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Assessment of Striatal Extracellular
Dopamine and Dopamine Metabolites by
Microdialysis in Haloperidol-Treated Rats
Exhibiting Oral Dyskinesia

Ronald E. See, Ph.D.

Mats that had received continuous, chronic haloperidol
(HAL) for 32 weeks were monitored for changes in oral
sooements as determined by Fast Fourier analysis of jaw
axements recorded with a computerized video analysis
splem. Beginning at 24 weeks of administration,
HAL-treated animals exhibited a pattern of significant
meases i1 oral movement activity in the 1 to 3 Hz

mge and decreases in the 5 to 8 Hz range when

ampared to control animals. The release and metabolism
o dopamine (DA) in the striatum of these animals was
W assessed using intracranial microdialysis during

wo 32 of HAL administration and 3 days after

wihdrawal of HAL. Basal extracellular concentrations of
% DA metabolites, 3,4-dihydroxyphenylacetic acid and
wmovanillic acid were significantly increased in the

HAL-treated rats during continuous HAL
administration. Three days after withdrawal from HAL,
no difference was seen in basal extracellular
concentrations of any of the analytes. No difference in the
magnitude of DA release was seen between groups
following local application of amphetamine (10 M)
through the dialysis probe during or after chronic HAL
administration. These results confirm previous findings
that long-term HAL administration produces increased
DA turnover during HAL administration, but that this
increase does not persist following HAL withdrawal. The
increased striatal DA turnover seen during chronic HAL
administration may have relevance to the development of
late-onset neuroleptic-induced dyskinesia in rats.
[Neuropsychopharmacology 9:101-109, 1993]

o worDs: Haloperidol; Oral movement,; Dopamine;
Mirodialysis; Striatum; Tardive dyskinesia

(Gwonic neuroleptic administration during the treat-
sent of schizophrenia and other disorders can lead to
e development of tardive dyskinesia (TD), a late-
onset movement disorder that usually exhibits as cho-
mc movements of the orofacial region (Marsden and
Jenner 1980; Casey 1987). A number of approaches
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have been taken to develop an animal model of TD in
both nonhuman primates (Gunne and Barany 1976)
and rodents (Waddington 1990). The most successful
approaches in this regard have utilized several months
to years of neuroleptic administration, based on the
fact that TD usually does not develop prior to such
prolonged drug exposure. Following long-term ad-
ministration of haloperidol (HAL) or fluphenazine, it
has been found that rats develop unique alterations in
oral movements that are not seen early in treatment
and that persist following withdrawal of the neurolep-
tic (See et al. 1988; Ellison and See 1989). These move-
ment patterns are qualitatively similar in some regards
to dyskinesias characterized in human TD patients;
specifically, fast Fourier transformation (FFT) analysis
of jaw movements shows an increase in spectral
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power predominantly in the 1to 3 HZ range in rats (El-
lison and See 1989; See and Ellison 1990a). Studies of
human TD patients have consistently shown that dys-
kinesia is also located within the lower (less than 4 Hz)
frequency range (Nishikawa et al. 1985; Caligiuri et al.
1989; Wirshing et al. 1989; Lohr and Caligiuri 1992).
Finally, administration of the atypical neuroleptic,
clozapine, does not produce this pattern of altered oral
movement activity in the rat model of TD (See and Elli-
son 1990b).

This correlational animal model of TD has allowed
for an exploration of the possible underlying patho-
physiology that results following prolonged neurolep-
tic exposure. Using intracranial microdialysis tech-
niques, we have recently found that chronic treatment
(32 weeks) with HAL increases basal extracellular con-
centrations of the dopamine (DA) metabolites, 3,4
dihydroxyphenylacetic acid (DOPAC) and homovanil-
lic acid (HVA), in the striatum of rats (See 1991). This
effect is also apparent following 8-month administra-
tion of intramuscular fluphenazine decanoate and
HAL decanoate (See et al. 1992). These increases in
DA metabolism are not observed during and after 3
weeks of HAL administration (See and Murray 1992),
and they are not apparent in the nucleus accumbens
of chronic neuroleptic-treated animals (See et al.
1992).

