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SUMMARY

The principal objective of this work was to investigate 

the possibility that the effects of a number of drugs on conditioned 

avoidance behaviour of the laboratory rat, could be attributed to 

an action(s) on the functioning of catecholamine-containing neurons 

of the amygdala. In order to restrict drug action to the amygdala, 

a cannula-guide system was prepared and fixed to the skull of the 

experimental animal prior no behavioural observation. Drug solutions 

were injected into the vicinity of the nucleus amygdaloideus 

centralis in conscious, unrestrained rats, through an injection 

cannula passed down the guide tube. The effects of drugs administered 

by this route on the acquisition of the pole-climb conditioned 

avoidance response were observed.

Low doses of d-amphetaraine, apomorphine and benztropine 

applied to the amygdala, resulted in facilitated acquisition of the 

conditioned response over the five days of training. Higher doses 

disrupted this behaviour. Haloperidol and pimozide, two competitive 

antagonists of dopamine, and desmethylimipramine, a potent blocker 

of noradrenaline re-uptake, decreased the rate of acquisition of the 

conditioned response. The disruptive effects of the high dose of 

d-amphetamine and of desmethyl-iraipramine were reversed by the 

alpha-adrenoreceptor blocking drug phentolaraine. Application of 

dopamine and noradrenaline increased and decreased respectively, the 

rate of acquisition of the conditioned response.

The results are discussed in relation to the proposed mechan

ism of action of these drugs at the synapse and how they might modify 

nervous activity. Proposals have been made regarding the functional



significance of catecholamine-containing neuron systems of the 

amygdala in conditioned avoidance behaviour. Suggestions for 

further research have also been made.
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CHAPTER ONE

GENERAL
INTRODUCTION



Introductory Summary

There is no doubt that all overt behaviour, from simple limb- 

withdrawal in response to pain, to the complex patterns of movement 

exhibited by the human athlete are muscular responses to nervous 

activity. The stimulus-source of reflex withdrawal can be easily 

traced to the periphery and the two-neuron-arc reflex in the spinal 

cord is well known. On the other hand the origin of stimuli 

responsible for the control of more complex behaviours are most often 

attributed to the organism itself and very little is known of the 

neuronal interconnections that mediate these effects. Such information 

can be gained only from knowledge of the functions of the smaller 

units that comprise the central nervous system.

The introduction given below examines first the evidence 

relating catecholamine-nerve function in the mediation of behaviour 

generally and then more specifically in avoidance conditioning.

This is followed by a description of the anatomy and anatomical 

connections of the amygdala, without consideration of neurotransmitter 

substances and finally, evidence for a role of the amygdala in 

conditioned behaviour is described.



Catecholamines and Behaviour

The distribution of catecholamines within the central nervous 

system of the dog was found by Vogt (1954) to vary from one brain region 

to another. She concluded from her experiments in which the superior : 

cervical (sympathetic) ganglia were destroyed that the presence of 

noradrenaline and adrenaline (collectively called sympathin) in the 

hypothalamus was not accountable, at least to any significant extent, 

by the existence of vasomotor nerve terminals. More importantly, 

she observed that drugs which affected the behaviour of the animal 

(dog, cat and rat) also affected the levels of sympathin within those 

brain structures shown under control conditions to contain the highest 

concentrations. Apomorphine which induced excitement and sham rage 

and morphine and picrotoxin which evoked convulsions all resulted in 

a reduced concentration of sympathin in the hypothalamus. Although 

tentative, a link between brain catecholamines and behaviour had 

been made. More recently Bertler and Rosengren (1959) reported on the 

distribution of dopamine in the brain and peripheral tissues of a number 

of mammalian species. Although dopamine is an intermediate in the 

synthesis of noradrenaline and, according to these authors present in 

the brain in concentrations of the same order of magnitude as 

noradrenaline, its distribution could not be accounted for simply by 

its role as a precursor. The localisation of dopamine differed, with 

respect to its relative concentration, quite markedly from that of 

noradrenaline. Whereas high concentrations of noradrenaline were 

present in the diencephalon, mesencephalon and medulla oblongata only 

low levels of dopamine could be determined in these structures.

This is consistent with a precursor role for dopamine. Conversely, 

the highest concentration of dopamine was found in the corpus 

striatum in which very little noradrenaline was present. It was 

quite obvious that dopamine subserved other functions than simply



that of a precursor of noradrenaline.

Although the regional distribution of these substances does 

not alone provide evidence of their function, it has encouraged 

intensive research aimed at the analysis of their roles within the 

central nervous system, particularly in relation to behaviour.

The environmental stimuli responsible for the initiation of 

a particular behaviour do not readily allow themselves for experimental 

control, since they are largely unknown. To assume them constant may 

therefore be unjustified. For example, Welch and Welch (1968) found 

that the presence of fighting mice, physically barred from contact with 

but in the same environment as a non-fighting mouse resulted in a 

marked decrease in the levels of noradrenaline in the pons and medulla 

oblongata of the non-fighting mouse. They attributed the arousal of 

this animal to the sights, sounds and odours of the fighting mice and 

suggested that both physical and psychological stimuli may have the 

same gross effects on noradrenaline systems of the brain. With 

particular regard to physical stimuli at least. Bliss and Zwanziger 

(1968) observed that rats given repeated electric shocks to the feet 

had lower levels of noradrenaline in various regions of the brain when 

compared to similarly restrained controls. Although there were no 

changes in the endogenous levels of dopamine, treatment with the 

synthesis inhibitor « -methy1-p-tyrosine revealed that the rate of 

release of dopamine was increased by repeated footshocks. In 

partial agreement Thierry et al (1968) reported increased turnover 

of noradrenaline in the brainstem-mesencephalon and spinal cord of 

rats, but the disappearance of H"3-dopamine from the striatam and 

brainstem-mesencephalon was not affected. The differences between 

these observations may reflect the use of milder electric shocks 

in the latter case.



Direct electrical stimulation of brain structures can also 

elicit behavioural and biochemical changes, Gunne and Lewander (1966)
iimplanted electrodes into amygdaloid or lateral hypothalamic areas of 

cats which, following electrical stimulation of these areas exhibited 

the characteristic defence reaction or "sham-rage". Typically these 

alerted animals showed pupillary dilatation, hissing and growling and 

in those receiving hypothalamic stimulation, well-directed but 

indiscriminate attacking behaviour. Whether elicited from the hypo

thalamus or the amygdala this behaviour was accompanied by a fall in 

the noradrenaline content of the brainstem and telencephalon two 

to three hours later. If stimulation did not evoke the defence 

reaction then no fall in brain noradrenaline was observed. On the 

other hand the dopamine content of the telencephalon remained the same 

whether or not the animals exhibited rage, suggesting that noradrenaline 

is the important mediator of this behaviour. However, electrical 

stimulation of the lateral hypothalamus does not invariably evoke the 

defence reaction since such stimulation can be apparently rewarding.

In fact, rats implanted with bi-polar electrodes in the medial forebrain 

bundle (MFB) at the level of the mamillary bodies, will bar press at 

high rates in order to receive electrical stimulation (Wise and Stein,

1969). These authors reported that drugs which might be expected to 

lower brain noradrenaline (i.e. disulfiram and diethyl dithiocarbamate) 

reduced the rates at which rats would bar-press to obtain self

stimulation. Injection of 1- or dl- noradrenaline into the contra

lateral ventricle returned the level of activity to control levels in 

a few minutes. Neither the d-isomer of noradrenaline or dopamine 

reinstated bar-pressing behaviour at any of the doses used, but in the 

same animals an injection of the 1-isomer restored activity to normal. 

The functional significance of these results is difficult to elucidate



particularly in regard to the site at which noradrenaline may be acting. 

However, in a previous communication Stein and Wise (196 9) reported 

that noradrenaline and its metabolites could be recovered from 

solutions perfused through the hypothalamus and amygdala following 

rewarding stimulation of the medial forebrain bundle. The cimygdalo- 

hypothalamic system would appear to be important in the production 

of this behaviour.

Manipulation of catecholamine function within the brain 

modifies not only artificially induced behaviours such as rage and 

self-stimulation but also normal "ongoing" behaviour. Using the 

Animex activity meter to measure spontaneous locomotion in the rat, 

Benkert and Kbhler (1972) observed the effects of noradrenaline and 

dopamine injected directly into the brains of conscious rats. 

Noradrenaline (65.0yg base) when injected into the ventromedial nucleus 

of the hypothalamus evoked motor hyperactivity which was significantly 

greater than in controls (saline only) throughout the 60 minute 

recording period. Although not as marked, dopamine (59.0yg base) 

injected in a similar manner resulted in the same elevation of general 

activity. The motor hyperactivity was characterised by quick running, 

restlessness and seeking behaviour but some abnormal (ataxic) movements 

were also noted. The administration of these substances to the 

caudate nucleus, an area rich in dopamine (Bertler and Rosengren, 1959) 

evoked only a transient hyperactivity, some animals exhibiting 

transient stereotypies and contra-lateral turning behaviour. Although 

the concentrations of dopamine and noradrenaline applied to these 

areas represented something like 100 times the total brain content of 

these substances, a functional capacity in the mediation of motor 

activity was proposed. Previously, Sparber and Luther (1970) reported 

that the levels of dopamine in the brain stem-mesencephalon of



of active ovariectomised rats was lower than that in passive ovari- 

ectomised rats, suggesting a role for dopamine in ongoing motor 

activity. In addition, 'active' rats which had been subjected to 

restraint did not show the decline in brainstem-mesencephalic 

dopamine observed in 'active' unrestrained rats suggesting that the 

fall in dopamine was the result of locomotor behaviour. However,

Geyer et al (1972) reported that although intraventricular injection 

of both dopamine and noradrenaline increased locomotor activity, the 

effect of dopamine could be abolished by prior treatment with 

imipramine an inhibitor of noradrenaline re-uptake. This would imply 

that the behavioural responses to dopamine were the result of its 

conversion to noradrenaline. In support of this idea, haloperidol 

which blocks dopamine receptors, did not antagonise the behavioural 

excitation induced by dopamine. In a further paper (Geyer et al 

1973) these authors observed that the hyperactivity of rats treated 

intraventricularly with dopamine could be abolished by systemically 

administered reserpine. On the contrary, the response to ICV 

noradrenaline was potentiated by reserpine pretreatment. They argued 

that if reserpine affected the vesicular uptake processes then the 

conversion of dopamine to noradrenaline* could not take place and 

therefore the hyperactivity to injected dopamine would not ensue.

The potentiation of noradrenaline reflected most probably, the 

reserpine-induced deficit in the terminal vesicular and therefore 

neuronal uptake processes leading to more effective concentrations 

of noradrenaline at the post-synaptic receptors. In any case a 

distinct role for noradrenaline in the maintenance of general 

locomotor activity would be the obvious conclusion.

As Bertler and Rosengren (1959) reported,the highest levels of 

dopamine were to be found in the caudate nucleus, and it is therefore
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not surprising that the function of dopamine in the mediation of 

behaviour has been examined through its effects on this brain area.

Cools et al (1971) observed the effects of dopamine and of 

its metabolites, 3-methoxytyramine (3-MT) and 3,4,-dihydroxyphenyl- 

acetic acid (DOPAC) applied to the area rostro-medialis of the 

caudate nucleus in conscious cats. Both dopamine and 3-MT, but not 

DOPAC evoked complex behaviour patterns that were considered, at 

least with respect to saline-treated controls, to be abnormal. 

Elements of these behaviour patterns included vertical head movements 

with alternate lifting of the forelimbs and a consistent observation 

was that most of this activity was directed to the side, contra

lateral to that of the injections. As with DOPAC, noradrenaline 

failed to evoke any of these stereotypic responses. On the other 

hand oc -methyl-p-tyrosine resulted 25 minutes after its unilateral 

administration to the caudate nucleus, in a predominance of homo

lateral stereotypies which could be reversed by application of 

dopamine. In a similar fashion haloperidol evoked persistent 

homolateral turnings of the head and eyeballs, homolateral ptosis 

and homolateral contractions of the facial muscles. Dopamine, but 

neither DOPAC, 3-MT or noradrenaline reversed these effects of halo

peridol. It was clear that dopamine subserved a function within 

the caudate nucleus and in particular. Cools et al (1972) suggested 

that it may activate inhibitory synapses restricted to the caput 

caudati rostromedialis. Application of dopamine to the area antero- 

ventralis of the caudate nucleus did not evoke the characteristic 

athetoid and choreiform movements observed with more centrally 

located injections. In addition, Costall et al (1972) observed that 

amphetamine-induced stereotypy could be antagonised by haloperidol 

applied directly to the caudate nucleus or globus pallidus, 'two
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dopamine-rich areas. These authors pointed out that since the 

pallidum was more sensitive to both d-amphetamine and haloperidol 

this nucleus may serve a more important function than the caudate 

nucleus in the mediation of stereotypic and cataleptic behaviour.

In either case dopamine was considered to subserve a neurotransmitter 

function responsible for these behaviour patterns.

It is apparent from this short summary that attempts to 

attribute particular behaviours of an organism to ongoing activity 

within either noradrenaline- or dopamine-containing neurons of the 

central nervous system have not been entirely successful. However, the 

limited extent of this success does not reflect particular inadequacies 

in experimental approach but more probably the error in attempting to 

confer upon one particular neuron system of the brain, control of the 

complex and continuous processes that emerge overtly, as behaviour.

The same can be said for the apparent functions that noradrenaline and 

dopamine containing neurons subserve in the mediation of avoidance 

conditioning, learning and memory.

