amphetamine on A A  and UA 
in caudate. The research described below reports the effects of  
haioperidol, scopolamine, and MK-801 alone and in com- 
bination on amphetamine-induced increases of  striatal A A  
and UA. 

AA is found in high concentrations throughout the mam- 
malian brain (16); however, A A  is not synthesized in the brain 

(34). AA is transported to the brain via the circulatory system 
and transferred from blood plasma to cerebrospinal fluid 
(CSF) by the choroid plexus via an active transport system 
(31). Ascorbic acid levels in the brain are carefully regulated 
(29); thus, A A  might be important for proper functioning of 
the brain. In addition, ascorbic acid is released from synapto- 
somes (10) and enhances release of  neurotransmitters from 
synaptosomes (14). A A  also affects the binding of several 
neurotransmitters (30,33). Thus, AA may function as a neuro- 
transmitter or neuromodulator in brain. 

Three neurotransmitters are under investigation for regu- 
lating release of  AA: dopamine, glutamate, and acetylcholine. 
Amphetamine (an indirect dopamine agonist) and pergolide 
(a dopamine agonist) increase extracellular levels of  AA (5, 

i Requests for reprints should be addressed to Dr. Kathyrne Mueller, Department of Psychology, Box 32878, Texas Christian University, Fort 
Worth, TX 76129. 
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9,25,28,35). Therefore, A A  initially appeared to be intimately 
involved with dopaminergic neurotransmission. 

However, other studies have failed to support dopaminer- 
gic regulation of release of  AA. Amphetamine-induced in- 
creases in extracellular levels of  AA in caudate continue de- 
spite depletion of dopamine (12). Furthermore, AA has been 
found to be released under conditions in which dopamine re- 
lease could not occur (2). Thus, the association (if any) be- 
tween dopamine and AA remains tenuous. 

Others have suggested that extracellular levels of AA may 
be modulated by the excitatory amino acids glutamate and 
aspartate (3,23). For example, administration of  subtoxic 
doses of glutamate increases levels of  AA in the caudate nu- 
cleus as does administration of  aspartate. In addition, block- 
ers of glutamate uptake, homocysteic acid, and D,L-threo- 
beta-hydroxy-aspartic acid eliminate the ascorbate signal in 
the hippocampus and thalamus (3). In particular, these au- 
thors suggest that extracellular levels of AA are mediated by 
the high-affinity uptake system of glutamate. Finally, lesions 
of the corticostriatal pathway, which uses glutamate as a 
transmitter, blocked amphetamine-induced increases in AA 
by 74°70 (8). 

However, a recent study has failed to replicate these find- 
ings. For example, cortically lesioned animals demonstrated 
increased release of  AA vs. sham and control groups following 
amphetamine (1). Thus, the role of  cortical structures and the 
release of glutamate in control of  extracellular levels of AA 
warrants further study. 

Extracellular AA may also be modulated by the cholinergic 
system. The cholinergic agonist, pilocarpine, increased striatal 
AA, while scopolamine reduced the pilocarpine-induced in- 
creases in AA (18,20). Indirectly acting dopamine agonists, 
such as d-amphetamine, increase release of  acetylcholine in 
the candate nucleus (4,6,15). Preliminary investigations reveal 
that scopolamine blocks amphetamine-induced increases in 
AA by 50070 (13). These data suggest that amphetamine- 
induced increases in AA are controlled, at least in part,  by 
cholinergic receptor stimulation. 

Uric acid, a byproduct of  purine metabolism, has not been 
extensively studied in brain. Previous studies have demon- 
strated that both scopolamine and amphetamine increased re- 
lease of  UA in the caudate nucleus (20,21). The amphetamine- 
induced increase in UA is blocked by haloperidol, while the 
scopolamine-induced increase is blocked by pilocarpine (a 
cholinergic agonist). 

The function of  UA (if any) in brain remains controversial. 
Some purines, such as ATP and adenosine, are released from 
brain tissue and are, therefore, thought to function as neuro- 
modulators or neurotransmitters in brain (27,32). Because UA 
is a byproduct of  adenosine metabolism, UA may provide infor- 
mation about release of purinergic neurotransmitters (22). 

