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HUFFMAN, R. D. AND M. K. TICKU. The ¢ffects of chronic haloperidol administration on GABA receptor bind-
ing. PHARMACOL BIOCHEM BEHAV 19(2) 199-204, 1983.—The effect of chronic administration of haloperidol
for 30 days and its subsequent withdrawal for 0, 4 and 8 days on the binding of [*H]-GABA and [*H]-muscimol to GABA
binding sites in rat brain membranes obtained from six discrete regions of the brain and spinal cord was investi-
gated. The chronic administration of haloperidol resulted in a marked increase in the number of GABA binding sites with-
in the substantia nigra, but did not affect GABA binding sites in other regions of rat brain or spinal cord. The increase in
GABA binding sites in the substantia nigra was evident for at least 4 days following termination of haloperidol treatment:
however. 8 days following withdrawal from haloperidol, when dopaminergic supersensitivity had become maximally
expressed, the number of GABA binding sites in the substantia nigra had declined and was the same as that observed in the
control rats. These observations suggest that blockade of dopamine receptors in the striatum by haloperidol results in a
compensatory decrease in the activity of the GABAergic strionigral system that leads to an increase in the number of
GABA binding sites within the substantia nigra. This increase in the number of GABA binding sites is gradually reversed
when dopamine is again allowed to interact with its receptors.
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IT is now well established that the chronic administration of
neuroleptics such as haloperidol or chlorpromazine results
in the development of dopaminergic supersensitivity [3, 14,
23]. Recent studies suggest that these neuroleptics may
also be able to influence the responsiveness of other
neurotransmitter-mediated synaptic responses; in particular,
those mediated by acetylcholine, GABA, met-enkephalin
and substance P [9, 13, 21, 22]. These effects on non-
dopaminergic neurotransmitters are considered to be secon-
dary to the blockade of dopamine receptors effected by the
neuroleptics. In the basal ganglia, these neuroleptics are able
to interact with dopamine receptors located postsynaptically
on striatal intrinsic and projection neurons [29]. Many of
these striatal projection neurons are GABAergic neurons
that form a feedback loop that functions to modulate the
activity of dopaminergic neurons located in the zona com-
pacta of the substantia nigra (see review by Dray [5]). Thus,
by blocking dopamine receptors located on these strionigral
GABAergic neurons, the neuroleptics can indirectly alter the
responsiveness of this GABA-mediated synaptic system.
Several lines of evidence suggest that dopamine agonists
and antagonists are able to influence GABA-mediated
synaptic transmission in the CNS. Acute administration of
dopamine agonists, for example, has been reported to in-
crease the turnover rate of GABA in the substantia nigra;
while the acute administration of neuroleptics has been re-
ported to increase the turnover rate of GABA in the globus
pallidus and nucleus accumbens [21,22]. Chronic adminis-
tration of neuroleptics has been reported to decrease the
turnover rate of GABA in the substantia nigra and globus

199

pallidus and increase it in the striatum and nucleus accum-
bens [21,22]. The acute or chronic administration of
neuroleptics has been reported to decrease the content of
GABA in the striatum and substantia nigra [15,24].

In a recent study on the effects of neuroleptics on GABA
receptor binding in the basal ganglia, Gale [8] reported that
the acute administration of haloperidol or chlorpromazine
had no effect on GABA receptor binding in the substantia
nigra; whereas the chronic administration of these neurolep-
tics resulted in a significant increase in GABA receptor bind-
ing in the substantia nigra. but not in the striatum. In the
cerebellum, both acute and chronic haloperidol treatments
were found to decrease GABA receptor binding in this brain
area [17,32]. These studies, however, have not looked at the
effects on GABA receptor binding that occurs during block-
ade of the dopaminergic receptors by the neuroleptics and
the subsequent development and then remission of
dopaminergic supersensitivity that occurs following with-
drawal from chronic neuroleptic treatment. In the present
study, we have investigated the effect of chronic haloperidol
administration (30 days) and its subsequent withdrawal for 4
and 8 days on the binding of two GABA receptor
radioligands in 6 discrete brain regions of the CNS.

METHOD
Subjects

Male Sprague-Dawley rats, with an initial weight of 150—
160 g, were employed in these studies. The animals were
housed two per cage, with a 12-hr lighting regimen. The hal-
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operidol used in this study was generously supplied courtesy
of Mc¢Neil Laboratories, Inc. Apomorphine hydrochloride
was purchased from Sigma Chemical Corporation. [*H}-
GABA (60 Ci/mmol) and [*H]-muscimol (10.3 Ci/mmol) were
purchased from New England Nuclear.

