SCHOOL Of East Tennessee State University
GRADUATE STUDIES Digital Commons @ East
EAST TENNESSEE STATE UNIVERSITY Tennessee State University

Electronic Theses and Dissertations Student Works

May 1990
Dopamine Agonists Modify the Development of
Brain D1 and D2 Receptor Responsiveness

Anwar A. Hamdi

East Tennessee State University

Follow this and additional works at: https://dc.etsu.edu/etd
b Part of the Pharmacology Commons

Recommended Citation

Hamdi, Anwar A., "Dopamine Agonists Modify the Development of Brain D1 and D2 Receptor Responsiveness” (1990). Electronic
Theses and Dissertations. Paper 2692. https://dc.etsu.edu/etd /2692

This Dissertation - Open Access is brought to you for free and open access by the Student Works at Digital Commons @ East Tennessee State
University. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of Digital Commons @ East

Tennessee State University. For more information, please contact digilib@etsu.edu.


https://dc.etsu.edu?utm_source=dc.etsu.edu%2Fetd%2F2692&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.etsu.edu?utm_source=dc.etsu.edu%2Fetd%2F2692&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.etsu.edu/etd?utm_source=dc.etsu.edu%2Fetd%2F2692&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.etsu.edu/student-works?utm_source=dc.etsu.edu%2Fetd%2F2692&utm_medium=PDF&utm_campaign=PDFCoverPages
https://dc.etsu.edu/etd?utm_source=dc.etsu.edu%2Fetd%2F2692&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/66?utm_source=dc.etsu.edu%2Fetd%2F2692&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digilib@etsu.edu

INFORMATION TO USERS

The most advanced technology has been used to photograph and
reproduce this manuseript from the microfilm master. UMI films the
text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any
type of computer printer.

'The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in photographed in one exposure and is
included in reduced form at the back of the book,

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

Universily Microfitms Inlernational
A Bell & Howell Information Company
300 Noarth Zeeb Road, Ann Arbor, Ml 481061346 USA
313/761-4700 800/521-0600



 Order Number 9025378

Dopamine agonists modify the development of brain D1 and D2
receptor responsiveness

Hamdi, Anwar Abdulrahman, Ph.D.

East Tennessee State University, 1990

U-M:]

300 N. Zeeb Rd.
Ann Arbor, MI 48106



DOPAMINE AGONISTS MODIFY THE DEVELOPMENT
OF BRAIN D1 AND D2 RECEPTOR RESPONSIVENESS

A Dissertation Presented to
the Faculty of the Department of Pharmacology
James H. Quillen College of Medicine

East Tennessee State University

In Partial Fulfiliment
of the Requirements for the Degree

Doctor of Philosophy in Biomedical Science

by
Anwar Hamdi, M.D.

May, 1930



APPROVAL
This 1s to certify that the Graduate Committee of

Anwar Hamdi

met on the
27th day of November, 1989
The committee read and examined his thesis, supervised his
defense of 1t on an oral examination, and decided to recommend that
his study be submitted to the Graduate Council and the Associate
Vice-President for Research and Graduate Studies in partial fulfill-

ment of the requirements for the degree Doctor of Philosophy in

»
Chairman, Graduate Committeeéé

Biomedical Science.

7
T ST
7‘/();{/71 £ Cfu;w-e,ﬂ,Q-a
QR

Y ,:,Zﬁ/zf
Signed on behalf of

ssoclate Vice-President for Research
the Graduate Council and Dean of Graduate School

i1



ABSTRACT
DOPAMINE AGONISTS MODIFY THE DEVELOPMENT
OF BRAIN D1 AND D2 RECEPTOR RESPONSIVENESS
by
Anwar Hamdi, M.D.

Dopamine (DA) agonist-induced behavioral
supersensitivity in the aduit rat has served as the standard
model for certain of the motor and behavioral side effects
associated with long-term exposure to DA agonists in humans,
The mechanisms relating receptor events with bshavior
mediation, however, remain unciear.

The striatum of rats progresses through a prolonged and
varied postnatal developmental period. In order to examine
the relative contribution of D1 and D2 receptor-mediated
mechanisms to behavioral changes which follow chronic
dopamine agonist exposure, developing rats were treated
daily from birth with a D1 agonist, SKF 38393 hydrochloride
(3.0 mg/kg x 32d, i.p.), or a D2 agonist, LY 171555
hydrochloride (3.0 mg/kg x 32d, i.p.), and/or 6-OHDA (134
Mg, i.c.v., at 3 d after birth). Following a drug-free
interval, behavioral responses to selective DA agonists were
evaluated.,

The results indicate that (1) prolonged LY 171555
treatments in development produced a supersensitive animal
model for yawning and eating behaviors. (2) Perioral
movements of high frequency could be produced by a very low
dose of the DA D2 antagonist spiroperidol in rats treated
neonatally with 6-0HDA, thereby providing a useful animal
model to study tardive dyskinesia. (3) The "priming"
phenomenon described by Breese and co-workers which was
thought to be produced by D1 agonists only has been found in
this study to be produced by a D2 agonist as well. This
model provides a means for studying specific stereotypic
behaviors in animals. (4) [3H]SCH 23390 and
[3H]spiroperidol binding to striatal tissue was not altered
in rats treated in development with specific agonists or
antagonists for the D1 and D2 receptors. A neonatal 6-OHDA
lesion did not modify binding in any of the agonist- or
antagonist-treated groups.

In conclusion, DA Dt and D2 agonist treatments during
postnatal development are effective means of producing new
animal models that are potentially useful for studying
clinical disorders in man.
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CHAPTER 1

Introduction

Anatomical Review

Dopamine (DA), a catecholamine, is present as a
neurochemical in one of the most studied neurotransmitter
systems in the brain. Until 1958, DA had been thought to be
only an intermediate precursor of norepinephrine and
epinephrine synthesis (Carlsson et al., 1958; 1959).
Largely on the basis of the fluorescence histochemical
procedure (Dahlstrom and Fuxe, 1964) and later
immunocytochemical procedure, DA-containing nerves were
mapped in the brain. There are three major dopaminergic
neuronal systems in the brain (Lader, 1983). These are as
follows:

1. One group of dopamine-neurons originates in the

ventral tegmental area and terminates in the

nucleus accumbens, olfactory tubercle, nucleus

interstig}alis stria terminalis, hypothalamus,

preoptic area, cingulate cortex, hippocampus,

central amygdaloid nucleus, lateral septum,

prefrontal and entorhinal cortices, midbrain, and

ventromedial neostriatum. This so-called Al0

group is commonly known as the mesolimbocortical

DA system (Beckstead et al., 1979).



2. A more lateral group of DA cells, designated
the A9 or mesostriatal DA systém, originates in
the substantia nigra pars compacta. These neurons
project mainly to the neostriatum (caudate nucleus
and putamen), amygdala, nucleus accumbens, bhed
nucleus of the stria terminalis, anteromedial
cortex, entorhinal area, globus pallidus, sub-
thalamic nucleus, and cingulate cortex.

3. A system consisting of short neurons arising
mainly in the anterior part of the arcuate nucleus
and the ventral periventricular nucleus of the
hypothalamus (Al2) terminates in the external
layer of the median eminence (the tubero-
infundibular DA system), pars intermedia, and
neural lobes of the pituitary (tuberohypophyseal
DA system), and infundibular stalk (Nauta et al.,
1978; Beckstead et al., 1979). Other short
dopaminergic pathways are the incertohypothalamic,
which links the hypothalamus and lateral septum,
and the medullary periventricular nucleus in the

periaqueductal grey matter.

roposed Functio 0 opa e Systems
The physiology and pharmacology of DA from the
standpoint of its function as a neurotransmitter or

medulator in the central nervous system (CNS) has been



established, and it is accepted now that the dopaminergic

system is involved in:
1. Modulation of a variety of behaviors including:
ambhulation or locomotion (Ungerstedt and
Arbuthnott, 1970; Pijnenburg et al., 1976),
stereotyped behaviors (Creese and Iversen, 1973),
self-stimulation behavior (Phillips and Fibiger,
1973), stimulus control behavior (Ho and Huang,
1975), conditioned avoidance responding behavior,
feeding and drinking (for references see Kostrzewa
and Jacobowitz, 1974; Kostrzewa, 1989), reward-
seeking behavior (German and Bowden, 1974; Wise,
1978), latent inhibition in which prior exposure
to a stimulus not followed by reinforcement
retards subsequent conditioning to that stimulus
(Weiner et al., 1984; 1987; Weiner and Feldon,
1987), as well as mechanisms controlling memory
consolidation and retention {(Routtenberg and
Holzman, 1973; Major and White, 1978; Coulombe and
White, 1980; White, 1988).
2. Neuroendocrine function (tuberchypophyseal
dopaminergic system) including: hypothalamic
secretion of releasing factors, gonadal secretion

of stercids, and pituitary secretion of prolactin.



o e 8

It is now well established on the basis of biochemical,
anatomical, pharmacological, and behavioral characteristics
that brain DA can act on at least two distinct subtypes of
DA receptors (Kebabian, 1978; Kebabian and Calne, 1979;
Creese et al., 1983; Stoof and Kebabian, 1984; Onali et al.,
1985; Weiss et al., 1985). The D1 type DA receptor is
coupled to an adenylate cyclase (AC) such that receptor
occupancy by an agonist increases cyclic adenosine 3'5'-
monophosphate (cAMP) formation (Hyttel, 1978). The D2 type
DA receptor, on the other hand, is either unlinked or linked
to adenylate cyclase in a negative manner such that receptor
occupancy by an agonist decreases cAMP formation (Stoof and
Kebabian, 1981; Onali et al., 1984; Battaglia et al., 1985).

The existence of these two receptors has been supported
by the identification of agonists and antagonists selective

for either of these receptors.

Studies Directed Specifically to Dopamine D1 and P2

Receptors
The increasing avallability of drugs which act

selectively on D1 or D2 DA receptors now permits a more
detailed evaluation of their response to chronic blockade or

stimulation.

The D2 DA receptore in the CNS have been labeled by

using the selective D2 antagonist, [3H]spiroperidol (Creese



et al., 1977a; Leysen et al., 1978; Laduron et al., 1978;
Creese, 1982). These autoradiographic studies show high
densities of autoradiographic grains in the olfactory
tubercles, nucleus accumbens, nucleus caudate-putamen,
lateral septum, zona incerta, nucleus subthalamicus, arcuate
nucleus, central nucleus of the amygdala, claustrum,
prelateral and lateral mammillary nuclei of the
hypothalamus, nucleus of the lateral optic tract, dorsal
interpeduncular nucleus, ventral tegmentum, substantia
nigra, superior and inferior colliculi, parts of
periaqueductal grey, portions of the midline, cerebral
cortex (Klemm et al., 1979), hippocampus, pineal gland, and
the cerebellum (Bruinnk and Bischoff, 1986). The most dense
aggregates are found in the striatum and nucleus accumbens
{Gehlert and Wamsley, 1984).

D1 DA receptors have been studied by using the non-
selective radioligands cis-[3H]piflupentixol and cis-(Z)-
[3H]pifluthixol (Hyttel, 1978; 1981). A newer selective
antagonist for D1 sites, SCH 23390, the 3-methyl 7-chloro
analog of SKF 38393, [(R)-(+)-8-chloro-2,3,4,5-tetrahydro-3-
methyl-5-phenyl-1H-3-benzazepine-7-51] (Iorio et al., 1983;
Hyttel, 1983), crosses the blood brain barrier and is
subject to extensive first-pass metabolism (the ID50 of SCH
23390 given orally is about 100~fold higher than after
intraperitoneal [i.p.] administration). This novel

benzazepine exhibits nanomolar potency in inhibiting
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dopamine stimulation of striatal adenylate cyclase activity
{Onali et al., 1984; Plantje et al., 1984; Hyttel, 1984) and
has a Ki value of approximately 0.5 nM for the striatal D1
DA receptors (Cross et al., 1983; Hyttel, 1983; Billard et
al., 1984; Schulz et al., 1984). Treatment with SCH 23390
(0.50-mg/kg, E.c.) prior to peripheral administration of
EEDQ (the protein-modifying reagent N-ethoxycarbonyl-2-
ethoxy-1,2-dihydroquinoline) protects D1 DA receptors from
irreversible blockade by EEDQ, while neither D2 DA nor S2
serotonin receptors are protected (Hess and Creese, 1986).
Commercial [3H])SCH 23390 has a low level of nonspecific
binding, high specific activity (Billard et al., 1984;
Andersen et al., 1985), and specifically labels D1 sites
both in vitro and in vivo (Billard et al., 1984; Schulz et

al., 1984; 1985; Andersen et al., 1985; Andersen.and
Nielsen, 1986), Autoradiographic studies with [3H]SCH 23390
show that D1 DA receptors are present in abundance in the
corpus striatum, olfactory tubercle, nucleus accumbens,
dorsomedial prefrontal cortex, lateral preoptic area, globus
pallidus, amygdala, lateral septum, parietal cortex,
hippocampus, hypothalamus, olfactory bulb, cerebellum, and
brainstem (Schulz et al., 1985). Very low numbers of D1
sites are observed in the ventral tegmental area (Dawson et
al., 1986). Within the nigrostriatal system, D1 sites are
found only posteynaptically within the striatum (Filloux et

al., 1987; 1988) and presynaptically in the substantia nigra



(Altar and Hauser, 1987; Filloux et al., 1988).

opa Recepto tributio

The D1 and D2 DA receptors show different distribution
and number in the brain, have different neuronal
localization, and have different molecular size. In
addition, their number changes with age, after long-term
neuroleptic treatment, and after 6~hydroxydopamine (6-OHDA)
lesions. The affinity of both neuroleptics and agonists for
these receptors is very different. _

Quantitatively, it has been hypothesized that there may
be about four times as many D1 DA receptors as there are D2
DA sites in the striatum (Leff et al., 1984) and olfactory
tubercles (Hyttel, 1978). More D1 than D2 sites are also
found in the nucleus accumbens. The ordered ratio of D1/D2
sites in the brain is striatum> nucleus accumbens> olfactory

tubercles.

Function and Interaction of DA D1 and D2 Receptors

The manner in which D1 and D2 DA receptors interact in
the brain to carry out their function is still unclear, even
though intensive studies have been directed toward
understanding the relative contributions of D1 and D2
receptor subtypes in mediating physiological and behavioral
phenomena. Available evidence éuggests that D2 systems are

linked to a particular mode of expression of behavior, such



as stereotypy. D1 receptors mediate a discontinuous, non-
stereotyped activation of behavior characterized by episodes
of a prominent grooming response interpolated among episodes
of sniffing with some locomotion and rearing, repetitive
mouth opening and clonic jaw movements {(Rosengarten et al.,
1983; 1986; Molloy and Waddington, 1984; 1985; 1987; 1988;
Starr and Starr, 1986; Johansson et al., 1987; Murray and
Waddington, 1989). D1 systems appear to have a greater role
in influencing the intensity (enabling) of expression of the
mode selected by D2 systems, with the full expression of
dopaminergic behavior requiring concurrent stimulation of
both receptor subtypes (Molloy et al., 1986: Mashurano and
Waddington, 1986; Braun and Chase, 1986; Waddington, 1986;
Arnt et al., 1987).

It is now accepted that D1 and D2 DA receptor-activated
neurcnal systems are not functionally isolated, but interact
in their meodulation of motor function:

1. Catalepsy induced by SCH 23390, a D1

antagonist, can be prevented by pretreatment with

selective D2 agonists (Meller et al., 1985).

2. Behavioral effects of the D1 DA receptor

agonist, SKF 38393, which include non-stereotyped

sniffing, rearing, and locomotor responses, are

partially reversed by the D2 DA receptor

antagonist, metoclopramide (Molloy and Waddington,

1985),



3. Even though they occurs in unlesioned rats,
behavioral responses to D2 agonists are not
antagonized by SCH 23390, and responses to D1
agonists are insensitive to D2 antagonists in
animals either lesioned with 6-OHDA or depleted of
DA by treatment with reserpine or a-methyl-p-
tyrosine (Arnt, 1985a; 1985b; Arnt and Hyttel,
1985; Herrera-Marschitz and Ungerstedt, 1985;
Breese and Mueller, 1985; Breese et al., 1985a,b).
4. D2 DA receptors are not independently
responsible for medlating effects of non-selective
DA agonists such as apomorphine. Rather, a
synergistic interaction between D1 and D2 DA
receptor-regulated processes appears to be
essential for the expression of behavioral
phencmena typically associated with non-selective
DA agonists. The same is true for increases in
tonic single unit activity in the globus pallidus,
evoked by systemic administration of these agents.
The behavioral or physiological effects induced by
selective D2 agonists apparently require the
presence of endogenous DA concurrently stimulating
the D1 receptors (Walters et al., 1987).

5, SKF 38393 stimulates the release of cAMP from
superfused striatal tissue slices, and this effect

is antagonized by LY 141865, a selective D2 DA



receptor agonist (Stoof and Kebabian, 1981).

6. Low doses of spiroperidol induce abnormal
perioral movements in rats, which can be
potentiated by SKF 38393 (Rosengarten et al.,
1983; 1986).

7. Yawning induced by selective stimulation of DA
D2 receptors is eliminated by the DA D1 receptor
antagonist SCH 23390 (Serra et al., 1987).

8. In the dorsal striatum, the stimulation of DA
D1 receptors facilitates the release of [3H]GABA,
while stimulation of DA D2 receptors inhibits
[3H]GABA release {Girault et al., 1986).

9. DA acting on D1 or on D2 receptors,
respectively, inhibits or facilitates the
veratridine-evoked release of cholecystokinin
{Meyer and Krauss, 1983).

10. DA acting on D1 or on D2 receptors,
respectively, increases or decreases the
neurotensin level in striatum (Merchant et al.,
1989).

11. DA acting on D1 or on D2 receptors,
respectively, decreases or increases the substance
P level in striatum (Sonsalla et al., 1984).