Another possibility is that extracellular UA may be a non- 
specific index of  metabolic activity. Nucleotides such as ATP 
function as carriers of  chemical energy. Because UA is a pu- 
rine metaholite, increased amounts of  UA would be expected 
during increased energy use (11,20). 

The majority of research discussed above suggests that do- 
pamine, glutamate, and acetylcholine may be associated with 
regulation of  release of  extracellular A A  and UA. In the re- 
search described below, voltammetric electrodes were placed 
in the anterior caudate. The first and second experiments ex- 
amined the AA and UA response to administration of  scopol- 
amine and MK-801. The following four experiments examined 
the effects of combinations of  scopolamine, haloperidol, and 
MK-801 on amphetamine-induced increases in AA and UA. 

GENERAL METHOD 

Animals 

Male Wistar rats were selected from the breeding colony 
at Texas Christian University. The rats were housed on a 12 
L : 12 D cycle. Food and water were freely available. Preoper- 
ative body weights ranged from 370 to 480 g. 

Procedure 

Carbon paste working electrodes were fabricated by pulling 
the Teflon coating over the end of a stainless steel wire (Med- 
wire, SS8T) and filling the resultant cavity with carbon paste 
(21). Carbon paste was made by mixing silicone oil (0.214 g) 
with CC14 (3.5 ml); followed by carbon (0.5 g). The carbon 
paste mixture was left under a vapor hood to allow the remain- 
ing CCI 4 to evaporate. 

After pretreatment with atropine, rats were anesthetized 
with Nembutal (50 mg/kg). Surgery was performed under 
standard stereotaxic procedures. Working electrodes were im- 
planted in the anterior caudate (2.6 mm anterior to bregma, 
2.8 mm lateral to bregma, and 5.0 mm beneath the cortex) 
(24). An Ag/AgC1 reference electrode was also implanted and 
a silver wire attached to a skull screw provided an auxiliary 
electrode. 

Forty-eight hours after surgery animals were connected to 
the apparatus, but no drugs were administered. Four days 
after surgery, animals were connected to the voltammetry ap- 
paratus and after a 2 h recording period were injected. Testing 
was always conducted 1.5 to 2 h after lights on. The percent 
increase in peak height (over the mean of three scans prior to 
the first injection) was the dependent variable. 

A DCV-5 voltammetry controller (Bioanalytical Systems) 
controlled via a personal computer performed linear sweep 
(10 mV/s) recordings from - 100 to 500 mV. Electrodes were 
scanned every 12 min, producing two distinctive peaks. Previ- 
ous research from this lab has identified the first peak as AA 
and the second peak as UA (17,21). Animals were connected 
to the apparatus by a swivel to provide freedom of movement. 

At the completion of testing, animals were given a lethal 
dose of Nembutal and were perfused intracardially with saline 
followed by a 10% formalin solution. After perfusion, brains 
were removed and sectioned at 20 #m. Data from rats with 
misplaced electrodes were discarded. 

Experiments 

Experiment 1 tested the effects of  various doses of  scopol- 
amine on release of  AA and UA. In experiment 1, all animals 
(n = 6) received four treatments (IP) in randomized order: 
0.1 mg/kg scopolamine, 0.3 mg/kg scopolamine, 0.8 mg/kg 
scopolamine, or saline. Each treatment session was separated 
by 48 h. The experiment was designed to determine if scopol- 
amine alone was producing an effect on AA and UA. The 
data were analyzed with a repeated analysis of  variance 
(ANOVA) with two within groups variables: dose and time. 

Experiment 2 tested the effects of  various doses of  MK-801 
on release of A A  and UA. In Experiment 2, all animals (n = 
7) received four treatments (IP) in randomized order: 0.05 
mg/kg,  0.10 mg/kg,  0.50 mg/kg,  or saline. Each treatment 
session was separated by 48 h. The experiment was designed 
to determine if MK-801 alone was producing an effect on AA 
and UA. The data were analyzed with a repeated ANOVA 
with two within-group variables: dose and time. 