Chronic Haloperidol Administration

Powdered rat feed containing 0.01%, 0.015% or 0.02%
haloperidol was prepared by adding haloperidol powder to
powdered rat chow (Wayne LabBlox); the feed was then
mixed for 2-3 hours in a Hobart mixer. The haloperidol-
treated rats received haloperidol in their feed for 30 days as
follows: 0.01% for 12 days (10.1+0.4 mg/kg), 0.015% for 12
days (15.2+0.7 mg/kg) and 0.02% for 6 days (11.6+0.6
mg/kg). The rats were not force-fed but were allowed to eat
the haloperidol-treated feed ad lib. Control rats received the
same powdered feed without haloperidol and were pair-fed
to assure equal weight gain between the two groups of rats.
The mean weights for the haloperidol-treated rats and con-
trol rats on day 30 were 2576 g and 2644 g, respectively,
and were not significantly different.

Apomorphine-Induced Stereotypy

To assess the development of dopaminergic supersen-
sitivity resulting from this haloperidol feeding regime, we
employed a standard behavioral model based upon the de-
termination of stereotypies that result following the adminis-
tration of the dopamine agonist apomorphine [7]. For this
part of the study, a second group of rats were fed haloperidol
for 30 days and then were withdrawn from the haloperidol
diet. Apomorphine-induced stereotypies were assessed on
day 30 before withdrawal from haloperidol and again on 4-5,
8-9, 12-13 and 16-17 days following haloperidol withdrawal.

Apomorphine-induced stereotypies were measured accord-
ing to a rating scale initially described by Ernst [7]. The
animals were placed singly into cages which contained a wire
mesh on the floor. Each rat was observed for apomorphine-
induced stereotypies and the stereotype rating scores em-
ployed were as follows: 0—rats exhibited no stereotypies:
|—rats walked about the cage, sniffed and/or licked the wire
mesh or sides of the cage; 2—rats walked about the cage and
occasionally bit or gnawed the wire or cage sides, or sat in
one spot and intensely licked the wire or side of the cage;
3—rats restricted their locomotion to one small area and
gnawed intensely on the wire or side of the cage; 4—rats
remained in one spot for 5 minutes or longer and intensely
gnawed the wire or side of the cage.

The rats were observed for 10 consecutive five-minute
periods, and each period was scored for the predominant
behavior that occurred during each 5 min period. The total
stereotypy score for the 50 min period was based upon
scores obtained for every other 5 min period (total of 5
periods), starting with the initial 5 min period; thus, the
maximum possible score was 20.

Treatment Groups for GABA Binding Study

For the assessment of the effect of chronic haloperidol
administration and withdrawal on GABA receptor binding in
discrete brain regions, 4 experimental groups of 8 rats/group
were employed: treatment group 1 consisted of rats fed the
control feed for 30 days, treatment groups 2, 3 and 4 con-
sisted of rats fed haloperidol for 30 days and then sacrificed
on day 30, 34 and 38, respectively. This sacrifice schedule
resulted in the haloperidol rats being withdrawn from halo-

HUFFMAN AND TICKU

peridol for 0, 4 and 8 days, respectively. The rats employed
in this binding study were not treated with apomorphine
since it was felt that such treatment might alter GABA binding.

Tissue Preparation

Following chronic treatments, rats were decapitated,
brain regions were rapidly dissected, rinsed and kept in iced
0.32 M sucrose. The tissue was prepared as described
elsewhere [31]. Briefly, pooled discrete brain regions
(striatum, substantia nigra, hippocampus, cerebellum, pons-
medulla, spinal cord) were homogenized in 0.32 M sucrose and
centrifuged at 580 x g for 10 min; supernatant was centrifuged
at 140,000 x g for 45 min in a 60 Ti rotor to obtain the crude
mitochondrial plus microsomal (P,+P,) fractions. The
(P,+P.) fractions were osmotically shocked in iced distilled
water, repelleted, osmotic shock treatment was repeated and
the pellet resuspended in 0.05 M Tris citrate buffer (pH 7.1)
and frozen at —20°C overnight. The tissue was then thawed,
washed twice in 0.05 M Tris citrate buffer and frozen. On the
day of the assay, the tissue was thawed at room temperature,
pelleted, homogenized in 0.05 Tris citrate buffer, repelleted,
washed twice in the buffer and finally resuspended in the
same buffer at a protein concentration of 0.8-1.2 mg/ml. The
freeze-thaw and excessive washing of the tissue was neces-
sary to eliminate the uptake sites and endogenous inhibitors
of GABA binding [11.30]. We have observed that two osmot-
ic shock treatments, two freeze-thaw cycles and four buffer
washes are adequate for removing endogenous inhibitors
[30]. These procedures also eliminate the need for using Tri-
ton X-100 ([11] Ticku, unpublished observations). Protein
was estimated according to the method of Lowry et al. [19].
All the tissue preparation was done at 0-4°C and in Na'-free
buffer.

