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PHARMACOL BIOCHEM BEHAV 19(5) 807-811, 1983.—Seven days post-hypophysectomy female rats display a
hyposensitivity to the locomotor effects of apomorphine and a hypersensitivity to the stereotypy effects of apomorphine,
while at 28 days post-hypophysectomy they are hypersensitive to both the locomotor and stereotypy effects of apomor-
phine. The hyposensitivity to the locomotor effects, at 7 days post-hypophysectomy, was associated with a decrease in
3H-spiroperidol binding and an increase in tyrosine hydroxylase activity in the nucleus accumbens septi, whereas the
hypersensitivity, at 28 days post-hypophysectomy, was associated with an increase in 3H-spiroperidol and a decrease in
tyrosine hydroxylase activity in the n. accumbens septi. The increased apomorphine-induced stereotypy in both the 7 and
28 days post-hypophysectomized animals was related to an increased *H-spiroperidol binding and a decreased tyrosine
hydroxylase activity in the striatum. These behavioral and neurochemical data demonstrate that following hypophysec-
tomy female rats will develop a transient decrease in dopamine receptor sensitivity in the n. accumbens septi, while the
dopamine sensitivity in the striatum is increased. Thus the hypophysectomized female rat may prove to be a valuable model

to study these two separate dopamine systems and their possible modulatory roles in the display of various behaviors.
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CLASSICALLY the field of neuroendocrinology has studied
the role of the brain and/or its neurotransmitters in modulat-
ing the hormonal output of the pituitary gland. The brain
however, also functions as an endocrine organ as it is sensi-
tive to the hormonal milieu of the organism. For example,
hypophysectomy has been shown to result in an increase in
3H-spiroperidol (®*H-spiro) binding in the striatum (STR;
[19]). This effect on STR dopamine receptors can be
demonstrated behaviorally as a hypersensitivity to the
stereotypy effects of apomorphine (APO) and amphetamine
[2,12]. A retrospective analysis of the dose-response curves
for APO induced stereotypy from previous studies [19] indi-
cated that the hypophysectomized (HYPOX) female rat was
hyposensitive to the locomotor effects of APO. Since the
locomotor effects of APO are thought to be mediated by the
mesolimbic dopamine neurons (i.e., n. accumbens septi;
ACB), this decreased locomotor response to APO may re-
flect a differential effect of HYPOX on the dopamine recep-
tors in the STR and ACB. The present series of experiments
were thus designed to study the effects of hypophysectomy
on the potency of APO for inducing stereotypy behavior and
locomotor activity. The tyrosine hydroxylase activity and
3H-spiroperidol binding parameters were also determined in
the STR and the ACB to assess the neurochemical changes
associated with the altered APO potency of these dopamine
rich areas of the forebrain. Moreover the glutamic acid de-
carboxylase (GAD) activity in the substantia nigra (SN) and
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ventral tegmental area (VTA) were also determined to assess
possible neurochemical changes in the area of the dopamine
cell bodies.

METHOD

HYPOX and sham HYPOX female Sprague-Dawley rats
(180-200 g) were purchased from Hormone Assay Labs,
Chicago, IL. All animals were ovariectomized (OVX) 2 days
prior to the HYPOX or sham operation. HYPOX animals
were maintained throughout the course of the experiment on
normal saline. Animals were housed in group cages (5/cage)
in a 12:12 light/dark cycle (lights on at 6:00 a.m.) with free
access to food and water. Animals were sacrificed between
10 a.m. and 12 p.m. by decapitation and the brains were
removed and placed on solid CO,. Following sacrifice each
animal was examined for completeness of HYPOX, and both
the brain and behavioral data for that animal were discarded
if the hypophysectomy was incomplete, or if there was obvi-
ous hypothalamic damage resulting from the surgery. Indi-
vidual frozen brains were wrapped in aluminum foil and
stored frozen at —80°C until dissection [14] and assay.

