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ABSTRACT

MUSCAT, R. BEHAVIOURAL MICROANALYSIS OF DOPAMINE AUTORECEPTOR
FUNCTION.

Low doses of DA agonists are presiued to act by stisulating DA
autoreceptors on the sona/dendrites and axon teralnals of DA
neurons. Low doses of aposorphine reduced food Intake, in a
microstructural analysis paradigmn, by reducing both the time
®P®Dt feeding and the rate of food ingestion. The reduction of
eating time was shotm to result from the stimulation of DA
autoreceptors located on the cell bodies and dendrites of the
mesolimbic DA system. The reduction of eating rate however,
appeared to result from the activation of axon terminal DA
autoreceptors. The significance of this dissociation is discussed
Id relation to the mechanisms through which presynaptic DA
receptors on the same neuron may subserve different behavioural

functions.

The observation that apomorphine administration resulted in a
selective manipulation of the- mlcrostructural parameters of
feeding, was then used to assess the action of antidepressant
drugs on DA autoreceptor function. In both normal and chronically
stressed rats, chronic antidepressant treatment failed to alter
the sensitivity of DA autoreceptors. However, on withdrawal, the
sensitivity of cell body DA autoreceptors appeared reduced, as
apomorphine no Jlonger in any way influenced the time spent
feeding in the microstructural paradigm. The Implications of

these findings are dlscusssed in relation to the hypothesis that
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CHAPTER 1
DOPAMINE AUTORECEPTORS
1.1 DOPAMINE

Dopaain* (DA) was first recorded in the CNS as early as the
end of the 1950*s (Montagu 1957) and soon localized
intraneuronally (Carlsson et al, 1962). Shortly thereafter a
deficit of DA within the CNS was suggested to be the underlying
cause of Parkinson®s disease (Homykiewicz 1966). However, it was
not until 1971 that DA was considered as a neurotransaitter in
its own right within the CNS and not just a precursor of
noradrenaline (Ungerstedt 1971a). Following the observation
that DA systeas are well represented in the brain, the
«l*ct*"ophysiologlcal, blocheaical, pharaacologlcal and
behavioural properties of this systea were soon Tforthcoaing.
Bunney"s group deaonstrated that DA neurons have firing rates

of between 1 and 9 spikes per second, action potentials with an

initial positive segaent followed by a proalnent negative
phase and frequently a late positive coaponent. in
addition, a nuaber of DA cells fire In what has coae to be

known as characteristic bursting fashion (Bunney et al, 1973).
Homykiewicz (1973), deaonstrated that the caudate nucleus and
the putaaen contain the highest concentration of DA within
the brain, followed by the nucleus accuabens, substantia
nigra, globus pallidus and the aaygdalold coaplex. The aain
aetabollte of DA in these brain regions is hoaovanillic acid
(HVA) and soae 80% of DA and HVA is Tfound within the basal

ganglia. In addition, it seeaed that there were two receptor



subtypM for DA, naa«l, 01 or 02 (KoJsablan and Calna 1979) ;

«tiBulation of 01 racaptors raaulta in an incraase in the
activity of adanylata cyclaaa (cAMP) whila stiaulation of tha 02
racaptor doas not activata cAMP but aoaatiMs inhibits it (Onali

at al, 1981).

Carloson (1975), also noted that a particular
characteristic of DA  systeas was that they possessed
autoregulatory receptors. These autoraceptors are to be found
presynaptically on axon tarainals of DA neurones and also on
the soaa and dendrites of the cells of origin. Soaatodendritic
autoraceptors regulate tha firing of DA neurones whereas the
taminal autorecaptors saaa to be involved in tha control of
DA synthesis and its release. Stiwilation of these receptors
by DA agonists results in a suppression of both the electrical
conduction along DA neurones and iapulsa induced release of
endogenous DA (Roth 1979). In behavioural terms this leads to
reduction in, for exal™>le, locomotor behaviour, which 1is in
direct contrast to an increase in activity which observed
following the stimulation of postsynaptic DA receptors by DA

agonists (Costall et al, 1980).

1.1.1 Anatomy of DA systems

The catecholamine neural systems emanate from a series
of cell bodies in the brainstem that were designated Al to Al12 by
Dahlstrom and Puxe (1964). Of these cell groups A9, AlIO, and

Al2 are dopaminergic. They give rise to the nigrostriatal,



Msoliabic, and tubarcInfundlbular pathways raspactivaly, and
thasa mymfmm hava baan ra-classifiad to includa tha wall
aatablishad cortical DA projactions (LIndvall and Bjorklund
1974, 1978). Thara ara, additionally, dopaninarglc intemeurons
in tha brainstaa, suparior carvical ganglion (S.1.F. calls),
ratlna, olfactory bulb and carotid body. It is possible that
additional dopaainargic structuras will ba idantiflad in tha

futura.

Tha nigrostriatal DA systaa is now ona of tha aost
widely studied pathways in tha brain. Tha A9 call group which
glvas risa to it, is located in tha zona coapacta of tha
substantia nigra. Thasa ara larga aultipolar calls which sit on
tha dorsal aspect of tha substantia nigra. It can ba seen that
tha Jlarge calls in question hava aultipla idantatlons in tha
nudai and a vary proalnant golgi apparatus. Tha dendrites extend
into tha zona reticulata where they ara surrounded by nerve
endings many of which ara gabaargic. Tha axons of thasa proceed
rostrally in a proainant pathway that ascends in tha lateral
hypothalaaus just dorsalataral to tha sadlan forabrain bundle.
They enter tha crus cerebri at tha sidhypothalasic level,
intermingle with tha nyallnatad fibres in tha internal capsule,

and than fan out through tha globus pal Ildus to enter tha caudate

and putaman (Moore and Bloom 1978). Tha fine structure of tha
pathway has baan further consolidated by studies of
axoplasmic flow. 3(H) dopamine injected into the substantia

nigra is well transported to nerve endings in the caudate



putoMn (SIMon et al, 1979).

The naxt aost proninent tract is the aesoliabic pathway.

These AIO cell bodies extend Medially froa A9, foraing a cap over
the interpenduncular nucleus. It has been estiaated that there
are soae 27-29,000 cells in the VTA of the rat (Halliday and Tork
1985, 1986) of these 18,000 (>70%) Stained for tyrosine
hydroxlase (Swanson 1982) irtiich for the rat is the
greatest aidbraln concentration of DA (Geraan et al, 1983).
The axons ascend together with the axons of the
nigrostriatal dopaaine systea following a slightly aore aedial
course. They do not enter the crus cerebri but continue in a
rostral direction just dorsal to the aedial forebrain bundle to
Innervate liable structures such as the nucleus accuabens,
olfactory tubercle and possibly the aaygdaloid coaplex and the
hlppocaapus. Further analysis of the dopaaine pathway to the
nucleus accuabens has established that fibres sweeping along
aspect of the nucleus accuabens separate into a

nuaber of branches, the aost abundant of which runs dorsally
and rostrally into the deep layers of the frontal cortex
(aPFC). A second branch turns dorsally above the corpus
callosua and aoves caudally to innervate the anterior liable
cortex. Another branch Innervates the septua and reaaining
portion give terainals to the olfactory tubercle, (Lindvall and
Bjorklund 1974). Additional evidence for aesollablc projections
has cone froa Siaon et al, (1979), using HRP (retrograde) and 3H

leucine (anterograde) procedures to aap the DA projections fron



th« VTA. They have sumrized their findings as follows;

1) DA projections to regions rich in DA terainals, eg, nucleus
accunbens,

2) DA projections to regions suspected of containing DA teminal
regions, eg, locus coerulus, and

3) DA projections to regions not known to contain DA tereinal
regions, eg, supraoptic nucleus and anterodorsal thalaeic
nucleus.