To further characterize changes in DA function
produced by chronic HAL treatment in rats and their
possible relation to late-onset motor side effects, the
present study focused on changes in oral movement
patterns during prolonged HAL administration (32
weeks) and extracellular striatal DA function as mea-
sured by intracranial microdialysis. To assess the
effects of persisting HAL, dialysis collection was per-
formed both during continuous HAL administration
and 3 days after withdrawal from HAL adminis-
tration.

MATERIALS AND METHODS
Drug Administration

Female Sprague-Dawley rats were single housed and
maintained on a 12-hourlight/dark cycle with continu-
ous access to food and water. Animals were divided
into chronic HAL and control (CON) groups (n = 9
each). Body weights for these groups did not signifi-
cantly differ at the beginning or end of the chronic ad-
ministration period. Initial body weights in grams
were: 324 + 5 (HAL) and 315 + 9 (CON); final body
weights: 354 + 10 (HAL) and 371 + 17 (CON). Chronic
subcutaneous HAL was administered via silastic
reservoirs containing 100 mg HAL base (Sigma, St.
Louis, MO). Construction details for these silastic
reservoirs are described in detail elsewhere (Ellison
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and See 1991). The release rate of these implants is ap-
proximately 0.23 mg/day, thus giving a dose of 0.7
mg/kg/day for a 333-g rat. Animals in the CON group
were subcutaneously implanted with an empty silastic
reservoir. Fresh reservoirs were implanted after 16
weeks to ensure stable HAL administration.

Oral Movement Recording

Rats were habituated to placement in plexiglas tubes
(6.2-cm diameter, 20.0-cm length) resting inside a
soundproof chamber. Before the onset of testing, al
rats were habituated to the tube in four separate 5-min-
ute sessions over a 2-week time period. Animals ha
bituated well to the test apparatus and showed mini
mal struggling during the brief 5-minute session. Rats
were placed in the tube 1 to 2 minutes prior to the be-
ginning of a 5-minute data collection session. At the
end of the tube was a 3.3-cm-diameter hole through
which the rat’s head protruded. Prior to being placed
in the tube, small spots were painted on the upper and
lower jaws of the rat using an ultraviolet (UV)-sensitive
dye. A video camera with a UV filter was positioned
in front of the rat and connected to a computer
equipped with a movement detection circuit (MM
board; Biotronics Design, Tarzana, CA), which moni
tored only the two painted spots. This circuit calc-
lated the distance between the upper and lower spats
at a rate of 60 times per second. Oral activity was thus
recorded as individual openings or closings of the jaws
or “computer scored movelets” (CSMs). A computet
program analyzed the data for each file and classified
each CSM according to amplitude, as determined by
the number of TV rasters covered by the CSM. The dis-
tribution of CSM amplitudes was divided into five ca:
egories according to the number of rasters covered:?2,
3,4t05, 6to 9, equal to or greater than 10. The come
sponding distances in millimeters were 0.6, 0.9, 1.2t
1.5, 1.8 to 2.7, equal to or greater than 3.0. The slope
of each CSM (amplitude/duration) was determined as
well. The data from the computerized jaw movement
apparatus were also subjected to FFT as previously de
scribed (Ellison and See 1989).

Animals were tested for oral movements priorto
initiation of HAL administration (week 0) and onceer-
ery 8 weeks during the course of the study (weeks$,
16, 24, and 32). Testing at week 32 was conducted4
days after surgical implant of the guide cannulae prior
to the microdialysis experiment (see below). In addi
tion, at week 28, oral movements were assessed ¥
minutes following intraperitoneal injection of the DA
D; receptor antagonist SCH-23390 (0.25 mg/kg) a
distilled-water vehicle. This dose was selected based
on previous data obtained with this computerized
testing system that demonstrated a significant de
crease in oral movements at this dose (Levin etd
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1989). Half of the animals were initially tested with
%(H-23390 and half with vehicle. Three days later,
aimals were tested with the opposite treatment.