Experiment 3 tested the effects of  scopolamine on amphet- 
amine-induced increases in AA and UA. In Experiment 3, all 
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animals were randomly assigned to three groups with different 
rats in each group (n = 5 for each group) and pretreated with 
either 0.3 mg/kg, 0.8 mg/kg scopolamine, or saline (IP) and 
36 min later received 1.5 mg/kg d-amphetamine sulfate 
(Sigma) subcutaneously (SC). The data were analyzed with a 
mixed ANOVA with one between-groups variable (treatment) 
and one within-groups variable (time). 

Experiment 4 tested the effects of  a combination of  halo- 
peridol and scopolamine on amphetamine-induced increases 
in AA and UA. In Experiment 4, all animals were randomly 
assigned to four groups with different rats in each group (n 
= 6 for each group) and subsequently received (IP) one of 
four pretreatments. A pretreatment consisted of two drugs 
administered in combination; haloperidol (0.1 mg/kg; a sub- 
threshold dose) plus scopolamine (0.5 mg/kg), haloperidol 
plus saline, scopolamine plus saline, or saline plus saline. Pre- 
vious research from this lab has determined that haloperidol 

(0.2 mg/kg) has no effect on resting and amphetamine- 
induced increases of AA (19). Thirty-six minutes after pre- 
treatment all animals were injected (SC) with amphetamine 
(2.0 mg/kg). A higher dose of  amphetamine was used in this 
study to produce larger increases in release of  AA. Hopefully, 
potential differences in the ability of  haloperidol and scopol- 
amine to block amphetamine-induced increases in AA would 
be more apparent. The data were analyzed using a three-way 
(main effect of haloperidol, main effect of scopolamine, and 
main effect of time) ANOVA, with time as a repeated mea- 
sure. 

Experiment 5 tested the effects of  MK-801 on amphet- 
amine-induced increases in AA and UA. In Experiment 5, all 
animals were randomly assigned to four groups with different 
rats in each group and pretreated (IP) with either 0.05 rag/ 
kg MK-801 (n = 3), 0.1 mg/kg MK-801 (n = 4), 0.5 rag/ 
kg MK-801 (n = 5), or saline (n = 6). Forty-eight minutes 

L.p 1 Scopolomine 
A~corbic Acid 

~= 
O ~  

-1- 
~ e  

o 
~ D  

ct 
t -  

° m  

0 
0') 
0 

0 
e- 

~ - 1 0 -  
8 
g - 2 c  . . . . . . . .  

0.0 

O - - - o  bol 
50- o ~ o  Scop (. t o) 50 

A - - , ,  Scop l~.30) 40 
40- a - - a  Scop ( . 8 0 )  

30- 30 

20- l l / ~  

o =- - -  _ / o 

-10. 

, * ' , . . . . .  , - 2 0  
1.0 2.O 0.0 

Exp. 1 S¢opolornine 
Uric Acid 

o , , I 0 , , , I 

1 . 0  2.0 

Exp. 2 MK-801 
Ascorbic Acid 

Exp. 2 MK-B01 
Uric Acid 

.S 
I/3 
0 

0 

8 
g_ 

60 60- i o-o 
50 o ~ o  MK . 50. 

A - - A  MK 4 0  
40 A - - A  MK (150) 
30 3 0  

20 20 

10  

-20, - - 2 0  
0.0 1.0 2.0 ).0 

I I I ,  t | t ~, I ' 1  ; " " 

1 . 0  2,0 

TIME (HR) AF-I'ER FIRST INJECTION TIME (HR) AFTER FIRST INJECTION 

FIG. 1. The effects of various doses of scopolamine (top) and MK-801 (bottom) on release of ascorbic and uric acid. Doses are given in mg/ 
kg. Sal = saline. Scopolamine and MK-801 were administered at time "0" on the graphs. 
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following pretreatment all animals were injected (SC) with 
amphetamine (1.5 mg/kg). The data were analyzed with a 
repeated mixed ANOVA with one between-groups variable 
(treatment) and one within-groups variable (time). 