Recently, Oades and Halliday (1987), have suggested that the
efferent projections of the VTA can be divided sore
systeeatically into five subsytess;

1. The nesorhoabencephalic projection to the cerebellum and the
inferior olive.

2. The nesodlencephalic pathway to the thalamic and hypothalamic
nuclei .

3. A small but significant mesostrlatal pathway to the anterior
striatum.

4. The Msollmbic projection to the nucleus accumbens, tuberculum
olfactorium, lateral septum and the interstiatal stria
terminalls. Mesollmbic projections also serve the amygdaloid
nuclei, olfactory nuclei, entorhinal cortex and the hippocampus.
5. The mesocortlcal pathway projects to the prefrontal,

o*i>itofrontal and cingulate cortices.

Finally, the tuberoinfundlbular dopamine system has cell
bodies Al2 located within the arcuate nucleus of the

hypothalamus. These cells innervate the external layer of the



medlan «iin«nc«.

1.2 BBHAVIOORM. rONCTIOMS OF DOPAMIWE SYSTEMS

Dasplt* th« vast aaoimt of lltaratura available on the
behavioural functions of the nigrostriatal and nesolisbic
dopasine pathways, they have yet to be fully understood. One of
a nusber of controversies yet to be resolved is whether
the Msolisbic pathway is specifically Involved in locomotor
activity and the nigrostriatal system in the complex
stereotyped behaviour which involves sniffing, biting,
licking and head movements which predominate after large doses
of Dk agonists, eg am>hetamlne (Randrup and Munkvad 1967;
Schiorring 1979). A nusber of studies have demonstrated that
local injection of amphetamine into either the nucleus accunbens
or the caudate nucleus results in increased locomotor activity by
the former and stereotyped behaviour by the latter (Creese and
lversen 1974; Costall at al, 1972; Jackson at al, 1975;
Nakanjuola at al, 1980). Some of the motor behaviours
with the caudate-putamen nuclei are also observed
following the stimulation of the D1 receptor found in this
area and typically take the Tform of oral and facial
dyskinesias (Rosengarten at al, 1983). In addition, the
behaviours elicited by the stimulation of different
dopaminergic brain loci may be antagonized by the specific DA
antagonists, eg haloperidol, (Kelly et al, 1975;
Jo"eFA AN 1975). However, others have suggested that

the wide variety of behaviours recorded are only different

10



aspects of the saee behavioural repetoire which thus isplies
that different behaviours are not necessarily Mediated by
dopasine systeas, (Kafetzopoulos 1986; KoMcinidis

and Anisaan 1980, 1981).

One aodel sees the prlaary function of DA  systeas as
controlling the rate of behavioural output, independently of the
aotivatlonal deteralnants of behaviour, which in turn supports
the view that both the nigrostriatal and aesoliabic DA systeas
are Involved in the behavioural stiaulation resulting froa the
adainistration of a”hetaaine (Lyons and Robbins 1975),
Consequently, dopaaine syteas appear to be involved with a
general behavioural activation, as adainistration of da
agonists, eg. aaphetaaine, results in an increase in open-
field locoaotion, activity and a nuaber of unconditioned
behaviours (Kelly et al, 1980). However, as suggested above,
aaphetaaine-Induced locoaotion seeas to be dependant on the
integrity of the aesoliabic rather than the nigrostriatal DA

thus behavioural activation aay be independent of the
type of aotor aro\isal underlying stereotypy (Kelley and Stinus
1984) .

In recent years considerable attention has been focussed
on the question of whether the aesoliabic DA system constitutes
a "reward pathway'. Anlaals will self-adainister DA receptor
agonists but not agonists that have been shown to interact with
other neurotransaitter receptor populations if trained to press a

lever in the process (ICSS). In particular the D2 and the DI

11



receptor subtype sees to be involved as adsinistratlon of
sulpiride, a specific D2 receptor anatagonist and SCH23390, the
specific D1 receptor antagonist, increased lever pressing in the

less paradigs (Nakajisa and Mackenzie 1986; Woolverton 1986).

Wise and colleagues first noted that animals on neuroleptics
show extinction like behaviour when placed in a self stlnulation
situation (Fouriezos and Wise 1976), or while responding for food
reinforcement (Wise et ai; 1978a,b). Gallistel et al, (1982),
were also able to demonstrate that this effect of
neuroleptics was not due to the motor debilitating effects

drug as changing the environment resulted in a
reinstatement of responding-to baseline levels. Benlnger and
Freedman (1982), also using a two-task procedure observed
extinction like behaviour with lever pressing following pimozide
but no such effect in the motorically demanding wheel-runing
paradigm. These Tfindings argue against the notion that dopamine
receptor blockade results in a severe motoric handicap and
support the 1idea that DA systems are primarily involved in
the rewarding aspects of behaviour supported by positive

reinforcement (Wise 1982).

However, the assumption that neuroleptic pretreated animals
behave as if they were undergoing extinction has not been
validated experimentally, if anything the studies reported to
date demonstrate quite the reverse of what is predicted from such
a hypothesis. Animals on neuroleptics appear to mimic the

behaviour of animals undergoing extinction as both show

12



raductions in rasponse ratas. Howavar, transfering fron
neuroleptic pratraatMnt to extinction produces an increase in
response rates (Beninger 1982; Mason at al, 1980; Tonbaugh at al,
1980). These observations would suggest that DA sytens are not
directly involved in the reward processes associated with
positive reinforcenent and thus do not support the anhedonia
hypothesis, in addition, DA antagonist treataent and extinction
do not seen to be functionally equivalent processes and therefore
such conparisons should not be used as evidence to inplicate DA
systems in reward. As a result of such findings it has been
suggested that the nesolinbic DA systen 1is in fact responsible
for the activating effects erather than the hedonic inpact of

positive reinforcement (Mogenson 1982,- Salanone 1986).