12. Electroencephalogram (EEG) synchronization and
sedation, classically associated with neuroleptic

treatment, does not depend upon the selective

10
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blockade of either DA D1 or D2 receptors, but

instead requires concurrent blockade of both

subtypes of receptors (Bo et al., 1988).

13. In yitro studies have shown that haloperidol,

at concentrations which appear to be selective for

DA D2 receptor blockade, increases the release of

[3H]acetylcholine (ACh) from superfused striatal

tissue slices (Starke et al., 1983), and SCH 23390

is capable of inhibiting [3H]ACh release.

Consideration of the functional interaction between D1
and D2 receptors (Breese and Mueller, 1985; Breese et al.,
1985a,b; Barone et al., 1986; Carlson et al., 1987) could
have important implications in disorders such as Parkinson's
disease and schizophrenia, where stimulation or blockade of
postsynaptic DA receptors confers symptomatic benefit, and
where the ratio of D1 to D2 receptor blockade may be an
important determinant of drug action on functions mediated

by these receptor subtypes.

6-OHDA and Dopamine Receptors

The specific catecholamine neurotoxin 6-OHDA produces a
selective permanent destruction of catecholamine cell bhodies
and axon terminals in the brain {(Ungerstedt, 1971; Uretsky
and Iversen, 1970; Kostrzewa and Jacobowitz, 1974). 1In
adult rats, the destruction of DA nigrostriatal fibers is

associated with specific motor behavior dysfunctions; i.e.,
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aphagia, adipsia, decreased body weight, akinesia (lower
level of spontaneous exploratory activity), lack of self-
grooming (Breese and Traylor, 1970; Evetts et al., 1970;
Creese and Iversen, 1973), increase in the striatal DA
receptors {(Creese et al., 1977; Creese and Snyder, 1979;
Breese et al., 1984), and hypermotility and oral stereotypy
with a challenge dose of either D1 or D2 selective agonists
(Arnt, 1985b). |

While 6-OHDA treatment of neonates produces a nearly
complete loss of brain catecholamines (Breese and Traylor,
1972), impairment in food intake is less than that seen in
an adult lesioned rat.

6-0HDA produces profound and permanent destructive
effects, especially on the DA efferents arising from A9,
This is evidenced by a near-complete loss of tyrosine
hydroxylase (TH), the rate-limiting enzyme in the DA
synthesis; a loss of TH-immunoreactive fibers in the
striatum and cell bodies in the substantia nigra pars
compacta; also a failure of intrastriatal horse radish
peroxidase (HRP) injections to label cells within the
substantia nigra. A 2 to 3-fold increase in the amount of
striatal serotonin (5-HT) is detected at 2-5 months after
neonatal 6-OHDA treatment of rats (Stachowiak et al., 1984;
Breese et al., 1984). This effect is accompanied by a
parallel increase in the uptake of [3H]5-HT into

synaptosomes prepared from striatum (Stachowiak et al.,
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1984) and an enlargement of the serotonergic projections
from the raphe nucleus to the striatum, especially prominent
within the rostral étriatum (Berger et al., 1985; Snyder et
al., 1986). Since DA- and 5-HT-containing neurcns have
similar effects on striatal interneurons (Davies and
Tongroach, 1978), it will become clear why neonatal 6-OHDA
treatment of rats could have some behavioral sparing.
Permanent supersensitive behavioral responses to
dopaminergic agonists, particularly the D1 receptor
agonists, occur in these rats when observed as adults. The
Dl-induced behavioral responsés include taffy pulling and
self-mutilatory behaviors. Biochemically there is an
inability to up-regulate D1 and D2 receptors in response to
challenge doses of the respective antagonists in adults,
suggesting that neurochemical adaptation occurs after
neonatal 6-OHDA lesions, interfering with the capacity of
specific antagonists to increase the respective DA receptor
densgity {(Duncan et al., 1987). Neonatally lesioned rats are
subsensitive to the immobility effect typically produced by
both DA D1 and D2 antagonists in rats lesioned as adults
{Duncan et al., 1987). Rats that receive 6~OHDA lesions as
adults do not show a progressive increase in response to
repeated administration of DA D1 agonist, SKF 38393, as do
the neonatally lesioned rats (Criswell et al., 1989). Also,
there is no change in binding of [3H]SCH 23390 and

[3H])spiroperidol to rat striatum and nucleus accumbens in
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adulthocd (Breese et al., 1984; 1985a,b; 1986; Duncan et
al., 1987).

From the above it can be seen that the 6-OHDA lesions
of neonatal rats produce a model characterized by DA D1 and
D2 receptor supersensitivity in the absence of a change in

receptor number.

isturbances 0f The e te uman CNS

Several serious disorders are known to be related to
disturbances in the function of the dopaminergic systems in
the brain.

Parkinson's disease is associated with a loss of the A9
DA system (Hornykiewicz, 1966). Long term neuroleptic-
treatment is associated with extrapyramidal side effects,
including tardive dyskinesia {(TD). Huntington's chorea and
Gilles de la Tourette syndrome are characterized by
progressive chorea, cognitive impairment, and emotional
disturbance. These latter disturbances have been attributed
to an increase in DA transmission (Butler et al., 1979;
Baldessarini and Tarsy, 1980; Spokes, 1980; 1981; Marsden,
1982). The mesolimbocortical Al0 DA system has been
implicated in the pathophysiology of schizophrenia. Either
excessive release of DA or altered receptor sensitivity has
been implicated in the symptomatology of schizophrenia,
which is treated with dopaminergic drugs (Matthysse, 1973;
Stevens, 1973; Snyder, 1982; Chiodo and Bunney, 1983; White
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and Wang, 1983a,b).

A complete understanding of the pathophysiologic role
played by DA in such conditions is not possible without a
knowledge of the development of the receptors which
represent transducers of the signals generated by this

neurotransmitter.

Antipsychotics and Dopamine Receptors

Antipsychotics or neuroleptics are the drugs of choice
in the treatment of psychosis and other forms of
schizophrenia. This class has also been used to treat the
dystonic symptoms of Huntington's chorea and Gilles de la
Tourette syndrome (Shapiro et al., 1978).

Using [3H]Haloperidol, an antipsychotic drug, and
{3H]IDA, Seeman et al. (1975; 1976) have provided the first
direct evidence that neurcleptics compete with DA for
stereospecific DA binding sites. The relative affinity for
D2 sites is directly proportional to c¢linical potency.

Considerable evidence indicates that long term
treatment with haloperidol results in the development of DA
receptor supersensitivity. This is manifest as an enhanced
behavioral response to DA agonists (Gianutsos et al., 1974;
Bhargava and Ritzmann, 1980) and an increased number of
[3H]Ineuroleptic/dopamine receptor binding sites (up-
regulation) in the striatum (Burt et al., 1976; Muller and

Seeman, 1977; Matwyshyn and Bhargava, 1983; Mackenzie and
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Z2igmond, 1985). The major side effect, tardive dyskinesia,
which gradually develops in approximately 25% of
schizophrenics receiving chronic neuroleptics, is
characterized by uncontrollable purposeless and persistent
movements of the mouth, tongue, and extremities
(Baldessarini and Tarsy, 1980). This resembles the
involuntary movements occurring in Parkinsonian patients
treated with L-DOPA, and can be reduced either by lowering
or raising the neuroleptic dose. The preoliferation of
neuroleptic/dopamine binding sites is observed after long
term administration of either butyrophenones or

phenothiazines (Clow et al., 1979; Wan et al., 1983).

Ontogeny of Dopaminergic Neurons

There is a progressive increase in the striatal
concentration of DA and associated synthetic enzymes, such
as TH, DA-stimulated AC, which at birth, represent only 20%
of adult levels. TH and AC attain adult levels by the age
of 3 to 4 weeks of postnatal life (Coyle and Axelrod, 1972;
Coyle and Compochiaro, 1976), and this has been attributed
to the proliferation and growth of axon terminals (Loizou
and Salt, 1970; Coyle and Axelrod, 1972). Functional
dopaminergic-cholinergic interaction dees not occur until
the second week of postnatal life {(Coyle and Campiochiaro,
1976). There is no spontaneous single unit activity of

striatal cells in eight-day-old rat pups. At 17 days
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striatal single unit activity is substantially less diverse
and of a lower frequency than that observed at 28 days.
Haloperidol induces single unit activity of striatal cells
at 28 days, but not at 17 days (Napier et al., 1985).
Haloperidel induces a cataleptic response in 21 days rats,
but not in a 14 days rats (Coyle et al., 1985). The growth
of 5-HT axons into the striatum begins late in development
(Lidov and Molliver, 1982) in comparison to the 5-HT
innervation of other structures and DA innervation of the
striatum (Specht et al,, 1981). Marked stereotypy to
apomorphine only appears at 21 days of age. Before that,
the response is weak and variable. Islands of dopaminergic
innervation, present in the striatum on day 5, nearly
disappear by day 15 (Olson et al., 1972). In contrast, the
DA receptors appear in a uniform pattern beneath the corpus
callosum. This patch extends further into the striatum and
is not as elongated as the fluorescent subcallosal streak.
Receptors then diminish medially and there are no islands of
receptors to correspond to the fluorescence (Murrin, 1982).
Neuronal cell division in the striatum is mostly complete
after the first few postnatal days in the rat (Das and
Altman, 1970), and there is some evidence for neuronal cell
death in the first two postnatal weeks, based on estimates
of the total number of neurons present in the striatum
(Fentress et al., 1981). At the first day after birth, the

rat striatum contains only 12 and 24% of the adult level of
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DA and DOPAC, respectively. The striatal DA content
increases somewhat slowly thereafter, reaching adult levels
by postnatal day 60. DA content remains constant through
adulthood and senescence. In contrast, DOPAC levels develop
more rapidly than DA levels, attaining adult values by 20
days after birth, a time when DA is less than 50% of adult
level. DOPAC content remains unchanged through senescence.
Basal AC activity increases 6-fold from birth to postnatal
day 45. Concentration-response curves for DA-stimulated AC
activity indicate that 100 uM DA induces a maximal
stimulation of ¢AMP in rats of different ages. The effect
of this concentration of DA increases 4-fold from birth to
postnatal day 14 when the maximal responsiveness to DA is
observed. The effectiveness of DA on AC production rapidly
returns to adult levels thereafter. Striatal DA content
reaches 50% of the adult value by postnatal day 35 (Giorgi
et al., 1987). DA content of the brain rises significantly
between 0-7 days after birth, with the greatest rise per
unit time occuring between 7 and 18 days. Adult levels are
attained at about 50 days. The most rapid increase in TH
activity is between the 7th and 18th day.

The above findings indicate that DA-containing neurons
gradually develop their functions during fetal life and the
first 4-8 weeks of postnatal life.
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Ontogeny of po e ceptors
The density of DA D1 receptors in rat striatum is only

9% of the adult value at birth and increases very rapidly
thereafter, so that by postnatal day 35 a peak value is
attained (Giorgi et al., 1987). The maturation of DA D1
receptors and DA-stimulated AC activity in the striatum (and
other brain areas) precedes that of the presynaptic
dopaminergic neuron markers (Spano et al., 1976; Hohn and
Wuttke, 1979; Lamberts and Wuttke, 1981; Giorgi et al.,
1987). DA D1 receptors increase in density more rapidly
than DA D2 receptors in the first two weeks postnatally.
The ratio of D1 to D2 receptors increases from 1.7 at 2 days

of age to 3.3 at 14 days of age (Zeng et al., 1988).

Ontogeny of Dopamine D2 Receptor
In vivo and in vitro studies have shown that DA D2

receptors double in number between day 5 and day 15 after
birth, and then gradually increase to adult levels by day 30
(Pardo et al,, 1977; Murrin, 1982; Murrin and Zeng, 1986).
Since DA plays an important trophic role in the development
of a normal number of striatal DA receptors (Rosengarten et
al., 1983a; Miller and Friedhoff, 1986), it has been
suggested that the development of DA D2 receptors, and the
responses that they mediate, are dependent upon the
maturation of their corresponding presynaptic nerve

terminals {Rosengarten and Friedhoff, 1979; Deskin et al.,
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1981). Some reports do not support this view {Creese and
Iversen, 1973; Pardo et al., 1977). Striatal presynaptic
receptors, which are D2 receptors, may be just starting to
function around the first week of life and may not attain
full maturity until the second postnatal week {Shalaby et
al.,, 1981),.

Impairment Of Dopamine Receptor Ontogeny
Rosengarten and Friedhoff (1979) found that prenatal

administration of haloperidol results in a persistent
decrease in postnatal striatal DA D2 receptors (Rosengarten
et al., 1983b)., The critical period for this prenatal
neuroleptic effect is between gestational days 15 and 18
{Rosengarten et al., 1983a). This treatment also affects
muscarinic cholinergic activity in the striatum (increase in
binding sites) {(Miller and Friedhoff, 1986). On the other
hand, giving haloperidel to nursing dams for the first 21
days after birth, results in a 40% increase in the number of
striatal DA D2 receptors in the nursing littermates, two
weeks after the last dose (Rosengarten and Friedhoff, 1979).
Treatment of neonatal rats with penfluridol, on alternate
days during the first postnatal week, does not affect the
development of striatal DA D2 receptors, although there is a
supersensitive response of these rats tc the DA receptor
agonist, apomorphine (Coyle et al.,, 1981).

Kostrzewa and Saleh (1989) have shown that
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administration of the DA D1 receptor antagonist, SCH 23390
(0.3 mg/kg i.p.)}, or the DA D2 receptor antagonist,
spiroperidol (1.0 mg/kg i.p.), to rats once a day for 32
successive days from birth results in a marked impairment of
the development of striatal D1 receptors at 12 weeks (74%
reduction in the specific binding) and marked impairment of
the development of striatal D2 receptors at 12 weeks (74%
reduction in the specific binding), respectively.

It can be conclude from the above results that the
fetal and early postnatal periods in rats may be vulnerable
stages in the functional maturation of the central
dopaminergic system. Investigation of the development of
this system might assist in understanding its physiological

significance.

opaminergic System and Behavio

Animal behavioral assays are an important tool for
elucidating actions of drugs used in the treatment of CNS
digorders. The behavioral assays have been used to define
the characteristic profiles of DA antagonists and DA
agonists, in the hope of screening new drugs for therapeutic
value. The behavioral assays used most commonly are as
follows:

1. The rotational model, which usually includes

unilateral 6-OHDA lesions of the substantia nigra

or of the median forebrain bundle of rats. A
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contralateral circling response (away from the
lesioned side) is produced by DA agonists which
preferentially stimulate supersensitive DA
receptors on the denervated side. Conversely, an
ipsilateral circling response is produced by
dopaminomimetics which release DA from intact
dopamine neurons on the non-lesioned side,
resulting in postsynaptic stimulation of DA
receptors on the intact side.

2, The stereotypy model, which includes
observation of such behaviors as licking, gnawing,
biting, chewing (cral stereotypy), sniffing,
rearing, grooming, and locomotion in rats.

3. The catalepsy model is best described as a loss
of locomotor behavior and an exaggeration of
bracing responses to stimuli. This categorization
is operationally defined, for example, by placing
a rat's forepaws over a horizontal bar and
observing time of immobility in the imposed
posture. Catalepsy results from blockade of DA D1
and/or D2 receptors in the striatum. It is known
that these receptive site are restricted to
quinolinic acid-sensitive intrinsic neurons
{Calderon et al., 1988).

4, The yawning response, which is elicited in

experimental animals by DA agonists. This effect
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is antagonized by the centrally acting DA
antagonists. The receptors involved in this
behavior have characteristics in common with the
DA D2 autoreceptor (Mogilnicka and Klimek, 1977;
Nickolson and Berendsen, 1980; Yamada and
Furukawa, 1980; Gower et al., 1984; Stahle and
Ungerstedt, 1984; Serra et at., 1983a,b; 1984;
Dourish and Hutson, 1985; Yamada et al., 1986;
Stoessl et al., 1987). However, according to some
studies these receptors are located
postsynaptically (Serra et al., 1986}).
Nevertheless, 6-OHDA lesions of DA neurons abolish
the yawning response (Dourish and Hutson, 1985;
Stoessl et al., 1987).

5. Perioral movements (abnormal mouth movements =
oral dyskinesia). In humans, repetitious cpening
and closing of the mouth and high frequency clonic
jaw movements are the most outstanding
characteristic of tardive dyskinesia which results
from prolonged neuroleptic treatment. Perioral
movements in normal rats can be induced by
selective stimulation of the DA D1 receptors or by
selective blockade of D2 receptors with
antagonists (Molloy et al., 1986; Rosengarten et
al., 1986; Koshikawa et al., 1987; Molloy and
Waddington, 1988). Rats with reduced numbers of
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D2 receptors, resulting from strain difference,
senescence, or pharmacological intervention in
development demonstrate increased oral activity
after D1 agonist treatment (Rosengarten et al.,
1983c; 1986). Oral behavior is increased in rats
treated chronically with several neuroleptics
(Clow et al., 1979; Waddington and Gamble, 1980;
Waddington et al., 1981). The incidence of oral
activity is least when DA D2 as well as DA D1
receptors are stimulated (Rosengarten et al.,

1986; Johansson et al., 1987).

Heterogeneity of the Striatum

The striatal internal organization of afferent and
efferent projections is heterogeneous (Dray, 1979). The
dorsal and ventral striatum are different in internal
organization, embryonic origin, efferent and afferent
projections {Joyce, 1983), and neurctransmitter content.
More DA is present in the dorsal part and more 5-HT and
norepinephrine are in the ventral part (Widmann and Sperk,
1986).

Dopaminergic drugs injected into different regions of
the striatum may interact with different elements of the
striatum and produce diverse behavioral effects (Costal et
al., 1980; Joyce et al., 1981). The dorsal rostral region

supports the rearing response; a more caudal and medio-
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ventral region is involved in biting; and a rostro-ventral
region sustains the hyperactivity response (Joyce, 1983),
These findings emphasize the functional (behavioral)
heterogeneity of the striatum (Dunnett et al., 1981a,b).
After intraventricular 6-OHDA treatment, extensive loss of
DA terminals occurs in medial portions of the striatum,
while large numbers of terminals remain intact in more

lateral areas (Onn et al., 1986).