Probably the major difference between conditioned behaviour 

and the behaviours summarised above e.g. stereotypy and locomotion, 

is that in the former the particular inductive stimuli responsible 

for its occurrence are known to the experimenter and therefore, can 

be controlled. However, merely having knowledge of these inductive 

stimuli does not allow the experimenter knowledge of or control 

over the neuronal circuitry of the CNS through which these stimuli 

will pass and thereby evoke behaviour. In this way conditioned 

behaviour differs little, if at all from other overt activities 

of the organism. It is therefore not surprising that drugs which 

affect spontaneous locomotion for example, also modify conditioned



behaviour.

Disruption of catecholamine function adversely affects the 

ability of animals to utilise coincidental stimuli in order to avoid 

further potentially harmful stimuli. Reserpine-induced reversal of 

conditioned avoidance responding was reported by Seiden and Peterson 

(1968a) to be antagonised by the systemic administration of 1-dopa 

(3,4-dihydroxyphenyl alanine), an intermediate in the de novo 

synthesis of dopamine and noradrenaline. Using two strains of mice 

(C57 and DBA-1) showing inbred differences in the metabolism of 1-dopa, 

a correlation was made between the'accumulation of brain dopamine, 

following 1-dopa treatment, and the reinstatement of conditioned 

responding. In the C57 strain, maximum reversal of reserpine-suppressed 

conditioned responding was evident for up to 10 minutes after 1-dopa, 

whereas in the DBA mice reversal lasted for 35 minutes. The bio

chemical profiles showed the peak in dopamine levels was attained 

15-20 minutes after 1-dopa administration in the C57 strain and after 

30 minutes in the DBA mice. These authors regarded the concentration 

of brain dopamine, estimated at any one time, to represent a balance 

between its synthesis and degradation and noted that the period of 

net synthesis (dopamine accumulation) corresponded to that in which 

conditioned responding was restored. Since inhibition of 1-aromatic 

acid decarboxylase by administration of a large dose of R04-4602 

prevented reserpine-reversal by 1-dopa, these authors concluded 

that a metabolite of 1-dopa was responsible for the observed effects. 

However, a definitive conclusion regarding the relative importance 

of dopamine and noradrenaline in the maintenance of avoidance 

behaviour could not be made. Inhibition of dopamine-3-hydroxylase 

with disulfiram resulted in a marked attenuation in the effectiveness 

of this 1-dopa treatment and therefore Seiden and Peterson (1968b)
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concluded that noradrenaline subserved an important function in 

avoidance responding, as did dopamine. Although these authors 

reported that disulfiram alone did not affect conditioning, Krantz 

and Seiden (1968) observed that the active metabolite of 

disulfiram (diethyldithiocarbamate) administered systemically to 

rats adversely affected shuttle-box behaviour. They tentatively 

linked depletion of brain noradrenaline and disruption of 

avoidance responding. Voith and Herr (1971) reported, that in a 

fashion similar to reserpine, tetrabenazine effectively disrupted 

avoidance behaviour in the albino rat, without affecting the animal's 

ability to escape from foot-shock. The tricyclic antidepressants 

imipramine and desmethylimipramine at all doses used, failed to modify 

the avoidance behaviour of tetrabenazine-treated rats but effectively 

reversed the ptosis and hunch-backed posture that were concomitantly 

induced. The onset of complete disruption of responding was lengthed 

by these drugs but never reversed, although the escape latencies were 

often shorter than controls. Inhibition of mono-amine oxidase with 

either iproniazid or pargyiine prevented the tetrabenazine-induced 

reversal as did pre-treatment with amphetamine. These authors argued 

that although the availability of noradrenaline provides a more 

excitable state in which the animal readily responds to the electric 

shock, both noradrenaline and dopamine are necessary for maintenance 

of conditioned responding. It is apparent however, that both classes 

of antidepressants used affect the metabolism of the indoleamines 

as well as that of the catecholamines and therefore a role for 5-HT 

could equally have been argued.

In an attempt to clarify further the distinction between the 

various monoamines of the CNS, Hanson (1965) observed the effects of 

selectively inhibiting catecholamine synthesis, with = -methyl-p- 

tyrosine ( œ -MT) on conditioned behaviour, in both the cat and rat.
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Cats were trained in a shuttle-box.and rats trained to bar-press in 

order to avoid an electric shock applied to the feet. In both species 

cc-MT completely abolished conditioned responding and, in a manner 

similar to that observed in reserpine-treated animals (Seiden et al, 

1968a) administration of 1-dopa produced effective but short lived 

reversal. Estimations of monoamines in the brains of both species 

revealed a marked depletion of dopamine and partially of noradrenaline 

following synthesis inhibition which corresponded to the depression 

of avoidance activity. 5-hydroxytryptamine levels on the other 

hand remained unchanged in both cat and rat. These experiments served 

to show the importance of catecholamines for the maintenance of 

conditioned behaviour and, if the relative concentrations of each 

can be assumed to be a measure of this importance, that dopamine has 

a more significant role. In agreement with this Moore et al (1967a) 

observed that 1-dopa completely antagonised the behavioural depression 

induced by « -methyl-p-tyrosine and in a further paper (Moore and 

Rech, 1967b) reported that animals pre-treated with a mono-amine 

oxidase inhibitor showed less severe deficits in shuttle-box activity 

than those receiving the synthesis inhibitor alone. A correlation 

was made between the depression of avoidance performance and the 

severity of catecholamine depletion in the telencephalon (dopamine) 

and brainstem (noradrenaline).

Ungerstedt (1968) reported that catecholamine depletion in the 

central nervous system of the rat could be achieved by the intra

cerebral administration of 6-hydroxydopamine (2,4,5,-trihydroxyphenyl- 

ethylamine). Injection of 6-hydroxydopamine into either the nucleus 

caudate-putamen or the zona compacta of the substantia nigra 

revealed extensive and complete degeneration of dopamine-containing 

nerve terminals in the caudate nucleus, ipsilateral to the side
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of the injection. The cell bodies of the substantia nigra also 

showed a lack of green fluorescence normally characteristic of this 

area when viewed under the fluorescence microscope. In addition, 

Ungerstedt (1968) reported motor disturbances following unilateral 

6-hydroxy dopamine injections in rats which consistently turned 

towards the side ipsilateral to that of the injection. Using this 

information Laverty and Taylor (1970) observed the effect of 

intraventricularly administered 6-hydroxydopamine on the catecholamine 

levels of the CNS and on the performance of rats in a shuttle-box 

avoidance situation. Severe deficits in avoidance behaviour were 

observed at a time when the levels of noradrenaline in the thalamus- 

midbrain, cortex, cerebellum, pons-medulla and striatae were markedly 

reduced. The concentration of dopamine in the striatum however, 

remained at control levels for 2 days following this treatment, 

suggesting that the depression of behaviour resulted from deficits in 

noradrenergic nerve function within the CNS. Although the levels of 

both noradrenaline and dopamine in the whole brain remained severely 

depleted for 32 days following 6-hydroxydopamine treatment, avoidance 

responding was normal in most animals after a period of 8 days. This 

temporary effect was not due to subsequent re-learning. (Laverty 

and Arnott, 1970). To delineate further the involvement of catechol

amines in the mediation of avoidance behaviour and more particularly 

the relative roles of each, Taylor and Laverty (1972) observed the 

effects of a number of drug treatments on 6-hydroxydopamine-induced 

depression of pole-climbing activity in rats. Desmethylimipramine 

administered systemically prevented the marked decrease in nora

drenaline but did not reverse the behavioural depression. On the 

other hand d- and 1-amphetamine antagonised the 6-hydroxydopamine- 

induced depletion of whole brain dopamine and rats thus treated were
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able to maintain their conditioned behaviour at levels significantly 

superior to control animals. These authors concluded that dopamine- 

containing neurons were of particular importance in the execution of 

avoidance behaviour. In support of this contention Taylor et al (1972) 

reported that neonatal rats treated systemically with 6-hydroxydopamine, 

in which there was reduction in brain noradrenaline from birth, 

showed no deficit in their acquisition of a conditioned avoidance 

response. On the contrary. Cooper et al (1972) observing the effect 

of intracisternally administered 6-hydroxydopamine on rat behaviour 

in the shuttle-box found that the preferential depletion of nora

drenaline resulted in facilitation of acquisition of the response. 

However, specific depletion of dopamine using 6-hydroxydopamine/ 

desmethylimipramine combinations did not adversely affect shuttle-box 

behaviour which would not support the proposals of Taylor and Laverty 

(1972). In order to explain these results Cooper et al (1972) argued 

that the decrease in catecholamine concentrations produced by these 

various drug regimens may not have been sufficient to produce the 

expected behavioural deficits. Possible support for this may be 

gained from their observation that pargyline/6-hydroxydopamine 

administration completely abolished acquisition of the avoidance 

response and at the same time reduced brain noradrenaline and 

dopamine levels to 11% and 5% of control levels, respectively.

Using operant conditioning in which rats were trained to 

lever press once every 20 seconds to obtain a food reward,

Ahlenius and Engel (1972) reported that inhibition of dopamine-3” 

hydroxylase, which was expected to reduce brain noradrenaline 

concentrations, disrupted this behaviour. The effects of FLA-63 

were essentially the same as those obtained with amphetamine in 

that the intervals between successive bar-presses were significantly



u
shorter than those exhibited in the non-drugged state. These authors 

suggested that depletion of noradrenaline removed a tonic inhibitory 

influence which allowed stereotypic activity, mediated by dopamine 

systems to prevail. Such an inhibitory influence of noradrenaline 

would support the observations of Cooper et al (1972),

The evidence cited so far implicating catecholamines in the 

control of avoidance behaviour has been derived from experiments of 

essentially the same design. Changes in behaviour have been 

observed following the administration of drugs which deplete central 

mono-amine neurons of their transmitter content, either by 

destruction (e.g. 6 hydroxydopamine) by disruption of storage 

processes (e.g. reserpine and tetrabenazine) or by synthesis 

inhibition (« -methyl-p-tyrosine). In order to correlate these 

changes with transmitter content of the CNS catecholamines have 

been estimated spectrofluorimetrically in whole brain or individual 

brain regions following homogenisation. In such experiments the 

heterogeneity of the CNS is lost and as Cooper et al (1972) pointed 

out "the anatomical location as well as the overall extent of brain 

catecholamine destruction is probably important". To this end Fuxe 

and Hanson (1967) have utilised a novel approach. They argued that 

since the rate of catecholamine depletion after treatment with 

inhibitors of catecholamine biosynthesis is highly dependant upon 

nervous impulse flow (AndeTi et al 1966) then neurons responsible 

for the control of avoidance behaviour should show a relatively more 

rapid loss of transmitter content. Rats were treated with ^ -methyl- 

p-tyrosine and trained to bar-press in order to avoid footshock.

The brains were then analysed using the histofluorimetric method of 

Anden et al (1964). In animals exposed to the training procedure 

there was a more rapid depletion of noradrenaline in most of the
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noradrenaline terminals of the brain when compared to untrained rats.

In a similar fashion, but to a lesser degree dopamine was depleted 

from the nerve terminals of the nucleus caudatus-putamen, nucleus 

accumbens and tuberculum olfactorium, but not from the median eminence. 

Application of footshock alone did not accelerate the loss of 

catecholamines. It was concluded that noradrenaline and to a lesser 

extent dopamine subserved important functions in the central processes 

of avoidance behaviour, and in particular, processes other than those 

of stress.

Further evidence supporting the view that activity in central 

dopamine systems may be related to avoidance behaviour has been 

inferred by Davies, Jackson and Redfern (1974a). They reported that 

in their experiments, a number of drugs believed to affect dopamine 

transmission and/or activity at the synapse, increased the rate at 

which rats acquired a conditioned avoidance response. This effect 

of amantadine, amphetamine and of 1-dopa was observed to be dose- 

related up to a maximum, after which, further increases in drug 

concentration resulted in inhibition of response acquisition. In 

support of their proposal that dopamine-containing neurons were 

important for the acquisition and maintenance of avoidance 

behaviour Davies and Redfern (1974b) reported that amantadine, found 

to be most potent in the acquisition studies, effectively antagonised 

the suppression of conditioned behaviour induced by the neuroleptic 

drug, haloperidol. They argued that since haloperidol may interfere 

with avoidance responding through blockade of dopamine receptors 

(Janssen, 1967), drugs which reverse this depression may do so through 

facilitation of dopamine function in the CNS.

In addition,it was suggested that although their results 

could be explained solely in terms of dopaminergic mechanisms in
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the striatum, other dopamine systems, such as those of the limbic 

system may be responsible for the observed drug effects.

In support of this proposal it was noted that a new neuro

leptic drug, clozapine, induced a greater increase in homovanillic 

acid levels (the major metabolite of dopamine) in the limbic system 

than in the striatum of the rabbit (Anden and Stock, 1973). Since 

clozapine also interfered with conditioned behaviour in the rat 

(Stille et ah 1971) the possibility existed that the depressant 

effects of neuroleptic drugs on avoidance responding reflected an 

action on dopamine function in the limbic system. In particular 

Ungerstedt (1971) has demonstrated the presence of dopamine- 

containing nerve terminals in the rat amygdala, a component structure 

of the limbic system subserving important functions in the acquisition 

and maintenance of avoidance behaviour.
i

Since the evidence implicating the amygdala in the mediation 

of conditioned avoidance behaviour is based predominantly on lesion 

studies, a description of its anatomy will be given before considering 

the evidence in detail.