DA systems however, are also implicated in Tfeeding and
drinlcing behaviour making studies using food and water reward
to interpret. However, the specificity of the DA

systems in feeding behaviour have also been called into question.
(1978), has argued that DA systems in the perlfomical

area of the hypothalamus are responsible for a satiety
response, in that administration of DA to the PFH resulted
in a dose dependent suppression of food intake. Indeed, a
nmexk*in o ol neuroleptics including pimozide totally attenuated
the reduction 1in food intake caused by DA and amphetamine.
However, systemic administration of DA antagonists also
resulted in a reduction of food consumption. This effect has

been interpreted as a non-specific action of DA antagonists, as

13



destruction of the nigrostrlatal pathway following 6-0HDA
administration also results in aphagia (Ungerstedt 1971b). Based
on these Tfindings it appears that the nigrostriatal DA

pathway nay mediate the arousal and motor component of feeding

(Strieker and Zigmond 1976), whereas the hypothalamic DA
mechanisms provide direct stimuli for terminating this
behaviour. The DA receptor subtype within the perifomical

hypothalamus appears to be of the D2 subtype which inhibits AC
activity; the D1 agonist SKF 82526, did not in any way alter
the effects of D2 agonists on AC activity (Carruba et al,
1985). This system of dopaminergic fibres also appears to be
devoid of autoreceptors (Carruba et al, 1985). In contrast to
the effects of DA agonists = on Tfeeding behaviour, intracerebral
administration of dopamine increases water consumption (Poat et
al, 1980; Setler 1973). It is also well established that
dopamine receptor antagonists reduce the consumption of water
(Block and Fischer 1975; Grupp 1976; Rowland and Engle 1977;
Sumners et al, 1979). These data suggest some involvement of
central M mechanisms in the control of drinking responses but
appear to be well less defined than the DA system involved in

feeding behaviour.

nie problem with DA mediated behaviours seems to be one of
interpretation. Heuroleptic drugs suppress rewarded behaviour.
However, the majority of paradigms used to study these effects
require an active output of behaviour, and activating, hedonic,
and rate effects become difficult to separate. However, a number

of paradigms have now become available in which it is possible

14



to look at tha contributiona of tha DA syataas in raward. One
paradlga dascrlbad by Harmstaln (1961, 1971) axploits the
matchlng lav, in which tba strength of tha rasponea is directly
relatad to tha raward received. In this case animals press a
lever for food or water reinforcement, while in the paradigm
used by Gallistel, animals press a lever for electrical
stimulation. The number of responses can Je plotted against the
total number of reinforcements obtained in each paradigm and
the curve obtained is sigmoid in shape. The motor parameter in
the equation essentially sets the asyiq;>tote of the curve while
the reinforcer efficacy 1is that value which maintains half
maximal responding. The indirectly acting DA receptor
agonist, a”>hetamine, increased the reinforcing value of the
food reirard and elelctrical stimulation. Pimozide, however, in
addition to decreasing reinforcement efficacy also reduced
motor capacity in a dose dependent manner (Gallistel et al, 1982;
Galliwtel and Karras 1984; Heyman 1983; Winner et al, 1987a).
In the place location paradigm, tdiich consisted of a box whose
diloor consisted of three rectangular wire mesh panels,
haloperidol reduced motor activity compared to controls but not
the time spent on the panel which contained the food dish
(Salamone 1986). The minimal motor requirements demanded by such
a task would first of all suggest that DA antagonists do not
impair all reinforced behaviours and secondly, DA antagonists do
not bI\int the hedonic impact of food reward. However, in a two-
bottle test 1in which animals had equal access to a bottle

containing sucrose and one holding water, DA receptor anatgonlsts

15



reduced the coneuaption of sucrose but increased that of water
(Towell et al, 1987a). It say be said that the motoric
requirements of this paradigm are also minimal and reducing DA
function resulted in a reduction in the rewarding properties of
the sucrose solution. In that DA antagonists cause adipsia, the
increase iIn water consiug;>tion cannot be said to result from a
direct involvement of the physiological mechanisms involved in

drin)cing (see al>ove).

From a theoratical standpoint, it may be impossible to
meparate out the motoric and rewarding components of goal
directed behaviour and the Tfiinction of DA systems within this
framework, as DA systems seem to be involved 1in Incentive
related motor activity. Thus treatments that reduce DA activity
also interfere with performance in schedule induced or
reinforcer induced behaviours (Keehn et al, 1976; Wallace et
al, 1983). A general statement of the functional significance
of DA pathways within the brain may simply be that they
modulate motor output in relation to stimulus-related
activation (Salamone 1986) . Animals receiving neuroleptic
P*"«treatment show a progressive deterioration of responding on a
number of schedules (Salamone 1986; Winner et al, 1987a) but
return to base-line responding when treatment has ceased

(Flbiger et al, 1976).
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1.3 PRBSYHAPTIC M RECEPTORS

In contrast to tha locoaotor atiwulant affacta of OA agonlata
at high doaaa, tha noat notabla and noat raportad Tfinding
in tha bahavioural litaratura following tha adniniatration of
low doaaa of DA agoniata la tha auppraaaion of locomotion in
rata and nica (Coatall at al, 1981; Di Chiara at al, 1976;
StrontK» 1976). Thia affact ia baliavad to arise from the
stimulation of prasynaptlc DA racaptors which results in tha
inhibition of DA synthesis and ralaasa (Famabo and Hambarger
1971; Starke at al, 1978). However, a number of problems have
arisen with regard to tha role of DA autoracaptora in tha
reduction of Jlocoaotor behaviour and DA aynthasls. Apomorphlna
and a number of other DA  agonists also interact with
noradrenergic receptor aystaas and it is racognlaad that sedation
may also result from tha stimulation of alpha 2 racaptors.
Indeed, one study raportad that soma DA antagonists ware
affective 1in reversing apomorphina-Induced sedation while others
ware not (Sumners at al, 1981) and in another study, DA
antagonists ware totally Inaffactlva (Costall at al, 1980). In
addition to tha problems associated with tha findings that DA
agonists may have affects on other naurochamical systems is tha
guastion of whether DA autoraceptors are actually present

on tha call bodies and terminal regions of DA systems.

Opposition to the very presence of this receptor subtype has
come Ffrom Laduron (1981), who has put forward tha theory of

"Partial Occupancy" to explain the biphasic action of apomorphine

17



*oN e"eyrol”ptic  druQS* li a high dos* ot an axoganous
mubstanca is appliad tha occu{>atlon will ba relativaly hoaoganous
so that all racaptors will ba raachad by tha drug. In contrast,
at lowar dosas tha disposition of tha drug should occur randomly
and this will rasult in only a faw raceptors occupiad by tha
ia. a partial occupation of tha racaptors. Low dosas of

a naurolaptic " would laad to a partial occupation of
postsynaptic OA racaptors which would rasult in an slight
incraasa in DA synthasis through a positiva faadback loop. As
graat majority of tha OA racaptors are not blocked,

tha alavation of DA ralaasa will elicit hyparmotility. Moreover,
it is possible that such a concept could similarly explain
tha sedative affects observed with low dosas of apomorphina.
However, it is difficult to reconcile this hypothesis with tha
biochemical findings (sea below). Also, kainic acid lesions of
tha naostriatxim, which destroy tha feedback pathways, fail to
inhibit tha affects of low dosas of DA agonists on tha synthasis

of DA (Bannon at al, 1980).