Miaodialysis

After 31 weeks of continuous HAL administration,
ats were anesthetized with Equithesin (0.3 ml/100 g)
ad bilateral guide cannulae (20-gauge) were im-
panted into the striatum (from bregma: A, +0.2; L,
-35,V, -5.0) according to the atlas of Paxinos and
Watson (1986). Dialysis probes were constructed with
dalysis membrane (250-um outer membrane) based
mpreviously described methods (Robinson and Whi-
shaw 1988). A 3-mm length of dialysis membrane was
eposed at the tip of the probe which extended 3 mm
beyond the guide cannula. In vitro recoveries of DA,
DOPAC, HVA, and 5-hydroxyindoleacetic acid (5-
HIAA) at 37°C consistently ranged from 10% to 15%.
Oneweek after surgery, dialysis probes were unilater-
dy inserted and left in place for 16 to 18 hours prior
bbeginning sample collection. Initial probe insertion
wis randomized so that half of the animals had the
st probe placement in the left striatum and half in
theright striatum. The next day, perfusion with dialy-
ss buffer began 120 minutes prior to the collection of
bseline samples. Probes were perfused (2 pl/min)
with dialysis buffer (NaCl, 147 mM; CaClz, 1.8 mM;
k4, 5 mM; MgClz, 1.2 mM; pH 7.4). Perfusate sam-
ples were collected in microcentrifuge tubes (0.5 ml)
ontaining 20 pl of the mobile phase (0.1 M citric acid,
075 mM NapHPOy, 1.0 mM heptane sulphonic acid,
0.1 mM ethylenediaminetetraacetic acid, 14% metha-
w, pH = 4.2) with 2 pmol dihydroxybenzylamine as
teinternal standard. Three consecutive samples col-
kcted at 20-minute intervals for 1 hour provided a
baseline prior to a 1-hour infusion through the dialysis
pobe of 10 uM d-amphetamine sulfate (AMP) dis-
wbved in dialysis buffer. Samples were collected dur-
#g AMP infusion and for 60 minutes following termi-
ation f AMP infusion. Animals were removed from
tedialysis chambers, HAL treatment was terminated
by removal of the silastic reservoirs, and the animals
rtumed to their home cage. The animals were then
mested 3 days later using the same procedure but
with the dialysis probe inserted into the side con-
wlateral to the initial probe. Rats were killed after the
lnal probe removal by rapid decapitation. Brain tissue
was dissected over ice and coronal sections that in-
doded the site of cannula implantation were sectioned
d stained with cresyl violet for verification of probe
plcement. Additional tissue was saved and stored for
frther neurochemical assays. Each dialysis sample
(ontaining 20 pl of mobile phase and 40 ul of per-
hwate) was directly injected by an autosampler into
the high-performance liquid chromatography system.
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Separation of DA, DOPAC, HVA, and 5-HIAA was
accomplished on a reversed-phase column (Biophase
ODS 5 u, 25 cm; Bioanalytical Systems, West Lafay-
ette, IN) and a coulometric electrochemical detection
system (model 5100A; ESA, Inc., Bedford, MA) for
detecting analytes (guard electrode = +0.4 V, oxida-
tion electrode = +0.35 V, and reduction electrode =
-0.25 V).

Statistical Analysis

The Kruskal-Wallis one-way analysis of variance
(ANOVA) was used for measures of CSM amplitudes
and CSM slopes. For FFT, the absolute energy at a par-
ticular frequency was converted to the percent of total
energy across all frequency bands. Repeated-measures
ANOVA were used for statistical analysis of FFT data.
If the value of F was significant at p < .05, specific
post-hoc comparisons were made with the Newman-
Keuls test for individual comparisons. Basal extracel-
lular concentrations of dialysates were analyzed by
ANOVA. For analysis of responses to AMP infusion,
data were converted to percentage of preinfusion
baseline with repeated-measures ANOVAs and post-
hoc testing for individual group comparisons (New-
man-Keuls test). Significant differences were defined
at p< .05 and p < .01.