Rationale

One factor that influences the clinical manifestation
of any lesion in the CNS is the age of the brain at the time
of the lesion. Although a lesion is static, its effect(s)
on neurologic function is affected as the system matures.
Since the striatum progresses through a prolonged and varied
postnatal developmental period, DA receptor stimulation or
blockade and/or dopaminergic fiber distruction during this
interval is likely to alter development of receptor sites.
The change may be quite different from that which is
observed after a similar lesion in the adult.

Several drugs and neurotoxins administered to
developing rats produce different biological consequences
from those cobserved in adults. Chronic treatment of mature
animals with neuroleptics leads to DA D2 receptor
proliferation (Neve et al., 1985). Once the neuroleptic is

withdrawn, the numbers of D2 receptors return to control
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levels in a matter of days. However, when the dopaminergic
system is altered during early development with prenatal
treatment with DA D2 antagonists (Rosengarten and Friedhoff,
1979), or postnatal treatment with DA D1 or D2 specific
antagonists (Kostrzewa and Saleh, 1989), DA receptor down-
regulation is observed. The changes in the system are
permanent, persisting through adulthood.

Breese et al. (1984) demonstrated that the behavioral
responses to DA agonists are distinctly different in
neonatal and adult 6-OHDA-lesioned rats. Other differences
bhetween adult and neonatal 6-OHDA-lesioned rats have also
been described. Rats treated with the neurotoxin as adults
exhibit a profound aphagia, adipsia, and akinesia (Zigmond
and Stricker, 1973). In contrast, after neonatal 6-OHDA
treatment, rats do not display such an acute behavioral
syndrome {Duncan et al., 1987). Also, neonatal destruction
of brain dopaminergic neurons with 6-OHDA results in a
selective supersensitivity of D1 receptors in the absence of
an altered number of receptors (Breese et al., 1984,
1985a,b, 1986). Whereas neonatal 6-OHDA~lesioned rats show
a greater response to D1 receptor agonists than to D2
receptor agonists, adult 6-OHDA-lesioned rats show a greater
sensitivity to D2 receptor agonists than to D1 agonists
(Breese et al., 1985b), Chronic treatment with the specific
DA D1 antagonist, SCH 23390, or DA D2 antagonist,

haloperidol, produces a significant elevation in [3H]SCH



27
23390 or [3H]lspiroperidol binding, respectively, in
unlesioned and in 6-OHDA adult-lesioned rats. The same
chronic treatment in adult animals that were lesioned as
neonates with 6-OHDA did not result in an up-regulation of
the respective receptors (Duncan et al., 1987).

Several measures of dopaminergic function in striatum
and other brain areas are reduced in patients with Lesch-
Nvyhan syndrome, a disease associated with an inborn
deficiency of the enzyme hypoxanthine-guanine phosphoribosyl
transferase. Parkinson's disease is another syndrome in
which brain dopamine is reduced. However, Parkinson's
patients display tremor, bradykinesia, stiffness, and do not
demonstrate the choreocathetoid movements, hypertonicity, the
unique compulsive self-mutilation behavior (SMB) of digits
and tissue about the mouth, or the elevation in serotonin in
the striatum observed in children witﬁ Lesch-Nyhan disease.
Apparent differences in these syndromes are the age of onset
of the symptoms (the age at which dopaminergic pathways are
destroyed) and the disordered purine metabolism in Lesch-
Nyhan patients.

The adult 6-OHDA-treated rats has been used as a
neurochemical model of Parkinscon's disease. Breese et al,
(1984; 1984a) have suggested that the neonatal 6-OHDA-
treated rat may serve as a model of central dysfunctions
observed in childhood diseases with reduced brain dopamine.

Lesch-Nyhan syndrome is one of those diseases.
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Dopamine D2 agonists are useful in Parkinsonism and do
not appear to initiate self-mutilation behavior in rats
treated neonatally with 6-OHDA (Breese et al., 1985a). It
is not known whether administration of the D2 agonist would
be beneficial to the motor dysfunction in the Lesch-Nyhan
syndrome, or would exacerbate the choreic symptoms as
observed with L-dopa in Huntington's chorea (Breese et al.,
1985a). One goal of the present experiment was to shed
light on this important clinical question.

Agonist-induced behavicral supersensitivity has served
as the standard animal model for certain of the motor and
behavioral side effects associated with long-term exposure
to DA agonists in humans. Its pharmacologic mechanism,
however, remains unclear (Braun and Chase, 1988). 1In order
to examine the relative contribution of D1 and D2 receptor-
mediated mechanisms to the behavioral changes which follow
chronic dopamine agonist exposure, either the R-enantiomer
of SKF 38393 (2,3,4,5-tetrahydro-~7,8-dihydroxy~1-phenyl-1H-
3-benzazepine)}, the most selective, partial D1 agonist,
(Pendleton et al., 1978; Setler et al., 1978; Watling and
Dowling, 1981; Sibley et al., 1982) or the selective, full
D2 agonist, LY 171555, (trans-4-4a,5,6,7,8,8a,9-octahydro-5-
propyl-1H-pyrazelo(3,4-g) quinoline.), the (-)isomer of LY
141865 (Tsuruta et al., 1981; Gundlach et al., 1983; Stoof
and Kebabian, 1984; Plantje' et al., 1985) was administered

alone or in combination with 6-0OHDA to rats during the



29
postnatal period. Following a drug-free interval,
behavioral responses to the selective DA agonists wers
evaluated.

This study was undertaken with the objective of (1)
assessing both striatal DA D1 and D2 receptors in rats after
postnatal treatment with selective D1 or D2 agonists and
antagonists alone and in combination with neonatal 6-OHDA
treatment. Other aims were to determine whether the above
treatments would (2) modify the ontogeny of the respective
receptor populations in the striatum, (3) modulate the
abnormal responses that occur following neonatal treatment
with 6-OHDA, or (4) alter the behavioral response(s) to
challenge doses of agonists or antagonists given in
adulthood.

A comprehensive study of the dopaminergic system is
needed in order to combine and compare the effects generated
by 6-OHDA and the effects generated by specific agonists and
antagoniste on this system.

This study should lead to a better understanding of the
dopaminergic system and better enable an animal model to he
developed that can assist in the development of agents that
can be useful in the treatment for DA receptor
supersensitivity or subsensitivity caused by structural

damage or functional alterations in the brain.



CHAPTER 2

Materials and Methods

This project was divided into two parts. The first
series of experiments were conducted to determine the effect
of chronic stimulation with specific agonists on the
ontogeny of DA D1 and D2 receptors. The second series of
experiments were undertaken to test the ability of specific
postnatal treatment with D1 or D2 agonists or antagonists to

modulate the changes produced by neonatal 6-OHDA treatment.

imals eatment

Timed pregnant Sprague-Dawley albino rats were obtained
from Charles River Labs (Research Triangle Park, NC) about 1
week before parturition, housed singly in plastic cages with
food and water ad_libitum, and were kept on a twelve hour
light-dark cycle (on at 07:00 h) at 22+1 °C. Date of litter
delivery was noted within 12 hours and the day of birth was
considered day 0. At birth the pups from all litters were
randomly assigned to the mothers, and litters were culled to
a maximum of ten pups. All offspring used in the study were
weighed once a day from birth until the end of treatment (32
days of age}.

Starting at birth, all neonates were treated once a day

for 32 successive days by intraperitoneal {(i.p.) injection

30
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with one of the following regimens: (a) saline (0.85%) plus
saline containing tartaric acid (0.5%) and acetic acid (1.0
mM}, (b) SCH 23390 HCl (0.3 mg/kg, free base; Research
Biochemicals, Inc., Natick, MA) in saline (0.85%) plus
saline-tartaric acid/acetic acid, (c) spiroperidol (0.3
mg/kg, Research Biochemicals) in saline-tartaric acid/acetic
acid plus saline, {(d) SKF 38393 HCl (3.0 mg/kg, Research
Biochemicals), or (e) LY 171555 HCl (3.0 mg/kg, Lilly,
Research Labs, Indianapolis, IN). At 3 days after birth,
groups of rats receiving the above treatment were treated
with 6-OHDA hydrobromide (67.5 Ag intracerebroventricular,
i.c.v., free base, in each side; Regis Chemical Co.,
Chicago,; IL) or the diluent, saline (0.85%) with ascorbic
acid (0.1%) to prevent the spontaneous oxidation of 6-OHDA.
Rats were weaned at 4 weeks of age. At 38-41 days of age,
rats from all the above groups were challenged with the
specific DA D2 agonist, LY 171555, to study vawning
bhehavior. At 44-47 or 49-51 days of age, rats were
challenged with the DA D1 specific agonist, SKF 38393 (3.0
mg/kg) or the DA D2 gpecific agonist, LY 171555 (3.0 mg/kg)},
respectively, to study stereotypic behaviors. At 70 days of
age, rats were challenged with the DA D2 specific
antagonist, spiroperidol (40 AHg/kg, i.p.), to study the oral
dyskinesia.

For the binding studies, a separate group of rats

untreated after 32 days was used. These rats were killed by
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decapitation at 55 to 57 days. Brains were immediately
removed and the striata were dissected free, frozen on dry
ice, and stored at -60 °C.

One rat treated with 6-OHDA did have post-decapitation
convulsions and was not used for assessment of D1 or D2

receptor number.

Tissue Preparation

At the time of assay, parts of striata from the same
medio~lateral and/or dorso-ventral location were placed in
100 volumes of 50 mM Tris buffer (pH 7.4) containing 120 mM
NaCcl and 5 mM KCl. After homogenization (setting of 50, 20
5; Tekmar Tissumizer), samples were centrifuged at 48,000 x
g for 25 min at 4 °C in a Beckman L5-75B ultracentrifuge.
This step was repeated after resuspending the pellets in 100
volumes of fresh buffer. The final pellets were resuspended

in the Tris-salt soclution.

D1 Binding Assay
To assess DA D1 receptor binding, the method of Schulz

et al. (1985) was employed. Briefly, samples of 0.2 ml of
homogenate were added to 0.1 ml [3H]SCH 23390 (50 to 1500
pM, final conc.; Amersham, Monton Grave, IL) in Tris-salt
solution containing 2 mM CaCl2. Samples {1 ml incubation
mix) were incubated for 15 min at 37 °C in a shaking water

bath and then rapidly filtered under partial vacuum on
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Whatman GF/F glass.fiber filters using a Millipore
filtration unit. Filters were washed thres times with 5 ml
of ice-cold Tris-salt sclution. After drying, filters were
placed in 9 ml of Scintiverse E (Fisher Scientific, Atlanta,
GA), and tritium activity was determined in a Beckman LS
9800 liquid scintillation spectrometer. S8Specific binding of
[3H]SCH 23390 was defined as the difference in binding in
the presence and absence of SCH 23390 (1 UM).

indi 58a

To assess DA D2 receptor binding, the method of Creese
and Snyder (1979) was used. Aliquots of homogenate (0.2 ml)
were incubated with 0.1 ml [3H])spiroperidol (50 to 1500 pM,
final conc.; Amersham) in Tris-salt solution containing 0.5
mM MgCl2. Samples (1 ml incubation mix) were incubated for
15 min at 37 °C in a shaking water bath and then rapidly
filtered under partial vacuum on Whatman GF/F glass fiber
filters using a Millipore filtration unit. Filters were
washed three times with 5 ml of ice~-cold Tris-salt solution.
After drying, filters were placed in 9 ml of Scintiverse E
(Fisher Scientific), and tritium activity was determined.
Specific binding of [3H]spiroperidol was defined as the
difference in binding in the presence and absence of d-
butaclamol (1 #4M: Research Biochemicals, Inc.).

Since [3H]lspiroperidel has been shown to bind to

serotonin-2 receptors (S82) (Leysen et al., 1978; Pertoutka
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and Snyder, 1979; Witby et al., 1980; Witby et al., 1981),
ketanserin was added to block serotonin receptors (Murrin
and Kuhar, 1979). Ketanserin, at a concentration of 27 nM,
selectively binds to 82 sites allowing specific study of the
D2 receptors {Leysen et al., 1981; 1982; Hamblin et al.,
1984)..

Equilibrium Binding Studies

In order to determine the maximal binding capacity
(Bmax) and the apparent dissociation constant (Kd) for
[3H]SCH 23390 and [3H]spiroperidol receptor binding, a
double rectangular hyperbola model was used. This describes
the interaction of a selective radioligand with two classes
of non-interacting binding sites {B = (Bmaxl)(L)/(L+Kdl) +
(Bmax2)(L)/{L+Kd2) + EL}, where B is the amount of
radioligand bound, Bmaxl and Bmax2 are the densities of the
two classes of binding sites, L is the free concentration of
radioligand, Kdl and Kd2 are the dissgociation constants of
the binding sites for the radioligand, and E is the ratio of
non-specific binding sites at the L concentration. Since
the data could be fit by a single site model and since there
was no Bignificant improvement in fitting provided by a two
site model, the Bmax2 was considered to be zero.

For [3H]SCH 23390 kinetic studies in rat striata, the
[3H])SCH 23390 concentrations ranged from 50 to 1500 pM (8

concentrations, total}.



35
For [3H]spiroperidol kinetic studies in rat striata,
the [3H]lspiroperidol concentrations ranged from 50 to 1500

pM (8 concentrations, total).

Behavioral)l Methods

In all behavioral studies rats were placed in separate
cages and were allowed to accommodate to the behavioral
testing lahoratory for one hour prior te drug treatments.
To avoid possible circadian effects, bshavioral observations
were conducted at the same time each day for the different
tests.,

1. Yawning. Yawning was studied by administering a

challenge dose of the DA D2 specific agonist, LY

171555 (50 Mg/kg, i.p.; Serra et al., 1987). Rats

were then placed in small Perspex observation

cages (48 X 26 x 18 cm) and observed individually.

Starting 5 min after LY 171555 injection, the

following behavior elements were scored over the

next 25 min: a) number of yawns, b) number of

penile erections, and c¢) duration of genital

grooming. These sessions were carried out between

09:00 and 14:00 hr. in a quiet, well-lighted room.

2, Oral Dyskinesia. Oral dyskinesia (spontaneous

chewing jaw movements) were assessed by

administering a challenge dose of the specific DA

D2 antagonist, spiroperidol (40 Mg/kg, i.p.)



(Laduron et al., 1978; Leysen et al., 1978). One
hour after spiroperidol treatment, the numbers of
oral movements were recorded for 1 min every 10
min for 6 periods (Rosengarten et al., 1983;
1986). Chewing was recorded only if it appeared
to be purposeless, that is, if it was not directed
at any specific object.

3. Stereotypic Behavior. Behavioral observations
were made as has been described by Breese et al.
{(1984; 1985a,b)}. Following a 60 min adaptation
period in clear Perspex cages (48 X 26 x 18 cm)
with wood chip bedding on the floor, drugs were
administered. Behavioral assessment was made for
a 1 min period once every 10 min for 90 min. Each
min was divided into four 15 & periods and
behaviors were scored as occurring or not
occurring during each 15 s period. Therefore, the
maximum score for any observed behavior in a 1 min
period was 4 (i.e., once in each 15 sec interval).
The behaviors observed were locomotion, rearing
(both front legs off the floor of the cage),
licking, sniffing (intense 8-10/sec directed
towards the sides or floor of the observation
cage), taffy pulling {(coordinated movement of
front paws toward the mouth and then away from the

body), head nodding (head moving up-and-down or

36
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side-to-side in a repetitive fashion), paw
treading, jumping, digging, eating wood chips,

grooming, and self-biting.

ata

Binding studies

The means of Bmax and Kd values in different groups
were analyzed by the analysis of variance (ANOVA) followed
by a post-ANOVA Newman-Keuls test, in order to test for
significant differences between the treatment groups. A p
value of <0.05 was considered to be the level for

statistical significance.

Yawning and Oral Dyskinesia

The results were expressed as the mean number of
responses per group + S.E.M. to give an indication of
variability. The statistical significance of the results
was evaluated by the analysis of variance (ANOVA)} followed
by a post-ANOVA Newman-Keuls test., A p value of <0.05 was

considered to be the level for statistical significance.

Stereotypic Behavior

Data are expressed as the mean total sterecotypy score
for 90 min + S.E.M to give an indication of variability.

The statistical significance of the results was evaluated by
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the analysis of variance (ANOVA) followed by a post~ANOVA
Newman-Keuls test. A p value of <0.05 was considered to be

the level for statistical significance.



CHAPTER 3
Results

hanced Ya asponse to DA D2 Specific Agonist
171555 in Rats Trea Duri evelopment wit
LY 171555

Rats treated daily during postnatal development with
the D2 receptor agonist LY 171555 (3.0 mg/kg/d, i.p.)
demonstrated an 89% increase in the number of yawns that
were induced by a challenge dose of LY 171555 (50 4g9/kg,
i.p.). In rats that were tested at 38 to 41 days after
birth, the incidence of LY 171555-induced yawning was 25.0 +
3.9 during the 25 minute observation period vs. 13.2 + 2.9
for that of the control group (p < 0.05, Figure 1 and Table
1). The yawning response rate for rats treated in
development with spiroperidel (0.3 mg/kg/d, i.p.) was not
different from control. When rats were treated neonatally
with 6-0HDA (200 4g, salt form, i.c.v.), the enhanced
response of the LY 171555-treated group was eliminated. The
yawning response to a challenge dose of LY 171555 was
approximately 3 yvawns during the observation peried for hoth
the diluent and LY 171555 groups. However, neonatal 6-OHDA
treatment did not alter the number of yawns in the rats
treated with spiroperidol in development (Table 1, Fig., 1).
Treatment during development with SKF 38393 (3.0 mg/kg/d,
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i.p.) or SCH 23390 (0.3 mg/kg/d, i.p.) did not alter the
vyawning response to the challenge dose of LY 171555 when
compared to the control. |
The number of penile erections and the duration of
genital grooming were not statistically different between

the groups.