Anatomy of the Amygdala

In the rat the amygdala (Gk. almond shape) forms a part of the 

rhinencephalon or limbic system and consists of a mass of grey matter 

situated deep within the temporal lobe. On the basis of comparative 

anatomical studies the amygdala is traditionally sub-divided into 

basolateral and corticomedial complexes. The former consists of the 

lateral nucleus and of the large-celled lateral and small-celled 

medial parts of the basal nucleus. The phylogenetically older 

corticomedial complex consists of the cortical, medial and central
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nuclei and of the nucleus of the lateral olfactory tract (Johnston, 

1923). The central nucleus is further subdivided into two parts one 

retaining the name of central nucleus and the other called the anter

ior amygdaloid area (Gurdjian, 1928). On grounds of their anatom

ical positions the anterior amygdaloid nucleus and the nucleus of the 

lateral olfactory tract are considered together as forming the 

anterior group of nuclei (Hall, 1972). Still further subdivisions 

of these nuclei have been proposed, based upon fibre projections and 

functional characteristics; on this basis the main category differen

ces are that the medial small-celled part of the basal nucleus is 

included in the medial group of nuclei (Hall, 1972),

The basal nucleus lies between the lateral and medial nuclei 

and inferior to the central nucleus. Its subdivision into the large- 

celled lateral and small-celled medial parts has already been mention

ed. In addition, some anatomists consider that the intermediate zone, 

which represents a transitional area between these two parts, to be 

sufficiently circumscribed as to constitute a third sub-division.

(Hall, 1972).

The cortical nucleus lies superficial to the basal nucleus 

and extends from the amygdaloid fissure to the medial nucleus.

The central nucleus lies dorsally, bounded superiorally by 

the globus pallidus and laterally by the nucleus caudatus-putamen.

In the rat this amygdaloid nucleus has been further subdivided into 

small-celled lateral and larger-celled medial portionsr the former 

being separated from the caudate nucleus by a cell poor zone.

The lateral nucleus lies immediately ventral to the putamen 

and medial to the external capsule. It has also been divided into 

a dorsal small-celled and a ventral larger-celled area separated



Figure 1.1

18

//
//

SP

ala

St

ac
ala
alp
am
abl
aco
cp
gp
ST
TO
ni
na
hvma
tv
CAI
Hi
VIII

central amygdaloid nucleus
anterior part - lateral amygdaloid nucleus
posterior part - lateral amygdaloid nucleus
medial amygdaloid nucleus
lateral part - basal amygdaloid nucleus
cortical amygdaloid nucleus
caudate-putamen
globus pallidus
stria terminalis
optic tract
lateral hypothalamic nucleus
anterior hypothalamic nucleus
anterior ventromedial hypothalamic nucleus
ventral thalamic nucleus
internal capsule
hippocampus
3rd ventricle



19

by a poorly defined border (see figure 1.1).

The projection field of the Amygdala

The fibre system leaving the amygdala comprises two major 

sub-cortical pathways, the stria terminalis dorsally, which swings 

around the internal capsule and the ventral "amygdalo fugal" system 

which passes underneath. Although once considered as purely 

efferent (Gloor, 1960) the stria terminalis and the ventral 

"amygdalo-fugal" system both contain amygdalo-fugal and amygdalo- 

petal fibres (hammers, 1972).

Efferent (amygdalo-fugal) connections

The stria terminalis consists of three component systems, a 

dorsal, ventral and a commissural.

The dorsal component, which originates in the medial and ;

cortical nuclei divides along its path at the level of the anterior 

commissure into three parts i.e. the supra-commissural, retro- 

commissural and commissural.

The supra-commissural component divides still further into 

parolfactory (pre-commissural proper) and hypothalamic radiations.

The parolfactory division terminates in the laterobasal septum, the 

nucleus accumbens septi and in the paleocortical formation of the 

olfactory tubercle. Lesions of the caudomedial one third of the 

cortical amygdaloid nucleus result in terminal degeneration in the 

nucleus accumbens septi, the olfactory tubercle and in Diepen's 

nucleus tuberis lateralis. This suggests that the parolfactory 

division originates in the caudomedial part of the cortical nucleus.

The further division of the supra commissural component which 

passes onwards to the hypothalamus sends fibres to the medial preoptic
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hypothalamic area and also to both the dorsal and ventral premamillary 

nuclei. However, the majority of fibres within this division terminate 

in the cell poor zone surrounding the ventromedial hypothalamic 

nucleus. The retro-commissural fibres of the dorsal component of the 

stria terminalis terminate mostly in the area of the post-commissural 

component of the bed nucleus of the stria terminalis. Other fibres 

overlap rostrally with the supra-commissural component in the medial 

preoptic-hypothalamic region. Lesions of the caudal parts of the 

medial nucleus of the amygdala reveal terminal degeneration in the 

accessory olfactory bulb and in the more medial hypothalamic nuclei 

suggesting that the sites of origin of the supra-commissural (hypothal- ' 

amic radiation) and retro-commissural components of the dorsal division 

are within this nucleus. The rostral portions of the corticomedial 

complex do not contribute to the formation of the dorsal component of 

the-stria terminalis (De Olmos, 1972).

Lying below the aforementioned dorsal division of the stria 

terminalis is the ventral or post-commissural component. This ventral 

system of fibres is separated into lateral and medial divisions 

through the intervention of the commissural component (see below) 

of the stria terminalis. The lateral part which originates in the 

lateral and basal-lateral amygdaloid nuclei and in the nucleus 

amygdaloideus centralis terminates almost entirely in the lateral 

portion of the bed nucleus of the stria terminalis. Since lesions 

of the central nucleus may simply damage fibres coursing through, 

inferences of its participation in the formation of the lateral 

division of the ventral component of the stria terminalis may be 

unjustified. Degeneration in the ventromedial hypothalamic 

nucleus, retrochiasmatic area and in the ventral premamillary nuclei 

of the hypothalamus occurs following lesions of the medial aspect.of
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this ventral fibre system. This medial segment appears to originate 

in the rostral two thirds of the medial amygdaloid nucleus and perhaps 

from the basal medial nucleus also. Collectively the ventral compon

ent of the stria terminalis supplies the medial preoptic hypothalamic 

area, the basal (Diepen's nucleus tuberis lateralis) and medial 

tubera1 regions of the hypothalamus and the whole of the ventromedial 

hypothalamic nucleus. There is little doubt that the amygdalo-hypo- 

thalamic system is an important one, simply from its vast inter

connectivity.

Finally, the commissural component of the stria terminalis, 

which originates in the nucleus of the lateral olfactory tract, 

sends abundant fibres to the ipsilateral and contralateral bed 

nuclei of the anterior commissure. Like the dorsal and ventral 

components the commissural division is also divided. Its dorsal 

system of fibres although sending radiations to a small area of 

its bed nucleus, terminates mostly in the caudomedial part of the 

magnocellular division of the lateral amygdaloid nucleus. The 

ventral division of this commissural component terminates in the cell 

masses surrounding the posterior limb of the anterior commissure and 

also in the anterior magnocellular part of the lateral amygdaloid 

nucleus. Since lesions of the ipsilateral nucleus of the lateral 

olfactory tract produced no degeneration in the contra-lateral 

nucleus,this component of the stria terminalis cannot be considered 

as truly commissural but decussative only (De Olmos, 1972).

In the rat, the ventral "amygdalofugal" system may originate 

completely from extra-amygdaloid sites although participation of the 

basolateral amygdaloid complex, as well as the periamygdaloid complex 

is not certain (De Olmos, 1972). Degenerating nerve terminals 

appear in both diencephalic and telencephalic structures following
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experimental lesions of the periamygdaloid and basolateral amygdaloid 

complexes. It is apparent therefore that the amygdala has connections 

with structures of the prosencephalon, although the observed 

degeneration may reflect damage to periamygdaloid fibres that only 

course through the basolateral complex of the amygdala.

Fibres from the basolateral complex and from the piriform 

lobe join together to form a fantail of connections that progress 

rostrally. Of the telencephalic structures innervated by these 

fibres experimental destruction of the anterior amygdaloid area 

reveals terminal degeneration in the anterior olfactory nucleus.

In addition,lesions of the rostral and dorsal portions of the medial 

nucleus, of the basal-medial nucleus and of the medial aspect of the 

basolateral complex result in degeneration of a fibre system that 

supplies, amongst other structures, the remainder of the amygdaloid 

nuclei. The medially placed fibres of the amygdalo-piriform rostral ; 

projection system (rostral fantail system) decussate from the main 

bundle and go to form the lateral portion of the ventral component of 

the stria terminalis which terminate in the lateral aspect of the bed 

nucleus of this dorsal amygdaloid pathway. Passing rostrally between 

the central and lateral amygdaloid nuclei the remaining portions of this 

bundle form the "compact" part of the amygdalo-piriform projection 

system, traditionally known as Johnston's longitudinal association 

bundle (Gloor, 1960) . At the level of the cephalic end of the nucleus 

amygdaloideus centralis a diffuse fibre system leaves this compact 

bundle to innervate the substantia innominata and the ventral portion 

of the bed nucleus of the stria terminalis. The lateral division, 

which comprises the main protiOn of the longitudinal association 

bundle sends fibres to the caudate-putamen, the interstitial nucleus 

of the posterior limb of the anterior commissure, the posteroventral
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part of the nucleus accumbens septi and the medial part of the olfact

ory nucleus. The "compact" bundle of the amygdalo-piriform projection 

system supplies the medial and caudal parts of the general telencephalic 

system. Although fibres of the ventral portion of the stria terminalis 

supply the medial nuclei of the pre-optic-hypothalamic region, fibres 

of this longitudinal association bundle innervate more laterally 

located nuclei.

As a definitive counterpart of the "compact" bundle of the 

amygdalo-piriform projection system there is a "diffuse" amygdalo- 

fugal system composed of thick and fine fibred parts. The thick 

fibred portion which originates in the piriform cortex reaches the 

lateral portion of the nucleus of the horizontal limb of the diagonal 

band and also the pre-commisural and supra-commissural hippocampus. 

Originating partly from the piriform lobe and partly from the 

amygdala, the fine-fibred portion of the "diffuse" amygdalofugal 

system consists mostly of intra-amygdaloid fibres (see below).

Both the "compact" and "diffuse" divisions of the amygdalo- 

piriform rostral projection system are responsible for a part of the 

innervation of the diencephalon. Fibres of the longitudinal 

association bundle are scattered diffusely through the caudal dorso

lateral aspect of the lateral pre-optic area. Terminals overlap 

with those of the post-commissural (ventral) component of the stria 

terminalis in the ventrocaudal portion of the bed nucleus of the 

stria terminalis, which is in contact with the lateral pre-optic 

hypothalamic nucleus. Passing ventrally some fibres end in a rim of 

small cells close to the dorsomedial margin of the nucleus of the 

horizontal limb of the diagonal band (see above) and still others 

run caudally in the medial forebrain bundle and supply, in part, the 

rostral part of the lateral hypothalamus. Within the "diffuse"
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portion of the amygdalo-piriform projection system the thick-fibred 

component, which accounts for the largest part of this system runs in 

the medial forebrain bundle to the diencephalon. It forms part of the 

inferior thalamic peduncle and of the stria medullaris thalami.

Upon destruction, terminal degeneration is found in the lateral 

hypothalamus, the nuclei gemini, the dorsomedial and ventromedial 

thalamic nuclei and the lateral habenular nucleus. Lesions of the 

central amygdaloid nucleus, including slight involvement of the 

sublenticular portion of the substantia innominata evoke extensive 

degeneration of fibres running in the medial forebrain bundle. As 

a result terminal degeneration is found in the lateral hypothalamus. 

Since lesions of the periamygdaloid cortex and basolateral complex 

do not result in such extensive degeneration as do lesions of the 

central nucleus, it is thought that the latter is responsible, at 

least in part, for the formation of this part of the projection 

system running in the medial forebrain bundle. A system of very 

fine fibres passing from the dorsal areas of the amygdala and 

directed ventro-medially terminate in the ventro-lateral hypothalamus. 

Other terminals are present around the cells of a flattened subcapsular 

region between the retrolenticular part of the internal capsule above 

and the dorsal supra-optic commisure and optic tract below. This 

represents the counterpart in the rat of the medial amygdalo-hypo- 

thalamic tract of higher species. An important fact with respect to 

this system is that lesions confined to the nucleus amygdaloideus 

centralis (and of the rostral part of the medial nucleus) evoke 

degeneration of this medial amygdalo-hypothalamic system more so than . 

do lesions of the piriform-basolateral amygdaloid complex. This 

suggests an important contribution to this pathway is made by the cell- 

bodies of the central amygdaloid nucleus.
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Afferent (amygdalo-petal) connections

Amygdalo-petal fibres are divisible into two main projection 

systems; diencephalic and olfactory (Cowan, et al 1965).

Of the olfactory connections there are systems of neurons 

that reach the amygdaloid nuclei via both direct and indirect routes. 

Removal of the olfactory bulb of one side (Cowan et al, 1963) results 

in severe degeneration in the anterior olfactory nucleus, the lateral 

olfactory tract and in the anterior limb of the anterior commissure. 

Neurons coursing in the lateral olfactory tract terminate in the 

nucleus of this tract and in the medial and cortical amygdaloid 

nuclei and represent the direct olfactory projection. Additional 

neurons of the lateral olfactory tract synapse within the superficial 

layers of the pyriform cortex which borders the lateral aspect of 

the amygdala proper. Fibres leave the pyriform cortex to enter the 

longitudinal association bundle of Johnston (1923) and terminate, at 

least in part, in the lateral and basal nuclei of the amygdala. These 

neurons constitute the indirect olfactory projection to the amygdala. 

Although degeneration of pre-terminal fibres occurs in the cortical 

and medial nuclei following ipsilateral removal of the olfactory bulb, 

there is a complete absence of degeneration in both the nucleus 

amygdaloideus centralis and in its apparent continuation, the bed 

nucleus of the stria terminalis. It appears therefore that the direct 

olfactory projection to the corticomedial complex of the amygdala 

is more restricted than that suggested by Gloor (1960).