RESULTS
Oral Movement Analysis

Computerized analysis of oral movements demon-
strated no significant differences between groups over
time for total number of CSMs of medium-sized ampli-
tudes (Amplitude 6 to 9; Fig. 1, top left) or for large-
sized amplitudes (Amplitudes equal to or greater than
10; Fig. 1, bottom left). Analysis of slope values (ampli-
tude/duration) showed significant differences only at
week 24, when HAL-treated animals were significantly
lower than CON animals for Amplitudes 6 to 9 (Fig.
1, top right) and Amplitudes equal to or greater than
10 (Fig. 1, bottom right).

In contrast to the lack of significant differences in
total number of CSMs over time, FFT analysis showed
an increasing trend for a shift in the percentage of
energy at individual frequencies in the HAL group.
Specifically, relative increases in spectral energy were
seen at low frequencies and decreases were seen in the
midrange frequencies in the HAL group relative to the
CON group (Fig. 2). No significant difference was
seen at weeks 0, 8, and 16, although this trend was ap-
parent at week 16. By week 24, HAL-treated animals
were significantly increased at 1 Hz (p < .05) and
significantly decreased at 5 Hz (p < .05) and 6 Hz (p <
.01). At week 32 in tests conducted 4 days after
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Figure 1. Frequency and slope means + SEM of CSMs of amplitudes 6 to 9 and equal to or greater than 10 during chroni
HAL administration. Filled circles, HAL; open circles, CON. Top left: Frequency of CSMs per min for amplitudes 6 to9.
Bottom left: Frequency of CSMs per min for amplitudes equal to or greater than 10. Top right: Average slopes for amplitudes
6 to 9. Bottom right: Average slopes for amplitudes equal to or greater than 10. “Weeks” indicate test sessions during chroni
HAL administration. (Significantly different from control, * p < .05.)

bilateral cannulae implantation, HAL-treated rats
were significantly increased at 3 Hz (p < .05) and
significantly decreased at 6, 7, and 8 Hz (p < .05). This
shift was not due to changes in the overall amount of
absolute energy, because there were no significant
differences between groups for total energy at any of
the test sessions.

Acute injection of SCH-23390 at week 28 produced
asignificant decrease in CSMs in the CON group com-
pared to vehicle injection (p < .05; Fig. 3). The HAL
group showed a lower number of CSMs when com-
pared to CON animals following vehicle injection, al-
though this effect was not significantly different. There
was also no significant effect of SCH-23390 injection
on total number of CSMs in the HAL group. Fast Four-
ier transformation analysis showed a pattern of in-
creased energy at 2 Hz in the HAL group after vehicle
injection (p < .05) and decreases at higher frequencies
(Fig. 4). Injection of SCH-23390 attenuated this pattern
in the HAL group by reducing the increase at 2 Hz and

increasing the percentage of energy in the midrange
frequencies. Injection of SCH-23390 did not produce
any significant differences in the spectral energy pat
tern in the CON group when compared to vehide ir
jection.

Dialysis

Figure 5 shows basal extracellular concentrations of
DA, DOPAC, HVA, and 5-HIAA during the periodd
continuous HAL administration (top) and 3 days a-
ter withdrawal (bottom). There was a significant over
all difference between groups for DOPAC (F[3,27] =
4.09, p < .05) and HVA (F[3,27] = 3.62, p < .05)but
not for DA (F[3,27] = 1.39, NS) or 5-HIAA (F[3,27) =
0.49, NS). Group comparisons (Newman-Keuls tes}
showed that DOPAC was significantly higher in the
HAL animals during administration when compared
to CON animals (p < .05) and when compared to
values in the HAL group following drug withdrawd
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Rgare 2. Fast Fourier spectrum for CSMs during chronic HAL administration. Values are expressed as mean percent of

patrol. (* p < 05 and ** p < .01, Newman-Keuls test.)