Enhanced Periocral Response to the DA D2 Specific Antagonist

Spiroperidol in Neonatal 6~OHDA-Lesioned Rats
Rats treated at 3 days after birth with 6-OHDA (200

Ma/kg, salt form, i.c.v.) demonstrated a 710% (7-fold)
increase in the number of clonic jaw movements that were
induced by a challenge dose of spiroperidol ({40 Ag/kg,
i.p.). In rats tested at 70 days after birth, the incidence
of spiroperidol-induced perioral movements {oral dyskinesia)
was 45.4 + 9.9 during the observation period (1 min every 10
min for 6 times) vs. 5.6 + 2.0 for that of the control group
(p < 0.05, Table 2, Figure 2). The clonic jaw response rate
for rats treated in development with SCH 23390 (0.3 mg/kg/d,
i.p.) or SKF 38393 (3.0 mg/kg/d, i.p.) alone was not
different from control, but when combined with 6-OHDA, the
enhanced response of the 6-OHDA-treated group was

eliminated.
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Table 1

Effects of Acute LY 171555 (50 Ag/kg, i.p.) on Yawning in Rats
Treated During Development with Dopamine Agonists or Antagonists

Developmental No. Of Yawns No. Of Penile Duration Of Genital

Treatment Erections Grooming (sec)
VEHICLE +
DILUENT  13.2 # 2.9 1.4 + 0.8 7.4 % 4.8
LY171555 25.0 % 3,90be 2.2 + 1.2 12.3 + 5.0
SPIPERONE 12.6 * 2.6 2.8 # 0.5 19.4 + 4.6
SCH23390 9.0 + 2,0 1.0 + 0.4 B.3 + 3.4
SKF38393 12.6 + 1.2 2.0 £ 0.5 14.2 + 5,2
6-0HDA + - T
DILUENT 3.0 £ 0.3 1.2 + 0.2 9.4 + 6.2
LY171555 3.3 + 1.0 0.8 + 0.8 5.0+ 4.1
SPIPERONE 14.8 + 3,1} 1.3 % 0.3 12.3 ¢ 2.5
SCH23390 7.2 £+ 2.1 1.6 + 0.8 15.6 + 8.2
SKF38393 1.3 # 0.3 0.3 +0.3 3.3 £ 3.3

Rats were treated i.p., daily from the day of birth to 32
days after birth, with diluent, LY 171555 (3.0 mg/kg/d),
spiroperidol (spiperone)} (0.3 mg/kg/d), SCH 23390 (0.3
mg/kg/d) or SKF 38393 (3.0 mg/kg/d). All rats were also
treated i.c.v. at 3 days after birth with 6-OHDA (200 Ag,
salt form) or diluent. At 38 to 41 d after birth, rats were
challenged with LY 171555 (50 4g9/kg, i.p.), and the numbers
of yawns and penile erections, and the duration of genital
grooming were recorded for 25 min, beginning 5 min after
acute LY 171555 treatment.

Each value represents the Mean + S.E.M, for 5 rats.

a, p < 0.05, compared to the 'Vehicle + Diluent' group.

b, p < 0.05, compared to the '6-OHDA + Diluent' group.

c, p < 0.05, compared to the 'LY 171555 + 6-OHDA' group.
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Figure 1. Effects of Acute LY 171555 (50 Mg/kg, i.p.) on
Yawning in Rats Treated During Development with Dopamine
Agonists or Antagonists. Rats were treated i.p., daily from
the day of birth to 32 days after birth, with diluent, LY
171555 (3.0 mg/kg/d) or spiroperidol (0.3 mg/kg/d}. All rats
were also treated i.c.v. at 3 days after birth with 6-OHDA
(200 Uy, salt form) or diluent. At 38 to 41 4 after birth,
rats were challenged with LY 171555 (50 Ag/kg, i.p.), and
the numbers of yawns was recorded for 25 min, beginning 5
min after acute LY 171555 treatment.

Each value represents the Mean + S.E.M. for 5 rats.

a, p < 0.05, compared to the 'Vehicle + Diluent' group.

< 0,05, compared to the '6-0HDA + Diluent' group.

b,
c, < 0.05, compared to the 'LY 171555 + 6-OHDA' group.

ool
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Table 2

Effects of Acute Spiroperidol (40 A4g/kg, i.p.) on the Incidence
of Perioral Movements in Neonatal 6-OHDA-Lesioned Rats

Developmental
Treatment No. Of Repetitive Jaw Movements
VEHICLE +
DILUENT 5.6 + 2.0
S5CH23390 4.8 * 3.1
SKF38393 3.4 0.9
e-omoA +
DILUENT 45.4 + 9.9
SCH23390 14,0 + 3.9
SKF38393 3.0+ 1.7

Rats were treated i.p., daily for the first 32 days from
birth, with diluent, SCH 23390 (0.3 mg/kg/d), or SKF 38393
(3.0 mg/kg/d)}, in combination with i.c.v. 6-OHDA (200 Mg,
salt form) or its diluent at 3 days of age. Animals were
challenged with spiroperidol (40 Ag/kg, i.p.) at 70 days
from birth, and were observed one hour after the challenge
dose, Numbers of episodes of mouth movements (consisting of
bursts of repetitive jaw movements)} were summed over 6 one
min periods, separated by 10 min intervals.,

Results are expressed as the Mean + S.E.M. for 5 rats.

a, p < 0,05, compared to the 'Vehicle + Diluent' group.
b, p < 0,05, compared to the '6-0HDA + Diluent' group.
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Figure 2. Effecte of Acute Spiroperidol (40 Ug/kg, i.p.) on
the Incidence of Perioral Movements in Neonatal 6-OHDA-
Lesioned Rats. Rats were treated i.p., daily for the first
32 days from birth, with diluent or SKF 38393 (3.0 mg/kg/d),
in combination with i.c.v. 6-OHDA (200 4g, salt form), or
its diluent at 3 days of age. Animals were challenged with
spiroperidol (40 Lg/kg, i.p.) at 70 days from birth or SKF
38393 (3.0 mg/kg, i.p.) at 77 days from birth, and were
observed one hour after the challenge dose. Numbers of
episodes of mouth movements (consisting of bursts of
repetitive jaw movements) were summed over 6 one min
periods, separated by 10 min intervals.

Results are expressed as the Mean + S.E.M. for 5 rats.

a, p < 0.05, compared to the 'Vehicle + Diluent' group.

—

b, p < 0.05, compared to the '6~OHDA + Diluent' group.
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nhanced Stereo ¢_Response to e Speci onis
S 38393 ats aated Dur velopme
8 8 -0

Daily treatment of rats during postnatal development
with the D1 receptor agonist SKF 38393 (3.0 mg/kg/d, i.p.)
was not associated with remarkable changes in stereotypic
responses to a challenge dose of SKF 38393 (3.0 mg/kg, i.p.)
(Tables 3-6). The neonatal 6-OHDA-lesioned rats (200 Ag,
salt form, i.c.v.) alsc showed no remarkable changes in
stereotypic responses to a challenge dose of SKF 38393
(Tables 3-6). In rats treated in development with both 6-
OHDA and SKF 38393, there were marked changes in stereotypic
responses tc the challenge dose of SKF 38393 at 44 to 47
days. In this latter group there was a marked statistically
significant increase over control in the score for licking
(24.0 + 3.2 vs. 5.2 + 2.1), grooming (15.6 + 4.4 vs. 3.4 +
1.6), locomotion {(26.8°'+ 3.5 vs. 7.6 + 2.7), jumping (8.0 #+
4.6 vs, 0.0), taffy pulling (16.8 + 3.1 vs. 1.4 + 0.9), and
paw treading (14.0 + 3.3 vs. 2.2 + 1.3) (Tables 3-6 and
Figures 3-8).

In the same group (SKF 38393 + 6-OHDA), the incidence
of SKF 38393-induced sniffing, digging, gnawing, eating,
rearing, head nodding, and self-biting was not different
from that of the control group (Tables 3-6). A challenge
dose of SKF 38393 at 44 to 47 days did not modify the above
behaviors in rats treated in development with LY 171555 (3.0
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mg/kg/d), spiroperidol (0.3 mg/kg/d), or SCH 23390 (0.3
mg/kg/d). Neonatal 6-OHDA (200 Mg, salt form, i.c.v., at 3
days of age) did not modify the responses to SKF 38393

challenge in these groups (Tables 3-6).

Stereo ] esponses to e Specific onist
Y 171555 g eate uring Development

with both SKF 38393 and 6-0OHDA
Daily treatment of rats with SKF 38393 (3.0 mg/kg/d,

i.p.) during the postnatal development period was not
associated with remarkable changes in stereotypic responses
to a challenge dose of LY 171555 (3.0 mg/kg, i.p.) at 49 to
51 days of age (Tables 7-10). The neonatal 6-OHDA-lesiocned
rats (200 4g, salt form, i.c.v.) also showed no remarkable
changes in stereotypic responses to a challenge dose of LY
171555 (3.0 mg/kg, i.p.) {(Tables 7-10). However, in rats
treated in development with both 6-~-OHDA and SKF 38393, there
were marked changes in stereotypic responses to a challenge
dose of the DA D2 specific agonist, LY 171555 (3.0 mg/kg,
i.p.). The challenge dose of LY 171555 produced a marked
increase over control, in the score for licking (20.6 + 6.5
vs, 0.2 + 0.2), grooming (20.0 + 6.9 vs. 0.0}, and digging
(20,0 + 3.2 vs. 0.4 + 0.2) (Tables 7,8 and Figures 3,4,9).
On the other hand, the challenge dose of LY 171555 reduced
the score for gnawing (4.4 + 1.5 vs. 23.6 + 1.3) in this
same group (SKF 38393 + 6-OHDA) (Table 8 and Figure 10). In
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the same group (SKF 38393 + 6~0HDA), the incidence of LY
171555-induced sniffing, eating, locomotion, rearing,
jumping, taffy pulling, paw treading, head nodding, and
self-biting were not different from that of the control
group (Tables 7-10). 1In rats treated i.p. from the day of
birth to 32 days of age with spiroperidol (0.3 mg/kg/d) or
SCH 23390 (0.3 mg/kg/d) and were challenged with LY 171555
(3.0 mg/kg, i.p.), there was no change in the incidence of
stereotypic behaviors at age 49 to 51 days. Also, 6-0OHDA
did not affect the incidence of stereotypies in these latter

groups (Tables 7-10).

Stereotypic Responses to the DA D2 Specific Agonist
LY 171555 in Rats Treated During Development

with LY 171555, with or without Neonatal 6-OHDA

When rats treated daily during postnatal development

with LY 171555 (3.0 mg/kg/d, i.p.) were challenged with an
acute dose of LY 171555 (3.0 mg/kg, i.p.) at 49 to 51 days
from birth, there was a marked incréase in the score for
eating behavior (15.0 + 4.2 vs. 4.6 + 2.3) compared to that
for the diluent control (Figure 11 and Table 8). Rats co-
treated in development with LY 171555 and 6-OHDA had
increased scores for digging behavior (15.2 + 6.2 vs. 0.4 +
0.2 for the control), in response to the challenge dose of
LY 171555 (3.0 mg/kg, i.p.) (Figure 9). In the same group
{LY 171555 + 6-OHDA)}, the incidence of LY 171555-induced
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sniffing, licking, grooming, gnawing, eating, locomotion,
rearing, jumping, taffy pulling, paw treading, head nodding,
and self-biting was not different from the cantrol group

(Tables 7-10).

Development of Striatal D1 Receptors _in Postnatally-Treated
Rats

Administration of the DA D1 receptor agonist or

antagonist to rats once a day for 32 successive days from
birth had no effect on striatal DA D1 receptor number and D1
receptor affinity at 8 weeks of age (Table 11). In the
group of rats treated in development with SKF 38393 (3.0
mg/kg/d, i.p.), the in vitro binding of [3H]ISCH 23390 to

striatal homogenates was not different from the control

group (Bmax = 6.6 + 2.2 fmol/mg tissue and K4 = 240.3 + 53.3
pM vs. 19.1 + 6.8 and 416.8 + 101.5, respectively, for the
diluent control group). Groups that were treated neonatally
with 6-OHDA (200 4g, i.c.v., at 3 days of age) showed no
difference in binding parameters from control. JIn vitro
binding of [3H]SCH 23390 to striatal homogenates showed that
the Bmax was 17.8 + 5.6 fmol/mg tigsue and the Kd was 600.0
+ 101.9 for the 6~OHDA group, vs. 19.1 + 6.8 and 416.8 +
101.5, respectively, for the diluent control group (Table
11). Rats treated alone with 6-OHDA (200 Kg, i.c.v., at 3
days of age), in combination with SKF 38393 (3.0 mg/kag/d,

i.p., for 32 days), or SCH 23390 (0.3 mg/kg/d, i.p., for 32
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days)} also were not statistically different from the contrel

group.

Development of S ce [ ogtnat -Treate

Rats

When the DA D2 receptor agonist or antagonist was

administered to rats once a day for 32 successive days from
birth there was no effect on the development of striatal DA
D2 receptors at 8 weeks of age (Table 12). In the group of
rats treated chronically with LY 171555 (3.0 mg/kg/d, i.p.)
the in vitro binding of [3H]lspiroperidol to striatal
homogenates was not different from that of the control group
(Bmax = 14.2 + 1.9 fmol/mg tissue and Kd = 57.5 + 7.2 pM vs.
15.9 + 2.0 and 73.3 + 5.4, respectively). Groups treated
necnatally with 6-OHDA (200 4g, i.c.v., at 3 days of age)
showed no difference in binding parameters from the control.

In vitro binding of [3H]spiroperidol to striatal homogenates

showed that the Bmax was 20.0 + 2.1 fmol/mg tissue and the
Kd was 74.8 + 5.3 in the 6-OHDA group, vs. 15.9 + 2.0 and
73.3 + 5.4, respectively, for the diluent control group
(Table 12). 1In rats treated with 6-OHDA (200 Ag, i.c.v., at
3 days of age), alone or in combination with LY 171555 (3.0
mg/kg/d, i.p., for 32 days) or spiroperidol (0.3 mg/kg/d,
i.p., for 32 days), the binding parameters for D2 receptors

were not different from the contrel group.



50
0 2 cepto ilibri udies

Dopamine D1 receptor equilibrium binding studies were
performed on striatal tissue taken from similar parts of the
striatum at 8 weeks.from birth. Rats were treated
chronically with diluent, SKF 38393 (3.0 mg/kg/d, i.p.), or
SCH 23390 (0.3 mg/kg/d, i.p.) in combination with 6-OHDA
(200 Mg, i.c.v. at 3 days of age) or its diluent. It was
found that these treatments did not alter the Bmax or the Kd

vs. the diluent control group (Table 11).

Dopamine D2 Receptor Equilibrium Binding Studies

Dopamine D2 receptor equilibrium binding studies were
performed on striatal tissue taken from similar parts of the
striatum at 8 weeks from birth. Rats were treated
chronically with diluent, LY 171555 (3.0 mg/kg/d, i.p.), or
spiroperidol (0.3 mg/kg/d, i.p.) in combination with 6-OHDA
(200 4g, i.c.v. at 3 days of age) or its diluent. It was
found that these treatments did not alter the Bmax or the Kd

vs. the diluent control group (Table 12).
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Table 3

Behavioral Effects Induced by SKF 38393 (3.0 mg/kg, i.p.) in Rats
that Received Repeated Treatment with D1 and D2 Receptor Agonists
or Antagonists During Postnatal Development

t DEVELOPMENTAL !
| TREATHENT | BEHAVIORAL SCORE i
1 ] ]
! " SNIFFING i LICKING ' GROOMING )
{VEHICLE + ! : | :
! DILUENT | 24.2 + 4.3 " 5.2 + 2.1 3.4 + 1.6 :
! SKF38393 | 26.6 + 6.2 8.6 & 2.6 ' 5.6+ 1.7 ]
' LY171555 ! 18.8 + 2.0 ' 9.6 % 2.5 ' 7.6+ 3.1 :
| SCH23390 ! 18.6 + 1.0 ! 6.6 + 1.6 6.0 + 1.6 |
! SPIPERONE! 19.8 # 5.3 ! 5.4 % 1.7 I 3,6 + 1.6 ;
oo e -- !
t6-OHDA + | ' ! :
' DILUENT | 24.7 + 3.8 | 5,24+2.9 b 2.7 4+ 1.6 :
' SKF38393 ! 31.8 + 1.8 b 24,0 ¢ 3.20b%¢ 1 45 6 & 4,400t
) LY171555 | 27.8 + 4.0 ' 2,4 % 1.0 2,0 £ 0.6 !
| SCH23390 | 24.2 + 5.2 ' 8.0 % 2.1 V4.4 0% 1.4 |
| SPIPERONE{ 28.3 3 5.8 ' 10,0 + 3.8 ! 2,0 % 0.9 !
1 ] ] ]
] ] i ]

Rats were treated i.p., daily for the first 32 days from
birth, with diluent, SKF 38393 (3 mg/kg/d), LY 171555 (3
mg/kg/d), SCH 23390 (0.3 mg/kg/d) or spiroperidol
(spiperone) (0.3 mg/kg/d) in combination with i.c.v. 6~0HDA
(200 ug, salt form, at 3 days of age) or its diluent.
Animals were challenged with SKF 38393 (3 mg/kg, i.p.) at
44-47 days from birth, and were observed, beginning 10 min
after the challenge dose. Numbers of episodes of each
stereotypic behavior were summed over 9 one min periocds,
separated by a 10 min intexrval. Each min was subdivided
into 15 sec sessions, and a score of 1 was assigned if a rat
demonstrated a particular behavior during this interval.