The diencephalic projection to the amygdala arises mainly 

from the hypothalamus.

A large lesion of the lateral pre-optic area, extending from 

the level of crossing of the anterior commissure rostrally to just
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behind the optic chiasma caudally, probably interrupts, all of the 

neurons passing from the diencephalon to the amygdala {Cowan et al,

1965). The diencephalic projection to the amygdala can therefore 

be viewed in its entirety following such a lesion. Degenerating 

fibres were found to enter the amygdala via two distinct pathways; 

dorsally, via the stria terminalis and ventrally through the 

anterior amygdaloid area. The dorsal system of fibres pass caudally, 

from the lesion . in the stria terminalis and upon entering the 

amygdala pass laterally around the ventral border of the central 

amygdaloid nucleus where they blend with those arising in the ventral 

pathway. This system of fibres extends from the lateral aspect of 

the lesion, with extensive damage to the lateral pre-optic and lateral 

hypothalamic regions, directly into the anterior amygdaloid area.

The degeneration observed in this pathway was quite extensive suggesting 

that the ventral system of neurons represent an important diencephalic 

projection to the amygdala. However, the amygdaloid nuclei innervated 

by these two systems of fibres appears to be the same for each, 

since section of the stria terminalis in its mid-course (which leaves 

the ventral system undamaged) resulted in a similar pattern of 

degeneration. Extensive pre-terminal degeneration occurred in the 

posterior large-celled part of the lateral amygdaloid nucleus but 

the anterior small-celled area was free of degeneration. Similarly, 

the basal nucleus showed extensive degeneration in its lateral aspect 

(basal-lateral nuclei) which was clearly demarcated from the sparse 

degeneration in the basal-medial nucleus. The diencephalic inner

vation of the corticomedial complex was found to be extensive in 

the medial nucleus, less so in the cortical nucleus and absent from 

the central nucleus (as with the olfactory projection) since no 

pre-terminal degeneration was observed within this area (Cowan et al 

1965). However, fibres passing laterally through its ventral one
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third could be seen to be fragmented following the lesion within the 

hypothalamus. These fibres passed into the lateral amygdaloid nucleus.

Lesions involving the medial forebrain bundle at the level of 

the caudal hypothalamus and rostral midbrain, in addition to those at 

the level of the mamillary nuclei do not result in pre-terminal 

degeneration in either the stria terminalis or the ventral pathway.

This suggests that the diencephalic projection to the amygdala by

way of these two pathways, arises mainly within the rosti.al hypothalamus.

Although lesions of the "diffuse" portion of the amygdalo- 

pyriform projection system result in terminal degeneration in the 

dorsomedial and ventromedial thalamic nuclei, destruction of the 

dorsomedial nucleus including the medial part of the antero-dorsal 

nucleus and the parataenial and paraventricular nuclei of the 

thalamus, does not evoke degeneration in any of the principal 

amygdaloid nuclei. The reciprocal innervation of the amygdaloid 

projection field does not appear to hold for the thalamic nuclei, 

as it does for those of the hypothalamus.

Intrinsic fibre system of the amygdala

In addition to the amygdalo-fugal and amygdalo-petal 

elements of the stria terminalis and of the ventral "amygdalo-fugal" 

system, the amygdala has a well developed intrinsic network of fibres, 

which course from one nucleus to another. Although passing through the 

amygdala are fibres from the pyriform cortex which may also be 

interrupted by an experimental lesion within amygdaloid nuclei, there 

is substantial evidence to suggest the presence of intra-amygdaloid 

connections (De Olmos, 1972).

The medial amygdaloid nucleus receives very few intra-
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amygdaloid connections. An interesting feature of this nucleus is 

the presence of an intrinsic system of fibres within itself. The 

caudal laminar and dorsal portions of the nucleus amygdaloideus 

medialis receive afferents from and project efferents to its rostral 

parts. This in turn receives afferent connections from the basal- 

medial and cortical nuclei and the caudal part of the cortical 

nucleus may project although perhaps only minimally, to the 

adjacent portion of the medial nucleus.

Afferent connections to the rostral portion of the cortical 

nucleus are few, this area being especially important for its 

efferent supply to the medial amygdaloid nucleus. However, the 

remainder of this nucleus receives a rich supply of fibres from the 

basolateral complex as a whole and also from the ventral portion of 

the peri-amygdaloid complex. Neurons from this nucleus may also pass 

to the basal-medial and central amygdaloid nuclei.

The anterior amygdaloid area, which is a sub-division of 

the central nucleus (Gurdjian, 1928) is supplied with intra-amygdaloid 

afferents from the basal-lateral and perhaps also from the basal- 

medial nuclei. However, lesions of the basal-lateral and basal- 

medial nuclei which include the anterior magnocellular portion of the 

lateral nucleus result in feeble terminal degeneration in the 

posterior parvocellular portion of this nucleus, suggesting its 

sparse innervation. Such lesions do however evoke more conspicuous 

degeneration in the nucleus of the lateral olfactory tract, a part 

of the anterior amygdaloid nuclei, and in the lateral half of the 

posterior portion of the cortical amygdaloid nucleus.

Finally, the afferent and efferent intra-amygdaloid 

connections of the central nucleus deserve special mention. Fibres
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originating from the periamygdaloid cortex and from the basolateral 

complex pass through the central nucleus and may therefore be damaged 

when this nucleus is experimentally ablated. The presence of intra- 

amygdaloid connections is therefore difficult to assess. However, 

lesions of only part of the central nucleus reveals fibre and terminal 

degeneration in the remaining portions suggesting the presence of an 

intrinsic fibre system within this nucleus.

In summary the amygdala has two subcortical projection 

systems that contain both amygdalofugal (efferent) and amygdalopetal 

(afferent) neurons. Fibres of the stria terminalis (dorsal projection 

system) which terminate within the medial pre-optic and medial 

hypothalamic nuclei, and in particular around the cell-poor zone of the 

nucleus ventromedialis hypothalami, arise in both the corticomedial 

and basolateral complexes. The second system of fibres called the 

ventral "amygdalofugal" system has a more diffuse projection than the 

stria terminalis, including terminals in the telencephalon and 

diencephalon, particularly in the laterally placed hypothalamic 

nuclei. Neurons of the ventral-fibre system arise most definitely 

from the pyriform cortex ie,extra-amygdaloid sites, but the contribution 

made by the basolateral nuclei to this system, although generally 

accepted, is not particularly extensive. In either case the 

corticomedial nuclei do not contribute to the formation of this 

system of neurons. In addition the amygdala has an intrinsic 

system of fibres which originate and terminate within the confines 

of the amygdaloid complex. These neurons presumably convey nervous 

activity from one part of the amygdala to another such that 

information may be integrated having arisen from many individual 

sources. Such a system of connectivity makes definitive descriptions 

regarding the heterogeneity of this structure, at least from a
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functional point of view, open to criticism.

An important point to note is that structures in receipt 

of afferents from the amygdala also convey efferents to the amygdala, 

forming a system of reciprocal innervation. The amygdalohypothalamic- 

hypothalamo-amygdalar system is a major representative of this 

reciprocal innervation, and may be of special significance in the 

function(s) of amygdaloid nuclei.

The Amygdala and Conditioned Behaviour

Almost as an apparent continuation of neuroanatomical 

investigations, experimental studies of amygdaloid function in 

conditioned behaviour have utilised the lesion method. It will be 

apparent from the short summary that follows, that definitive 

conclusions regarding the functions of specific amygdaloid nuclei 

in conditioned behaviour are not derived simply. From the previous 

neuroanatomical descriptions of the amygdala it is evident that 

ablation of specific nuclei does not a priori mean restricted 

damage to the particular nucleus and its connections but, also, 

almost inevitably, additional damage to neurons that merely course 

through the area of destruction. Consequently inferences regarding 

amygdaloid function, particularly in the complex processes of 

avoidance conditioning should be guarded and similarly, such 

conclusions should be based only upon well controlled lesioning 

procedures. Unfortunately this has seldom been the case.

In attempts to overcome this inadequacy, procedures have 

been adopted which involve direct electrical or chemical stimulation 

of the amygdaloid complex. However, since application of current 

will evoke discharge of all responsive elements (both inhibitory and 

facilitatory) including axons, soma and dendrites, the field of
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induced activity could not be expected to be any more restricted than 

that affected by a similarly placed lesion. On the other hand, the 

use of putative transmitter substances could be expected to restrict 

the spread of activity to those elements having the specific 

receptive materials and there-by provide, experimentally, a more 

physiological means of examination.

Interested in the possible functions of the amygdala in the 

association of fear reactions with neutral stimuli, which themselves 

were paired with pain, Blanchard et al (1972) examined the effects of 

amygdaloid ablation on the behaviour of rats. Radio frequency lesions 

which destroyed the whole of the amygdaloid complex including damage 

to the periamygdaloid cortex, lateral olfactory tract and posterior 

portions of the nucleus caudatus-putamen affected both innate and 

conditioned behaviour. Amygdalectomised rats showed reduced freezing 

characteristically exhibited by control animals when in the presence 

of a cat from which escape was not possible. Even though the cat was 

sedated, control rats made few approaches and never made any contact 

with the cat; in contrast lesioned animals were reported to climb 

on the cat's back and engage in prolonged tactile examination. In 

addition these same rats avoided a probe, which had previously been 

the source of a noxious stimulus, (electric shock) fewer times than 

non-lesioned animals and also made fewer crouching responses when 

placed into a box in which footshock had previously been presented.

The animals' defensive reactivity had clearly been attenuated by 

these lesions. Defining more precisely the particular nuclei 

involved in the behavioural changes, these authors reported that 

lesions restricted to the corticomedial complex of the amygdala 

resulted in the same alterations of overt activity. They concluded 

that damage to the amygdala resulted in deficits in 'an emotional- 

motivational state necessary for the elicitation and maintenance
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of species-typical defensive reactions.' The corticomedial complex 

would appear to be in control of this state.

In a previous report, Horvath (1963) detailed experimental 

evidence implicating the basolateral amygdala in the acquisition and 

maintenance of avoidance behaviour in the cat. Following lesions of 

the basolateral complex the animals were observed in three 

avoidance situations, two involving a motor response (active 

conditioning) and a third involving inhibition of a learned behaviour 

(passive conditioning). The degree of complexity of the active 

responses differed in that the two-way shuttle-box response 

necessitated that the animal learn place discrimination, since foot- 

shock was presented in both compartments. In the second situation 

shock was presented in only one compartment. Independant of the type 

of response basolateral amygdalectomy disrupted all three behaviours. 

However, the severity of the observed deficits were dependant upon 

the complexity of the task. Cats trained in the two-way shuttle-box 

performed poorly in comparison to both sham-lesioned and non-operated 

animals which exhibited similar acquisition profiles for this test.

In a similar fashion amygdalectomised cats, in which surgery was 

performed after training, showed poor retention of the learned 

behaviour and some animals also failed to re-acquire the response 

even with further training. Although the deficits in one-way active 

avoidance were essentially the same the degree of disruption 

following ablation of the basolateral nuclei was not as severe. 

Evidence in support of the contention that these deficits did not 

reflect inadequacies in motor function was derived from two 

sources. Firstly, lesioned cats successfully escaped further 

contact with the unconditioned stimulus by exhibiting the avoidance 

motor response; and secondly, deficits in passive avoidance, in
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which no motor response was necessitated, were also observed!. In 

this test, lesioned cats made more approaches to an electrified food 

tray than did either of the control groups, although these differences 

were minimal and not significant. With respect to the passive 

avoidance behaviour Horvath noted that the most severe deficits 

in performance occurred in those animals in which the cortico

medial nuclei had been destroyed. Proposals concerning the relative 

contribution of the basolateral and corticomedial complexes to the 

maintenance of active and passive conditioned behaviour were made.

It was concluded that the basolateral complex subserved an 

integrative function in the acquisition of responses in complex 

"problem-solving" situations and that the corticomedial complex 

may be a part of a motor inhibitory system.

Separate organisation of passive and active avoidance 

behaviour within the amygdala of the cat has been reported by Ursin 

(1965) also. Lesions of the rostral half of the lateral amygdaloid 

nucleus impaired active but not passive responding, whereas 

destruction of the medial nucleus and of the stria terminalis had the 

opposite effect, producing deficits in passive avoidance only.

Whether this topographical representation of function within 

the amygdala also applied to other species, was the basis of a study 

by Kemble and Tapp (1968). Groups of rats received bilateral 

lesions of either the rostro-lateral, rostro-medial, caudo-lateral 

or caudo-medial amygdala. In order to examine the contribution made 

by periamygdaloid structures, other rats received lesions of the 

pyriform and neocortex. Control animals were lesioned unilaterally 

in the amygdala or were simply sham-operated. Following surgery 

all subjects were tested for their avoidance of an electrified water 

spout (passive) and their ability to perform in a one-way active
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avoidance situation. Destruction of the pyriform cortex and of the 

amygdala, including involvement of the nucleus caudatus-putamen, 

internal capsule, claustrum and pyriform cortex, resulted in animals 

making contact with the electrified water nozzle more times than 

control rats. Neocortical and unilateral amygdala lesioned animals 

behaved like sham-operated controls. On the other hand active 

avoidance behaviour was not affected by any of the lesions except 

those of the amygdala which included the internal capsule and/or the 

caudate-putamen. However, amygdaloid destruction per se did not 

increase the mean latency of conditioned responses which would suggest 

that the observed deficits were the result of damage to extra- 

amygdaloid structures. Although these results did not support Ursin's 

proposal that the medial amygdaloid nucleus was of particular import

ance in the maintenance of passive avoidance behaviour they did serve 

to exemplify some degree of topographical organisation of function 

within the amygdala. Both the corticomedial and basolateral complexes, 

when individually ablated, resulted in passive avoidance deficits, but 

the severity of the behavioural disruption was greater when the lateral 

and medial aspects of the basal nucleus were destroyed. Involvement of 

the pyriform cortex was not unequivocal."