<.05). Levels of HV A showed marginally significant
dfferences between HAL and CON during HAL treat-
pent (p < .10, Newman-Keuls test); however, there
msasignificant difference in HVA concentrations be-
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Fgwre 3. Effects of intraperitoneal injections of vehicle or
SCH-23390 (0.25 mg/kg) on CSMs per min (means + SEM)
o amplitude 6to 9. Testing for oral activity was conducted
Y minutes after injection. (* p < .05 compared to control +
whide, Mann-Whitney U-test.)

tween the HAL group during administration and 3
days after HAL withdrawal (p < .05).

Infusion of AMP through the dialysis probe pro-
duced highly significant increases (p < .01) in extracel-
lular DA concentrations in both groups throughout
the period of infusion at week 32 during HAL (Fig. 6,
top) and 3 days after HAL withdrawal (Fig. 6, bottom).
Dopamine concentrations showed a rapid return to
baseline following cessation of AMP infusion. There
were no significant differences between HAL and
CON at any time point for DA levels. Concentrations
of DOPAC, HVA, and 5-HIAA were transiently in-
creased just after beginning AMP infusion (data not
shown); but again, there were no significant differ-
ences between HAL and CON groups either during or
after chronic administration.

DISCUSSION

The present findings replicate a number of previous
studies that have demonstrated alate-onset pattern of
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Figure 4. Fast Fourier frequency distribution for CSMs as
percent of control-vehicle 30 minutes after intraperitoneal
administration of vehicle or SCH-23390 (0.25 mg/kg). (* p<
.05, Newman-Keuls test.)

changes in oral activity in rats that have been ad-
ministered HAL. Specifically, a gradual increase in
energy at the lower frequency range (1 to 3 Hz) with
a decrease in the midfrequency range (5 to 8 Hz)
emerged after 16 to 24 weeks of treatment. Although
the animals in the present study were not studied for
along withdrawal period, we have previously demon-
strated that this pattern persists following drug with-
drawal (Ellison and See 1989; See and Ellison 1990a).
The finding that TD patients consistently demonstrate
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Figure 5. Basal extracellular concentrations of DA, DOPAC,
HVA, and 5-HIAA at week 32 of HAL administration (top)
and 3 days after withdrawal (bottom). Control, open bars;
HAL, hatched bars. Data are means + SEM expressed as
pmol/40 pl dialysate/20 min. Scale for the metabolite lev-
els is represented on the left, while the scale for DA is rep-
resented on the right. (Significantly different from control,
* p<.05; significantly different from withdrawal concentra-
tion, * p < .05.)
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Figure 6. Effects of amphetamine (10 uM) on striatal ex
tracellular levels of DA at 32 weeks of HAL administration
(top) and 3 days after withdrawal (bottom): HAL (@—@)and
CON (O0—10). Data (means + SEM) are expressed as a pet-
cent of the mean of 3 baseline values obtained prior to 1hour
of amphetamine infusion (arrow). (** p < .01, Newman
Keuls test.)

orofacial dyskinesia in the 1 to 3 Hz range (Lohr and
Caligiuiri 1992) strengthens the contention that ord
movement changes in rats following long-term new
roleptic administration represents an animal analogue
of TD. Interestingly, at week 32, there was a shiftin
the pattern such that HAL-treated rats were signifr
cantly increased at 3 Hz. This effect may be relatedto
the effects of cannulae implantation on the overlying
cortical tissue, because direct lesioning of cortex his
been previously shown to exacerbate vacuous ord
movements in HAL-treated rats (Glassman and Glass
man 1980; Gunne et al. 1982).