Experiment 6 tested the effects of  a combination of  MK- 
801 and scopolamine on amphetamine-induced increases in 
AA and UA. In Experiment 6, all animals were randomly 
assigned to four groups with different rats in each group and 
subsequently received one of  four pretreatments (IP). A pre- 
treatment consisted of  two drugs administered in combina- 
tion; MK-801 (0.1 mg/kg) plus scopolamine (0.3 mg/kg) 
(n = 7), MK-801 plus saline (n = 6), scopolamine plus saline 
(n = 6), or saline plus saline (n = 7). Forty-eight minutes 
after pretreatment, all animals were injected (SC) with am- 
phetamine (2.0 mg/kg). As noted previously, a higher dose of  
amphetamine was used to help determine potential differences 
between the ability of  MK-801 and scopolamine to block am- 
phetamine-induced increases in AA. The data were analyzed 
using a three-way (main effect of  MK-801, main effect of 
scopolamine, and main effect of  time) ANOVA, with time as 
a repeated measure. 

RESULTS 

Scopolamine 

In general, scopolamine failed to modulate release of  AA 
(see Fig. 1). Although (0.8 mg/kg) scopolamine seemed to 
minimally increase release of  AA, this effect was not signifi- 
cant. 

Scopolamine failed to significantly modulate release of  UA 
(see Fig. 1). Neither the main effect of  scopolamine (0.1, 0.3, 
and 0.8 mg/kg) nor the interaction between dose and time 
after injection were significant. 

MK-801 

MK-801 did not affect release of  AA (see Fig. 1). Neither 
the main effect of  MK-801 (0.05, 0.I0, and 0.50 mg/kg) nor 
the interaction between dose and time after injection were 
significant. 

The highest dose of  MK-801 (0.50 mg/kg) dramatically 
increased release of  UA, F(39, 234) = 4.28, p < 0.0008, for 
the interaction between dose and time (see Fig. 1). However, 
the two lower doses of  MK-801 (0.05 and 0.10 mg/kg) did not 
significantly affect release of  UA. 

Scopolamine and Amphetamine 

Both doses of  scopolamine (0.3 and 0.8 mg/kg) reduced 
amphetamine-induced increases in AA (see Fig. 2). Although 
the main effects were not significant, the interaction between 
group and time was significant, F(I,  12) = 4.32, p < 0.01. 

In contrast, scopolamine did not affect amphetamine- 
induced increases in UA (see Fig. 2). Neither the main effect 
for scopolamine (0.3 and 0.8 mg/kg) nor the interaction be- 
tween treatment and time after injection were significant. 

Haloperidol, Scopolamine, and Amphetamine 

As expected, a low dose of  haloperidol (0.1 mg/kg) alone 
failed to affect the amphetamine-induced increase in AA (see 
Fig. 2). Scopolamine (0.5 mg/kg) alone moderately reduced 
(49°70) the effect of  amphetamine on AA, F( l l ,  220) = 5.25, 
p < 0.0001. However, the combination of  haloperidol plus 
scopolamine almost completely blocked (89o70) the effect of  
amphetamine on AA, F( I I ,  220) = 2.41, p < 0.03, for the 

three-way interaction, Thus, the subthreshold dose of  haloper- 
idol potentiated the effects of  scopolamine. 

Haloperidol alone moderately reduced (37%) amphet- 
amine-induced increases in UA, F(I1, 220) = 2.72, p < 
0.008, for the interaction between time and main effect of 
haloperidol (see Fig. 2). Scopolamine alone failed to affect 
the amphetamine-induced increases in UA. In addition, the 
combination of haloperidol and scopolamine failed to signifi- 
cantly affect amphetamine-induced increases in UA. Thus, 
scopolamine blocked the effect of haloperidol on amphet- 
amine-induced increases in release of  UA. 

MK-801 and Amphetamine 

The highest dose of MK-801 (0.50 mg/kg) reduced (93%) 
amphetamine-induced increases in AA, F(39, 182) = 1.84, 
p < 0.03, for the interaction between time and treatment (see 
Fig. 3). However, the two lower doses of MK-801 (0.05 and 
0.10 mg/kg) did not significantly affect amphetamine-induced 
increases in AA. 

MK-801 failed to significantly affect the amphetamine- 
induced increases in UA (see Fig. 3). The main effect of  MK- 
801, F(3, 14) = 0.86, p < 0.433, and the interaction between 
time after injection and MK-801, F(39, 182) = 1.55, p < 
0.08, were not significant. Although the low dose of  MK-801 
(0.05 mg/kg) seemed to increase release of  UA, this effect was 
not significant. 