Dose-response curves for APO induced stereotypy and
locomotor activity were determined on days 7, 14, 21, and 28
post-HYPOX. Each dose-response curve consisted of 7
doses (0.2, 0.4, 0.6, 0.8, 1.0, 1.5, and 2.0 mg/kg) of APO,
with 5-7 animals/dose. The same group of HYPOX or sham
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TABLE 1

ED50 VALUES FOR APOMORPHINE-INDUCED STEREOTYPY BEHAVIOR AND
LOCOMOTOR ACTIVITY FOLLOWING HYPOPHYSECTOMY

Days Post-Hypophysectomy

7 21 28
Stereotypy
Sham 0.74 0.71 0.71 0.72
(0.55-0.94) (0.53-0.95) (0.41-1.23) (0.49-1.06)
Hypox 0.41%* 0.36* 0.32%* 0.36*
(0.25-0.67) (0.22-0.52) (0.18-0.56) (0.19-0.36)
Locomotor
Sham 0.32 0.36 0.33 0.35
(0.23-0.45) (0.28-0.46) (0.23-0.47) (0.26-0.47)
Hypox 0.51% 0.36 0.28 0.16*
(0.43-0.60) (0.26-0.50) (0.22-0.36) (0.10-0.26)

Each value represents the estimated ED50 for apomorphine in mg/kg, over the
(95% C.1.). The ED50 values were estimated by least squares linear regression
analysis of the transformed data (i.e., probit vs. In dose) and solving for the
apomorphine value at y=5.0 (50% response). The 95% C.1. for each ED50 value
was calculated by the methods described by Finney [10}. The ED50’s for the sham
and hypox group on each day were compared by a modified 7-test as described by

Finney [10].

*Denotes significant difference from sham group tested on the same day, p

values of less than 0.05.

animals were used for all four dose-response curves.
Animals were injected, IP, and placed in a wire mesh obser-
vation cage (15x30 cm, 20 cm high) and the resulting loco-
motor activity and stereotypy behavior scored during the
10-20 min post-injection period. Individual animals were ob-
served for 30-second intervals every two min during the test-
ing period and their locomotor activity and stereotypy be-
havior scored according to the following scales: Locomotor
activity, 0=no locomotor activity (i.e., still), 1=grooming,
2=locomotion (all four legs moving), 3=rearing and/or
climbing; stereotypy behavior, 0=no stereotyped behavior,
I=discontinuous ‘‘stereotyped’’ sniffing (intense sniffing di-
rected towards either the sides or floor of the observation
cage), 2=continuous ‘‘stereotyped’’ sniffing, 3=discontinu-
ous licking and/or gnawing, 4=continuous licking and/or
gnawing. The mean of all locomotor and all stereotypy
scores observed during the testing period for each individual
animal were then recorded as the behavioral scores for that
animal. The animals (HYPOX or sham) were identified by
ear markings following the behavioral test. The group mean
for each dose of APO was then calculated and transformed
into probits for the determination of the ED50 value using
the methods described by Finney [10]. The ED50 values for
the sham and HYPOX groups were then compared using a
modified ¢-test [10].

The incidence of individual categories of behaviors fol-
lowing APO on days 7 and 28 post-HYPOX were also de-
termined on a second set of HYPOX and sham animals.
During this behavioral test animals were injected IP and ob-
served for 10 separate 10 second intervals, during the 10-20
min post-injection period. The presence of specific
categories of behavior were then recorded for each observa-
tion interval, similar to the methods described by Fray et al.
[11]. The following behaviors were scored as present during
the observation period, if the duration exceeded 3 seconds:

(1) rearing and/or climbing; (2) stereotyped sniffing; (3)
gnawing. The group incidence for the occurrence of individ-
ual behaviors were compared using the information statistic
described by Robbins [21].

All biochemical assays were performed on the second set
of HYPOX and sham operated animals. Animals were sac-
rificed on either day 8 or 29 post-HYPOX, 24 hours after the
behavioral test. Additional HYPOX and sham animals, that
were not tested behaviorally, were also sacrificed on these
days to check for possible effects of the behavioral testing
and/or APO treatment on the neurochemical endpoints.
Moreover, the additional animals were required because
several brains (n=10) were pooled to determine the *H-spiro
binding parameters for the ACB.

The GAD activity in the SN and VTA were determined as
described by Gordon er al. [13]. Tyrosine hydroxylase (TH)
activity of the STR and ACB was assayed as described by
Gordon et al. [14], using a substrate concentration of 5 uM.