With the advent of DA receptor subtype-spexil
drugs, there has been much interest in the role of DA
receptor subtypes in the pathophysiology of TD (Ger
lach and Casey 1988). In rats, it has been reportedtha
DA D1 receptor agonists such as SKF-38393 can ex
acerbate oral movements in rats, whereas D2 agonist
such as quinpirole decrease oral movements (Roset
garten et al. 1983; Johansson et al. 1987; Ellison et
1988). Utilizing the computerized video analysis sy
tem described here, it has been found that SKF-383%
intensifies the 1- to 3-Hz peak energy pattern i
chronic HAL-treated rats (Ellison and Liminga 1%))
Utilizing a dose of SCH-23390 that has been previoush
shown to suppress oral movements in drug-naw
animals (Levin et al. 1989), the present study foun
that the total number of CSMs decreased in the CON
animals but did not decrease in HAL-treated rats. Ths
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effect may be due to the higher number of CSMs seen
dter vehicle injection in the CON group, thus giving
ahigher baseline in this group. However, there was
& SCH-23390-induced attenuation of the spectral
mergy pattern in the HAL-treated animals as demon-
srated by FFT. This would appear to support the pos-
sbility that acute D1 receptor antagonist administra-
ton may reduce TD-like oral movements. Previous
studies in which SCH-23390 was administered have
&o reported a suppression of oral movements in
reuroleptic-treated rats (Stoessl et al. 1989) and pri-
mates exhibiting orofacial dyskinesia (Rupniak et al.
1990).

Previous studies have shown that DA receptor
bnding may vary during the estrous cycle of female
ats (Oi Paolo et al. 1988; Levesque et al. 1989). Thus,
tispossible that hormonal fluctuations linked to the
strous cycle may affect dopaminergic function and
motor activity in females. Although the effects noted
inthe present study follow a predicted temporal pat-
tem for late-onset neuroleptic-induced changes, con-
sideration must be given when comparing results
from female rats with male rats. The present study uti-
ked female rather than male rats based on several fac-
brs. A number of previous experiments (See et al.
188; See and Ellison 1990a, 1990b; See 1991) have uti-
ked female rats in assessing the effects of chronic
pewroleptics, thus allowing comparison of the present
msults with previous work. Female rats have been
wed for practical reasons, including the fact that fe-
mies do not gain weight at the same rate as males,
which allows for a more consistent dose regimen
when using continuous subcutaneous HAL. This less
ponounced weight increase also means that the num-
ber of changes in tube apparatus is less with female
tan with male animals. Finally, some evidence sug-
grsts that the incidence of human TD is more preva-
knt in females than in males (Kane and Smith 1982).

Animals in the present study were tested in a Plex-
ighas tube for video-measured changes in oral move-
wents. This test environment has been utilized in a
amber of laboratories for assessing neuroleptic-
#duced changes in oral movements due to the ability
b accurately measure detailed oral activity (Glenthoj
dal. 1990; Gunne et al. 1986; See and Ellison 1990a,
90b). However, it has been demonstrated that re-
silts obtained with this test apparatus differ in some
mspects from results obtained when rats are moni-
red in an open cage environment (See and Ellison
903; Waddington 1990). For example, Levy et al.
(1%7) demonstrated an artifact that may be present
when measuring oral movements of tranquilized
aimals in an open cage but not in a tube apparatus.
Thus, it is important to consider test environment
when comparing results of different studies assessing
dwonic neuroleptic effects on oral movements.
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The present results obtained from microdialysis
sampling support our previous finding of increased
DA turnover during continuous, chronic HAL ad-
ministration (See 1991). The increases in DOPAC and
HVA are not accompanied by an increase in basal DA,
although a non-significant increase in DA levels was
seen in both the present study and in previous experi-
ments (See 1991; See et al. 1992). Based on recent
microdialysis experiments (Camp and Robinson 1992),
it has been suggested that changes in DOPAC are ac-
tually a better indicator of striatal dopaminergic in-
tegrity than DA itself. The increase in DA turnover
does not appear to generalize to all monoamines, in
that we found no increases in 5-HIAA levels in the
present study or in previous experiments. It is also ap-
parent that this phenomenon is late in onset, because
we have failed to see increased basal DA metabolite
concentrations after subchronic HAL administration
of 3 weeks duration (See and Murray 1992), a finding
in agreement with other laboratories utilizing microdi-
alysis in subchronic HAL experiments (Hernandez
and Hoebel 1989; Ichikawa and Meltzer 1990). How-
ever, the present study indicates that the increase in
basal DA turnover during chronic HAL does not per-
sist following withdrawal from the drug, at which
point no differences in basal extracellular concentra-
tions were seen between groups.