A second alternative, tha "rauptaka" hypothesis has bean put
forward to explain tha inhibition of DA synthesis by DA
agonists and tha biphasic effects of these drugs. It has been
proposed that under normal conditions DA synthasis is partly
inhibited by tha transmitter newly taken up following the
ralaasa into tha synaptic cleft. Thus if the dopamine
concentration in this area increases the amount of the

transmitter uptake will also increase with the result that DA
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synthasls will be Bor* Inhiblt«d. On the contrary, if DA in the
synapse decreases, the amine uptake will be proportionally
reduced with the consequent disinhibition of DA sysnthesis
(Cerrito et al, 1981). In addition, it has also been
reported that DA agonists are highly hydrophobic and thus
readily cross the presynaptic aeabrane to inhibit the enzyme
machinery (tyrosine hydroxylase) responsible for the synthesis
of dopamine. However, in synaptosomal preparations apomorphine
inhibits DA synthesis at concentrations substantially lower than
those needed to inhibit soluble tyrosine hydroxylase (Bltran and
Bustos 1982). Furthermore, addition of the DA uptake inhibitors
cocaine or benztroplne to.the preparation failed to inhibit
apoBorphlne-induced reduction of DA synthesis. Demarest (1983),
reported that amphetamine did reverse the reduction in
dopamine synthesis by apomorphine in the striatum and the nucleus
accuabens. This finding could be taken to support the reuptake

However, it is also possible that amphetamine reduced
the intracellular concentration of DA with the result that DA

synthesis was increased by a reduction in end product inhibition.

Electrophysiological evidence unequivocally supports the
findings that DA autoreceptors are present on the soma and
dendrites of DA neurones. Microiontophoretic application of DA
agonists to the cells of origin of both the nigrostriatal and
mesolIlmbic pathways results in a cessation of impulse flow along
these neurones (Groves et al, 1975; White and Wang 1984). In

addition, amphetamine, applied systemically, inhibits cell
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firing in th* striatun as wall as in the substantia nigra
wharaas haloparidol anhancas call firing in both thase areas
(Grovas at al, 1975). Carlsson and Lindgvist (1963), put
forward a nauronal Tfeedback loop hypothesis to explain these
systemic affects. However in the nigrostriatal system, while
ablation of the feedback pathways with kainic acid did change
the pattern of Ffiring of nigral cells, this could not be
explained simply by the removal of the inhibitory GABA input on
to these calls (Doudat at al, 1984). In addition, tha finding
that nigral calls are sensitive to DA and are inhibited by
DA antagonists (Bunnay and Aghajanian 1973; Grace and Bunney
1983) damonstratas that thase cells clearly possess dopamine
receptors, which apparently are some 10 to 100 times more
sensitive to DA agonists than are postsynaptlc DA receptors

(Sklrboll at al, 1979).

Tha presence of DA autoraceptors has also bean established
on dendritic projections of nigral DA neurones. Gaffen (1976),
using slices of rat nigra from the zona reticulata, in which
cell bodies are absent, demonstrated that DA was released into
the preparation by raising the external potassium
concentration. Cheramy (1981), reported that the release of DA
from dendrites was involved in the self-regulation of DA
cells as well as in the release of naurotransmittars 1in nigral
affarants fibres and the regulation of the activity of non

dopaminergic calls.

20



Autoreceptors on the cell bodies and dendrites of the
Besoliabic OA system have slIBllarly been reported to respond to
DA agonists, Y%rhich Inhibit [lapulse flow in these neurones,
whereas agonists of other classes exert weak or no effects at
all (White and Wang 1984). The presynaptlc OA receptors in the
sesoliMblc pathway also appear to be more sensitive to DA
agonists than autoreceptors located in the substantia nigra,
perhaps because the Besollsbic DA system seems to lack the
well defined long loop feedback pathways found in the
nigrostriatal DA system (Walker 1986). In addition, neurons
projecting from the VTA to the prefrontal or anterior
cingulate cortex have faster mpontaneous firing rates than DA
projections to the caudate and the accumbens. These neurons are
insensitive to both rate and synthesis suppressant effects of
DA agonists which would liQ>ly that these projections lack
autoregulatory mechanisms on their soma or terminal regions

(White and Wang 1984).

1.4 PHABMACOLOGY OF DA RECEPTORS

The classification of subpopulations of DA receptors has
been the subject of a number of controversies. Two subtypes of DA
receptors were initially defined by the observation that one
population were coupled to adenylate cyclase while the second
were not (Kebablan 1978; Kebabian et al, 1972). These two
receptor subtypes were first refered to as alpha and beta
(Kebablan 1978), but in order to avoid confusion between

these receptor subtypes and those found on noradrenergic
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terminals Kebablan and Caine (1979), suggested the D1 and D2
terminology. The occurrence of two receptor subtypes for DA has
also been Inferred from behavioural and the electrophysiological
evidence, except that these receptors have k>een labeled
excitatory or inhibitory ie OAe and DAi (Cools and van Rossun
1976; Cools et al, 1976; Cools and van Rossum 1980). It would
appear that postsynaptlc D1 receptors defined by Kebabian and
Caine correspond to DAi, as application of D1 receptor agonists
results in hyperpolarisation, whereas stimulation of postsynaptic
receptors results in depolarization and consequently
correspond to OAe (Grace and Bunney 1983; Marling 1981; Marling
and Mull 1980). Costall and Naylor (1981), referred to these two
subtypes of DA receptors as DAl and DA2, but subsequently this
terminology has been used to differentiate the peripheral DA
«me«=Ptor subtypes from those occurlng centrally (Goldberg and
Kohll 1983). Careful analysis of agonist/antagonlst actions
of these peripheral receptors has shown that R-sulplride
potently antagonizes the DAl mediated renalvasodilation,
whereas it is ineffective in blocking the DI" mediated DA
<N i»>1*tion of adenylate cyclase (Spano et al, 1979) while
opposite effects have been reported for a number of ergot
derivatives (Kebabian et al, 1978). However, with the
emergence of very specific agonist and antagonist drugs of the
two receptor subtypes it is possible that the peripheral and
central receptor subtypes will eventually be shown to be

identical (Goldberg et al, 1985).
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H»i* classification of DA racaptors has baan a subjact of
intansa dabata sinca Laduron (1981), proposad that thara is only
a singla typa of DA racaptor whila Saasan (1980), suggestad
four subtypas. At tha sonant tha ganaral viawpoint is that
thara ara two subpopulations of DA racaptors, D1 and D2; one
possibla raason Tfor tha prolifaration of siibtypas is the
diii«rsnt conditions under which racaptor binding studies are
carried out in various laboratories (lvaraan 1983). m
addition, a nusbar of models have baan put forward that assuse
that racaptors can exist in at least two conformations. Tha Monod
modal suggests that tha transition from one state to tha next
depends on binding with tha ligand in a concerted process whereas
Kohland suggests tha involvement of a sequential process (Kaiser
and Jain 1985). Tha four subtypas according to these models
could therefore represent high and low affinity states of DI and

D2 receptors (sea Chapter 5).