MK-801, Scopolamine, and Amphetamine 

As expected, MK-801 (0.1 mg/kg) significantly reduced 
(730/0) amphetamine-induced increases in AA, F(13, 286) = 
19.16, p < 0.001, for interaction between time and main ef- 
fect of  MK-801] (see Fig. 3). Scopolamine (0.3 mg/kg) alone 
failed to affect amphetamine-induced increases in AA. In ad- 
dition, the combination of  MK-801 and scopolamine reduced 
amphetamine-induced increases in AA; however, the three- 
way interaction of main effect of  MK-801, main effect of  
scopolamine, and main effect of time, F(13, 286) = 1.53, 
p < 0.17, was not statistically significant. 

MK-801 slightly affected amphetamine-induced increases 
in UA, F(13, 286) = 5.19, p < 0.001, for the interaction be- 
tween main effect of  MK-801 and main effect of time (see 
Fig. 3). Scopolamine alone failed to affect the amphetamine- 
induced increases in UA. In addition, the combination of  MK- 
801 and scopolamine did not affect amphetamine-induced in- 
creases in UA. 

DISCUSSION 

The purpose of  these experiments was to determine if dopa- 
mine, acetylcholine, and/or glutamate neurotransmitter sys- 
tems interact to regulate release of  AA and UA. The most 
important findings of these experiments are as follows: a) 
scopolamine reduced amphetamine-induced increases in AA 
while not affecting resting levels of AA, b) a subthreshold 
dose of  haloperidol enhanced scopolamine-induced reductions 
of  amphetamine-induced increases in AA, c) MK-801 reduced 
amphetamine-induced increases in AA while not affecting 
resting levels of  AA, d) Scopolamine failed to modulate the 
effectiveness of  MK-801 in reducing amphetamine-induced in- 
creases in AA, e) haloperidol reduced amphetamine-induced 
increases in UA, f) scopolamine blocked the effect of  haloperi- 
dol on amphetamine-induced increases in UA. 

Aseorbic Acid 

In two of  three experiments, the amphetamine-induced in- 
crease in AA was reduced by the cholinergic receptor blocker, 
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FIG. 2. The effects of scopolamine (top) and haloperidol plus scopolamine (bottom) on amphetamine-induced increases in ascorbic and uric 
acid. Doses are given in mg/kg. Sal ffi saline. In Experiment 3, the dose of amphetamine was 13 mg/kg, while in Experiment 4, the dose of 
amphetamine was 2.0 mg/kg. Scopolamine and haloperidol were injected at time "0," while amphetamine was injected 36 rain later. 

scopolamine. Although scopolamine (0.3 mg/kg) reduced am- 
phetamine-induced increases in AA in Experiment 3 (scopol- 
amine and amphetamine), scopolamine failed to affect am- 
phetamine-induced increases in AA in Experiment 6 (MK-801, 
scopolamine, and amphetamine). The difference in findings 
may be attributed to the dose of amphetamine used in Experi- 
ment 6. In Experiment 6, a higher dose of amphetamine (2.0 
mg/kg) vs. (1.5 mg/kg) was used. The higher dose of amphet- 
amine may have masked any effect of scopolamine on am- 
phetamine-induced increases in AA. 

Thus, cholinergic receptor stimulation may mediate release 
of AA in the caudate nucleus. This hypothesis is supported by 
findings that amphetamine increases release of acetylcholine 
in the caudate nucleus (4,15). In accordance with our results, 
these data demonstrate that acetylcholine release in the can- 
date nucleus is responsible for a component of amphetamine- 
induced increases in AA. 

The origin of amphetamine-induced increases in acetylcho- 

line and AA remains controversial. For example, local appli- 
cation of amphetamine fails to release AA (36) or acetylcho- 
line (7). Thus, these data suggest that the effect of systemic 
amphetamine on AA and acetylcholine is located outside the 
striatum. In addition, recent investigations have suggested 
that amphetamine increases release of acetylcholine indirectly 
by increasing giutamatergic neurotransmission in the caudate 
nucleus via the corticostriatai pathway (6). Subsequent in- 
creases in acetylcholine may increase release of AA. 