Involvement of the medial amygdaloid nucleus in the retention 

of a learned passive avoidance task has been inferred by Bresnahan and 

Routtenberg (1972). Rats were trained to remain on a platform suspended 

above an electrifiable grid floor for a period of 120 seconds, this 

being the criteria for acquisition of the response. Retention of the 

learned behaviour was measured 24 hours later for which animals were 

required to remain on the platfoim for 180 seconds in order to reach 

criterion. Bipolar nichrome electrodes were implanted unilaterally 

in a large group of rats, and the electrode tips positioned either
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within the amygdaloid complex or for control purposes in the overlying 

cortex. Stimulation using 5yAmp., 60 Hz, sine wave current for the 

total time animals remained on the platform did not affect any of the 

acquisition parameters. The mean latency of first descent, mean number 

of descents and total time to criterion were the same in all animals 

irrespective of treatment. However, rats receiving amygdaloid 

stimulation performed significantly less well than control animals 

in the retention test 24 hours later. Those animals which had 

received stimulation during training climbed down from the platform 

with a group mean latency of about 90 seconds whereas control animals 

remained on the platform for the full 3 minutes. In 60% of rats, 

electrode placements were histologically verified as having been in 

the nucleus amygdaloideus medialis. Of the remaining animals 

electrode tips fell within the central, basomedial, baso-lateral and 

lateral amygdaloid nuclei. A more detailed analysis using greater 

numbers of animals revealed that the disruptive effects of amygdaloid 

stimulation were the result of stimulation of the medial nucleus 

since retention performance of those animals with electrodes in other 

amygdaloid nuclei did not differ from controls. In addition 

Bresnahan and Routtenberg (1972) showed that the observed deficits 

were not the result of epileptiform discharges since current levels 

required to produce seizure activity in the nuclear electroencephalo

gram were thirty times greater than those disrupting passive behaviour.

Although these results support Ursin's view (1965) that the 

medial nucleus is important in the formation of passive avoidance 

behaviour it should be noted that the evidence of Bresnahan et al (1972) 

does not suggest physiologically mediated inhibition. These authors 

propose that the stimulus-induced deficits are the result of disruption 

of 'ongoing' physiological processes normally evoked by the learning
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process, and not as a consequence of stimulus-induced, neuronally

mediated inhibition. A further possibility exists that the poor

performance of amygdala stimulated rats was the consequence of an

experimental deficit in the state dependency of retention. In the

initial training procedure the animals were in receipt of both

environmentally-induced and electrically-induced brain stimulation

but in the retention test only environmental stimuli were present.

Direct stimulation during retention testing might have obviated the

apparent decrements in performance by providing further and perhaps

important associational stimuli.
>

Goddard (1969) set about the systematic analysis of avoidance 

conditioning in the rat, following chemical stimulation of the 

amygdala using carbachol. Treated animals including saline-injected 

controls were observed in three situations which were designed to be 

of equal complexity and to be undertaken within the same environment. i

All rats were deprived of food for 23 hours of each day and trained to 

lever press in a Skinner-box to receive food pellets. Injection of 

carbachol directlÿ into the amygdalae of conscious rats severely 

disrupted their ability in learning a conditioned emotional response. 

Control animals upon receiving footshock ceased to lever press and 

exhibited freezing behaviour (the conditioned emotional response) when 

presented with the conditioned stimulus on subsequent occasions. 

Carbachol-treated animals on the other hand, although freezing in 

response to shock continued to lever press during presentation of the 

conditioned stimulus and therefore a direct effect upon learning per 

se was concluded.

To examine further, involvement of the amygdala in long- and 

short-term memory Goddard (1969) observed the behaviour of rats in 

a passive avoidance situation, similar in most respects to that reported



37

above. In this test, however, the adversive stimulus was applied 

through the lever itself and therefore represented a more direct link 

with the lever-pressing behaviour than did footshock. Some animals 

remained in the Skinner-box and received shocks whenever in contact with 

the lever, during the 5 minutes that followed an initial period of 

non-punished lever pressing. These constituted the massed training 

conditions. Other rats were trained on alternate days in the same 

manner but were removed after the initial 5 minutes having received 

the unconditioned stimulus once only. These constituted the distributed 

training conditions. Carbachol injections made before and during the
X

training procedures ^everely disrupted acquisition of the avoidance 

response but only in those rats receiving the distributed trials. 

Although rats receiving the massed schedule were normal on acquisition 

their retention of the learned habit 24 hours later was completely 

abolished. It was concluded that behaviour patterns requiring the 

long-term memory of a learned habit are severely disrupted by activation 

of cholinergic systems within the amygdala. If this were the case 

then it would have been expected that carbachol should also disrupt 

active avoidance behaviour in which long-term memory was a necessary 

element. However, this was not observed by Goddard (1969) since both 

treated (carbachol) and untreated (saline) rats avoided contact with 

the unconditioned stimulus (footshock) by moving to an electrically 

insulated compartment during the period in which the conditioned 

stimulus was presented. These differential effects of carbachol on 

conditioned emotional, active and passive avoidance behaviour reflected 

a physiologically induced reduction in the ability of animals to 

suppress a learned response, motivated by the requirement for food, 

even in the presence of persistent adversive stimulation. Although 

very little information was presented regarding the diffusion area of 

the injected solutions, the tips of all implanted cannula-guides were
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reported to be within the amygdaloid complex.

Within the context of this thesis the report of Goddard (1969) 

has served two purposes. Firstly, and of relatively minor importance, 

is the evidence implicating cholinergic systems in avoidance behaviour. 

Secondly, is the fact that avoidance behaviour can be profoundly 

affected following chemical stimulation of the amygdala in the 

conscious animal. However, as Goddard pointed out, his technique did 

not allow any deliberation regarding the site of drug action within 

the specific nuclei of the amygdala. Such determinations would be 

expected to be fruitful.
V -

It is apparent from the description of the above investigations 

that the various nuclei of the amygdala subserve, at least in some 

instances, important functions in the acquisiton and maintenance of 

conditioned behaviour. Since the majority of these studies have 

included the observation of animal behaviour within environmentally- 

adversive surroundings, it may be more appropriate to conclude that the 

amygdala is important in stress-induced situations in which specific 

and integrative processes are necessary to the survival of the 

organism. -

Objectives of this Research

The initial part of this introduction has served, I hope, to 

illustrate that certain drugs, in particular those that affect synaptic 

transmission at catecholamine-containing nerve terminals, modify the 

behaviour of animals in avoidance situations. Although most, if not 

all of these drugs have actions in the periphery and within the CNS, 

their effects upon conditioned behaviour have in general been 

attributed to predominant actions upon central nervous system 

function. In addition,evidence has been cited which suggests that an
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anatomically discrete structure of the CNS, namely the amygdala, is 

of special importance in the acquisition and maintenance of avoidance 

behaviour. Information regarding the functions of individual nuclei 

(which collectively go to form the amygdaloid complex) in avoidance 

conditioning has been gained only with difficulty. However, the 

presence of anatomically discrete projection fields from some of these 

amygdaloid nuclei might suggest a heterogeneity of function within the 

amygdaloid complex, that ablative studies cannot reveal.

Being primarily interested in catecholamine nerve function 

and since the amygdala contains both dopamine- and noradrenaline-
V -

containing neurons (Brownstein, 1974) I decided to examine the 

possibility that drug effects on conditioned behaviour reflected, at 

least in part, an action upon this particular part of the CNS.

Recently Ungerstedt (1971) has shown a predominance of dopamine- 

fluorescent nerve terminals within the central amygdaloid nucleus and . ' 

with this premise in mind Costall et al (1974) have observed that 

lesions of this nucleus abolish the cataleptic effects of a number of 

neuroleptic drugs. I decided therefore that drugs should be injected 

into the nucleus amygdaloideus centralis. The remainder of this thesis 

is a report of my experimental findings.



CHAPTER TWO

METHODS
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2.1 THE STEREOTAXIC TECHNIQUE

Introduction

In the study of neuroanatomy the technique of mapping the 

radial degeneration of neuron bundles from a site of experimentally 

induced necrosis has been widely used. Lesioning electrodes were 

positioned with reference to external 'landmarks' on the skull and 

brain surface with inherent limitations regarding reproducibility.

Sir Victor Horsley and R.H. Clarke (1908) were concerned with placing 

discrete and varied lesions within the cerebellum of the monkey 

(macaca rhesus) in order to investigate its connections with the 

neocortex. Realising the difficulties associated with this objective 

they decided to develop a system whereby electrode and needle tips 

could be accurately placed within the central nervous tissue. They 

considered the brain to be represented by three planes, the horizon

tal, sagittal, and coronal. Clarke designed and built a device, 

being known today as the stereotaxic instrument, to hold the animal's 

head in a fixed and reproducible position. The brain was histologic

ally fixed in situ and, still held within the skull, sectioned on a 

machine, also designed and built by Clarke, called a macrotome. 

Application of neuroanatomical expertise coupled with precise 

measurements resulted in the development of a co-ordinate system 

relating the position of brain structures to an accurately determined 

origin. Since then advances have been made only in the construction 

of the stereotaxic instrument, the essential features of the 

technique remaining the same.

2.2 Pre-operative adjustments
The head of the experimental animal must rest within the 

stereotaxic instrument at exactly the same angle as that detailed in 

the stereotaxic atlas. In the Kttnig and Klippel atlas used in this
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work (Kttnig and Klippel, 1963) the upper incisor bar was positioned 

so that its rostral edge lay 28.6mm from the inter-aural line and its 

upper surface 2.4mm below the horizontal plane passing through the 

inter-aural line. The angle, is that formed between this horizontal 

plane and the line joining the upper edge of the incisor bar with the 

inter-aural line and is approximately 5° . If the distance to the rostral 

edge of the upper incisor bar is not 28.6mm then the height of the 

incisor bar should be adjusted accordingly to re-correct the angle of 

the head.

2.2.1 Adjustment of the Upper-Incisor Bar

A cannula-guide was located in the stereotaxic carrier and 

the ear pins were set symmetrically so that the tips were 1mm. apart.

The guide was moved so that its tip rested at the inter-aural line 

and the horizontal (A/P) and vertical readings on the instrument noted. 

Having moved the guide anteriorly a further 28.6mm. the incisor bar was 

adjusted so that its rostral edge touched the guide tube. This was then 

lowered 2.4mm., the incisor bar adjusted so that its upper surface 

touched the guide tip, and the securing screw tightened.

2. 3. The Co-ordinate System

The stereotaxic atlas consists of a series of diagrams and/or 

photographs of brain sections made, most often, in the coronal and 

sagittal planes. The co-ordinate system is made with reference to 

three planes each of which requires definition. In the Kttnig and 

Klippel atlas the frontal zero plane is made through the inter-aural 

line and rests at 90° to the horizontal. A coronal section made at 

this point would have an antero-posterior co-ordinate of zero. The 

lateral plane is coincident with the mid-line. When the vernier 

readings on the ear pins are the same the lateral zero plane passes 

exactly mid-way between the tips and cuts the frontal plane at 90°.
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A sagittal section made at this position . would have a lateral co-ordinate 

of zero. The horizontal zero plane is arbitrarily defined in each atlas. 

In the Kttnig and Klippel atlas this plane lies 4.9mm. above the inter- 

aural line. The point of intersection of these three planes is stereo

taxic zero and represents the point of reference from which all measure

ments in the atlas are made.

2.3.1 Determination of Stereotaxic zero

The ear pins were adjusted so that the vernier reading on 

each was 0.5mm. Having placed a cannula-guide in the carrier it was 

moved to rest with its tip exactly mid-way between the tips of the ear 

pins in the lateral, horizontal and vertical directions. Since the 

final position of the tip was determined by eye, the process was 

repeated ten times, recording the instrument readings for all three 

planes at each location. The mean values for each plane were cal

culated, their point of intersection corresponding to instrument zero. / 

Instrument zero is defined solely by the tips of the ear pins and is 

therefore constant for each stereotaxic instrument. However, stereo

taxic zero defines the origin within the brain from which all neuro- 

anatomical measurements are made and therefore is defined arbitrarily 

by the authors of each particular atlas. In the Kttnig and Klippel 

atlas stereotaxic zero represents the point of intersection of three 

planes, two of which are coincident with those of instrument zero i.e. 

the sagittal and frontal zero planes. The third plane, the horizontal 

•Lies parallel to the plane passing through the inter-aural line but 

in a position 4.9mm. above. Therefore stereotaxic zero is calculated 

by adding 4.9mm. to the vertical reading for instrument zero. The 

vernier readings of the frontal and sagittal zero planes are the same 

as those determined for instrument zero.
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2.3.2 Atlas Co-ordinates

Having determined the instrument readings corresponding to 

stereotaxic zero the co-ordinate system can be transposed into move

ments of the stereotaxic carrier. The area in which I was interested 

lies at the intersection of the co-ordinates; lateral (L) ±3.4mm., 

vertical (V) -2.4mm. and anterior (A) 5.2mm. These measurements were 

added to or subtracted from the instrument readings obtained for stereo

taxic zero. In the vertical direction a negative value indicates that 

the nucleus lies below the horizontal zero plane and a positive value, 

above. The pre-fix A or P before each number corresponds to move- 

ments anteriorly or posteriorly respectively. Lateral co-ordinates 

lie on either side of the mid-line. The anterior co-ordinate was 

decided upon from the coronal section in which the nucleus amygdaloid- 

eus centralis had the largest cross-sectional area.