GABA Binding

The binding of [*H]-GABA and [*H]-muscimol to GABA
receptor-like sites was assayed by a modification of the
method of Enna and Snyder [6], by a centrifugation assay as
described previously [31]. Binding assays were performed in
triplicate by incubation of aliquots of P,+P, homogenate
(0.7-1.0 mg) with various concentrations of [*H]-GABA (66
Ci/mmol) or 10 nM [*H]-muscimol (10.3 Ci/mmol) with or
without excess non-radioactive GABA (0.1 mM), for 5 min at
0°C in 1 ml volume in scintillation Biovials. For saturation
binding isotherms, the concentration of [*'H]-GABA was var-
ied for the low concentration points (0.1-4 nM); and for the
high points (>10 nM), the concentration of non-radioactive
GABA was varied, keeping [*"H]-GABA constant at 4 nM.
Following incubation, the vials were centrifuged at 48,000 x
g for 10 min in a JA 20.1 rotor. The supernatant was dis-
carded and the pellets were rapidly rinsed, without disturb-
ing the pellet, with iced buffer. Pellets were solubilized
overnight with 0.3 ml Soluene-350 (Packard) and radioactiv-
ity was counted in 3 ml of Toluene containing 5 g/l of 2,5-
diphenyloxazole. The counting efficiency. estimated by the
external standard ([*H]-toluene) method. was 40+ 19.

The specific binding, obtained by subtracting from the
total pelleted radioactivity the background, i.e.. the amount
not displaced by excess (0.1 mM) non-radioactive GABA,
was converted into pmol/mg protein bound. Data were
analyzed by Scatchard plots and the affinity constants (K,
and binding capacities (B} were obtained by linear re-
gression. Specific binding usually represented 76=5% of the
total radioactivity in the pellet.
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RESULTS

Behavioral Assessment of the Effect of Chronic Haloperidol
Blockade of Dopaminergic Receptors

The effect of chronic haloperidol feeding on the respon-
siveness of the dopaminergic system was determined by
assessing the development of stereotypies following the in-
traperitoneal administration of apomorphine to control and
haloperidol treated rats. Two doses of apomorphine were
employed in these studies: (1) 1 mg/kg of apomorphine was
administered to control (N=14) and haloperidol-fed rats
(N=16) prior to withdrawal from the haloperidol diet (0 days
withdrawal), and (2) 0.5 mg/kg was administered to another
group of control (N=25) and haloperidol-fed rats that had
been withdrawn from the haloperidol-diet for 4-5 (N=20),
89 (N=22), 12-13 (N=18) and 16-18 (N=6) days.

Apomorphine-induced stereotypies were significantly de-
creased (p<<0.001) in haloperidol treated rats as compared to
control rats prior to their withdrawal from the haloperidol
diet indicating that a good degree of dopamine receptor
blockade was achieved by the chronic haloperidol feeding
schedule (0 days withdrawal. Fig. 1). However, following
four days of withdrawal from the haloperidol diet, the halo-
peridol treated rats exhibited a significant increase (p <0.001)
in apomorphine-induced stereotypies that was evident for at
least 13 days following withdrawal from the haloperidol diet.
This enhancement of apomorphine-induced stereotypies
peaked at 8-9 days and then began to subside. Thus the
chronic haloperidol feeding schedule employed in this study
led to the development of a significant degree of dopaminer-
gic supersensitivity that persisted for more than 12 days. The
haloperidol-treated rats did not exhibit any stereotypic be-
havior following haloperidol withdrawal without apomor-
phine administration.