The *H-spiro binding assays were performed according to
the procedures described by Fields ¢t al. [9], with slight
modifications [19]. Low concentrations of *H-spiro (5-100
pM) were used to selectively label the high affinity site [18].
Individual animals were used to determine the K,, and B,
for *H-spiro binding in the STR, whereas pooled ACB
(n=10) were required for the determination of K;, and B, in
the ACB. The amount of tissue per assay tube was held
constant at 1.5 mg/tube for the STR and 3.0 mg/tube for the
ACB. Tissue samples were homogenized in 100 volumes of
100 mM phosphate buffer (81 mM Na,HPO,, 19 mM
KH,PO,) using a Brinkman polytron. The homogenate was
centrifuged at 40,000 X g for 15 min and the supernatant
discarded. The pellet was washed twice by resuspending in
100 volumes of buffer and centrifuging. The final pellet was
resuspended in 100 volumes of phosphate buffer and aliquots
(150 wut for STR and 300 wl for ACB) were added to the incuba-
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tion tubes, resulting in a final volume of 2.2 ml. The assay
tubes were then incubated at 37°C for 45 min in the presence
or absence of (+)-butaclamol (10-¢ M). The incubation was
terminated by rapid filtration through Whatman GF/B glass
fiber filters under vacuum, followed by two rapid (4.0 ml)
rinses with ice-cold phosphate buffer. The total *H-spiro
bound was then determined by liquid scintillation spec-
trometry. Specific *H-spiro binding was defined as the
difference between the total binding in the absence and pres-
ence of (+)-butaclamol. Under these assay conditions 60-80%
of the total counts bound to the filter were defined as specific
binding. The Scatchard transformation of the data was
analyzed by the method of least squares, linear regression
analysis. The values for B,,,, and K, reported in this paper
are the mean of 6 individual animals for the STR or 6 pools of
tissue for the ACB. All neurochemical results were analyzed
by analysis of variance and Duncan’s test [17].

RESULTS

At seven days post-HYPOX the dose-response data (Ta-
ble 1) confirmed our previous report of a HYPOX-induced
increase in APO potency for the induction of stereotypy be-
havior [19]. Moreover the HYPOX-induced hypersensitivity
appeared to be relatively stable as the ED50 values for the
induction of stereotypy in both the HYPOX and sham
animals remained within the limits of the seven day value
throughout the 4 weeks of testing (Table 1). Conversely, the
HYPOX animals displayed a hyposensitivity to the locomo-
tor effects on APO on day 7 post-HYPOX as indicated by the
increased EDSO value. However, this hyposensitivity was
transient as the HYPOX animals displayed a steady increase
in APO sensitivity (i.e., decreasing ED50 values) to the lo-
comotor effects of APO over the 4 weeks of testing. This
steady increase in APO sensitivity resulted in the develop-
ment of a hypersensitivity to the locomotor effects by 28
days post-HYPOX.

The incidence of individual categories of behavior (Fig. 1)
were also indicative of a HYPOX-induced separation of the
locomotor activity and the stereotypy behavior induced by
APO (Fig. 1). The incidence of rearing and/or climbing in the
7 day post-HYPOX animals was decreased while the inci-
dence of gnawing was increased, relative to the sham
animals. By 28 days post-HYPOX the incidence of locomo-
tor activity and gnawing were both increased. The incidence
of stereotyped sniffing was apparently altered by the inci-
dence of gnawing, in other words as the incidence of gnawing
increased the incidence of sniffing decreased. Because of
this apparent interaction of the HYPOX animals displayed a
dose related decrease in the incidence of sniffing, while the
sham HYPOX animals responded with a bell-shaped dose-
response curve for the incidence of sniffing (Fig. 1).

The results of the ®H-spiro binding assays were also indic-
ative of a HYPOX-induced STR dopamine hypersensitiv-
ity, as both the 8 and 29 day post-HYPOX animals displayed
an increase in B,,,, for *H-spiro binding to STR membranes
(Table 2). The B, for *H-spiro to ACB membranes appears
to reflect the sensitivity of the HYPOX animals to the loco-
motor effects of APO (Table 2), as the B,,,, for *H-spiro was
decreased in the 8 day post-HYPOX animals and increased
in the 29 day post-HYPOX animals. No significant changes
in the affinity (K,,) for *H-spiro were noted for any of the
experimental groups or areas assayed in this study.