2.4 CONSTRUCTION AND IMPLANTATION OF CANNULA-GUIDES

Introduction

To allow the application of drug solutions to the conscious 

rat it was necessary to use some sort of guide system that could be 

attached to the skull. The basic requirements of such a system are 

that a tube be placed and held rigidly within the brain tissue of the 

experimental animal so that an injection cannula can be introduced 

into specific areas below the tip of the tube. It is a comparatively 

simple procedure to drill the denuded skull and stereotaxically 

position the guide tube in the required position; the difficulty 

of the technique lies in securing the device to the skull. Not only 

does the system have to be held in the correct position but its 

attachments to the skull have to be sufficiently robust to prevent 

the animal from removing it. Consequently numerous systems have been
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developed (e.g. Meyers, 1971; Harvey and Stevens, 1975) the differences 

between each being the manner in which the system has been held in 

place and attached to the skull. Because on reflection, most of these 

systems appeared unnecessarily complex, it was decided to try and develop 

a more simple approach.

2.4.1 Construction of Injection System

Cannula-guides (figure 1)

Cannula-guides were 13mm. lengths of 23swg. stainless steel 

tubing which had been machine cut and electrochemically cleaned of burr. 

(Stainless Steel Tube and Needle Co., Ltd.) Initially, guide tubes were 

made by grinding the shafts of 23swg hypodermic needles to size and 

removing the burr manually. The length of tube required was deter

mined empirically. A cannula-guide carrier made of a very small drill-^ 

chuck was fitted with a central 'stop' in order to hold 4 to 5mm. of 

tube in the vertical plane (part A). The distance from the surface 

of the skull to the brain area under investigation was obtained from 

the stereotaxic atlas, adding one millimetre for the thickness of bone. 

For the nucleus amygdaloideus centralis this distance was approximate

ly 8.4mm., assuming the skull to be exactly one millimetre thick.

It was decided that in order to minimise overall damage to the area 

being investigated the tip of the implanted guide should rest some 

distance above. A convenient point was on the horizontal zero plane 

situated 2.4mm. above this particular nucleus. The distance from the 

horizontal plane zero, in the Kttnig and Klippel atlas to the surface 

of the skull was estimated as 6mm. (part C). A final requirement 

was that when stereotaxically held in position in the brain, the 

guide tube should be long enough to allow the application of sufficient 

cement between the carrier and skull surface (part B.) This part 

was estimated to be 3mm. giving a final tube length of 13mm. To
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provide a better and larger contact surface for the cement a bead of 

epoxy resin (Araldite), about 2 to 3mm. in diameter was placed on the 

guide about 5mm. from one end.

Stilettes (figure 2.)

Stilettes were made of pieces of wire bent over a small tube 

of polythene and fixed in place with epoxy resin.

The shafts were pieces of 0.012" diameter thermocouple wire 

cut, initially to about 25mm. lengths and coated with a water repellant 

(dichloromethyl silane). The wire was pushed through a 4mm. length 

of polythene tube (Portex, pp50), so that it protruded from one end 

by about 3mm. This was bent over the polythene tube so that they lay 

side by side and duly secured in place with a bead of epoxy resin 

(Araldite) about 2mm. in diameter. When dry the stilette was positioned 

in a cannula-guide and the shaft cut level with the guide-tip.

The small tube of polythene anchored the implanted stilette 

to the guide and prevented the entry of foreign material into the 

brain tissue. The bead of epoxy resin acted as the stilette head 

facilitating removal of the stilette from the implanted guide.

Injection Cannula (figure 3)

This was constructed from a piece of polythene tubing (Portex, 

pp60) and 20mm. of 30swg. stainless steel tube. (Stainless Steel 

Tube and Needle Co. Ltd.) The steel tube was inserted into one end 

of the tightly fitting polythene tube by exactly 4.6mm. producing an 

injection cannula, 15.4mm. long. This was calculated by adding to the 

length of an accurately measured cannula-guide (13mm.) the distance 

from the proposed position of its tip (horizontal zero plane) to the 

centre of the nucleus amygdaloideus centralis (2.4mm). The end of 

the polythene tube surrounding the injection cannula acted as a needle-
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'stop'when passed down the implanted guide. The cannula was connected 

through the polythene tube to the needle of a 5yl Hamilton syringe 

(type 701 RN) mounted in a Palmer slow infusion apparatus.

2.4.2 Variances in Cannula-guide length

When cannula-guides were ground to size manually there was 

inevitably some variation in the final length of each. However, these 

variances did not affect the accuracy of injection providing the 

following procedure was adopted. A cannula-guide was measured 

accurately using a vernier rule calibrated to 0.05mm. and located in 

the stereotaxic carrier. The tip of this particular guide was used 

as reference point in determining the instrument readings of stereo

taxic zero. When implanted, this cannula-guide would theoretically 

rest with its tip at horizontal zero plane, 2.4mm. above the centre 

of the nucleus amygdaloideus centralis. Providing the same vertical 

co-ordinate was used when implanting all guides then the tips of 

shorter guides would lie above and of longer guides below, horizontal 

plane zero. The distance from the top of all implanted guides to 

the brain area being investigated would be the same irrespective 

' of the actual guide length.

2.5 Stereotaxic Implantation of Cannula-guides

2.5.1 Anaesthesia

Animals were anaesthetised with chloroform in a glass desi- 

cator warmed on an electric hot-plate. The grid on which the animals 

were placed was covered with cotton-wool to prevent urine from 

entering the chloroform and prolonging the onset of anaesthesia. The 

required level of anaesthesia was reached in about sixty seconds care 

being taken in observing the animals breathing. If animals stopped 

breathing then they were artificially respired through a short piece 

of rubber tubing placed over the snout. Anaesthesia was maintained
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through-out the surgical procedure with chloroform from a cotton-wool 

pad placed at intervals over the animal's snout. Upon completion 

of surgery animals recovered consciousness in about two minutes making 

extensive-post operative care, common with such drugs as the barbit

urates, unnecessary.

Of all the available anaesthetics chloroform was chosen 

because it is administered simply, the onset of anaesthesia is rapid 

and it is easily reversed when necessary.

2.5.2 Positioning the Animal in the Instrument

The anaesthetised animal was placed over a suitable platform 

to raise its head to the level of the ear pins. The head was moved 

forward and the upper teeth placed over the upper incisor bar. Taking 

hold of the external ear between the thumb and forefinger of the left 

hand the free-to-move ear pin was gently introduced into the external 

auditory meatus by about 2mm. taking care not to damage the tympanic 

membrane. The set-screw of the ear pin was tightened and the process 

repeated for the other side having turned the instrument through 

180°. If the head could be moved laterally then one ear pin was 

loosened and introduced a little further until no movement occurred.

The reading on each of the ear pins was noted and the mean calculated. 

Loosening both ear pins just a little, the head and ear pins together 

were moved laterally until the vernier readings on each side were the 

same. The final location of the animal was checked by observing it for 

asymmetries. In some cases one eye protruded more or the head was 

twisted away from the mid-line. Confidence came only with practice.

2.5.3 Implantation of cannula-guides

Having located the animal correctly within the stereotaxic 

instrument, about one centimetre square of hair was clipped away from
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the top of the head. A one centimetre coronal incision was made 

symmetrically about the mid-line at approximately the mid-point between 

the eyes and ears. The underlying facia was teased apart with cotton

wool and the incision opened to expose the skull. The periosteum was 

dried by a stream of warm air from a hair-dryer and scraped from the 

surface of the skull with a scalpel blade. A cannula-guide located 

in the stereotaxic carrier- was positioned at the required lateral 

(L -3.4mm.) and antero-posterior (A -5.2mm.) co-ordinates and racked 

down vertically to touch the skull. At this point a hole, approximate

ly 1mm. in diameter was made with the tip of a scalpel blade and the 

dura and pia mater ruptured with a needle. A second hole was made at 

the corresponding lateral position on the opposite side. Bleeding was 

allowed to cease and exuded blood dried and scraped from the skull.

The cannula-guide was lowered into the brain tissue slowly to avoid 

excessive damage. The cement, polymethylmethacrylate (Surgical 

Simplex, C. Howmedica.) was mixed immediately prior to use on a glass 

slide and placed carefully around the guide and over one half of the 

incised area as far as the skin edges. After drying the cement for 

three minutes or so with a stream of warm air the guide was released 

from the chuck of the stereotaxic carrier and a second guide implan

ted in the same way on the opposite side. The whole of the incised 

area was covered with cement providing an effective barrier to 

foreign material. The animal was removed from the instrument and 

stilettes positioned in each of the guides.

2 « 6 Housing

Animals were housed in individual cages measuring 25cm x 10cm 

X  8cm. An aluminium plate was fixed to the lid of the cage to prevent 

the animal getting under the food hopper and disrupting the implanted 

guides and stilettes. Food (Oxoid, Diet 41B, modified) and water
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were made available ~ad libitum. Room temperature was maintained at 

23 ± 1°C and lighting provided between 0600 - 1800 hrs.

2.7 VERIFICATION OF INJECTION PLACEMENTS

Introduction

The identification of injection sites is a difficult procedure 

particularly for those who are new to histological techniques pertain

ing to the central nervous system. In most cases, particularly amongst 

non-neuroanatomists, identification is made with reference to the 

stereotaxic atlas and at best involves some degree of subjective 

analysis. Because comparison is to be made between experimental sections 

and atlas plates the former must be made at the same distance from the 

frontal zero plane as those detailed for the atlas sections. In 

addition, a section made inadvertently at an angle to the frontal zero 

plane will, upon visualisation, reveal apparent discrepancies between 

dorsal and ventral structures. Since it is very difficult to obtain 

an experimental section at exactly the same antero-posterior co-ordinate 

as some given atlas plate, the discrepancies between the relationships 

of ventral and dorsal structures become even more important. To choose 

the appropriate atlas plate corresponding most closely to the experi

mental section, reference would need to be made to easily identifiable 

structures e.g. hippocampus. If a particular configuration of the 

hippocampus were present on both the experimental section and atlas 

plate one might assume that other nuclear structures were also present 

on the former because of their known relationship to the hippocampus. 

However, if the experimental section were made at an angle to the 

atlas frontal plane then although dorsal structures may be coincide pt 

with the atlas plate, the ventral structures may not.

It was felt necessary, therefore to attempt the development
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of a technique which would allow a more objective analysis of the brain 

structures involved.

2.7.1 Visualisation of Injection Site

Two days following completion of the avoidance experiments 

animals were injected bilaterally with O.Syl of 1% Evan's Blue solution 

using the same procedure employed in the administration of drugs. 

Thirty-five minutes later animals were anaesthetised with chloroform 

and prepared for carotid cannulation. A 25swg. hypodermic needle 

was secured in place with cotton in the right carotid artery taking 

extreme care not to rupture the vessel. The contra-lateral vessel 

was tied and Smls. of 8% formal saline introduced into the cerebral 

circulation at a rate of 2mls. per minute. The animal was decapitated 

and the skin overlying the upper surface of the skull removed. Using 

a pair of blunt-nosed forceps and beginning at the posterior aspect of 

the skull, the bone tissue overlying the brain was carefully pealed 

away. When the superior aspect of the skull had been completely 

removed the brain was lifted free of the cavity by placing curved 

forceps under the frontal lobes and carefully pulling upwards. The 

optic nerves were cut and the brain immersed in about ISmls. of 8% 

formal saline in an air-tight plastic vessel. Whole brains were 

stored at 4°C for five to six days to allow adequate fixation.

2.7.2 Preparation of Blocking-guide

A rat weighing ISOg. was killed with chloroform and positioned 

in the stereotaxic instrument. The upper surface of the skull was 

pealed away along the suture lines and laterally as far as the 

insertions of the facial muscles and the brain removed. The cavity 

was cleaned of all loose tissue with water and cotton wool taking 

care not to damage the thin membranes on its dorsal aspect. A cannula- 

guide located in the carrier was positioned at the (A/P) instrument 

co-ordinate corresponding to frontal plane zero and then moved
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anteriorly by the thickness of one guide tube (0.7mm.) The guide was 

lowered into the cavity, about 2mm. laterally of the mid-line so that 

about half its length remained above the line of the skull surface. The 

skull cavity was half filled with molten paraffin wax (m.p, 56°C) so 

as to fill all crevacies and cover the lower half of the cannula-guide. 

When the paraffin wax was hard, about 15 minutes later, the guide was 

released from the carrier and a second guide positioned about 2mm. on 

the other side of the mid-line. The remaining portion of the cavity 

was filled with molten wax (mp 56°C) which was allowed to harden 

before removing the rat from the stereotaxic instrument. The wax 

mould of the brain containing two vertically directed cannula-guides 

was carefully eased from the skull cavity, having removed the remain

ing portions of bone, and suspended in the stereotaxic instrument 

from one of the cannula-guides.

Four rectangular brass bars measuring 8cm x 2cm x 2cm were 

placed on the base-plate of the stereotaxic instrument directly 

under the suspended wax model and moved to construct a mould measuring 

roughly 4cm x 3cm x 2cm deep. The under surface of the wax model was 

dusted with talcum powder and lowered into the mould, which had been 

filled with molten wax (m.p. 42°C), to a depth of about 0.8cm. The 

wax was allowed to harden for at least 30 minutes. Using the two 

implanted tubes as template a razor blade was passed across the wax 

mould to score a mark corresponding to frontal plane zero. Since 

the cannula-guides were in line laterally i.e. 90° to lateral plane 

zero, the mark on the mould would also be 90° to the mid-line. A 

second mark was made anteriorly 6mm. again at 90° to the mid-line.