Effects of Chronic Haloperidol Administration on GABA
Receptor Binding

Binding studies have demonstrated that [*H]-muscimol
binds to the same synaptic receptors as does [*H]-GABA and
thus both can be considered to be ligands for synaptic GABA
receptors [4]. Therefore. we have employed both ligands as
probes aimed at characterizing the effects of chronic haloper-
idol administration on GABA receptors in the various brain
regions. Table 1 illustrates the effect of chronic haloperidol
treatment on the binding of [*H]-muscimol in four brain re-
gions and in spinal cord. Specific [*H]-muscimol binding was
significantly increased in the substantia nigra as a result of
the chronic administration of haloperidol (0 day withdrawal)
and remained elevated during the first 4 days following halo-
peridol withdrawal. Following 8 days of haloperidol with-
drawal. however, muscimol binding had declined and was
not significantly different from that observed in the control
group. Under identical treatment conditions, the specific
[*H]-muscimo! binding was not altered in the striatum,
pons-medulla, spinal cord (Table 1) or hippocampus (not
illustrated). Although muscimol binding was significantly el-
evated in the cerebellum, this increase was variable and did
not appear to be correlated with changes in responsiveness
of the dopaminergic system. Similar results were obtained in
these same regions when equilibrium GABA binding was
measured using 4 nM [*H]-GABA (data not shown).

To further characterize this increase in GABA receptor
binding following chronic haloperidol treatment, we deter-
mined ["H]-GABA Scatchard plots for the substantia nigra.
The substantia nigra from each group of rats were pooled for
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FIG. 1. Apomorphine-induced stereotypies in control and haloperi-
dol treated rats. Chronic haloperidol treatment for 30 days (0 days
after haloperidol) prevents the induction of stereotypies following the
administration of apomorphine (1 mg/kg IP). Apomorphine-induced
stereotypies (0.5 mg/kg IP) were significantly increased in rats that
had been withdrawn from haloperido! treatment for 4-13 days.
These results were analyzed by nonparametric statistical procedures
including Kruskal-Wallace analysis of variance and Mann-Whitney
U tests and significance was assessed at p<<0.001.

these binding studies using a range of GABA concentrations
(0.25-504 nM). A ten-point Scatchard plot of [PH-GABA
binding was measured for the substantia nigra of the control
and three haloperidol treated groups of rats. The Scatchard
data indicated that [*H]-GABA was binding to a single high
affinity binding site in the substantia nigra of the control
group with an apparent K, of 38 nM. Similar results have
been reported by Gale [8]. Table 2 shows that chronic halo-
peridol treatment did not change the apparent K,, of GABA
binding in substantia nigra in any of the treatment groups.
However, the B,,,. of this high affinity GABA binding site
was increased from a control value of 904 fmol/mg protein to
2527 fmol/mg protein at 0 day withdrawal and to 2862
fmol/mg protein at 4 day withdrawal. At 8 day withdrawal,
the B,,.. returned to control values.

Similar ["H]-GABA Scatchard plots were determined in
the control and three haloperidol treated groups for the
striatum, hippocampus, cerebellum and spinal cord. In con-
trast to substantia nigra, [*H]-GABA bound to two classes of
GABA binding sites in each of these regions. The K,, and
B...« values for GABA binding in each of these regions in the
control group were similar to the values described elsewhere
[31]. No significant change in the number of GABA receptor
sites (B,,,) or affinity (K,,)) of either GABA binding site was
observed in any of these other brain regions following the
chronic haloperidol treatment (data not shown).

DISCUSSION

The repeated administration of neuroleptics induces an
increase in the number of dopamine receptors within the
striatum and dynamic changes in other basal ganglia neuro-
transmitter systems, i.e., acetylcholine, GABA  substance P
and enkephalins [9. 13, 21, 22]. Recent evidence strongly
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TABLE 1
EFFECT OF CHRONIC HALOPERIDOL TREATMENT ON SPECIFIC [*H]-MUSCIMOL BINDING

Specific [*H]-Muscimol Binding (DPM/mg Protein)