The reduction of amphetamine-induced increases in AA by 
MK-801 in our study and others (26) may be explained by the 
above model. If amphetamine increases release of acetylcho- 
line by indirectly increasing glutamatergic neurotransmission, 
then NMDA receptor blockers (e.g., MK-801) should block 
the cholinergic component of amphetamine-induced increases 
in AA. 

Finally, the similarity of reduction between MK-801 and 
treatment with MK-801 plus scopolamine suggests that cholin- 
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ergic and glutamatergic systems may regulate the same pool 
of  AA. MK-801 may indirectly block release of  acetylcholine 
by preventing glutamate from stimulating cholinergic inter- 
neurons .  

However, the dramatic reduction (89%) of  amphetamine- 
induced increases in A A  by pretreatment with haloperidol plus 
scopolamine is not easily explained by the above model. One 
possible explanation is that dopaminergic and cholinergic sys- 
tems may interact to control release of  AA.  For example, 
recent investigations have demonstrated that stimulation of  
D~ receptors (in the frontal cortex) was necessary for amphet- 
amine-induced increases in release of  acetylcholine (6). Thus, 
amphetamine may indirectly increase release of  acetylcholine 
and AA by the following mechanism: stimulation of  cortical 
Oi receptors causes corticostriatal neurons to release excit- 

atory amino acids (EAAs); these EAAs increase release of  
acetylcholine; stimulation of  cholinergic receptors then in- 
creases release of  AA. 

On the other hand, the glutamate uptake model (3,23) sug- 
gests that the high affinity uptake system for glutamate ex- 
changes glutamate for AA. In support of  this hypothesis, infu- 
sion of  EAAs increase release of  AA; glutamate uptake 
blockers (e.g., homocysteic acid) eliminate the baseline ascor- 
bate signal; glutamate uptake blockers prevent the glutamate- 
induced increases in release of AA. The acetylcholine-model 
proposed above cannot account for the effects of  the gluta- 
mate uptake blockers. 

Note, however, that the two models rely on data obtained 
from different areas of  the brain. The acetylcholine model 
describes release of AA in caudate nucleus; the glutamate up- 
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take model describes release of  AA in thalamus and hippo- 
campus. Release of AA may be controlled by different mecha- 
nisms in these areas of  the brain. 

Furthermore, the two models describe different facets of 
the release of AA. The acetylcholine model describes pharma- 
cologically evoked release of AA; the glutamate uptake model 
describes basal release of  AA. Different mechanisms may con- 
trol "resting" levels of  AA and evoked release of AA. Thus, 
the two models are not necessarily incompatible. 

In summary, much of the research concerning AA release 
in the caudate nucleus has focused on three neurotransmitter 
systems: dopaminergic, cholinergic, and glutamatergic. The 
results of  our studies suggest that a particular neuronal sys- 
tem, specifically the cholinergic system, is primarily responsi- 
ble for the evoked release of  AA in the caudate nucleus. 

Uric Acid 

In general, the amphetamine-induced increases in UA were 
less than in the increases in AA. In support of  previous re- 
search, amphetamine increased release of  UA, while low doses 

of haloperidol reduced amphetamine-induced increases in UA 
(19). 

Interestingly, scopolamine blocked the effect of haloperi- 
dol on amphetamine-induced increases in UA. Thus, scopol- 
amine modulated haloperidol-induced reductions of  amphet- 
amine-induced increases in release of UA. Therefore, our data 
demonstrate that cholinergic and dopaminergic systems may 
interact to control release of UA from the same pool. In sup- 
port of this hypothesis, the effects of amphetamine are identi- 
cal to the effects of the combination of  pilocarpine plus am- 
phetamine on release of UA (20). In addition, pilocarpine 
seems to potentiate the effects of amphetamine on release of  
UA (20). 

Thus, the UA data are not consistent with the hypothesis 
that extracellular levels of  UA provide an index of purinergic 
activity. Rather, cholinergic and dopaminergic systems may 
regulate the release of UA. 
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