The TH activity in both the STR and ACB was inversely
related to both the potency of APO and to the B,,,, for *H-
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FIG. 1. The incidence of specific behaviors in hypophysectomized
and sham-hypophysectomized female rats following apomorphine.
All animals were ovariectomized 2 days prior to hypophysectomy or
sham-hypophysectomy. Each point represents the percentage of
total observations (i.e., proportion of observations) for 5 rats
at each dose of apomorphine. Circles=sham-operated controls,
triangles=hypophysectomized animals tested 7 days post-
hypophysectomy, squares=hypophysectomized animals tested 28
days post-hypophysectomy. Information statistic [21] indicated sig-
nificant differences in the locomotor and gnawing data matrices. The
submatrices for these two behaviors indicated a significant treat-
ment (i.e., HYPOX) effect on both behavioral responses. Partition-
ing of the submatrix for each of these behaviors indicated that both
the 7 and 28 day post-HYPOX animals were significantly different
from sham animals. Thus locomotor responses to apomorphine were
reduced in the 7 day post-HYPOX group and increased in the 28 day
post-HYPOX group, while both the 7 and 28 day post-HYPOX
groups were significantly more responsive to the gnawing effects of
apomorphine.

spiro binding. The STR hypersensitivity to dopamine ap-
peared to result in a compensatory decrease in the TH activ-
ity on both day 8 and 29 post-HYPOX (Table 2). The TH
activity in the ACB also appeared to compensate for the
postsynaptic sensitivity as it increased when the HYPOX
animals were hyposensitive to the locomotor effects of APO,
and decreased during the hypersensitivity to dopamine. The
GAD activity was decreased in both the SN and VTR in both
the 8 and 29 day post-HYPOX animals (Table 3).

DISCUSSION

The present study confirms the ability of the pituitary to
modulate central dopaminergic function [1, 2, 8, 12, 19].
Moreover, the results of this study suggest that HYPOX can
produce the opposite effects on the dopamine sensitivity of
the STR and ACB in the female rat.

Stereotypy behavior has been used extensively to assess
the sensitivity of the nigro-striatal dopamine system. Nor-
mally, rating scales are used to evaluate the intensity of the
stereotypy behavior [2, 4, 5, 12], and it has generally been
assumed that increasing the dose of a dopamine agonist
would result in a continuum of behaviors, although recent
reports have cast doubt on this assumption [16,22].
Moreover, it has become apparent that not only will the type
and dose of a dopamine agonist influence the behavioral re-
sults [11], but that the route of administration and the testing
conditions [16] can also modify the results of the behavioral
testing.

There is increasing evidence that stereotypy behavior can
be divided into several components that may depend upon
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TABLE 2

NEUROCHEMICAL ALTERATIONS IN THE STRIATUM AND N. ACCUMBENS SEPTI OF
HYPOPHYSECTOMIZED FEMALE RATS

3H-Spiroperidol Binding

Tyrosine Hydroxylase

BmZIX
K4 (fmol/mg % Change Activity % Change
(pmol) tissue) in Bpax (pmol/mg-hr) in activity
Striatum
Sham 27539 13.9 = 1.2 —_— 59+0.2 —
Hypox (8) 40.4 = 8.1 18.9 = 2.4* +36% 4.5 + 0.3* —24%
Hypox (29) 31.3 £ 3.1 20.8 = 0.7* +50% 5.1 = 0.3* - 14%
Accumbens
Sham 20.7 = 4.5 4.0 0.2 — 2202 —
Hypox (8) 21.9 £ 3.6 2.9 + 0.1*% ~28% 3.5 £ 0.5* +59%
Hypox (29) 21.3 £ 4.2 4.8 = 0.3*% +20% 1.7 = 0.1% -23%

All values represent the mean and s.e. of 6-8 individual animals or the mean of six assays on tissues
pooled from ten animals (e.g. binding assays in the accumbens). The B,,,, and tyrosine hydroxylase

activity are expressed per mg tissue.

Sham=sham operated controls; Hypox (8)=8 days post-hypophysectomy; Hypox (29)=29 days
post-hypophysectomy; *=significant difference from sham value, analysis of variance and Duncans

test.

separate underlying dopaminergic mechanisms and/or sys-
tems. Gnawing appears to be associated with stimulation of
the basal ganglia [6,7], while the limbic areas are probably
involved in the locomotor responses to dopamine agonists
[15,23]. The data reported in this paper support the hypoth-
esis that the mesolimbic dopamine system (i.e., ACB) may
subserve a locomotor function as the decrease in APO-
induced locomotor activity was associated with a decrease in
the B, for 3H-spiro in the ACB. While the increased APO-
induced locomotor activity was associated with an increased
B.ax for H-spiro in the ACB. In contrast to the locomotor
data, both the 7 and 28 day post-HYPOX animals were
hypersensitive to the stereotypy effects of APO and both
displayed an increased B,,,, for ®H-spiro in the STR.