Region Control 0 Day Withdrawal 4 Day Withdrawal 8 Day Withdrawal

Substantia 7.211 = 765 10,445 = 995* 9,926 = 835% 7,649 = 735
Nigra

Striatum 8,734 = 2,122 7,503 = 1,850 6,684 = 1.950 8,910 + 1,080

Pons-Medulla 2,886 = 309 3,015 = 273 3,100 = 419 2,804 = 308

Cerebellum 20,111 = 954 22,742 = 1,180 20339 = 787 23,832 + 1,099*

Spinal Cord 2,175 = 289 2,105 = 428 1,966 = 399 2,351 = 306

Alliquots of brain regions were incubated with

10 nM [*H}-muscimol (10.3 Ci/mmol) and assayed by

centrifugation, as described in the text. The values are the mean = S.D. of a single experiment (done in
triplicate). Significance was determined by ANOVA and Duncan Multiple Range Tests (*p<0.01).

suggests that the dopaminergic nigrostriatal terminals within
the striatum functionally modulate the activity of postsynap-
tic GABAergic striatal neurons [1, 20, 25, 28, 32].

In the present study we have shown that chronic haloper-
idol administration results in an increase in the binding of the
GABA agonist [*H]-muscimol in the substantia nigra, but not
in the striatum, the area which receives the massive
dopaminergic input. This increased GABA receptor binding
that resulted from chronic haloperidol administration was
maximal prior to withdrawal from haloperidol when the re-
sponsiveness of the dopaminergic system was maximally re-
duced by the presence of haloperidol within the CNS. Fol-
lowing withdrawal from haloperidol, the responsiveness of
the dopaminergic system gradually increased and was signif-
icantly increased at 4 days and peaked at 8-9 days. The
muscimol binding studies demonstrated just the opposite
trend for GABA binding. Thus the number of GABA binding
sites was maximally increased prior to withdrawal from hal-
opertdol; and although still significantly elevated at 4 days
following haloperidol withdrawal, the number of GABA
binding sites had begun to decrease. By 8 days of withdrawal
from haloperidol, when the responsiveness of the
dopaminergic system was maximal, the number of GABA
binding sites in the substantia nigra had declined and was not
different from that observed for the control group. The time
course of decline in the number of GABA binding sites
within the substantia nigra following withdrawal from
chronic haloperidol treatment observed in this study corre-
lates well with the time course of decline in the supersen-
sitivity to the behavioral effects of intranigral injections of
muscimol reported for rats withdrawn from chronic haloper-
idol treatment [2].

Additional evidence in support of increased GABA bind-
ing sites in the substantia nigra was obtained from the 10
point Scatchard analysis of [*H]-GABA binding. The ob-
served increase in GABA receptor binding within the sub-
stantia nigra was due to an increase in the number (B,,,,) of
high-affinity GABA binding sites and not due to a change in
affinity (K,,) of this binding site for GABA. Deafferentation
of the substantia nigra. either by sectioning the strionigral
pathways or by injecting kainic acid into the striatum, results
in a similar alteration in nigral GABA receptors. There is no
change in K,,, but there is a significant increase in the
number of high-affinity [’H}-GABA binding sites [12,33].

Our findings are in agreement with those of Gale [8] who

TABLE 2

EFFECT OF CHRONIC HALOPERIDOL TREATMENT ON THE
BINDING CONSTANTS OF {*H]-GABA IN SUBSTANTIA NIGRA

Specific |*"H]-GABA
B"]ZIN

Ky(nM) (fmol/mg protein)
Control 38 904
0 Day Withdrawal 50 2527
4 Day Withdrawal 40 2682
8 Day Withdrawal 45 923

For each treatment group, substantia nigra were pooled from eight
rat brains and processed for tissue preparation. Scatchard plots of
GABA were generated using 10 concentrations of |*H}]-GABA
(0.25-504 nM). The Scatchard data could be best fit to a single site.
The K,, and B,,,,, values were obtained by the linear regression of the
binding data.

also observed an increase in GABA binding sites in the sub-
stantia nigra, but not in the striatum, of rats that had been
withdrawn from haloperidol or chlorpromazine for 5 days.
Thus it appears that blockade of the dopamine receptors
results in an increase in GABA receptor binding in the sub-
stantia nigra; and as this blockade is eliminated and
dopamine is again able to interact with its binding sites, there
is a gradual reversal of this increase in GABA binding lead-
ing to a normalization in the number of binding sites at the
time that the responsiveness of the dopaminergic system is
approaching a maximum. Recent behavioral evidence
suggests that this increase in GABA binding following
chronic haloperidol administration is associated with an in-
creased responsiveness in these animals to the GABA
agonist muscimol [16].