Prasynaptic DA racaptors present on tha soma and dendrites
oi the masollmbic and nigrostiatal systems appear to resemble the
D2 subtype in many respects. Khan applied iontophoratically to
tha zona coi”wcta, DA and a number of DA agonists Including
apomorphina causa dose related suppression of the firing of these
calls. Tha affects of these agonists is reversed by the selective
D2 racaptor antagonist sulpiride and zatidollna but not by SCH-
23390, tha specific DI racaptor antagonist (Freedman and Woodruff
1986). White and Wang (1984), reported that DA was the most

effective exogenous agonist to inhibit the firing of these DA
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call* and ttaa apaciflc D2 racaptor antagonist, sulpiride,
coaplataly blockad tha rata supprassant affacts of DA and DA
agonists (but not thosa of GABA). Sisilar obsarvations have
baan aada whan axoganous DA agonists hava baan applied to
dendrites in tha zona reticulata. Again, the suppression of
firing rates was reversed by antagonists of the D2 subtype but
not by thosa reported to have D1 racaptor affinity (Gessa and
Marau 1984). It has also baan daaonstratad that DI
racaptor antagonists fail to bloclc tha responses nediated by
eg. aponorpbina, (aaasis ,tha inhibition of prolactin release
and hypotharaia) that are dependant on tha Integrity of
postsynaptic D2 receptors (lorio at al, 1983). The behavioural
evidence though scant, also supports tha suggestion that
prasynaptic DA receptors are of tha D2 subtype (see Chapter
5 in that sulpiride but not SCH-23390 reversed
aponorphina®s inhibitory affect on locoaotion (Cuomo et al,
1986). Finally, tha pharamacological evidence would seem to
support tha hypothesis that I>oth call body and axon terminal DA
autorecaptors are of tha D2 racaptor subtype as both have
rather higher affinities for D2 agonists and antagonists. In
terms of tha behavioural function of these receptors there is
no evidence (prior to the present study) to suggest a separate
function for each receptor: stimulation of either cell body or
axon terminal autoreceptors by DA agonists results in sedation

(Costall et al, 1981).
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1-4.1 Bloch- leal aapact« of tha atlaMlatlon of DA autoraceptors
Tha rata lialtlng stap in tha blosynthasis of DA is tha
convarsion of tyroslna by tyrosina hydroxylasa to L-DOPA
(Blaschko 1957); following tha atlanilation of tarainal
autoracaptors it has baan obsarvad that tyrosina hyroxlase
activity 1is raducad Nowyc)cy and Roth 1978). In contrast,
alactrical stiwilation of tha nigrostriatal pathway leads to
an incraasa in tha synth— is of DA following a change in the
kinetic properties of tyrosina hydroxylasa. Stiaulatlon
results 1in an Incraasa in tha anzy— affinity for the pteridlna
co-factor and substrate and a decrease in the affinity for DA
(Murrin at al, 1976). In addition, Murrln and Roth (1987), have
reported that maxiaal stisulatlon of the nlgro-neostriatal
Ffibr— results in an increased synthesis of DA, which in turn
could be raducad by DA agonists that interact with axon tarsinal
autoracaptors. Tha abolition of neuronal  firing by
h— Isaction or traat—- nt with Gasaa-butyrolactone (GBL) also
results in an Incraasa in tha synthesis of DA, as seasured by
tha accuBulation of its precursor DOPA (Carlsson 1975; Nowyc)cy
and Roth 1978; Roth at al, 1983). Again, in this sodel, DA
agonists ware found to depress synthesis tdtereas DA antagonists

reversed this affect.

However, tha role of DA autoracaptors in the release of DA
has been"questioned since it has baan observed that changes in
the release and synthesis of DA do not follow the sane tine

course (Westfall et al, 1976). In addition, the initial
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exp*rla«nts (Farnabo and Haid>argar 1971), in which it was
daaonatratad that naurolaptics incraaaad tha stimilation-inducad
ralaaaa of Oh idtila apoBoxphina had tha oppoaita effacts,
hava subsaquantly not baan confirmad (Raitari at al, 1978). Tha
usa of in vivo tachniquas could hava causad this anbiguity as
alactrically invo)cad Oh ralaasa nay ba raducad by a nusbar of
manipulations such as tha stimulation of postsynaptic OA
Necaptorm and call body autoracaptors in addition to tha
eSimulation of axon tarminal autoracaptors. In rat caudata
slicas, alactrically avokad ralaasa of DA was inhibitad by DA
agonists whila DA antagonists incraasad tha ralaasa of DA
Slilla at al, 1982a). it is of intarast that spontanaous
ralaasa of DA was not affactad by apomorphina, haloparldol or
calcium fraa Ringar; howavar, tha alactrically avokad
ralaasa of OA was affactad by thasa compounds (Starka at al,
1978). It would appaar that tha calcium dapandant ralaase of DA
following alactrical stimulation is modulatad by prasynaptic DA
racaptors but calcium indapandant ralaase alicitad by amphatamina
is not (Arbilla at al, 1982b; Kamal at al, 1981). Similarly, in
rat striatal mllcas it has baan shown that apomorphine fails to
inhibit spontanaous ralaasa of OA but it did block the
iosm«tlon of labelled DA (Bitran and Bustos 1982).

Roth at al, (1983), hava put forward a tentative model in
which it is envisaged that stimulation of DA autoraceptors by
apomorphina reduces tha influx of calcium leading to a reduction

in OA ralaase along with protein carboxymethylation of
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calBodulln. Th* Mthylatad calaodulln raducas tha affinity of

tyrosina hydroxylaaa for ptarldina and tyrosina and incraasas

Ita affinity for DA; aa a consaquanca, DA synthasls la
inhibitad. Daatructlon of dopamine neurons by
intraventricular 6-hydroxydopamina (6-0HDA) Inhibits
apomorphina affacta on carboxynathlation (Roth at al,

1983) as wall as haloparidol induced release of DA (Blaha and
Lane 1984; Foml and Nleoullon 1984); however, in the
lesloned rat amphetamine enhanced DA release. The evidence
to date would suggest that axon terminal autoreceptors are
indeed Involved in the synthesis and calcium dependent release
of DA though the precise mechanisms through which these

molecular events are brought about still await resolution.

1.4.2 Behavioural consequences of DA autoreceptor stimulation
The consistent behavioural observation following the
administration of low doses of DA agonists is hypokinesia
(Costall et al, 1980; DI Chlara at al, 1976; Strombom 1976)
which is also apparent following blockade of dopaminergic
transmission with neuroleptic drugs (Beninger 1983). The
former is assumed to reflect a selective stimulation of
presynaptlc DA receptors while the latter is assumed to occur
following the blockade of postsynaptic DA receptors. However,
with increasing doses of DA agonists stimulation of
postsynaptic receptors also occurs resulting in locomotor and
stereotyped behaviour (Kelly et al, 1975). The effects of

autoreceptor stimulation by Jlow doses of apomorphine are
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by 02 but not 01 receptor antagonists (Cuomo et al,
1986; Stable and Ungerstedt 1986) but the stimulatory
effects of this drug are reversed by non-specific DA receptor

antagonists (Serra et al, 1983).