A blade passing vertically and perpendicular to the base of the mould 

would therefore cut the brain along the same frontal plane as that 

described in the atlas.
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Tissue wedges, 6mm. thick were cut and sectioned on a cryostat 

at lOOy intervals throughout the brain areas containing the dye. 

Individual sections were mounted on glass slides and their distance 

from frontal plane zero noted. Photographic negatives were prepared 

of sections at the centre of the dyed area, which were used in deter

mining the nuclear structures involved. The image of the photographic 

negatives were projected onto the atlas plate corresponding most 

closely to the section and the transparent area made by the dye

mapped out,recording the nuclear areas to which the dye had diffused 
(See figures 2.4a, 2.4b and 2.5).

2.8 CONDITIONED AVOIDANCE TECHNIQUE

The conditioning procedure was essentially that described 

initially by Cook & Wiedley (1957) in which animals must climb a 

pole to avoid an electric shock.

2.8.1 Conditioning Environment

This consisted of a wooden box made of 1.25cm. chip board 

separated into two compartments by a wooden partition. Each compart

ment measured 20cm. square by 25cm. deep. The floor was made of brass 

rods (0.5cm. diameter) arranged in parallel across the box 1.0cm. 

apart. To the clear perspex lid, which was hinged along one edge 

were fixed two ridged perspex poles 20cm. long. When the lid was 

closed the poles were suspended in the centre of each of the compart

ments. Both compartments were contained in a further box and 

surrounded by acoustic wadding. A household buzzer was fitted to the 

outer surface of the test box and connected to a 1.5 volt battery 

supply through a microswitch. Each alternate bar of the grid floor 

was connected in series to either the positive or negative poles of 

a G.F.P. square wave generator (Stimulator Model 8044) through a 

second microswitch.
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2.8.2 Conditioning Stimuli

Whilst in the test situation animals were presented with two 

intentional stimuli. The conditioned stimulus (CS) was provided by 

the household buzzer and was considered to be an auditory stimulus 

although vibrations through the cage floor could note be ruled out.

The unconditioned stimulus (ucs) which was presented immediately after 

the GS was provided by the DC.generator and consisted of 70V square 

wave impulses each of 7ms duration presented at 5 per second. Both 

the CS and UCS were of 5 seconds duration and a fixed interval of 

20 seconds elapsed between termination of the UCS and commencement 

of the next CS. This sequence comprised one trial. Animals received 

10 consecutive trials on each of five consecutive days.

2.8.3 Avoidance Parameters

An avoidance response (R) was exhibited when animals climbed 

onto the central pole removing all feet from contact with the cage 

floor. Depending upon the specific interval during each 30 second 

trial when this particular behaviour was observed the following 

response types were recorded.

1. Conditioned response (CR) - animals responded during 

presentation of the conditioned stimulus (CS).

2. Unconditioned response (UCR) - animals responded 

during presentation of the unconditioned stimulus (UCS).

3. Failure (F) - animals did not respond to either the 

CS or UCS..

4. Avoidance attempt (E) - animals responded to the
CS but climbed down to receive some part of the ucs to which 

they may have then subsequently responded, and
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5. Inter-trial response (IR) - animals exhibited the

response during the 20 second inter-trial interval. In 

these cases the clock was stopped and the animal replaced 

on the cage floor before the trial continued.
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RESULTS OF HISTOLOGICAL VERIFICATION

Figures 2.4a and 2.4b represent the area of diffusion of 

O.Syl of Evans blue injected into the amygdalae of conscious animals 

using the same method as that employed in the drug studies. In 

summary, O.Syl of dye solution was injected at a rate of 0.47yl min. ^, 

the injection cannula left in place for an additional 30 seconds and 

the animals killed by cervical fracture, 35 minutes later, A section, 

obtained from the atlas of Kfinig and Klippel (1963) showing the 

relationship between individual amygdaloid nuclei and between other 

brain structures is presented in figure 2.5. The area of dye diffusion 

depicted in figures 2.4a and 2.4b has been compiled by superimposition 

of data obtained from the brains of eight animals.

Generally, the antero-posterior extent of diffusion is 

spread over 1.8mm., approximately twice the diameter of an O.Syl 

droplet. This is probably due, not to diffusion per se but to errors 

in the anterior positioning of cannula-guides that may occur between 

animals. However, diffusion is restricted to the rostro-medial 

amygdala although this generalisation only applies to the amygdala 

as a whole. More detailed observations are as follows.

The central amygdaloid nucleus, being the curea of primary 

interest, was affected throughout the whole of its medio-lateral and 

antero-posterior extent and was the most consistently affected 

structure.

The posterior portion of the lateral nucleus, which is 

situated at the ventro-lateral border of the central nucleus was 

stained throughout its rostro-medial portions only and in most 

cases more medially than laterally.
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The anterior portion of the lateral nucleus lying near 

the lateral border of the central nucleus was stained in only a few 

sections and in such cases diffusion was restricted to its rostral 

areas.

Situated ventro-medially to the central nucleus, the 

medial amygdaloid nucleus was affected very little, usually at its 

dorsal tip only. In all cases dye was restricted to its rostro- 

medial aspect.

Similarly,the lateral aspect of the basal nucleus situated 

immediately ventral to the lateral nucleus was stained only in a 

few sections and once again the antero-posterior diffusion was 

restricted to its medial part.

The cortical nucleus, anterior amygdaloid area and the 

piriform cortex were not observed to be affected in any of the 

sections studied. In most sections the tail of the caudate nucleus 

was stained but only minimally in comparison to its size.

Conclusion

The diffusion of drug solutions away from the initial 

injection site has been inferred from the results obtained here 

following application of a water soluble dye. In all sections 

studied the central nucleus of the amygdala was the structure most 

consistently stained in both its medio-lateral and antero-posterior 

extent. Other structures affected were the anterior and possibly 

the posterior portions of the lateral nucleus, the baso-medial 

nucleus and in some cases the tip of the nucleus amygdaloideus 

medialis. In these latter cases diffusion was restricted to the 

rostral and rostro-medial portions only.
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DISCUSSION

Intracerebral Drug-administration

The application of drugs, including specific neurotransmitter 

substances to discrete areas of the brain offers, experimentally, distinct 

advantages over other psychophysiological techniques.

Electrical stimulation of neuroanatomically defined structures 

of the central nervous system through implanted electrodes, would be 

expected to evoke activity in all nervous elements across which a 

potential difference was produced, providing the threshold of the nerve

cell or nerve-cell process had been reached. Similarly, the lesion 

method, in which the integrity of some part of the brain is completely 

obliterated, is also unsuitable in elucidating the component functions 

of a particular brain area because of the generality of the destruction 

produced. However, the technique of applying drug solutions to these 

same areas allows one to overcome some of the limitations and compli

cations inherent in other techniques.

The major advantage, perhaps, is that the functional integrity 

of the neuron systems which comprise the particular brain area will 

remain intact; that is providing the technique is correctly applied 

(see below). In the technique of electrical stimulation, application 

of depolarising current would evoke both dromic and anti-droraic activity 

such that dendritic spines, for example, which may synapse with what 

might be otherwise 'electrically isolated' nerve cells, would also be 

depolarised and there-by evoke activity in structures functionally 

distinct from the area under investigation. Chemically-induced 

depolarisation should not, at the doses usually employed, evoke anti

dromic stimulation so that the functional integrity of the particular 

brain area will be maintained. Secondly, and perhaps of particular
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importance with regard to the elucidation, of the component functions of 

a given brain area is that the 'site' of drug action can be restricted. 

At least in the case of injected neurotransmitter substances, the site 

of action will be restricted to those neurons possessing the appropriate 

receptors. This will mean that nerve fibres merely coursing through the 

given brain area will not be affected by the experimental procedure. 

Electrical stimulation on the other hand would be expected to evoke 

activity not only in pre- and post-synaptic elements but also in these 

fibres, that, from a functional point of view, are totally unrelated to 

the particular brain area. Consequently, nervous activity will be 

generated in more distant structures of the brain (i.e. at the terminals 

of these nerve axons). If, as it so often is with studies of central 

nervous function, the observed response is a behavioural response, then 

activity generated in these 'distant structures' may be of particular 

significance with regard to the overall behaviour pattern that emerges. 

Conclusions regarding the function of the specified area may therefore 

be misleading. In respect of the lesion method the same possibilities 

hold as those enumerated for electrical stimulation except that the 

changes induced in the functionally unrelated nerve fibres that course 

through the ablated area are permanent.

The method of direct application of chemicals to the brain 

does, however, as do all experimental techniques, have its own 

inherent limitations. Probably the major disadvantage resides in the 

fact that the stimulation cannot be turned on and off at will, unlike 

that which is electric ally-induced. Consequently the profile of 

behaviour, if this is the response being measured, might vary, even 

considerably, with time. During the initial phase when the concentra

tion of injected drug or specific neurotransmitter is high the level 

of post-synaptic activity generated may similarly be higher than
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during the latter phases when a proportion of the injected material 

will have been removed or inactivated. In the case of neurotransmitter 

substances the neuronal processes of re-uptake and enzymatic degradation 

would play an important part in returning the synaptic activity to 

pre-administration levels. In the case of synthetic drugs diffusion 

away from the 'active' site and ultimate metabolism and/or removal 

by way of the CSF are undoubtedly of importance. The advantage of 

having an on-off system is that behavioural changes can be more 

closely correlated with the induced stimulation. The absence of a 

particular behaviour pattern during periods of electrical quiescence 

allows a direct causal link and one which is immediately reproducible.

In addition there are also problems associated with the 

volume of injected solution and inextricably linked to this the 

solubility of the injected material. Meyers (1971) has pointed out 

that some of the early work in which this technique was utilised, 

included injected volumes of the order of millilitres. Since the 

brain is a relatively compact mass of tissue a droplet of injected 

solution will displace an amount of tissue which corresponds to its 

own volume. Not only may a direct volume effect ensue but a lesion 

may also be produced (Rech and Domino, 1959). As Meyers (1971) states 

"a 5.0pl droplet measuring 2.0mm. in diameter .... would displace 

the entire lateral hypothalamic region from the median forebrain 

bundle to the dorsomedial nucleus" .... when injected at a point 

adjacent to the fornix, in the laboratory rat. It is clearly 

necessary that the volume of solution injected be kept as small as 

possible. A volume of O.Syl having a diameter of 0.98mm. was 

therefore used in all experiments reported in this thesis. Although 

most commercially available drugs are adequately soluble in saline 

some, such as the butyrophenones are only sparingly soluble in
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acqueous solutions particularly at physiological pH and therefore 

the volume restrictions of the intracerebral technique dictate the 

maximum concentration of drug that can be injected. Fortunately, 

for the majority of experiments reported in this thesis the volume 

restriction on drug dosage was not applicable.

In order to overcome the possibility of both displacement 

artifact and volume lesion caused by the injected solution the rate 

of infusion was kept as slow as possible. Meyers (1971) reported 

injection rates for serotonin solutions delivered to the hypothalamus 

of conscious cats of approximately'O.lyl per 5 seconds (1.2yl min. '). 

In my experiments drug solutions were infused at a rate of 0.47yl 

min.  ̂ (i.e. 0.04yl per 5 seconds), approximately two and a half times 

slower. Theoretically the solution should diffuse away from the 

needle tip at least at the same rate as its delivery and therefore 

damage to the surrounding tissue would be kept to a minimum . In 

addition the injection cannula was left in place for an additional 

30 seconds following completion of the infusion. Meyers (1971) has 

shown, using dye injections that this extra period allows sufficient 

time for the injected solution to diffuse away from the needle tip. 

Cannulae which are removed as soon as infusion is complete might be 

expected to draw part of the injected droplet into areas dorsal to 

those under consideration. Not only would the area of drug activity 

be increased but the concentration of drug within the required 

injection area would be reduced. These problems do not arise, however 

if an adequate diffusion time is allowed.

Other factors of importance with regard to the injection of 

drug solutions directly into cerebral tissue are pH, tonicity and 

temperature. As most of the drugs used in my experiments are the 

salts of weak bases and strong acids, the resulting acqueous solutions
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were, by definition, acidic. The degree of acidity is a function of 

the concentration of solute dissolved and therefore weakly concentrated 

solutions have a relatively higher pH. Since most of the drugs were 

administered in low doses ranging from 0.0005 - 0.004 molar the effect 

of the dissolved solute on the pH of the solution was minimal. In 

any case the resultant pH was always that of physiological saline 

(i.e. pH 6.5) which was used as vehicle in order to maintain 

physiological iso-tonicity within the extracellular space. Drug 

solutions were injected at room temperature (approximately 21°C).

It was hoped that any behavioural changes resulting from a temperature 

effect would be revealed in control animals, although a better approach 

may have been to raise the temperature of injected solutions to 37°C.

Determining the area of drug diffusion

It is essential when intracerebrally administering drugs 

that the area of diffusion of drug be determined so that one may have 

some idea of the possible site(s) of action. Probably the most 

representative method is to identify actual drug molecules in 

surrounding areas, including the initial injection site. This poses 

many problems, particularly if attempts are made to estimate the 

presence of drug chemically, since the microdissection of brain tissue^ 

its anatomical differentiation and the extraction and analysis of drug 

molecules is extremely difficult. Alternatively it is possible to 

use radio-labelled compounds and estimate the concentration in the 

surrounding brain tissue autoradiographically. However, this technique 

requires access to special photographic equipment coupled with 

knowledge of autoradiographic procedures, and therefore is not often 

the method of choice.