The maximum score for each min was 4. For the 90 min
periaod, the maximum score was 36 for each behavior,

Results are expressed as the Mean + S.E.M. for 5 rats.

a, p < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with SKF 38393,

b, p < 0.05, compared to the corresponding control group.

c, p < 0.05, compared postnatal treatment with 6-OHDA vs.
without 6-OHDA.

d, p < 0.05, compared to the same treatment with different
challenge.

e, p < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with LY 171555.
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Table 4
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Table 5
or Antagenists During Postnatal Development

Behavioral Effects Induced by SKF 38393 (3.0 mg/kg, i.p.) in Rats
that Received Repeated Treatment with D1 and D2 Receptor Agonists
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Table 6
BEHAYIORAL SCORE

or Antagonists During Postnatal Development

Behavioral Effects Induced by SKF 38393 (3.0 mg/kg, i.p.) in Rats
that Received Repeated Treatment with D1 and D2 Receptor Agonists
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Figure 3., Behavioral Effects Induced by SKF 38393 (3 mg/kg,
i.p.) in Rats that Received Repeated Treatment with D1 or D2
Receptor Agonists During Postnatal Development. Rats were
treated i.p., daily for the first 32 days from birth, with
diluent, SKF 38393 (3 mg/kg/d}, or LY 171555 (3 mg/kg/d)} in
combination with i.c.v. 6-OHDA (200 /g, salt form, at 3 days
of age) or its diluent., Animals were challenged with SKF
38393 (3 mg/kg, i.p.) at 44-47 days from birth, and were
observed, beginning 10 min after the challenge dose. Numbers
of episodes of each stereotypic behavior were summed over 9
one min periods, separated by a 10 min interval. Each min
was subdivided inte 15 sec sessions, and a score of 1 was
assigned if a rat demonstrated a particular behavior during
this interval. The maximum score for each min was 4. For the
90 min period, the maximum score was 36 for each behavior.
Results are expressed as the Mean + S.E.M. for 5 rats.

a,_g < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with SKP 38393.

b, p < 0.05, compared to the corresponding control group.
c, P < 0,05, compared postnatal treatment with 6-OHDA vs.
without 6-OHDA.

d, p < 0.05, compared to the same treatment with different
challenge.

e,.¥ < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with LY 171555.
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Table 7

Behavioral Effects Induced by LY 171555 (3.0 mg/kg, i.p.) in Rats
that Received Repeated Treatment with D1 and D2 Receptor Agonists
or Antagonists During Postnatal Development

| DEVELOPMENTAL
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Rats were treated i.p., daily for the first 32 days from
birth, with diluent, SKF 38393 (3 mg/kg/d), LY 171555 (3
mg/kg/d), SCH 23390 (0.3 mg/kg/d), or spiroperidol
(spiperone) (0.3 mg/kg/d) in combination with i.c.v. 6~0OHDA
{200 Mg, salt form, at 3 days of age) or its diluent.
Animals were challenged with LY 171555 (3 mg/kg, i.p.) at
49-51 days from birth, and were observed, beginning 10 min
after the challenge dose. Numbers of episodes of each
stereotypic behavior were summed over 9 one min periods,
separated by a 10 min interval. Each min was subdivided
into 15 sec sessions, and a score of 1 was assigned if a rat
demonstrated a particular behavior during this interval.

The maximum score for each min was 4. For the 90 min
period, the maximum score was 36 for each behavior.

Results are expressed as the Mean + S.E.M. for 5 rats.

a, p < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with SKF 38393.

b, p < 0.05, compared to the corresponding control group.

c, p < 0.05, compared postnatal treatment with 6-OHDA vs.
without 6-OHDA.

d, p < 0.05, compared to the same treatment with different
challenge.

e, p < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with LY 171555,
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Table 8
Behavioral Effects Induced by LY 171555 (3.0 mg/kg, i.p.) in Rats
that Received Repeated Treatment with D1 and D2 Receptor Agonists
or Antagonists During Postnatal Development
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Table 9

or Antagonists During Postnatal Development

Behavioral Effects Induced by LY 171555 (3.0 mg/kg, i.p.) in Rats
that Received Repeated Treatment with D1 and D2 Receptor Agonists
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Table 10

Behavioral Effects Induced by LY 171555 (3.0 wg/kg, i.p.) in Rats

that Received Repeated Treatment with D1 and D2 Receptor Agonists

or Antagonists During Postnatal Development
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Figure 9. Behavioral Effects Induced by LY 171555 (3.0
mg/kg, i.p.) in Rats that Received Repeated Treatment with
Dl or D2 Receptor Agonists During Postnatal Development.
Rate were treated i.p., daily for the first 32 days from
birth, with diluent, SKF 38393 (3 mg/kg/d), or LY 171555 (3
mg/kg/d) in combination with i.c.v. 6-OHDA (200 4g, salt
form, at 3 days of age) or its diluent. Animals were
challenged with LY 171555 (3 mg/kg, i.p.) at 49-51 days from
birth, and were observed, beginning 10 min after the
challenge dose. Numbers of episodes of each stereotypic
behavior were summed over 9 one min periods, separated by a
10 min interval. Each min was subdivided into 15 sec
sessions, and a score of 1 was assigned if a rat
demonstrated a particular behavior during this interval. The
maximum score for each min was 4. For the 90 min period, the
maximum score was 36 for each behavior.

Results are expressed as the Mean + S.E.M. for 5 rats.

a, < 0.05, compared to 'Vehicle + Diluent' group that were
challenged with SKF 38393.

b, p < 0.05, compared to the corresponding control group.
c, P < 0.05, compared postnatal treatment with 6-OHDA vs.
without 6-OHDA,

d, < 0.05, compared to the same treatment with different
challenge.

e, p ¢ 0.05, compared to 'Vehicle + Diluent' group that were
challenged with LY 171555,
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Table 11

Characteristics of Striatal D1 Receptors in Postnatally-Treated
Rats, as Determined by In Yitro Binding of [3H])SCH 23390

Bmax Kd

Treatment (fmol/mg tissue) {pM)
Vehicle +

Diluent 19.1 + 6.8 416.8 + 10%.5

SKF38393 6.6 + 2.2 240.3 + 53.3

SCH23390 15.9 + 3.8 466.4 + 79.6
e-omoA + T

Diluent 17.8 + 5.6 600.6 + 101.9

SKF38393 10.7 + 2.6 439.4 # 63.5

SCH23390 10.2 + 2.3 508.8 + 103.2

Each value is the Mean + S.E.M. of 5 tissues.
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Table 12

Characteristies of Striatal D2 Receptors in Postnatally-Treated
Rats, as Determined by ]In Vitro Binding of [3H]spiroperidol

Bmax Kd

Treatment (fmol/mg tissue) {(pM)
Vehicle +

Diluent 15.9 + 2.0 73.3 + 5.4

LY171555 14.2 + 1.9 57.5 %+ 7.2

Spiroperidol 26.0 + 2.3 96.0 + 8.1
e-omoa + T

Diluent 20.0 ¥ 2.1 7.8 + 5.3

LY171555 22.6 + 4.9 104.7 + 16.5

Spiroperidol 27.6 + 4.1 100.7 + 12.0

Each value is the Mean + S.E.M. of 5 tissues,

—



CHAPTER 4

Discussion
anced Yawni and Eatin egponses to the D Specific
onist 1555 in Rats eate urin
Development with LY 171555

Yawning behavior appeared to be a well-suited model to
study the function of the dopaminergic system. It provided
a functional means for evaluating potential new dopamine
agonists. Yawning has been associated with agonist
activation of DA D2 receptors (Nickolson and Berendsen,
1980; Yamada and Furukawa, 1980; Gower et al., 1984; Stahle
and Ungerstedt, 1984; Serra et at., 1983a,b; 1984b). Low
doses of DA agonists have been reported to reduce
schizophrenic morbidity and symptoms of hyperkinetic
disorders (see references in Stahle and Ungerstedt, 1989).
In view of these clinical findings, it is important to
establish experimental models for effects of low doses of DA
agonists and to elucidate the underlying pharmacological
mechanisms. Yawning is one of the candidate behaviors.

Yawning is also of clinical interest since it has been
reported that psychotics rarely yawn, and yawning is
symptomatic in a wide range of CNS disorders such as brain
lesions, tumors, hemorrhage, motion sickness, chorea, and

encephalitis (see references in Laping and Ramirez, 1988).

70
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Yawning is considered to be therapeutic in preventing post-
operative respiratory complications and in adjusting the air
pressure in the middle ear (see references in Provine et
al., 1987).

It is now well accepted that yawning involves DA D2
receptors, which have characteristics in common with the D2
autoreceptor (Gower et al., 1984). This hypothesis is
mainly based on the observation that the minute doses of DA
receptor agonists needed to produce yawning are within the
same range as those needed to stimulate DA autoreceptors.
Higher doses of DA agonists, which stimulate postsynaptic DA
receptors as well, produce locomotor hyperactivity and
stereotypy and suppress yawning. The presynaptic origin of
the vawning response to DA agonists is further suggested by
the fact that this behavior is abolished by bilateral 6-
OHDbA-induced denervation of the striatum (Dourish and
Cooper, 198%5) and olfactory tubercles (Protais et al.,
1983), and by the fact that yawning is elicited by DA
agonists such as 3-~{3-hydroxyphenyl)-N-n-propylpiperidine
(3PPP)} (Gower et al., 1984; Stahle and Ungerstedt, 1984) and
TL-99 (Mogilnicka et al., 1984), which are considered to
preferentially or selectively stimulate DA autoreceptors.

On the basis of these observations it has been proposed by
various authors (Mogilnicka and Klimek, 1977; Nickolson and
Berendsen, 1980; Yamada and Furukawa, 1980; Gower et al.,

1984; Stahle and Ungerstedt, 1984; Serra et at., 1983a,b;
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1984b) that yawning is a behavioral consequence of DA
autoreceptor-mediated inhibition of DA transmission. This
hypothesis, however, has been challenged by the fact that
vawning appears about 9 days postnatally, before maturation
of presynaptic dopamine receptors (Arnt, 1987), and by the
fact that DA agonist-induced yawning is not due to a
decrease in the extracellular levels of DA (Stahle and
Ungerstedt, 1989). DA agonists can induce yawning when DA
neurotransmission is apparently enhanced (Stahle and
Untgerstedt, 1989),.

It has recently been proposed that DA agonists induce
vyawning by actions outside the striatum, namely by releasing
oxytocin in the CNS, possibly in the paraventricular nucleus
(PVN) of the hypothalamus. This nucleus contains the cell
bodies of DA neurons of the Al4 group which constitute the
so-called incerto-hypothalamic DA system together with those
of the All and Al13 groups. DA D2 receptors have been
identified in these regions (Argiolas et al., 1987; Melis et
al., 1986; 1987).

Results of this study revealed that rats treated during
postnatal development with the DA D2 agonist LY 171555
exhibited a marked increase in LY 171555-induced yawning at
5 to 6 weeks after birth. This enhanced behavioral response
was not accompanied by an increased binding of
[3H])spiroperidol to DA D2 receptors at 55-57 days from

birth. It was not clear whether these results indicated
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that [3H]lspiroperidol binds to a site (striatum) which did
not represent the action of LY 171555 or whether other
mechanisms (supersensitivity) were responsible for the
enhanced responses of this DA D2 agonist in the LY 171555
group of rats.

The yawning rate in the control group corresponded to
that at the reported peak of the LY 171555 dose-response
curve (Serra et al., 1987), while the yawning response rate
in the LY 171555 group was greater than in any previous
report, to the researchers knowledge, suggesting that the
enhanced response was not a shift in the dose-response
curve. These results suggested that LY 171555 treatment in
development produced a supersensitive animal model for
vawning behavior.

Yawning has been suggested as a behavior subserving
arousal when attention is decreasing in front of a danger.
Yawning might then indicate a low degree of arousal mediated
by the activation of the most sensitive population of DA
receptors. Further activation of DA transmission might
progress to full arousal, exploratory behavior, and then to
stereotyped sniffing, licking, and gnawing. This hypothesis
offers a logical explanation for the fact that vawning and
stereotypy are mutually exclusive. Namely, when the latter
is elicited, the former is suppressed (Protais et al,,
1983). Here it was proposed that the DA D2 agonist LY

171555 produced yawning by stimulating DA D2 receptors in



74
the PVN of the hypothalamus which may represent the most
sensitive group of D2 receptors. Greater stimulation by the
agonist or increased sensitivity in the striatal DA
receptors may lead to stimulation of the DA receptors in the
striatum or activation of these receptors even with the same
degree of the stimulus, respectively. Necnatal 6-~OHDA-
lesioned rats demonstrate a supersensitivity to DA D1
agonists (Breese et al., 1984; 1985a,b; 1986). Furthermore,
supersensitivity can be primed (increased) by repeated
administration of specific DA D1 agonist SKF 38393, Those
observations seem to be in accord with the low number of
yawns that was observed in the group treated with 6-OHDA
plus SKF 38393.

Dopaminergic mechanisms may be involved in the
regulation of feeding behavior. Electrical stimulation of
the lateral hypothalamus can elicit feeding in food-satiated
animals. This stimulation-induced feeding is disrupted by
neuroleptic treatment (Streather and Bozarth, 1987).
Selective DA D2 receptor antagonists decrease the sham
intake of sucrose in food-deprived rats (Schneider et al.,
1986). DA D2 receptor-selective agonists increase
consumption of food pellets in rats (solid diets) which are
blocked by D2 antagonists or by D1 antagonists, while a D1
receptor selective agonist SKF 38393 decreases intake and
produces anorexia (Martin-Iversen and Dourish, 1988).

Yawning, as mentioned, is considered a behavior
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subserving arousal when attention is decreasing in front of
a danger, so it might be considered to indicate a low degree
of arousal, mediated by the activation of the most sensitive
population of DA receptors. On the other hand, stress- or
stimulation-induced eating could reflect a general "arousal"
effect with specific behaviors determined by salient
environmental stimuli (Martin-Iversen and Dourish, 1988).

Results of this study showed that rats treated during
postnatal development with a DA D2 agonist LY 171555
exhibited a marked increase in LY 171555-induced eating at 7
weeks after birth. This enhanced behavioral response was
not accompanied by an increased binding of [3H]spiroperidol
to DA D2 receptors at 7-8 weeks from birth. It was not
clear if these results were suggesting that [3H]spiroperidol
is binding to a site (striatum) which did not represent the
action of LY 171555 to elicit eating or whether other
mechanisms {supersensitivity) were responsible for the
enhanced responses of this DA D2 agonist in LY 171555
treated rats.

In conclusion, because of the fact that both yawning
and eating behaviors were enhanced in the group that was
treated during the postnatal period with a specific DA D2
agonist LY 171555 and because these behaviors reflected a
degree of "arousal," it was suggested that D2 agonist
treatment during development produced a supersensitivity or

a change in number of DA D2 receptors which mediated these
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behaviors. Further studies are needed to determine the
relationship between these behaviors and the numbers of DA
D2 receptors in the hypothalamus and to determine the
possible usefulness of D2 agonist-treated rats as models to

study mechanisms associated with eating behavior.

Enhanced Perioral Rasponse to the ecific taqonis

Spiroperidol in Neonatal 6-OHDA-Lesicned Rats

Oral dyskinesia represent an excess number of

involuntary perioral movements. This behavior appears with
increasing frequency during continued stable therapy in
Parkinsonian patients, perhaps reflecting increasing
denervation supersensitivity of DA receptors {(Marsden,
1982)., Oral dyskinesia, the most outstanding characteristic
of tardive dyskinesia (TD), is observed in rats treated
chronically with several neuroleptics (Clow et al., 1979a,b;
Waddington and Gamble, 1980; Waddington et al., 1981).

These movements are most pronounced when DA D1 receptors are
stimulated or when DA D2 receptors are inhibited (Molloy et
al., 1986; Rosengarten et al., 1986; Koshikawa et al., 1987;
Molloy and Waddington, 1988) or reduced in number following
prenatal drug intervention, strain difference, or in
senescence (Rosengarten et al., 1983c; 1986). When DA D2 as
well as DA D1 receptors are stimulated, these movements are
least prominent (Rosengarten et al., 1986; Johansson et al.,

1987), an observation that may prove relevant to the
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treatment of 'ID and Tourette's syndrome. These movements
can be suppressed by the selective DA D1 antagonist SCH
23390 or the cholecystokinin octapeptide (Stoessl et al.,
1989). The molecular and/or neural mechanism(s) invelved in
the receptor modulation in TD are unknown.

An important finding in the present study was that
perioral movements could be produced in neonatal 6-OHDA-
treated rats in high frequency when a very low dose of the
DA D2 antagonist spiroperidol was administered. This animal
model might be of importance for studying mechanisms
involved in the mediation of oral dyskinesia in humans.

The availability of this neurochemical model with
increased susceptibility for perioral movements may permit
screening of a variety of pharmacclogical agents that could
minimize the TD syndrome cbserved after long-term
neuroleptic administration. The demonstration that neonatal
6-OHDA~treated rats have D1 dominance (supersensitivity)
without alteration in the number of binding sites in vitro
for [3H]SCH 23390 and [3H]lspiroperidol to striatal
homocgenates is compatible with the findings of Breese and
co-workers (1984, 1985a, 1986, 1987; Duncan et al., 1987).
The findings in this study suggested that the mechanisms
involved in this disorder were at a site beyond the receptor
complex., It has been suggested that clinical
psychopathological disorders in humans, such as

schizophrenia and TD, represent conditions in which the
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defect is a developmental or drug-induced permanently
altered state. With the ability of neonatal 6-OHDA-lesions
to produce permanent effects on the dopaminergic system, it
can be seen that the present behavioral model might more
closely reflect the clinical situation. Future
investigations in the neonatal 6-OHDA-treated rats will test

the usefulness of this proposed model.

Enhanced Stereotypic Response to the DA Di or D2 Specific
onists F 38393 or LY 1715585 ats Treated

During Development with both SKF 38393 _and 6-0OHDA

The study of animal behaviors induced by centrally-
acting dopaminergic agents is a classical means of
investigating the pharmacology of the DA system and the
pathophysiology of human neuropsychiatric diseases. So it
was scught first to characterize the behavioral consequences
of independent D1 receptor stimulation in rats with an
intact dopaminergic system and other rats with a 6-OHDA
lesioned-system.