Apomorphine and 3-PPP have been used in the clinic as
potential antipsychotic agents to some good effect (Tamminga et
*1» 1978; 1983). The predominant feature arising from the use of
such compounds was the reduction in extrapyramldal side effects,
relative to classical antipsychotic agents, and the lack of
effect on serum prolactin levels (Brown and Campbell 1984).
Neuroleptic administration in animals typically causes catalepsy
as well as a suppression -of conditioned avoidance responding
(CAR). It has been pointed out that these effects of
neuroleptic drugs correlate well with their clinical potency
(@8I<I8**«rini 1980) and are dependent on the Integrity of the
nlgrostriatal OA system (Carlsson 1978). The effects
can be attenuated by pretreatment with anticholinergic agents
(Baldessarinl 1980; Carlsson 1978). The Increase in
striatal OA ttimover following haloperidol administration is also
blocked by pretreating with scopolamine (Anden 1972). However,
very low doses of DA agonists, unlike neuroleptics, do not
inhibit CAR, which could be related to the minimal effects of
these agents on extrapyramidal motor functions (Ahlenius and

Hillegaart 1986).

Interpretation of the effects of low doses of DA agonists on

positively reinforced operant tasks is not entirely
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straightforward. Apoaorphine rsducss responding in a CRP schedule
by 30% at a dose of 60ug. However at 30ug no such effects are
detected in the CRF paradiga but deficits are obtained in Ffixed
interval schedules. [In addition, apoaorphine showed enhanced
reductions in elevated fixed ratio schedules which in turn is
concordant with the anhedonia hypothesis based on the law of
effect (see above). That these effects can be explained by the
siaple notion that DA agonists reduce locoaotor activity in rats
is refuted by the observation that apoaorphine spared renewal
of responding caused by food delivery but abolished responding
reinstated by secondary reinforceaent (Camoy et al, 1986). bow
doses of DA agonists have also been reported to iapair responses
to novelty (Misslin et al, 1984). These findings would iaply that
low doses of DA agonists reduce or blunt the iapact of incentive
stiauli leaving prlaary reinforceaent intact. Such a view would
seea to be consistent with the position that DA systeas are
involved in the activating effects of rewarded behaviour ie,
incentive activation (Bindra 1974, 1978), rather than with reward

per se.

Increases in yawning behaviour in rats has been observed
following the adalnistration of low doses of apoaorphlne (Gower
et al, 1984; Stable and Ungerstedt 1984). However, the location
of the DA systea involved in the yawning response has been
questioned, as has the receptor subtype, as SCH-23390 attenuated
the yawning response evoked by apoaorphine in both control

and reserpine pretreated rats (Morelli et al, 1986).
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It has b««n suggastsd that OA systeas aay be lapllcated in
the etiology and expression of anxiety (Taylor et al, 1982) since
low doses of aposorphine sees to be beneficial in the sanageaent
of certain states of anxiety associated with psychotic conditions
seen in schizophrenics. However, low doses of neuroleptics have
also been reported to relieve anxiety related syaptoas in
neurotic (Finnerty et al, 1976) and chronically anxious patients
(Rogerson and Butler 1971) . The aniaal literature also fails to
distinguish between OA agonists and antagonists: both low doses
of apoaorphine and neuroleptics produce anxiolytic effects
in the conflict paradiga (Hjorth ot al, 1986; Merlo Pich and
Saaanin 1986). However, once again the exact identity of
neuronanatoaical locus through irtiich these agents exert
their anxiolytic like actions is lacking but the aechanisa of
action underlying neuroleptic-induced Increases in punished
responding does appear to Involve central serotonin neurons

(Leysen et al, 1978).

1.5 DA MFO DEPRESSION

catecholaaine hypothesis of depression (Schildkraut
1965), suggested a reduction in the levels of the
neurotransaltter noradrenaline rather than adrenaline or
dopaaine, in critical areas within the central nervous systea
(CMS). This hypothesis proved to be very attractive in that it
could explain a nuaber of pharaacological phenoaena that result
following the aanipulation of noradrenergic systeas. Reserpine

which depletes noradrenergic terainals of NA, was used in the
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of hypor”~onalon also inducad severa daprasslon in a
nuabar of patlants. In contrast, aonoasina oxidasa inhibitors
usad to traat tubarculosis, incraasa lavals of NA and ware found
to produca an alavation 1in aood (Loonar at al, 1957). in
addition, aaphataaina which anhancas tha ralaase of NA froa
prasynaptic tarainals, was also affactive in elevating aood in
noraal volunteers (Lasagna at al, 1955). The finding that the
lavals of tha aajor _ aatabolite of KA, 3-aathoxy-4-
hydroxyphanyglycol (MHFG) ware low in deprasslvas (Mass 1968),
further supported tha hypothesis of a reduced NA function in

depression.

However, a nuaber of anoaalias began to appear with respect
to drugs that supposedly reduce NA function and thus in theory
should exacerbate daprasslon. Alpha-aathyl-para-tyrosina (AMPT)
inhibits tha conversion of tyrosine to dlhydroxyphanylalanine

and thus reduces NA levels, did not cause depression
(Mendels and Frasier 1974). In addition, Goodwin (1972), noted
that 1in patients reported to be suffering froa depression
following reserplne pretreataent were actually not depressed but
were sedate and lethargic. In contrast, aaphetaaine which
Increases NA has not been shown to be an effective
antidepressant. However, little aention was aade of the fact
that;
1. the evidence for NA also Inadvertantly supports a reduction in
DA levels,

2. depression aay be biocheaically heterogenous.
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The dopaaine hypothesis of depression becase prevalent
following the observation by Randrup in 1975, that in sone
depressed patients HVA levels were abnormally low. HVA is the
major Mtabolite of DA and its presence in cerebrospinal fluid
(CSF) is thought to mainly originate from DA turnover in the CMS.
The majority of studies to date have reported a reduction in the
concentration of HVA in depressed patients (Bankl 1977; Mendels
et al, 1972; Papeschl and McClure 1971; Bowers et al, 1969) but a
ntimber of studies have found no difference in HVA levels in
depressives and normal controls (Berger et al, 1980; Subramanyam
1975). The latter inconsistency may have resulted from the
transport of HVA out of the CSP. This problem may be remedied by
administering probenecid, which blocks the removal of acid
metabolites out of the CSF; studies using this technique have

reported a decreased HVA accumulation in sone or all
depressed patients (Bowers 1972; van Praag et al, 1973; Sjostrom
1973). Low HVA levels in the CSF following probenecid
pretreatment in patients with marked psychonotor retardation, is
probably the most firmly established finding in the biochemistry
of depression (Hillner 1985).

1.6 ~ AMD AMTIDBPPBSSAMTS

For a number of years the possibility that antidepressants
increase DA function was neglected, as it was believed that
tricyclic antidepressants act by inhibiting the uptake of NA and
5-HT but not of DA (Carlsson 1970). This belief cane to be

questioned Tfollowing the observation that antidepressants are
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FRFHFNANFXER) in the treatment of Parkinsons disease
(Randrup at al, 1975), which results from a depletion of
nigrostriatal Dk (Homykiewicz 1966). Subsequently it was
demonstrated that antidepressants do in fact inhibit DA uptake

weakly and this effect was also demonstrated by
some antidepressant drugs that do not block neuronal uptake of

HA or 5-HT (Hytell 1978).