It is unlikely that the increase in GABA binding sites in
the substantia nigra observed following chronic haloperidol
administration is a result of a direct blockade of these bind-
ing sites by haloperidol since, as a class, the neuroleptics
have little or no affinity for GABA receptors in the brain
[26]. Instead, the increased GABA receptor binding concur-
rent with blockade of DA receptors by haloperidol suggests
that prolonged neuroleptic treatment may result in a reduced
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GABA synaptic activity which then leads to a compensatory
increase in GABA receptors. If this hypothesis is correct,
one would expect that stimulation of striatal DA-receptors
increases the release of GABA in the nigra and that facilita-
tion of nigral GABAergic transmission would potentiate the
behavioral effects of striatal DA-receptor stimuiation. In
agreement with this expectation, it has been found that sys-
temic administration of apomorphine stimulates GABA-
turnover in the substantia nigra [27] and that increasing ni-
gral GABA-levels result in potentiation of the stereotypies
induced by apomorphine [10]. Interaction studies with
neuroleptics and GABAmimetics also provide support for
this hypothesis. Thus coadministration of GABAmimetics
has been shown to potentiate catalepsy resulting from acute
injections of haloperidol and to prevent the development of
tolerance to its cataleptogenic actions that normally occurs
with chronic administration of haloperidol [18]. This
suggests that stimulation of GABA receptors concomitant to
the blockade of DA receptors prevents the development of
tolerance to catalepsy that results from DA receptor block-
ade. This might imply that alterations in GABAergic trans-
mission are involved in the expression of at least some DA
receptor-mediated events.

Gale ¢t al. [9] have provided the most convincing evi-
dence to date that neuroleptic blockade of striatal
postsynaptic dopamine receptors results in a decrease in
GABA activity in the substantia nigra. The allosteric activa-
tion of striatal tyrosine hydroxylase induced by systemic
administration of haloperidol was abolished by discrete elec-
trolytic lesions of strionigral pathways. antagonized by sys-
temic administration of GABA agonists and potentiated by
administration of GABA antagonists. Direct injection of
muscimol into the substantia nigra resulted in a bicuculline-
reversible blockade of the haloperidol-induced activation of
striatal tyrosine hydroxylase. They have also shown that
dopamine autoreceptors on nigral neurons are not critical to
this action of haloperidol. The critical site for haloperidol-
induced alteration in GABAergic synaptic function appears
to be the postsynaptic dopamine receptors in the striatum
which are able to influence the activity of strionigral
GABAergic pathways.

The failure to observe changes in GABA receptor binding
in the striatum suggests that dopamine may not play an im-
portant role in regulating GABAergic transmission in this
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region although the striatum receives a major dopaminergic
input and there are thought to be GABAergic intrinsic
neurons and possibly collaterals from GABAergic projection
ncurons that terminate in the striatum. Although the hip-
pocampus, cerebellum and spinal cord contain GABAergic
neurons, they receive very little dopaminergic input and
presumably have few dopamine receptors, thus we did not
expect to see alterations in GABA binding correlated with
altered dopaminergic responsiveness in these brain regions.
Although other investigators have reported a decrease in
GABA binding in the cerebellum following chronic
ncuroleptic treatment [15.24]: we observed an increase in
GABA binding, but this increase was variable and did not
correlate  well with changes in responsiveness of the
dopaminergic system. The lack of significant dopaminergic
input to the cerebellum makes it difficult to attach any signif-
icance to such changes relative to blockade of dopamine
receptors.

In summary, the chronic administration of haloperidol re-
sulted in a significant increase in the number of GABA bind-
ing sites within the substantia nigra. but did not affect GABA
binding sites in other regions of the brain or spinal cord. The
increase in GABA binding sites in the substantia nigra was
evident for at least 4 days following termination of haloperi-
dol treatment: however. 8 days following withdrawal from
haloperidol when dopaminergic supersensitivity had become
maximally expressed. there was a gradual reversal of this
increase in GABA binding leading to a normalization in the
number of binding sites at a time when the responsiveness of
the dopaminergic system was approaching a maximum.
These observations suggest that blockade of dopamine re-
ceptors by haloperidol results in a compensatory decrease in
the activity of the GABAergic strionigral system that results
in an increase in the number of GABA binding sites within
the substantia nigra. This increase in the number of GABA
binding sites can gradually be reversed if dopamine is once
again allowed to interact with its receptors.
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