Following neonatal, but not adult 6-OHDA lesions, rats
exhibit greater behavioral supersensitivity to a DA D1
agonists than to DA D2 agonists (Breese et al., 1985a,b,
1986). The sensitivity of DA D1 receptors increases with
repeated exposure to a DA agonist in the neonatally 6-OHDA-
treated rats (priming). Supersensitivity to DA agonists

develops during the first days after denervation and reaches
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a steady state depending on the number of treatments, the
dose of drug used and the time after lesion. The priming is
effective as a facilitatory factor for the expression of DA
receptor supersensitivity and provides a mechanism for the
strong enhancement of the effectiveness of the agonist or
for making otherwise ineffective doses of agonist effective
in producing an effect. The changes induced by the primer
do not involve the DA receptor per se, and stimulation of DA
receptors could trigger some changes in neurons located
downstream from the DA receptor itself (Morelli et al.,
1989). This priming phenomenon has not heen associated with
DA D2 agonists (Breese et al., 1985b) and can be prevented
by the D1 antagonist SCH 23390 (Criswell et al., 1989). The
priming phenomenon, which appears to be permanent (Criswell
et al,, 1989}, suggests that DA D1 receptors may possess a
degree of plasticity that could have important implications
for understanding long-term changes in behavior associated
with repeated drug use or the basis of symptoms of childhood
disorders secondary to a central DA deficiency.

In this study priming of DA D1 receptor response was
reflected by an increase in the frequency of several
behaviors elicited by a challenge dose of the DA D1 agonist
SKF 38390 including licking, grooming, locomotion, jumping,
taffy pulling, and paw treading. Priming of DA D1 receptor
rasponses was reflected by the increase in fregquency of

several behaviors elicited by a challenge dose of the DA D2

LY
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agonist LY 171555 including licking, grooming, and digging.
While priming of the DA D2 receptor response has not been
observed with repeated administration of the DA D2 agonist
at weekly intervals (Criswell et al., 1989), this treatment
results in priming of responses to the DA D1 agonist in
neonatal 6-OHDA-lesioned rats (Criswell et al., 1989).
Present results show that priming of the DA D2 receptor
response is present and is reflected by an increase in the
frequency of digging behavior elicited by a challenge dose
of the DA D2 agonist LY 171555. At present, it is not known
whether the time between treatments, the dose, and/or the
length of the treatment are/is an important determinant of
DA D2 receptor priming.

Although functional responses to SKF 38393 or LY 171555
are enhanced in rats treated developmentally with SKF 38393
or LY 171555 plus neonatal 6~-OHDA, respective binding of
[3H])SCH 23390 or [3H]spiroperidol to striatal membranes from
these rats is not altered.

The absence of an association between the enhancement
of DA agonist-induced behavior and DA antagonist binding
suggests that there are deficiencies in the present
understanding of DA receptor mechanisms. Change(s) in the
second or third messengers linked to these receptors or
change{s) in systems modulating DA-mediated effects may
explain this. 1t is evident, however, that if any prolonged

treatment produces no change in the number of a receptor
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population, it cannot necessarily be concluded that there is
no effect on the kinetics of the processes determining
steady-state receptor levels (Norman et al., 1987). Future
studies might investigate a molecular mechanism for the
enhanced behavioral responses observed in the absence of
changes in receptor number.

DA D1 receptors may play a role in the transition from
levels of arousal associated with behavioral efficiency to
states of hyperarousal associated with behavioral
disorganization. At low levels of DA D1 receptor
stimulation {i.e., that produced by endogenous DA), DA D2
receptor activation elicits complex motor responses such as
locomotion and exXploratery activity which are part of the
animal's endogenous behavioral repertoire. This is seen,
for example, when normal animals are placed in a novel
environment. These behaviors are purposeful, goal-oriented,
and associated with efficient motor responsiveness to a
variety of sensory stimuli (Braun et al., 1986). 1In
contrast, higher levels of DA D1 receptor stimulation are
associated with diminished responsiveness to environmental
stimuli and in the appearance of stereotypic behaviors which
represent fragmentation and purposeless repetition of
elements of these same behaviors (Braun et al., 1986).

Acute mania, attention deficit disorders with hyperactivity
in children, Lesch-Nyhan disease, Gilles de la Tourette

syndrome, and certain types of schizophrenia have been
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characterized as states of hyperarousal associated with
attention deficits and behavioral disorganization. Priming
of the DA D1 receptor responsiveness in the neonatal 6-OHDA-
lesioned rat represents a model of a long-term change in
neural function associated with repeated activation of a
chemically defined receptor system. As such, the underlying
neurochemical mechanismg that lead to this increased
sensitivity may be representative of changes in other
central processes requiring a '"permanent" neural message

(Criswell et al., 1989).



CHAPTER 5

Summary

The present investigation demonstrated the following:
1. The DA D2 agonist LY 171555, when given
chronically to rats in the postnatal period,
produced supersensitive behavioral responses,
namely yawning and eating, when these rats were
challenged as adults with the same D2 agonist,

2. [3H]SCH 23390 and [3H]spiroperidol binding to
striatal tissue was not altered in rats treated in
development with specific agonists or antagonists
for the D1 and D2 receptors. A neonatal 6-0OHDA
lesion did not modify binding in any of the
agonist- or antagonist-treated groups.

3. Neonatal 6~-OHDA-lesioned rats may serve as a
useful animal model of tardive dyskinesia.

4. The ability of DA D2 receptors to be primed, as
demonstrated for the first time in this study, may
provide a means for studying particular

stereotypic behaviors in animals,

83



BIBLIOGRAPHY

84



85

Bibliography

Altar, C.A. and Hauser, K. (1987): Topography of
substantia nigra innervation by D1 receptor-
containing striatal neurones. Brain Res., 410:1-
11,

Andersen, P.H., Gronvald, F.C., and Jansen, J.A.
(1985): A comparison between dopamine-stimulated
adenylate cyclase and 3H-SCH 23390 binding in rat
striatum. Life Sci., 37:1971-1983.

Andersen, P.H. and Nielsen, E.B. (1986): The dopamine
D1 receptor: biochemical and behavioral aspects.
In: G.R. Breese and I. Creese (Eds.), Neurobiology
of central Dl dopamine receptors, Vol. 204, .
Advances in Experimental Medical Biology, Flenum
Press, New York, pp. 73-91.

Argiclas, A., Melis, M.R., Mauri, A. and Gessa, G.L.
(1987}): Paraventricular nucleus lesion prevents
yawning and penile erection induced by apomorphine
and oxytocin but not by ACTH in rats. Brain Res.,
421:349-352.

Arnt, J. (1985a): Behavioral stimulation is induced by
separate dopamine D1 and D2 receptor sites in
reserpine-pretreated but not in normal rats., Eur.

Arnt, J. (1985b): Hyperactivity induced by stimulation
of separate dopamine D1 and D2 receptors in rats
with bilateral 6-OHDA lesions. Life Sci., 37:717-
723,

Arnt, J. (1987): Behavioral studies of dopamine
receptors: evidence for regional selectivity and
receptor multiplicity. In: Dopamine Receptors, pp.
199-231.

Arnt, J. and Hyttel, J. (1985): Differential
involvement of dopamine D1 and D2 receptors in the
circling behavior induced by apomorphine, SKF
38393, pergolide and LY 171555 in 6-
hydroxydopamine-lesioned rats. Psychopharmacology,
B5:346-352.

Baldessarini, R.J., Tarsy, D. (1980): Dopamine and the
pathophysiology of dyskinesia induced by
antipsychotic drugs. Ann. Rev. Neurosci., 3:23-
41.



Baptista, T., Parada, M. and Hernandez, L. (1987): Long
term administration of some antipsychotic drugs
increases body weight and feeding in rats. Are D2
dopamine receptors involved?. Pharmacol. Biochenm.
Behav., 27:399-405.

Barone, P. Davis, T.A., Braun, A.R. and Chase, T.N.
{(1986): Dopaminergic mechanisms and motor
function: Characterization of D1 and D2 dopamine
receptor interactions. Eur., J. Pharmacol.,
123:109-114.

Battaglia, G., Norman, A.B., Hess, E.J., and Creese, I.
(1985): D2 dopamine receptor-mediated inhibition
of forskolin-stimulated adenylate cyclase activity
in rat striatum. Neurosci. Letters, 59:177-182.

Beckstead, R.M., Domesick, V.B. and Nauta, W.J.H.
(1979): Efferent connections of the substantia
nigra and ventral tegmental area in the rat. Brain

Res., 175:191-217.

Berger, T.W., Kaul, S., Stricker, E.M. and Zigmond,
M.J., {1985): Hyperinnervation of the striatum by
dorsal raphe afferents after dopamine-depleting
brain lesions in neonatal rats. Brain Res.,
336:354-358,

Billard, W., Ruperto, V., Crosby, G., Iorio, L.C. and
Barnett, A. (1984): Characterization of the
binding of [3H]SCH 23390, a selective D1 receptor
antagonist ligand, in rat striatum. Life Sci.,
35:1885-1893.

Bo, P., Ongini, E., Giorgetti, A. and Savoldi, F.
{1988): Synchronization of the EEG and sedation
induced by neurcleptics depend upon blockade of
both D1 and D2 dopamine receptors.
Neuropharmacol., 27:799-805.

Braun, A. and Chase, T.N. {1986): Obligatory D1/D2
receptor interaction in the generation of dopamine
agonist related behaviors. Eur. J. Pharmacol.,

131:301-306,

Braun, A., Barone, P. and Chase, T.N. {(1986):
Interaction of D1 and D2 dopamine receptors in the
expression of dopamine agonist induced behaviors.
In: G.R. Breese and I. Creese (Eds.), Neurobiology
of central D1 dopamine receptors, Vol. 204,
Advances in Experimental Medical Biology, Plenum
Press, New York, pp. 151-166.

86



Braun, A. and Chase, T.N. (1988): Behavioral effects of
chronic exposure to selective D1 and D2 dopamine
receptor agonists. Eur. J. Pharmacel., 147:441-
451,

Breese, G.R. and Travlor, T.D. (1970): Effects of 6-
hydreoxydopamine in brain norepinephrine and
dopamine evidence for selective degeneration of
catecholamine neurens. J. Pharmacol. Exp. Ther.,
174:413-420.

Breese, G.R. and Traylor, T.D. (1972): Developmental
characteristics of brain catecholamines and
Tyrosine hydroxylase in the rat: effects of 6-
hydroxydopamine. Br. J. Pharmacol., 44:210-222,

Breese, G.R., Baumeister, A.A., McCown, T.J., Emerick,
8.6., Frye, G.D. and Mueller, R.A. (1984a):
Neonatal-6-hydroxydopamine treatment: Model of
susceptibility for self-mutilation in the Lesch-
Nyhan syndrome. Phar. Biochem. Behav., 21:459-461.

Breese, G.R., Baumeister, A.A., McCown, T.J., Emerick,
S.G., Frye, G.D., Crotty, K., and Mueller, R.A.
(1984): Behavioral differences between neonatal
and adult 6-hydroxydopamine-treated rats to
dopamine agonists: Relevance to neurological
symptoms in clinical syndromes with reduced brain
dopamine. J. Pharmacol. Exp. Ther., 231:343~354,

Breese, G.R. and Mueller, R.A. (1985): SCH 23390
antagonism of a D2 dopamine agonist depends upon
catecholaminergic neurons. Eur. J. Pharmacol.,
113:109-114.

Breese, G.R., Baumeister, A.A., Napier, T.C., Frye,
G.D., and Mueller, R.A. (1985a): Evidence that D1
dopamine receptors contribute to the
supersensitive behavioral responses induced by L-
dihydroxyphenyalanine in rats treated neonatally
with 6-hydroxydopamine. J. Pharmacol. Exp. Ther.,
235:287-295.

Breese, G.R., - Napier, T.C., and Mueller, R.A. (1985b):
Dopamine agonist-induced locomotor activity in
rats treated with 6-hydroxydopamine at differing
ages: Functional supersensitivity of D1 dopamine
receptors in neonatally lesioned rats. J.
Pharmacol. Exp. Ther., 234:447-455.

Breese, G.R., Mueller, R.A., Napier, T.C., and Duncan,
G.E. (1986): Neurobiology of D1 dopamine receptors

87



88

after neonatal-6-OHDA treatment: relevance to
Lesch-Nyhan disease, Adv. Exp. Med. Biol.,
204:197-215. OR (in: Neurobiology of Central D1
Dogamine Receptors (Plenum Press, New York) p.15-
28).

Breese, G.R., Duncan, G.E., Napier, T.C., Bondy, S.C.,
Iorio, L.C. and Mueller, R.A. (1987): 6-
Hydroxydopamine treatments enhance behavioral
responses to intracerebral microinjection of D1
and D2 dopamine agonists into nucleus accumbens
and striatum without changing dopamine antagonist
binding. J. Pharmacol. Exp. Ther., 240:167-176.

Bruinink, A. and Bischoff, S. (1986): Detection of
dopamine receptors in homogenates of rat
hippocampus and other brain areas. Brain Res.,
386:78-83.

Butler, I.i., Koslow, S.H., Siefert, W.E., Caprieli,
R.M. and Singer, H.S. {(1979): Biogenic amine
metabolism in Tourette syndrome. Ann. Neurol.,
6:37-39,

Carlson, J.H., Bergstrom, D.A. and Walters, J.R.
(1987): Stimulation of both D1 and D2 dopamine
receptors appears necessary for full expression of
postsynaptic effects of dopamine agonists: a
neurophysiological study. Brain Res., 400:205-218,

Carlsson, A., Lindgvist, M., Magnusson, T., Waldeck, B.
(1958): On the presence of 3-hydroxytyramine in
brain. Science 127:471.

Carlsson, A. (1959): The occurrence, distribution and
physiological role of catecholamines in the
nervous system. Pharmacol. Rev., 11:490-493,.

Chiodo, L.A., Bunney, B.S. (1983): Typical and atypical
neurcleptics: differential effects of chronic
administration on the activity of A9 and Al0
midbrain dopaminergic neurons. J Neurosci.,
3:1607-1619,

Clow, A., Jenner, P., Theodorou, A. and Marsden, C.D.
(1979a): Striatal dopamine receptors become
supersensitive while rats are given
trifluoperazine for six months. Nature, 278:59-61,

Clow, A., Jenner, P. and Marsden, C.D. {(1979b): Changes
in dopamine-mediated behavior during one year's
neuroleptic administration. Eur. J. Pharmacol.,



57:365-375.

Costal, B., DeSouza, C.X. and Naylor, R.J. {1980):
Topographical analysis of the actions of 2-~{N,N-
dipropyl) amino-5,6-dihydroxytetralin to cause
biting behavior and locomotor hyperactivity from
the striatum of the guinea pig. Neuropharmacology,
19:623-631.

Coyle, J.T. and Axelrod, J. (1972): Tyrosine
hydroxylase in rat brain: developmental
characteristics. J. Neurochem., 19:117-123.

Coyle, J.T. and Campochiaro, P. (1976): Ontogenesis of
dopaminergic-cholinergic interactions in the rat
striatum. J. Neurochem., 27:673-678.

Coyle, 5, Ondrusek, M.G., Mailman, R.B., Kilts, C.D.,
Mueller, R.A. and Breese, G.R. (1981): Chronic
treatment of neonatal rats with penfluridol
results in permanent behavioral supersensitivity
to apomorphine. Fed. Proc., 40:238, (Abs)

Coyle, 8., Napier, T.C. and Breese, G.R. (1985):
Ontogeny of tolerance to haloperidol: behavioral
and biochemical measures, Dev. Brain Res., 23:27-
38,

Creese, I. and Iversen, S., (1973): Blockage of
amphetamine induced motor stimulation and
stereotypy in the adult rat following nsonatal
treatment with 6-hydroxydopamine. Brain Res.
55:369-382.

Creese, I., Schneider, R. and Snyder, S.H. (1977a): 3H-
Spiroperidol labels dopamine receptors in
pituitary and brain. Eur. J. Pharmacol., 46:377-
381.

Creese, I., Burt, D.R., and Snyder, S.H. (1977b}:
Dopamine Receptor Binding enhancement accompanies
lesion-induced behavioral supersensitivity. Sci.,
197:596-598.

Creese, I. and Snyder, S.H. (1979): Nigrostriatal
lesions enhance striatal 3H-apomorphine and 3H-
spiroperidel binding. Eur. J. Pharmacol., 56:277-
281.

Creese, I. (1982): Dopamine receptors explained. Trends
Neurosci., 5:40-43,

89



90

Creese, I., Sibley, D.R., Hamblin, M.W., and Leff, S.
(1983): The classification of dopamine receptors:
relationship to radioligand binding. Ann. Rev.
Neurosci., 6:43-71,

Criswell, H., Mueller, R.A. and Breese, R. (1989):
Priming of Dl-dopamine receptor responses: Long-
lasting behavioral supersensitivity to a Dl1-
dopamine agonist following repeated administration
;o ggongtal 6-OHDA-lesioned rats. J. Neurosci.,

:125-133,

Cross, A. J., Mashal, R.D., Johnson, J.A. and Owen, F.
{1983): Preferential inhibition of ligand binding
to calf striatal dopamine D1 receptors by SCH
23390. Neuropharmacology, 22:1327-1329.

Dahlstrom, A. and Fuxe, K. (1964): Evidence for the
existence of moncamine-containing neurons in the
central nervous system. Acta Physiol. Scand., 62
(suppl. 232):1-55,

Das, 6.D. and Altman, J. {1970): Postnatal neurogenisis
in the caudate nucleus and nucleus accumbens septi
in the rat. Brain Res., 21:122-127.

Davies, J. and Tongroach, P. (1978}):
Neuropharmacolcgical studies on the nigro-striatal
and raphe-striatal system in the rat. Eur. J.
Pharmacol., 51:91-100.

bawson, T.M., Gehlert, D.B., McCabe, R.T., Barnett, A.
and Wamsley, J.K. (1986): D1 dopamine receptors in
the rat brain: a quantitative autoradiographic
analysis. J. Neurosci., 6:2352-2365.