The TH activity was inversely related to the level of
postsynaptic sensitivity, as indicated by the B.,, for 3H-
spiro and the APO potency, in both the STR and ACB. In
other words, the TH activity appears to compensate for, or is
adjusted to, the level of postsynaptic sensitivity, thus when
the postsynaptic sensitivity is increased the TH activity is
decreased. This inverse relationship is particularly apparent
in the ACB where both hypo- and hypersensitivity to
dopamine are seen in the HYPOX animals (Table 2).

In non-HYPOX animals the GAD activity appears to ad-
just to (or compensates for) the level of postsynaptic
dopamine sensitivity in the STR, as the GAD activity in the
non-HYPOX animals changes in a direction that would be
predicted by the proposed inhibitory influence of GABA on
the firing rate of dopamine neurons in the SN [3, 13, 14].
However, this is not the case in the HYPOX animals as they
show a decreased GAD activity which in the non-HYPOX
animals would be indicative of a decreased postsynaptic
sensitivity, and an increase synthesis capacity [13, 14, 19].
Thus the GAD activity in the SN and VTA of the HYPOX
animals appears to be unrelated to both the postsynaptic
sensitivity and the TH activity in the STR and ACB. These
data would seem to indicate that the HYPOX animals either
have an altered GABA neuronal feedback or that the

TABLE 3

HYPOPHYSECTOMY INDUCED CHANGES IN GLUTAMIC ACID
DECARBOXYLASE ACTIVITY

SHAM HYPOX (8) HYPOX (29)
Substantia 12.8 £ 0.7 9.8 = 0.6* 10.9 = 0.2*
nigra
Ventral 8.3+ 0.7 6.0 = 0.3* 6.8 + 0.6
tegmentum

Values represent the mean and S.E. of 6 individual animals.

Units=nmole/mg tissue-hour.

SHAM=sham operated control.

HYPOX (8)=8 days post-hypophysectomy.

HYPOX (29)=29 days post-hypophysectomy.

*=Significant difference from control animals. Analysis of vari-
ance and Duncan test (p<0.05).

gabaergic output from the SN/VTA is altered [24]. Alterna-
tively, some other regulatory mechanism may have super-
ceded the neuronal feedback system to decrease the TH ac-
tivity in the HYPOX animals [3].

The results reported in this paper do indicate that the
integrity and/or function of the brain dopamine systems, in
the rat, may be dependent upon or modulated by a pituitary
secretion(s). Moreover, these data indicate that the HYPOX
female rat will develop a transient decrease in ACB
dopamine sensitivity at a time when STR dopamine sensitiv-
ity is increased. Very few non-invasive experimental ma-
nipulations will differentially effect the mesolimbic and
nigro-striatal dopamine sensitivity, thus the HYPOX female
rat may be a valuable model to study these two separate
dopamine systems and dissect their functional role in mod-
ulating various behaviors.



HYPOPHYSECTOMY AND DOPAMINE SENSITIVITY

. Costall,

811

ACKNOWLEDGEMENTS

The work reported in this communication was supported in part
by a grant from the NIMH (MH-33991). I also want to express my
gratitude to V. L. Radice for her excellent technical assistance and

aid in preparing this manuscript.

REFERENCES

. Beck, W., J. L. Hancke and W. Wuttke. Increased sensitivity of

dopaminergic inhibition of luteinizing hormone in immature and
castrated female rats. Endocrinology 102: 837-843, 1978.

. Borison, R. L. and B. 1. Diamond. Pituitary influence on stereo-

typed behavior. Pharmacologist 21: 268, 1978.

. Carlsson, A. Regulation of monoamine metabolism in the cen-

tral nervous system. In: Pre and Postsynaptic Receptors, edited
by E. Usdin and W. E. Bunney. New York: Marcel Dekker,
1975, pp. 49-65.

B., R. J. Naylor and T. Wright. The use of
amphetamine-induced stereotypy behavior as a model for the
experimental evaluation of  antiparkinson agents.
Arzneimittleforsch 22: 1178-1183, 1972.

. Creese, 1. and S. D. Iversen. Blockerage of amphetamine-

induced motor stimulation and stereotypy in the adult rat follow-
ing neonatal treatment with 6-hydroxydopamine. Brain Res 55:
369-382, 1973.