It has been consistently shown that oral dyskine-
sias produced by chronic neuroleptics can persist well
after withdrawal of the offending drug in both animals
(Gunne and Barany 1976; See and Ellison 1990a; Wad-
dington 1990) and humans (Casey 1987). Although the
neuroleptic-induced increase in DA turnover shows a
late-onset pattern, increased DA metabolism does not
persist following drug withdrawal. Thus, it would ap-
pear that although increased basal DA metabolism
may be somehow related to the development of late-
onset motor side effects, it does not follow the pattern
predicted of persisting dyskinesia following drug with-
drawal. One possibility as to the significance of in-
creased DA metabolism during chronic HAL adminis-
tration is that it may be associated with oxidative
damage to striatal neurons, an effect that may be re-
gionally specific to striatal regions mediating orofacial
control (Seeman 1988). A widening number of studies
have implicated the possibility of oxygen radical dam-
age in neurodegenerative disorders, including TD
(Cadet et al. 1986; Lohr 1991). Because oxidative me-
tabolism constitutes a major source of free radical
generation (Graham 1978; Cohen 1984), neuroleptics
may produce neurotoxic effects that only develop with
prolonged exposure (Nielsen and Lyon 1978; Jeste et
al. 1992). Support for a relationship between DA turn-
over and oxidative activity comes from recent data
demonstrating that rats fed a vitamin E-deficient diet
show increased DA turnover in the cortex (Castano et
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al. 1992). A second possibility regarding the signifi-
cance of increased DA turnover comes from experi-
ments that have demonstrated the production of a
toxic pyridinium metabolite of HAL (HPP+) after HAL
administration in rats (Subramanyam et al. 1990) and
humans (Subramanyam et al. 1991). The increased DA
turnover seen during chronic HAL treatment may be
an indicator of increased oxidative biotransformation
of HAL to HPP* leading to long-term neurotoxic
damage in the striatum.

Direct infusion of AMP has been demonstrated to
potently increase extracellular DA using microdialy-
sis, presumably through its activation of cytosolic DA
release (Nomikos et al. 1990). In the present study, a
concentration of AMP that produces a highly signifi-
cant increase in DA release did not reveal any signifi-
cant differences between the chronic HAL-treated ani-
mals and control animals. It would thus appear that
although basal DA turnover is increased by chronic
HAL, available pools of cytosolic DA are not differen-
tially affected by a releasing agent. Because repeated
neuroleptic exposure has been found to produce DA
autoreceptor supersensitivity (Booth et al. 1991;
Ichikawa and Meltzer 1990), one might expect that the
HAL-treated animals would show an attenuated re-
lease of DA following AMP application due to nega-
tive feedback on presynaptic terminals. The present
results indicate a trend in the opposite direction, that
is, greater AMP-induced release in the HAL-treated
animals. This may indicate greater availability of
presynaptic DA in the HAL-treated animals or altered
responsivity to the release-enhancing properties of
AMP, either of which would counteract DA autorecep-
tor supersensitivity. Utilization of other drugs that
affect presynaptic DA terminal function may further
elucidate possible chronic HAL-induced effects on DA
release.

Chronic administration of neuroleptics leads to a
variety of neurochemical changes not apparent after
acute or short-term treatment. The present study con-
firms the finding that increased basal DA turnover is
a late-onset phenomenon of chronic neuroleptic ad-
ministration that may play a role in the development
of late-onset dyskinesias. However, because this in-
creased DA metabolism is apparently not a lasting
effect, it should be considered a possible indicator of
the development, but not the persistence, of neuro-
leptic-induced dyskinesia.
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