Deskin, R., Seidler, F., Whitmore, W. and Slotkin, T.
(1981): Development of a-noradrenergic and
dopaminergic receptor sites depends on maturation
of their presynaptic nerve terminal in rat brain.
J. Neurochem., 36:1683-1690.

bourish, C.T. and Cooper, S$.J. (1985): Behavioral
evidence for the existence of dopamine
autoreceptors. Trends Pharmacol. Sci., 6:17-18.

Dourish, C.T. and Hutson, P.H. (1985): Bilateral
lesions of the striatum induced with 6-
hydroxydopamine abolish apomorphine-induced
yawning in rats. Neuropharmacology, 24:1051-1055.

Dray, A. (1979): The striatum and substantia nigra: a



91

commentary on their relationships. Neurosci.
4:1407-1439.

Duncan, G.E., Criswell, H.E., McCown, T.J., Paul, I.A.,
Mueller, R.A. and Breese, G.R. (1987): Behavioral
and neurochemical responses to haloperidol and SCH
23390 in rats treated neonatally or as adults with
6~hydroxydopamine. J. Pharmacol. Exp. Ther.,
243:1027-1034.

Dunnett, S.B., Bjorklund, A., Stenevi, U., and Iversen,
8.D, (1981a): Grafts of embryonic substantia nigra
reinnervating the ventrolateral striatum
ameliorate sensorimotor impairments and akinesia
in rats with 6-OHDA lesions of the nigrostriatal
pathway. Brain Res., 229:209-217.

Dunnett, S.B., Bjorklund, A., Stenevi, U., and Iversen,
S.D. (1981b): Behavioral recovery following
transplantation of substantia nigra in rats
subjected to 6-OHDA lesions of the nigrostriatal
pathway. II. Bilateral lesions. Brain Res.,
229:457-470.

Evetts, K.D., Uretsky, N.J., Iversen,L.L., and Iversen,
S.D. (1970): Effects of 6-hydroxydopamine on CNS
catecholamines, spontaneous motor activity and
amphetamine induced hyperactivity in rats. Nature,
225:961-962.

Fentress, J.C., Stanfield, B.B. and Cowan, W.M. (1981):
Observations on the development of the striatum in
mice and rats. Anat. Embryol., 163:275-298.

Filloux, F.M., Wamsley, J.K. and Dawson, T.M. (1987):
Presynaptic and postsynaptic D1 dopamine receptors
in the nigrostriatal system of the rat brain: a
quantitative autoradiographic study using the
selective D1 antagonist [3H]SCH 23390. Brain Res.,
408:205-209.

Filloux, F.M., Dawson, T.M. and Wamsley, J.K. (1988}):
Localization of nigrostriatal dopamine receptor
subtypes and adenylate cyclase. Brain Res. Bull,,
20:447-459.

Gehlert, D.R. and Wamsley, J.K. (1985):
Autoradiographic localization of [3H] sulpiride
binding sites in the rat brain. Eur. J.
Pharmacol., 98:311-312.

German, D.C. and Bowden, D.M. {1974): Catecholamine



92

systems as the neural substrate for intracranial
self-stimulation: a hypothesis. Brian Res.,
73:381-419,

Giorgi, 0., De Montis, G., Porceddu, M.L., Mele, S.,
Calderini, G., Toffano, G. and Biggio, G. (1987):
Developmental and age-related changes in D1-
dopamine receptors and dopamine content in the rat
striatum. Dev. Brain Res., 35:283-290.

Girault, J.A., Spampinato, U., Glowinski, J. and
Besson, M.J. (1986): In vivo release of [3H]v-
aminobutyric acid in the rat neostriatum-1I.
Opposing effects of D1 and D2 dopamine receptor
stimulation in the dorsal caudate putamen.
Neurosci., 19:1109-1117,

Gower, A.L., Berendsen, H.H.G., Princen, M.M, and
Broekkamp, C.L.E., (1984): The yawning-penile
erection syndrome as a model for putative dopamine
autoreceptor activity. Eur. J. Pharmacol., 103:81-
89,

Gundlach, A.L., Kristich, M. and Beart, P.M. (1983):
Guanine nucleotides reveal differential actions of
ergot derivates at D2 receptors labelled by
(3H)spiperone in striatal homogenates. Brain Res.,
278:155-163.

Hamblin, M.W., Leff, S.E. and Creese, I. (1984):
Interactions of agonists with D2 dopamine
receptors: Evidence for a single receptor
population existing in multiple agonist affinity-
gstates in rat striatal membranes. Biochem.
Pharmacol., 33:877-887.

Hess, E. J., and Creese, I. (1986): Biochemical and
behavioral studies of D1 dopamine receptors
utilizing SCH 23390, In G.R. Breese and I. Creese
(Eds. ), Neurobiology of central D1 dopamine
receptors, Vol. 204, Advances in Experimental
Medical Biology, Plenum Press, New York, pp.29-52.

Ho, B. T. and Huang, J. T. (1975): Role of dopamine in
d-amphetamine-induced discriminative responding.
Pharmacol. Biochem. Behav., 3:1085-1092.

Hornykiewicz, 0O, (1966): Dopamine (3-hydroxytyramine)
and brain function. Pharmacol. Rev., 18:925-964,

Hyttel, J. (1978): Effects of neuroleptics on 3H-
haloperidol and 3H-cis(Z2}-flupentixol binding and



on adenylate cyclase activity in vitro. Life Sci.,
23:551-556.

Hyttel, J. (1981): Similarities hetween the binding of
[3H]pinfluthixol and flupenthixol to rat striatal
dopamine receptors in vitro. Life Sci., 28:563-
569,

Hyttel, J. (1983): SCH 23390 - The first selective
dopamine D1 antagonist. Eur. J. Pharmacol.,
91:153-154.

Hyttel, J. (1984): Functional evidence for selective
dopamine D1 receptor blockade by SCH 23390.
Neuropharmacelogy, 23:1395-1401,

Iorio, L.C.,, Barnett, A., Leitz, F.H., Houser, V.P.,
and Korduba, C.A. (1983): SCH 23390, a potential
benzazepine antipsychotic with unique interacticns
of dopaminergic systems. J. Pharm. Exp. Ther.,
226:462~468.,

Johansson, P., Levin, E., Gunne, L. and Ellison, G.
(1987): Opposite effects of a DI and D2 agonist on
oral movements in rats. Eur. J. Pharmacol.,
134:83-88.

Joyce, J.N., Davis, R.E. and Van Hartesveldt, C.
{1981): Behavioral effects of unilateral dopamine
injection into dorsal or ventral striatum. Eur. J.
Pharmacol., 72:1-10,

Joyce, J.N. (1983): Multiple dopamine receptors and
behavior. Neurosci. Biobehavi. Rev., 7:227-256,

Kebabian, J.W. (1978): Multiple classes of dopamine
receptors in mammalian central nervous system: The
involvement of dopamine-sensitive adenylyl
cyclase. Life Sci., 23:479-484,.

Kebabian, J.W. and Calne, D.B. (1879): Multiple
receptors for dopamine. Nature, 277:93-96.

Klemm, N., Murrin, €. and Kuhar, M. (1979)}: Neuroleptic
and dopamine receptors: autoradiographic
localization of [3H]spiperone in rat brain. Brain
Res., 169:1-9.

Koshikawa, N., Aoki, 8., Tomiyvama, K., Maruyama, ¥. and
Kobayashi, M. (1987): Sulpiride injection into the
dorsal striatum increases methamphetamine-induced
gnawing in rats. Eur. J. Pharmacol., 133:119-125,

93



94

Kostrzewa, R.M. and Jacobowitz, D.M. (1974):
Pharmacological actions of 6-hydroxydopamine.
Pharmacol. Rev., 26:199-288.

Kostrzewa, R.M. and Saleh, M.I. (1989): Impaired
ontogeny of striatal dopamine D1 and D2 binding
gites after postnatal treatment of rats with SCH
58290 and spiroperidol. Dev. Brain Res., 45:95-

Lader, M. {(1983): Introduction to psychopharmacology.
Ascope Publication. Upjohn

Laduron, P.M., Janssen, P.F.M. and Leysen, J.E. (1978):
Spiperone: A ligand of choice for neuroleptic
receptors. 2. Regional distribution and
displacement of neuroleptic drugs. Biochem.
Pharmacol., 27:317-321.

Lamberts, R. and Wuttke, W. (1981): Puberty of female
rats may in part be explained by decreased
hypothalamic dopamine receptor sensitivity. Brain
Res., 215:375-381.

Laping, N.J. and Ramirez, V.D. (1988): Prolactin-
induced yvawning behavior requires an intact nigro-
striatal dopamine system. Pharmacol. Biochem.

Leff, S.E., Gariano, R. and Creese, I. (1984): Dopamine
recepter turn-over rates in rat striatum are age-
dependent. Proc. Natl. Acad. Sci., 81:3910-3914.

Leysen, J.E., Gommeren, W. and Laduron, P.M. (1978):
Spiperone: A ligand of choice for neuroleptic
receptors. 1. Kinetics and characteristics of in
vitro binding. Biochem. Pharmacol., 27:307-316.

Leysen, J.E., Awouters, F., Kennis, L., Laduron, P.M.,
Vandenberk, J., and Janssen, P.A.J. (1981):
Receptor binding profile of R 41 468, a novel
antagonist at 5-HT2 receptors. Life Sci., 28:1015-
1022.

Leysen, J.E., Niemegeers, C.J.E., Van Nueten, J.M. and
Laduron, P.M. (1982): [3H] Ketanserin (R 41 468),
a selective 3H-ligand for serotonin receptor
binding sites. Mel. Pharmacol., 21:301-314.

Lidov, H.G.W., and Molliver, M.E. (1982): An
immunohistochemical study of serotonin neuron
development in the rat: ascending pathways and



95

terminal fields. Brain Res. Bull., 8:389-430.

Loizou, L.A. and Salt, P. (1970): Regional changes in
monoamines of rat brain during postnatal
development. Brain Res., 20:467-470.

Mackenzie, R.G. and Zigmond, M.J. (1985): Chronic
neuroleptic treatment increases D2 but not D1
receptors in rat striatum. Eur. J. Pharmacol.,
113:159-165.

Major, R. and White, N. (1978): Memory facilitation by
self-stimulation reinforcement mediated by the
nigro-neostriatal bundle. Physiol. Behav., 20:723-
733,

Marsden, C.D. {(1982): Neurotransmitters and CNS
disease: Basal Ganglia Disease. Lancet, 2:1141-
1146.

Martin-Iverson, M.T. and Dourish, C.T. (1988): Role of
dopamine D1 and D2 receptor subtypes in mediating
dopamine agonist effects on food consumption in
rats. Psychopharmacology, 96:370-374.

Mashurano, M. and Waddington, J.L. (1986): Stereotyped
behavior in response to the selective D2 dopamine
receptor agonist RU 24213 is enhanced by
pretreatment with the selective D1 agonist SKF
38393. Neuropharmacology, 25:947-949,

Matthysse, 8. (1973): Antipsychotic drug actions: a
clue to the neuropathology of schizophrenia. Fed.
PI'OC. 1 32:200"'205;

Matwyshyn, G.A. and Bhargava, H.N. (1983): Effects of
Pro-leu-gly-NHZ and cyclo (Leu-Gly) on the
development of haloperidol-induced tolerance and
dopamine receptor supersensitivity in the rat.
Fed. Proc., 42:1152. (Abs)

Melis, M.R., Argiolas, A. and Gessa, G.L. (1986):
Oxytocin- induced penile erection and yawning:
site of action in the brain. Brain Res., 398:259-
265,

Melis, M.R., Argiolas, A. and Gessa, G.L. (1987):
Apomorphine- induced penile erection and yawning:
site of action in brain. Brain Res., 415:98-104.

Meller, E., Kuga, S., Friedhoff, A.J., and Goldstein,
M. (1985): Selective D2 dopamine receptor agonists



96

prevent catalepsy induced by SCH 23390, a
selective D1 antagonist. Life Sci., 36:1857-1864.

Merchant, K.M., Gibb, J.W. and Hanson, G.R. (1989):
Role of dopamine D1 and D2 receptors in the
regulation of neurotensin system of the
neostriatum and the nucleus accumbens. Bur. J.
Pharmacol., 160:409-412.

Meyer, D.K. and Krauss, J. (1983): Dopamine modulates
cholecystokinin release in neostriatum. Nature,
301:338~340.

Miller, J.C. and Friedhoff, A.J. (1986a): Prenatal
neurcleptic exposure alters postnatal striatal
cholinergic activity in the rat. Dev. Neurosci.,
8:111-116.

Miller, J.C. and Friedhoff, A.J. (1986b): Development
of specificity and stereoselectivity of rat brain
dopamine receptors. Int. J. Dev. Neurosci., 4:21-
26.

Mogilnicka, E. and Klimek, V. (1977): Drugs affecting
dopamine neurons and yawning behavior. Pharmacol.
Biochem. Behav., 7:303-3085.

Mogilnicka, E., Boissard, C.G. and Delini-Stula, A.
(1984): Effects of apomorphine, TL~99 and 3~PPP on
vyawning in rats. Neuropharmacology, 23:19-22.

Molloy, A.G. and Waddington, J.L. (1984): Dopaminergic
behavior stereospecifically promoted by the D1
agonist R-SKF 38393 and selectively blocked by the
Elgantagonist SCH 23390. Psychopharmacology, 82:

0 _4100

Molloy, A.G. and Waddington, J.L. (1985): Sniffing,
rearing and locomotor responses to the D1 dopamine
agonist R-SKF 38393 and to apomorphine:
Differential interactions with the selective D1
and D2 antagonists SCH 23390 and metaclopramide.
Eur. J. Pharmacol., 108:305-308.

Molloy, A.G., O'Boyle, K.M., Pugh, M.T. and Waddington,
J.L. (1986a): Locomotor behaviors in response to
new selective D1 and D2 dopamine receptor
agonists, and the influence of selective
antagonists. Pharmacecl. Biochem. Behav., 25:249-
253,

Molloy, A.G.,, O'Boyle, K.M. and Waddington, J.L.



97

{1986b): The D1 dopamine receptor and ageing:
behavioral and neurochemical studies, in: The
Neurobiology of Dopamine Systems, eds. W. Winlow
and R. Markstein (Manchester University Press,
Manchester) p.104.

Molloy, A.G. and Waddington, J.L. (1987): Assessment of
grooming and other behavioral responses to the D1
dopamine receptor agonist SKF 38393 and its R- and
S-enantiomers in the intact adult rat.
Psychopharmacology, 92:164-168.

Molloy, A.G. and Waddington, J.L. (1988): Behavioral
responses to the selective D1 dopamine receptor
agonist R-SKF 38393 and the selective D2 agonist
RU 24213 in young compared with aged rat. Br. J.
Pharmacol., 95:335-342.

Morelli, M., Fenu, S., Garau, L. and bi Chiara, G.
(1989); Time and dose dependence of the 'priming'
of the expression of dopamine receptor
supersensitivity. Eur. J. Pharmacol., 162:329-
335.

Muller,P. and Seeman, P. (1977): Brain neurotransmitter
receptors after long-term haloperidol: Dopamine,
acetylcholine, serotonin, a-noradrenergic and
naloxone receptore. Life Sci., 21:1751-1758.

Murray, A.M. and Waddington, J.L. (1989): The induction
of grooming and vacuous chewing by a series of
selective D1 dopamine receptor agonists: two
directions of D1:D2 interaction. Eur. J.
Pharmacol., 160:377-384.

Murrin, L.C. and Kuhar, M.J. (1979): Dopamine receptors
in the rat frontal cortex: an autoradiographic
study. Brain Res., 177:279-285.

Murrin, L.C. {(1982): In vivo studies of dopamine
raceptor ontogeny. Life Sci., 31:971-980.

Murrin, L.C. and Zeng, W. (1986): Postnatal ontogeny of
dopamine D2 receptors in rat striatum. Biochem,
Pharmacol., 35:1159-1162,

Napier, T.C., Coyvle, S. and Breese, G.R. (1985):
Ontogeny of striatal unit activity and effects of
single or repeated haloperidol administration in
rats. Brain Res., 333:35-44.

Nauta, W.J.H., Smith, G.P., Faull, R.L.M, and Domesick,



V.B. (1978): Efferent connections and nigral
afferents of the nucleus accumbens septi in the
rat. Neurosci., 3:385-401.

Neve, K.A., Loeschen, S. and Marshall, J.F. {1985):
Denervation accelerates the reappsarance of
neostriatal D2 receptors after irreversible
receptor blockade. Brain Res., 329:225-231.

Nickolson, V.J., and Berendsen, H.H.G. (1980): Effects
of the potential neuroleptic peptide Des-
tyrosinel-U~endorphin and haloperidol on
apomorphine-induced behavioral syndromes in rats
and mice. Life Sci.,, 27:1377-1385.

Norman, A.B., Battaglia, G. and Creese, I. (1987):
Differential recovery rates of rat D2 dopamine
receptors as a function of aging and chronic
reserpine treatment following irreversible
modification: a key to receptor regulation
mechanisms. J. Neurosci., 7:1484-1491.

Olson, L., Seiger, A. and Fuxe, K. (1972):
Heterogeneity of striatal and limbic dopamine
innervation: highly fluorescent islands in
developing and adults rats. Brain Res., 44:2B3-
288,

Onali, P., Olianas, M.C., and Gessa, G.L. (1984):
Selective blockade of dopamine D1 receptors by SCH
23390 discloses striatal dopamine D2 receptors
mediating the inhibition of adenylate cyclase in
rats. Eur. J. Pharmacel.,, 99:127-128.

Onali, P., Olianas, M.C., and Gessa, G.L. (1985):
Characterization of dopamine receptors mediating
inhibition of adenylate cyclase activity in rat
striatum. Mol. Pharmacol., 28:138-145,

Onn, S-P., Berger,T.W., Stricker, E.M., and Zigmond,
M.J. (1986): Effects of intraventricular 6-
hydroxydopamine on the dopaminergic innervation of
striatum: Histochemical and neurcchemical
analysis. Brain Res., 376:8-19.

Pardo, J., Creese, I., Burt, D.R. and Snyder, S.H.
(1977): Ontogenesis of dopamine receptor binding
in the corpus striatum of the rat. Brain Res.,
125:376-382.