Antidepressant effects are usually seen following two to
three weeks of treament so the acute effects of these drugs
(which now appear to include a weak inhibition of DA uptake) may
be ruled out as the mechanism of clinical action. A number of
studies have reported that antidepressants may Increase DA
function by increasing the synthesis of DA (Leonard and Kafoe
1976; Sugrue 1980). However, only mianserin slightly increased DA
content, while a number of antidepressants ai”™ ECS did not have
any effect on DA levels (Evans et al, 1976; Sugrue 1980). In
addition, turnover of DA %ras unaffected by chronic treatment with

a numiMr of antidepressant drugs (Sugrue 1980).

However, a considerable literature demonstrates an
increase in the responsiveness of postsynaptic DA receptors
following chronic antidepressant treatment. Chronic treatment
with tricyclic antidepressants and the atypical
antidepressants mianserin and |Iprindole produced an enhanced
response to apomorphine and amphetamine-induced locomotor
behaviour (Serra et al, 1979; Spyraki and Fibiger 1981; Maj et

al, 1984a,b; Martin-lverson et al, 1983; Willner and Montgomery
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1981). These responses are believed to result fros the
mtinulation of aesollabio postsynaptic OA receptors (Moore and
Kelly 1978), the results suggest that chronic antidepressant
treataent either increased the affinity or the nuaber of these
receptors (see below). 1in addition, soae studies have reported
that repeated antidepressant treataent also caused an Increase
in the responsiveness of postsynaptic DA receptors in the
nlgrostrilatal DA systea® as aaphetaalne and apoaorphine
stereotypy were Ffound to be increased Tfollowing chronic
treataent with a variety of antidepressant drugs (Hillner and
Montgoaery 1981; Millner et al, 1984). However, these findings
are less well supported as a" nuaber of studies have failed to
deaonstrate any enhanceaent of the stlaulant-Induced stereotyped
behaviour with chronic antidepressant pretreataent (Dellna-Stula

and Vassout 1979; Maj et al, 1979; Spyra)ci and Fibiger 1981).

The biocheaical evidence however, does not support an
increased responsiveness of postsynaptic DA receptors. A nuaber
of studies have failed to show any Increase in DA receptor
binding in the striatua or for that aatter, in the accuabens,
with the specific ligand 3H haloperidol following chronic
antidepressant treataent (Martin-lverson et al, 1983; Tang and
Seeaan 1980; Tang et al, 1981; Hillner 1983). Subsequently, it
has been suggested that the sensitization of DA receptors may
depend on the anticholinergic properites of antidepressant drugs
in that antidepressants with negligible affinity for the

cholinergic receptor subtype did not potentiate DA agonist



induced behaviour« (Martin-Iverson et al, 1983). This promising
hypothesis has now lost mosentun as in three other studies the
entidepressants used in the above study did potentiate DA-
dependent behaviours (Amt at al, 1984; Maj et al, 1984a,b).
However, as results from receptor binding studies sees to vary
fro« one laboratory to another it say be premature to rule out an
increased sensitivity of postsynaptic OA receptors Tfollowing
chronic treatment with antidepressant drugs on this evidence
alone. The behavioural evidence would also seen to support this
view as sulpiride, an atypical neuroleptic, reversed the
antidepressant effect on immobility in the Porsolt test in rats
(Borsinl et al, 1984; Pulvlrentl and Samanln 1986). Central
injection procedures would also suggest that the nucleus
accumbens is involved in this effect as intracranial
administration of sulpiride to this area resulted in similar

findings (Cervo and Samanin 1987)..

1>6«1 Antidepressants aiwl presvnaptic DA receptors

While an increased response to OA agonists following chronic
antidepressant treatssnt suggests a postsynaptic site of action,
these data are also open to an alternative explanation: a
reduction in the sensitivity of presynaptic DA receptors. The
toning dotm of the inhibitory effects of autoreceptor stimulation
by endogenous DA would in effect Increase DA synthesis and
release. Following acute administration of the antipsychotic drug
molindone, increases in DOPAC have been reported while low doses

of apomorphine were ineffective in reducing these levels (Conway



and Uretsicy 1983). In addition, tha doses of molindone used in
this study correlate well with those that enhanced amphetamine-

induced stereotypy.

Serra et al, (1977), reported that following chronic but not
acute treatment with Imipramine, amitriptyline and mianserin the
sedative effects of a low dose of apomorphine were abolished.
Subsequently, this effect was confirmed using a variety of
antidepressant agents which included nomifensine ( a specific DA
uptake inhibitor), doxepin (Zebrowska-Lupina and Kozyrska 1980),
KAO Inhibitors (Chlodo and Antleman 1982) and ECS (Serra et al,
1981). The electrophysiologlcal evidence also seemed to support a
reduction in the sensitivity of presynaptlic DA receptors
following chronic antidepressant treatment, as the reduction in
DA cell firing following apomorphine was found to be attenuated
(Qiiodo and Antelman 1980). The biochemical evidence however, Yas
equivocal. An Increase in DA synthesis which should result from a
reduction in the sensitivity of DA autoreceptors was observed by
Serra et al, (1979), and Holcomb et al, (1982), following chronic
treatment with antidepressant drugs. However, no Increase in DA
synthesis was observed following ECS, which did block the

sedative effect of apomorphine (Farber et al, 1983).

In addition, Holcomb et al, (1982), using the GBL model to
assess the inhibition of DA synthesis by apomorphine following
the cessation of Impulse flow, reported that chronic treatment
with a typical or an atypical antidepressant did not change the

response to apomorphine. A number of studies have also failed to

36



observe any changes in the sedative effect of aposorphine after
chronic treataent with antidepressant drugs or ECS (Ehlers et al,
1983; Spyraki and Fibiger 1981). The finding that antidepressants
increase DA cell firing has also been found wanting in that two
studies found no change in the aposorphlne-induced inhibition of
DA cell Tfiring Tollowing chronic antidepressant pretreataent
(NacNelll and Gower 1982; Welch et al, 1982). It is difficult to
draw any definite conclusions froa these studies in relation to
the effects of antidepressant drugs on DA autoreceptor

sensitivity.