. Ernst, A. M. The role of biogenic amines in the extrapyramidal

system. Acta Physiol Pharmacol (Neerl) 15: 141-154, 1969.

. Ernst, A. M. and P. D. Smelik. Site of action of dopamine and

apomorphine on compulsive gnawing behavior in rats. Ex-
perientia 22: 837-838, 1966.

. Euvard, C., F. Labrie and J. R. Boissier. Effect of estrogen on

changes in the activity of striatal cholinergic neurons induced by
DA drugs. Brain Res 169: 215-220, 1979.

. Fields, J. Z., R. D. Reisine and H. 1. Yamamura. Biochemical

demonstration of dopaminergic receptors in rat and human brain
using 3H-spiroperidol. Brain Res 136: 578-584, 1977.

. Finney, D. J. Probit Analysis, 3rd edition. London: Cambridge

University Press, 1971.

. Fray, P. J., B. J. Sahakian, T. W. Robbins, G. F. Koob and S.

D. Iversen. An observation method for quantifying the behav-
ioral effects of dopamine agonists: contrasting effects of
d-amphetamine and apomorphine. Psychopharmacology (Be-
rlin) 69: 253-259, 1980.

. Gordon, J. H. and B. I. Diamond. Hypophysectomy induced

striatal dopamine supersensitivity in male rats: Antagonism by
prolactin, exacerbation by chronic haloperidol. Soc¢ Neurosci
Abstr 7: 780, 1981.

13.

14.

I5.

16.

17.

18.

20.

21.

22.

23.

24.

Gordon, J. H., D. M. Nance, C. J. Wallis and R. A. Gorski.
Effect of estrogen on dopamine turnover, glutamic acid decar-
boxylase activity and lordosis behavior in septal lesioned female
rats. Brain Res Bull 2: 341-346, 1977.

Gordon, J. H., D. M. Nance, C. J. Wallis and R. A. Gorski.
Effects of septal lesions and chronic estrogen treatment of
dopamine, GABA and lordosis behavior in male rats. Brain Res
Bull 4: 85-89, 1979.

Kelly, P. H. and S. D. Iversen. Selective 60HDA-induced de-
struction of mesolimbic dopamine neurons: abolition of
psychostimulant-induced locomotor activity in rats. Eur J
Pharmacol 40: 45-56, 1976.

Ljungberg, T. and U. Ungerstedt. Apomorphine-induced
locomotion and gnawing while locomotion remains unchanged.
Eur J Pharmacol 46: 147-151, 1977.

Kramer, C. Y. Extension of multiple range tests to group means
with unequal numbers of replications. Biometrics 12: 307-310,
1956.

Pedigo, N. W., T. D. Reisine, J. Z. Fields and H. I. Yamaura.
3H-spiroperidol binding to two receptor sites in both corpus
striatum and frontal cortex of rat brain. Eur J Pharmacol 50:
451-453, 1978.

. Perry, K. O., B. I. Diamond, J. Z. Fields and J. H. Gordon.

Hypophysectomy induced hypersensitivity to dopamine: An-
tagonism by estrogen. Brain Res 226: 211-219, 1981.

Perry, K. O., J. C. Curtin and J. H. Gordon. Neurochemical
correlates of estrogen induced hyper- and hypo-sensitivity to
dopamine. Soc Neurosci Abstr 7: 770, 1981.

Robbins, T. W. A critique of the methods available for meas-
urement of spontaneous motor activity. In: Handbook of Psy-
chopharmacology, vol 7, edited by L. Iversen, S. Iversen and S.
Snyder. New York: Plenum Press, 1977, pp. 37-82.

Sahakian, B. J. and T. W. Robbins. Potentiation of locomotor
activity and modification of stereotypy by starvation in
apomorphine treated rats. Neuropharmacology 14: 251-257,
1975.

Ungerstedt, U. and T. Ljungberg. Behavioral patterns related to
dopamine neurotransmission: Effect of acute and chronic
antipsychotic drugs. Adv Biochem Psychopharmacol 16: 193-
200, 1977.

Waszczak, B. L., E. K. Lee, C. A. Tamminga and J. R. Wal-
ters. Evidence for physiological role of dopamine as a mod-
ulator of GABA effects on substantia nigra pars reticulata
neurons. Soc Neurosci Abstr 8: 480, 1982.