Pendleton, R.G., Samler, L., Kaiser, C. and Ridley,
P.T, (1978): Studies on renal dopamine receptors

98



with a new agonist. Eur. J. Pharmacol., 51:19-28,

Pertoutka, S§.J. and Snyder, S.H. (1979): Multiple
serotonin receptors: differential binding of [3H]
S~hydroxytryptamine, [3H] Lysergic acid
diethylamide and [3H] spiroperidol. Mol.
Pharmacol., 16:687-699.

Phillips, A. G. and Fibiger, H.C. (1973): Dopaminergic
and noradrenergic substrates of positive
reinforcement : Differential effects of d- and 1-
amphetamine. Seci., 179: 575-576.

Pijnenburg, A.J.J., Honig, W.M.M., Van Der Heyden,
J.A.M., and Van Rossum, J.M. (1976): Effects of
chemical stimulation of the mesolimbic dopamine
system upon locomotor activity. Eur. J.
Pharmacol., 35:45-58.

Plantje, J.F., Hanson, H.A., Davis, F.J. and Stoof,
J.C. {1984): The effects of SCH 23390 (+)-YM
09151-2 and (-)-3-PPP and some classical
neurcleptics on Pl and D2 receptors in rat
neostriatum in vitro. Eur. J. Pharmacol., 105:73-
83.

Plantje, J.F., Dijcks, F.A., Verheijden, P.F.H.M. and
Stoof, J.C. (1985): Stimulation of D2 dopamine
receptors in rat mesocortical areas inhibits the
release of [3H] dopamine. Eur. J. Pharmacol.,
114:401-402.

Protais, P., bubuc, I. and Costentin, J. (1983):
Pharmacological characteristics of dopamine
recepters involved in the dual effect of dopamine
agonists on yawning behavior in rats. Eur. J.
Pharmacol., 94:271-280,

Provine, R.R., Tate, B.C., and Geldmacher, L.L. (1987):
Yawning: no effect of 3-5% C02, 100% 02, and
exercise. Behav. Neural Biology, 48:382-393.

Rosengarten, H. and Friedhoff, A.J. (1979): Enduring
changes in dopamine receptor cells of pups from
drug administration to pregnant and nursing rats.
Sci., 203:1133-1135.

Rosengarten, H., Friedman, E., and Friedhoff, A.J.
{1983a): Sensitive pericds for the effect of
haloperidol on development of striatal dopamine
receptogs. Birth Defects: Original Article Series,
19:511-513.

99



Rosengarten, H., Carr, K., and Friedhoff, A.J. {1983b):
Persistent changes in CNS dopaminergic activity
following prenatal exposure to neuroleptics.
Neurosci., 9:228. (Abs.)

Rosengarten, H., Schweitzer, J.W., and Friedhoff, A.J.
(1983¢c): Induction of oral dyskinesia in naive
rats by D1 stimulation. ULife Sci., 33:2479-2482.

Rosengarten, H., Schweitzer, J.W., and Friedhoff, A.J.
(1986): Selective dopamine DZ receptor reduction
enhances a D1 mediated oral dyskinesia in rats.
Life Sci., 39:29-35.

Routtenberg, A. and Holzman, N. (1973): Memory
disruption by electrical stimulation of substantia
nigra, para compacta. Sci., 181:83-86,

Schneider, L.H., Gibbs, J. and Smith, G.P. (1986): D2
selective receptor antagonists suppress sucrose
shame feeding in the rat. Brain Res. Bull.,
17:605-611,

Schulz, D.W., Wyrick, S.D., and Mailman, R.B. (1984):
[3H]ISCH 23390 has the characteristics of a
dopamine receptor ligand in the rat central
nervous system. Eur. J. Pharmacol., 106:211-212,

Schulz, D.W., Staples, L. and Mailman, R.B. (1985a):
SCH 23390 causes persistent antidopaminergic
effects in vivo: evidence for long-term occupation
of receptors., Life Sci., 36:1941-1948,

Schulz, D.W., Stanford, E.J., Wyrick, S8.W., and
Mailman, R.B. (1985b): Binding of [3H]SCH 23390 in
rat brian: regional distribution and effects of
assay conditions and GTP suggest interactions at a
D1-like dopamine receptor. J. Neurcchem.,
45:1601-1611.

Seeman, P., Chau-Wong, M., Tedesco, J., and Wong, K.
(1975): Brain receptors for antipsychotic drugs
and dopamine :-Direct binding assays. Proc. Nat.
Acad. 8ci., 72:4376-4380.

Seeman, P., Lee, T, Chau-Wong, M. and Wong, K. (1976):
Antipsychotic drug doses and neuroleptic/dopamine
receptors. Nature, 261:717-718.

Serra, 6., Collu, M., Loddo, S., Celasco, G. and Gessa,
G.L., (1983a): Hypophysectomy prevents yawning and
penile erection but not hypomotility induced by

100



101

apomorphine. Pharmaccl. Biochem. Behav., 19:917-
919,

Serra, G., Fratta, W., Collu, M., Napoli-Farris, L. and
Gessa, G.L., (1983b): Cycloheximide prevents
apomorphine-induced yawning, penile erection and
genital grooming in rats. Eur. J. Pharmacol.,
86:279-282.

Serra, G., Collu, M., Serra, A. and Gessa, G.L.,
(1984): Estrogens antagonize apomorphine-induced
yawning in rats. Eur. J. Pharmacol., 104:383-386.

Serra, G., Collu, M. and Gessa, G.L., (1986): Dopamine
receptors mediating yawning: are they
autoreceptors?. Eur. J. Pharmacol., 120:187-192.

Serra, G., Collu, M. and Gessa, G.L., (1987): Yawning
is elicited by D2 dopamine agonists but is blocked
by the D1 antagonist, SCH 23390.
Psychopharmacology, 91:330-333.

Setler, P.E., Sarau, H.M., Zirkle, C.L., and Saunders,
H.L. (1978): The central effects of a novel
dopamine agonist. Eur. J. Pharmacol., 50:419-430.

Shalaby, I.A., Dendel, P.S. and Spear, L.P. (1981):
Differential functional ontogeny of dopamine
presynaptic receptor regulation. Dev. Brain Res.,
1:434-439,

Shapiro, A.K., Shapiro, E.S., Bruun, R.D. and Sweet,
R.D. (1978): Gilles de la Tourette Syndrome. New
York: Raven Press.

Sibley, D.R., Leff, S.E., and Creese, I. {(1982):
Interactions of novel dopaminergic ligands with D1
and D2 dopamine receptors. Life Sci., 31:637-645.

Snyder, S. (1982): Neurotransmitters and CNS disease:
Schizophrenia. Lancet, 2:970-974.

snyder, A.M., Zigmond, M.J., and Lund, R.D. (1986):
Sprouting of serotoninergic afferents into
striatum after dopamine-depleting lesions in
infant rats: a retrograde transport and
immunocytochemical study. J. Comp.Neureol.,
245:274-281,

Sonsalla, P.K., Gibb, J.W. and Hanson, G.R. (1984):
Opposite responses in the striato-nigral substance
P system to D1 and D2 receptor activation. Eur. J.



102
Pharmacol., 105:185-187,

Spano,P.F., Kumakura, K., Govoni, S. and Trabucchi, M.
(1976): Ontogenetic development of necstriatal
dopamine receptors in the rat. J. Neurochenm.,
27:612-624.

Specht, L.A., Pickel, V.M., Joh, T.H. and Reis, D.J.
(1981): Light-microscopic immunocytochemical
localization of tyrosine hydroxylase in prenatal
rat brain. II. Late ontogeny. J. Comp. Neurol.,
199:255-276.

Spokes, E.G.S. (1980): Neurochemical alterations in
Huntington's chorea. A study of post mortem-brain
tissue. Brain, 103:179-210.

Stachowiak, M.K., Bruno, J.P., Snyder, A.M., Stricker,
E.M., and Zigmond, M.J. (1984): Apparent sprouting
of striatal serotonergic terminals after dopamine-
depleting brain lesions in neonatal rats. Brain
Res., 291:164-167.

Stahle, L. and Ungerstedt, U. {1984): Assessment of
dopamine autoreceptor agonist properties of
apomorphine, (+)-3-PPP and (-)-3-PPP by recording
of yawning behavior in rats. Eur. J. Pharmacol.,
98:307-310.

Stahle, L. and Ungerstedt, U. (1989): Yawning and
suppression of exploration in amphetamine-treated
rats, incompatibility with the autoreceptor
hypothesis. Psychopharmacology, 97:553-560.

Starke, K., Spath, L., Lang, J.D. and Adelung, C.
(1983): Further functional in vitro comparison of
pre- and postsynaptic dopamine receptors in the
rabbit caudate nucleus. Naunyn-Schmiedeberg's
Arch. Pharmacol., 323:298-306.

Starr, B.S. and Starr, M.S5. (1986): Differential
effects of dopamine D1 and D2 agonists and
antagonists on velocity of movement, rearing and
3§goming in the mouse. Neuropharmacology, 25:455-

Stevens, J.R., (1973): An anatomy of schizophrenia?
Arch. Gen. Psychiatry, 29:177-189.

Stoessl, A.J., Dourish, C.T. and Iversen, S.D. (1987):
Apomorphine-induced yvawning in rats is abolished
by bilateral 6-~hydroxydopamine lesions of the



substantia nigra. Psychopharmacology, 93:336-342.

Stoessl, A.J., Dourish, C.T. and Iversen, S.D. (1989):
Chronic neuroleptic-induced mouth movements in the
rats: suppression by CCK and selective dopamine D1
and D2 receptor antagonists. Psychopharmacology,
98:372-379.

Stoof, J.C. and Kebabian, J.W. (1981): Opposing roles
for b1 and D2 dopamine receptors in efflux of
cyclic AMP from rat neostriatum. Nature, 294:366-
268,

Steoof, J.C. and Kebabian, J.W. (1984): Two dopamine
receptors: biochemistry, physiology and
pharmacology. Life Sci., 35:2281-2296.

Streather, A. and Bozarth, M. (1987): Effect of
dopamine-receptor blockade on stimulation-induced
feeding. Pharmacol. Biochem. Bshav., 27:521-524,

Tsuruta, K., Frey, E.A., Grewe, C.W., Cote, T.E.,
Eskay, R.L., and Kebabian, J.W. (1981): Evidence
of LY 141865 specifically stimulates the D2
dopamine receptor. Nature, 292:463-465,

Ungerstedt, U. and Arbuthnott, G.W., (1970):
Quantitative recording of rotational behavior of
rats after 6-hydroxydopamine lesions of the
nigrostriatal dopamine system. Brain Res., 24:485-
493 L]

Ungerstedt, U. (1971a): Striatal dopamine. release after
amphetamine or nerve degeneration revealed by
rotational behavior. Acta Physiol. Scand. Suppl.,
367:49-68.

Ungerstedt, U. (1971b): Histochemical studies on the
effects of intracerebral and intraventricular
injections of 6-hydroxydopamine on moncamine
neurones in the rat brain. In T. Malfors and H.
Thoenen (Eds.), 6-Hydroxydopamine and
Catecholamine neurons, North Holland Publ.,
Amsterdam, 1971, pp. 101-127.

Ungerstedt, U. (1971c): Postsynaptic supersensitivity
after 6-hydroxydopamine induced degeneration of
the nigrostriatal dopamine system. Acta Physiol.
Scand. Suppl., 367:69-93.

Uretsky, N.J. and Iversen, L.L, (1970): Effects of 6-
hydroxydopamine on catecholamine containing

103



104

neurons in the rat brain. J. Neurochem., 17:269-
278,

Waddington, J.L. and Gamble, S.J. {1980): Emergence of
apomorphine-induced "vacuous chewing" during 6
months continuous treatment with fluphenazine
decanocate. Eur. J. Pharmacol., 68:387-388.

Waddington, J.L., Gamble, 8.J. and Bourne, R.C.(1981):
Sequelae of 6 months continuous administration of
cis (2)- and trans (E)- flupenthixol in the rat.
Eur. J. Pharmacol., 69:511-513,

Waddington, J.L. (1986): Behavioral correlates of the
action of selective D1 dopamine receptor
antagonists: impact of SCH 23390 and SKF 83566,
and functionally interactive D1:D2 receptor
systems. Biochem. Pharmacol., 35:3661-3667.

Walters, J.R., Bergstrom, D.A., Carlson, J.H., Chase,
T.N., and Braun,A. (1987): D1 dopamine receptor
activation required for postsynaptic expression of
D2 agonist effects. Sci., 236:719-722.

Watling, K.J. and Dowling, J.E. (1981): Dopaminergic
mechanisms in the Toleost Retina. I. Dopamine-
sensitive adenylate c¢yclase in homogenates of c¢rap
retina; effects of agonists, antagonists and
ergots., J. Neurochem., 36:559-568.

Weiner, I, Lubow, R.E. and Feldon, J. (1984): Abolition
of the expression but not the acquisition of
latent inhibition by chronic amphetamine in rats.
Psychopharmacology, 83:194-199.

Weiner, I, and Feldon, J. (1987): Facilitation of
latent inhibition by haloperidol.
Psychopharmacology, 91:248-253.

Weiner, I, Feldon, J. and Katz, Y. (1987): Facilitation
of the expression but not the acquisition of
latent inhibition by haloperidel in rats.
Pharmacol. Biochem. Behav., 26:241-246.

Weiss,S., Sebben, M., Garcia-Sainz, J.A. and Bockaert,
J. (1985): D2 dopamine receptor-mediated
inhibition of cyclic AMP formation in striatal
neurons in primary culture. Mol. Pharmacol.,
27:595-5909,

White, F.J., and Wang R.Y. (1983a): Comparison of the
effects of chronic haloperidol treatment on A9 and



105

Al0 dopamine neurons in the rat. Life Sci.,
32:983-993.

White, F.J., and Wang, R.Y. (1983b): Differential
effects of classical and atypical antipsychotic
drugs on A9 and Al0 dopamine neurons. Sci.,
221:1054-1057.

White, N.M. (1988): Effect of nigrostriatal dopamine
depletion on the post-training, memory-improving
action of amphetamine. Life Sci., 43:7-12.

Widmann, R. and Sperk, G. (1986): Topographical
distribution of amines and major amine metabolites
in the rat striatum. Brain Res., 367:244-249,

Wise, R.A. (1978): Catecholamine theories of reward: a
critical review. Brian Res., 152:215-247.

Witby, R.M., Mayer, R.J. and Strange, P.G. (1980): [3H]
Spiroperidol binding to brain neurotransmitter
receptors. FEBS Lett., 112:293-2985,

Witby, R.M., Mayer, R.J. and Strange, P.G. (1981): Use
of [3H] spiperon for labelling dopaminergic and
serotonergic receptors in bovine caudate nucleus.
J. Neurochem., 37:1144-1154,

Yamada, K. and Furukawa, T. (1980): Direct evidence for
involvement of dopaminergic inhibition and
cholinergic activation in yawning.
Psychopharmacology, 67:39-43.

Yamada, K., Tanaka, M., Shibata, K. and Furukawa, T.
{1986): Involvement of septal and striatal
dopamine D2 receptors in yawning behavior in rats.
Psychopharmacology, 90:9-13.

Zeng, W., Hyttel, J. and Murrin, L.C. (1988): Ontogeny
of dopamine D1 receptors in rat striatum. J.
Neurochem., 50:862-867.

Zigmond, M.J. and Stricker, E.M. (1973): Recovery of
feeding and drinking by rats after
intraventricular 6-hydroxydopamine or later
hypothalamic lesions. Sci., 182:717-719,



Personal Data:

Education:

Professional
Experience:

Publications:

106

VITA
ANWAR HAMDI

Date of Birth: December 10, 1953
Place of Birth: Damascus, Syria
Marital Status: Married; 3 Children

Damascus University, College of Medicine
Damascus, Syria; medicine M.D., 1978

Residency in Department of General Surgery,
Damascus University Hospital, 1978-1979

Fast Tennessee State University, Johnson
City, Tennessee; biomedical sciences,
Ph.D., 1990

Resident Physician, General Surgery,
Riyadh Central Hospital, Riyadh, Saudi
Arabia 1980-1983

Resident Physician, Plastic Surgery,
Riyadh Central Hospital, Riyadh, Saudi
Arabia 1983-1986

Graduate Research Assistant, Department of
Pharmacology, James H. Quillen College of
Medicine, Johnson City, Tennessee,
1987-1990

Hamdi, A., Secrets of Sleep, Al-maktab
Publ., Beirut, Lebanon, 1986, pp. 450.

Hamdi, A., Disturbances of Sleep,
Description and Treatment, Al-maktab
Publ., Beirut, Lebanon, 1986, pp. 210.

Hamdi, A. and Kostrzewa, R.M. "Enhanced
yawning response to the dopamine D2
agonist, LY171555, in adult rats that were
treated in development with LY171555".
19th Annual Meeting of the Society for
Neuroscience, Phoenix, Arizona, 1989,

Kostrzewa, R.M. and A. Hamdi. "Enhanced
stereotypic responses to dopamine agonists
in adult rats that were treated in
development with SKF38393",
19th Annual Meeting of the Society for
Neuroscience, Phoenix, Arizona, 1989,

Kostrzewa, R.M. and A. Hamdi. "Increased
spiroperidol-induced oral activity in rats
after neonatal 6-~hydroxydopamine" (in
preparation).

Kostrzewa, R.M. and A. Hamdi. "Dopamine D2
agonist treatments produce
supersensitization of D2 receptors". 1lith




107

Int'l Congress of Pharmacology, Amsterdam,

1990,
Honors and East Tennessee State University Award for
Awvards Outstanding Academic Achievement, 1988;

1989



	East Tennessee State University
	Digital Commons @ East Tennessee State University
	May 1990

	Dopamine Agonists Modify the Development of Brain D1 and D2 Receptor Responsiveness
	Anwar A. Hamdi
	Recommended Citation


	/efeeds/prod/acq_images/20131001/FILMSCAN_JLH/9025378_1/00001.tif