The problea of assessing the role of DA autoreceptor
sensitivity in the apparent potentiation of dopaalnergic
function by antidepressants 1is coapounded to soae extent by
aethodological liaitations. The aajor technigue used to identify
changes in DA function is that of a potentiation of DA agonist
induced behaviours, which aay result either froa a reduction in
the sensitivity of presynaptlc DA receptors or tram an increase
in the sensitivity of postsynaptic DA receptors. This aethodology
therefore cannot deteraine with certainty the site of action
through %txich antidepressants aay exert their effects on DA
systeas. In earlier experlaents in this laboratory (Towell 1984),
presynaptic DA receptors were assayed by the effects of low doses
of apoaorphlne on food intake in rats. As will bPe deaonstrated
below (Chapter 5), apoaorphine anorexia provides a aethodology
which does differentiate between subsensitive presynaptic DA

receptors and supersensitive postsynaptic DA receptors.
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Lik« «arllar studIM of DA auterocoptors, the initial
axpariMnts on the effacts of chronic antidepressant treatsent on
apoaoridiine anorexia also proved inconclusive. In the Ffirst
exp~rieent, the evidence for DA autoreceptor subsensitivity
during chronic DMI treatnent was at the best equivocal; in a
second experinent, in which aponorphine was applied centrally,
there was no evidence for this effect. Nevertheless, in both
experinents, a reduction™ in DA autoreceptor sensitivity was
apparent following the withdrawal from chronic treatiMnt with the
tricyclic antidepressant DMI  (Towell 1984). In view of the
potential clinical immrtance of antidepressant effects on DA
ey*teaas and the advantage «Of this particular technique Tfor
studying these interactions (Chapter 2), the present experinents
were carried out in order;

1. To establish the eechanises of apoeori>hine anorexia.
reevaluate the effect of antidepressants on DA autoreceptor

function.
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CHAPTER 2
APCTIORPHIME ANOREXIA

Aa notad in Chapter 1, low dosaa of DA agonists, such as
apoBorphlna, stisulats prssynaptlc DA racaptors (Carlsson 1975),
and Inhibit tha synthasis and ralaasa of DA (Hjorth at al, 1982),
which results in behavioural sedation. High doses of aposorphina,
however, stimiate behaviour, by an interaction with postsynaptic
DA receptors in the nucleus accusbens and strlatiw, which
produces locosotor activation and stereotyi>ed behaviour
(Kakanjoula at al, 1982; Kelly at al, 1975). The phanucological
evidence related to the behavioural effects of low doses of
apoBorphine is soMwhat controversial. Nhile som studies have
found that ap«M>rphine-induced sedation was blocked by
neuroleptic drugs (Di Chiara et al, 1976; Montanaro et al, 1982),
others have failed to antagonise aponorphine induced sedation
with neuroleptics (Costali at al,1980) or have reported that sose
neuroleptics were effective but others were not (Sunner at al,
1981). These data in turn would suggest that the pharMcologlcal
and behavioural effects of a sedative dose of aposorphine My be
heterogenous. However, all these studies used locosotor activity
to monitor aposorphina Induced sedation and in this paradlgs it
is very difficult to fractionate motor activity into Maningful
and reliable behavioural components. Workers in this [laboratory
therefore decided to examine the sedative effects of apomorphine
in a different paradigm that does lend itself to behavioural

mlcronanalysis.
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2.1 MICROSTBUCTUfCAL AHALYSIS OF FEEDING BEHAVIOOR
Both food deprived and non-deprived aninals eat in discrete
(Richter 1927), and it is possible to analyse Teeding
behaviour by Measuring the nueber of seals taken, eeal sise, seal
duration, inter-eeal intervals and the average rate of eating
during eeals. Within aeals, short bouts of eating are separated
by episodes of other behaviours such as rearing and asbulation
(Blundell 1981). So in addition, certain intra-Meal parameters
can be assessed, such as the number, size and duration of, eating
bouts. The relationship between bouts of eating and non-eating
activities can also be assessed. Thus a drug may reduce food
intake by either affecting the" physiological mechanisms involved
feeding or by enhancing non-nutrional behaviours between
eating bouts and disrupting feeding behaviour during a meal. The
intrameal parajipters are often called microstructural parameters

of eating.

Osing this methodology, Blundell and Latham (1980), reported
that the anorectic agents, ami®ietamine and fenfluramine, had
affects on the microstructural characteristic of

eating. Both drugs reduced consumption by reducing the time spent
eating, but paradoxically, amphetamine increased the rate of
consumption whereas fenfluramine reduced the rate of food intake.
~Mbding demonstrates that the method employed is able to
reveal different behavioural actions of anorectic drugs, and
also implies that different modifications in the microstructure

of eating may be related to the drugs varying actions on
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particular naurochealcal systeu. in fact Blundell and Lathaa
(1980), deaonstrated that at equlpotant doses, fenfluraaine
hypophagia was antagonized by the serotonergic antagonist
aethergoline but not by piaozide, a dopaaine receptor antagonist,

while the reverse was true of aapheteusine anorexia.

The aajorlty of aicrostructural studies of feeding behaviour
have relied on observers to record Aether the aniaal was eating
or not (Blundell and Lathaa 1978; Cooper et al, 1979, 1980a,
1980b). Two probleas are inherent in this procedure:

1. Subjective observation aay result in drug effects that are
distorted by artefacts of an inaccurate decision:

2. Observational analysis is both tlae consuaing and labour
intensive.

s aethodology, Tfirst used to analyze song patterns
in zebra finchs (Slater 1974), and subsequently applied to
feeding (Hlep)ceaa 1971; Burton et al, 1981; Winner and Towell
1982) showed that changes between feeding and other behaviours
aay be deduced by exaainlng the teaporal distribution of feeding
responses. The technique used to do this is log survivor analysis

of the distribution of inter-response tines (iRTs).

2.1.1 THE IRT METHOD
The theory behind log survivor analysis is that the frequency
of IRTs is nade up of a ntiaber of underlying Poisson
distributions, each associated with a behaviour having a constant
probability of expression. The problea with IRT analysis is to

resolve these discontinuities reliably. Such a aethod is
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Available in tbe technique of log survivor analysis;

45 eg pellets (Abels anieal nutrient pellets), which are of
uniform bite size are used to aa)ce it possible to record the
time of all bites. Proa this Information it is possible to
calculate inter-response times (IRTs) and plot the frequency
distribution of [IRTs. The IRT distribution for values ranging
between 1 and 36 sec is bell shaped with a long trailing tail
(Fig 2.1A). IRT mode values are usually in the range of 4 to 8
sec and at IRT values of greater than 12 sec there are a
significant reduction in responses ttilch is the reason for the
the 1long tail in the 36 sec distribution. Hie frequency
distribution of IRTs can be transformed to a survivor plot, which
shows the frequency of IRTs longer than any given time period. A
log transform of this function results in a log survivor plot,
from trtiich reliable estimates of the time spent feeding may be
deduced. A straight line on a log survivor represents a single
Poisson function and so any discontinuity can be visualised as
changes in the slope of the log survivor function. A
"brealgpoint” may then be ldentified (Pig 2.1B). The break point
provides a '"bout criterion” %rhich is then applied to decide
trhether a particular inter-response interval is within or between

eating bouts.

It 1is assumed that bouts of eating occured at IRTs shorter
than the brealqwint whereas other behaviours such as ambulation
were associated with [IRTs longer than the brea)cpoint. Log
survivor curves are therefore constructed for each subject and

for every experimental session following which the breakpoints
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Fig. 2.1

A: The frequency distribution of Inter-response times for a typical subject,

and tWe the survivor transform, which shows the proportion of the frequency

distribution lying to the right of each point In the frequency distributio