In this thesis a water soluble dye was introduced into the 

brain using the injection technique employed in the administration
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of drugs. Although at best only, an indirect estimation of drug 

diffusion can be obtained in this way, Meyers (1971) has observed 

that the diffusion of dye corresponds almost exactly to that 

observed for radio-labelled compounds. However, using the autoradio

graphic method, structures located at some distance from the initial 

injection area were found to contain radioactive material but, 

according to Meyers (1971) in concentrations that would have no 

apparent pharmacological action. It is possible that this radio

activity revealed the presence of metabolic products only, since by 

this method these would remain indistinguishable from the 'active' 

material.

The Conditioning Technique

The technique described in the methods is an adaptation of 

that originally described by Cook and Wiedley (1957) . Apart from the 

use here, of a smaller compartment and brass instead of steel rods 

as the grid floor, the overall features are essentially the same.

There are however, important differences in the techniques used, in 

which rats were conditioned to climb a pole suspended above the grid 

floor. Although both procedures utilised a household buzzer to 

generate the conditioned stimulus (CS) and included footshock as the 

unconditioned stimulus (UCS) these stimuli were presented differently. 

Cook and Wiedley (1957) presented the CS (buzzer) and UCS (footshock) 

together for a period of 30 seconds or until the rat had climbed onto 

the electrically insulated pole, at which time both stimuli were 

terminated. The procedure employed here, which has previously been 

described by Davies et al (1973) was such that the CS and UCS were 

never simultaneously presented, although footshock always immediately 

followed termination of the acoustic signal. Since these two 

stimuli were separately presented the response of the animal to the
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CS was a better representation of true conditioning (Pavlovian) than 

that obtained by Cook and Wiedley (1957). As these authors pointed 

out "one cannot truly define this response (to the simultaneous 

CS and UCS) as a pure conditioned avoidance response", even though, 

following a series of such presentations, all rats ascended the pole 

during the CS alone. Consequently these authors used the term 

"conditioned avoidance-escape response" to describe the behaviour of 

rats trained in this way. Although the conditioning stimuli were 

combined during the acquisition phase of training, both conditioned and 

unconditioned responses were recorded when the CS and UCS were 

presented, respectively. In addition^these authors reported that as 

the extent of training increased rats exhibited a secondary 

conditioned response; that is they ascended the pole in response to 

being placed in the test chamber. In this thesis these responses 

have been recorded as inter-trial responses (IR). Buxton (1974) 

suggested that animals moving from one compartment to another of a 

shuttle-box during the UCS-CS interval were merely exhibiting 

spontaneous activity. It is more meaningful however if, as Cook and 

Wiedley (1957) suggested, this behaviour be linked to the test 

chamber in which the latter becomes the secondary conditioned stimulus. 

As Pavlov (1906) has shown almost any form of sensory information can 

become a conditioned stimulus.

In addition to these three response types, that is conditioned, 

unconditioned, and inter-trial responses a further response type was 

noted during the first few acquisition studies. This has been 

termed an avoidance attempt (E). Rats which exhibited this behaviour 

climbed the pole during presentation of the CS but climbed down again, 

usually when the CS had ended, and received some part of the UCS.

They may then have ascended the pole or as was quite often the case
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ryn around the cage, attempting to avoid the shock. Since the response

of the animal to the conditioned stimulus was followed by footshock and

not by shock avoidance this behaviour could not justifiably be

considered as true avoidance responding. However, this response type

represented no more than 5% of all responses that were exhibited during

the 50 trial training period and was therefore considered of academic

interest only. In this context it is perhaps interesting to note that

this behaviour could reflect the presence of two individual components

within the true conditioned avoidance response. Initially the rat must

climb or jump onto the pole and then maintain its position for the

duration of the CS and particularly of the UCS. Cook and Wiedley (1957)

pointed out that their 'conditioned avoidance-escape response' was

also a 'holding' response for this reason. It could therefore follow

that drugs which apparently affect the learning of animals in this

and similar avoidance situations do so because they affect the

ability of the rats to maintain a static pose. Consequently this

response was considered a useful parameter in observing drug effects. 
Drug sources.

The drugs used here were obtained from Uie following sources :-

Benztropine mesylate (Merck, Sharp and Dohme Limited,

Hoddesden, Herts), phentolamine mesylate (Ciba Laboratories,

Horsham, Sussex), 1-noradrenaline hydrochloride and dopamine hydro

chloride (Sigma London, Chemical Co. Ltd. Norbiton Station Yard,

Kingston-upon-Thames) pimozide base (Janssen Pharmaceuticals Ltd. 

Janssen House, Chapel Street, Marlow, Bucks) haloperidol base 

(Searle and Co. Ltd. Lane End Road, High Wycombe, Bucks), 

desmethylimipramine hydrochloride (Geigy Pharmaceuticals Ltd.

Kurdsfield Industrial Estate, Macclesfield, Cheshire), d-amphetaraine 

sulphate and apomorphine hydrochloride (Dr. F. Brown, University of 

Bath, Bath).
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3. CHARACTERISATION OF THE UNCONDITIONED STIMULUS

Introduction

It has been reported (Buxton, 1974; Moyer and Korn, 1964) 

that the intensity of the unconditioned stimulus directly affects the 

acquisition of a conditioned avoidance response. Animals were therefore 

trained at various UCS intensities to determine the optimal conditions 

for learning within this particular avoidance situation. Two variables 

of the UCS were altered (a) the voltage or potential difference 

applied to the grid floor and (b) the pulse duration of each individ

ual stimulus. The output of the dc generator used was checked for 

consistency using a cathode-ray oscilloscope and found to be accurate 

over the whole of the calibrated scale. The frequency (5Hz) and total 

duration (5 seconds) of the stimulus were kept constant. Voltage 

changes were made at constant pulse width (70ms) and pulse-width 

changes at constant voltage (70 volts). Before training, the animals' 

feet were moistened in about one centimetre of water in an attempt to 

minimise the possible differences in skin resistance between animals. 

Groups of ten, male, Sprague-Dawley CFY rats, weighing 150 ± 5g at the 

commencement of experimentation were used at each UCS intensity.

Results

(a) Voltage changes

The results are shown in figures 1 - 5 .  Each point repre

sents the mean percentage occurrence of each response for the complete 

50 trials, except for inter-trial responses which are expressed as the 

group mean totals for the five day period since, for this response,

100% could not be determined. Figures 1, 2 and 4 show the progressive 

rise in each of the individual response types with increase in UCS 

intensity over the range of 30 to 70 volts. Figure 3 depicts the 

decline in failures as animals began to respond to the CS and UCS.
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Responses are collectively summarised in figure 3.5 which shows the 

profile of activity at each UCS intensity. No changes in avoidance 

attempts were observed and therefore this has not been individually 

displayed.

At UCS intensities of 30 and 40 volts animals made no 

attempt to escape and therefore are recorded 100% failure. (Figure 3.3) 

In addition, although this was not quantitatively determined, animals 

did not exhibit the emotional and autonomic changes observed in those 

receiving the higher unconditioned stimuli. It may therefore be 

concluded that these potential differences were insufficient to over

come the resistance of the skin and evoke centripetal nervous activity. 

At 50 volts UCS intensity animals began to respond and although most 

subjects calmly walked around the cage, a few made the avoidance 

response and climbed onto the pole. With a UCS of 60 volts there 

was a sharp rise in escape behaviour, animals learning after only a 

few presentations how to avoid further contact with the stimulus. 

Figure 3.2 shows that at 60 volts the maximum number of unconditioned 

responses occurred, these remaining almost constant as the stimulus 

intensity was raised to 70 volts. In addition there was a steep 

rise in conditioned responses at 60 volts and although the number 

of unconditioned responses remained constant as the intensity rose to 

70 volts there was a steady and progressive increase in conditioned 

responses. Inter-trial responses were maximal at 70 volts, 

coincident with the high rates of conditioned responses. In summary 

as the voltage was increased animals began to respond to the UCS 

and subsequently to the CS, having reached maximum unconditioned 

responding at 60 volts (figure 3.5)
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Figure 3.3
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Figure 3.4
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(b) pulse-width changes

The results are depicted in figures 6 - 1 0 .  Because pulse- 

width changes were made over a large range of values they have been 

expressed as a logarithmic function, for ease of presentation. At 

a pulse-width of 0.07 ms no animals exhibited the avoidance motor 

response even though the intensity was 70 volts, a potential differ

ence previously shown to be effective. The pulse-width represents 

the period of time over which the potential difference is in 

existance across the skin and presumably across the nervous elements 

conveying the stimulus to the central nervous system. If the duration 

of the stimulus applied to these nerve endings were less than the 

refractory period of the nerve then only one train of impulses would 

be elicited, the stimulus having ceased before the cell had recovered 

to an excitable state. As this particular stimulus was applied for 

only 70ys it could be that the refractory period of the cell out

lasted the duration of the inductive stimulus. However, this would 

imply that at least one train of impulses is generated at each 

presentation of the stimulus. Consistent with this proposal it was 

noted that animals made slight jerking movements corresponding to the 

frequency of presentation of the stimulus, suggesting that some 

nervous activity had been generated.

When the pulse-width was increased to 0.7ms animals exhibited 

the avoidance motor response during presentation of both the UCS and 

CS. With further increments in the duration of each individual 

stimulus there was a progressive rise in all response types reaching 

a maximum at 7ms, which was maintained at pulse durations of 70ms. 

(figure 3.10). Figures 6, 7 and 9 show the rise in conditioned, 

unconditioned and inter-trial responses,respectively,as the pulse 

duration was increased at constant voltage. Figure 3.8 shows the
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Figure 3.6
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Figure 1.7
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Figure 3.9
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decline in the number of animals failing to respond as the pulse width 

was increased.

Discussion

These results are in agreement with those previously reported 

(Buxton, 1974) and show that the rate of conditioned responding is 

directly related to the intensity of the unconditioned stimulus.

In addition,the duration of each individual stimulus making-up the 

UCS was observed to be an important factor and independant of the 

stimulus intensity. Although the parameters of the unconditioned 

stimulus can be easily quantified in physical terms the actual curreht 

received by the animal is more difficult to estimate. The amount of 

tissue in contact with the stimulus source and the conductivity of 

the skin will affect the level of current received and therefore the 

intensity of the stimulus. Because the dryness of the skin was 

considered to be an important factor in determining the electrical 

resistance,the animals' feet were moistened prior to training. It 

was observed that maximum response rates were exhibited by animals 

trained at a UCS of 70 volts and 7ms pulse duration and therefore, 

considering the reservations regarding the stimulus intensity 

these parameters were chosen for the experiments described in this 

thesis.

The relationship between the intensity of the unconditioned 

stimulus and the response of animals to the conditioned stimulus 

is an important one. Presumably, the degree of neuronal activity 

arriving at the central nervous system reflects the intensity of 

the evoking stimulus. It seems reasonable to propose, since the 

response rates were different, that the evoked activity generated 

within the central nervous system was greater for a UCS of 70 volts
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than for a UCS of 60 volts, presented in the same manner. The 

passage of the unconditioned stimulus through the central nervous 

system was observed to evoke numerous behavioural and autonomic 

responses and in particular a motor response that removed the animal 

from further contact with the evoking stimulus. Figure 11 shows that 

the frequency of occurrence of this motor response (that is conditioned, 

unconditioned and inter-trial responses) is a function of the UCS 

intensity and increases with the intensity of stimulation. However, 

this increase in frequency was not the result of animals responding 

to the more severe shock (figure 3.2) but the result of a greater . 

proportion responding to the conditioned stimulus (figure 3.1). It 

appears therefore that the unconditioned stimulus affects the sensiti

vity of the animal to the conditioned stimulus. By definition, the 

CS evokes the same response as the UCS and it follows therefore that 

the same motor units must be activated by each of these stimuli, in 

order to produce the same motor response. It may be that the UCS 

induces changes in the collective units responsible for the motor 

output such that stimuli, being previously without affect, generate 

sufficient neuronal activity to evcke the response. These changes 

may reflect the level of neuronal activity generated by the 

unconditioned stimulus and not simply the repeated induction of the 

motor response. With respect to this it was observed that animals 

trained at both 60 and 70 volts exhibited the same number of 

unconditioned responses (figure 3.2), although the former received 

more unconditioned stimuli (figure 3.12). The exact nature of these 

changes cannot be infered from the little evidence reported here but 

it may be possible that they are susceptible to drug effects.
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Figure 3.11

130

120

80

70
w<D
aa
U )
(S)
u

60

M-lO 50
rH
S
5

40c(dCüS
30

20

10

30 40 50 60 70

UCS Intensity (volts)

The effect of increasing UCS intensity (volts) on the group 
mean total of all responses i.e. (conditioned, unconditioned 
avoidance attempts and inter-trial responses) exhibited 
over the complete 50 trials.



87

Figure 3.12
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The effect of drugs applied to the'amygdalae of conscious

rats on conditioned avoidance behaviour

In all experiments groups of 10/ male, Sprague Dawley CFY 

rats (Anglia Animals, Wooley, Huntingdon) were implanted,5 - 6 days 

before with bilateral intracerebral cannula-guides and housed individ

ually with food and water ad libitum. All drugs, unless stated 

otherwise were dissolved in 0.9% saline. Control animals received 

saline only. Drug solutions were injected bilaterally in a volume 

of 0.5yl and at a rate of 0.47yl min.  ̂ into the amygdalae of 

conscious, unrestrained rats. The injection cannula which protruded 

2.4 mm. below the tip of implanted guides was left in place for a 

further 30 seconds upon completion of injection to allow sufficient 

time for diffusion away from the cannula-tip. Rats were injected 

singly at three minute intervals and their behaviour observed in 

the pole-climb avoidance situation of Cook and Wiedley (1957), 35 

minutes later.

Results obtained with drug and saline-treated animals were 

compared using the Chi-square contingency table with one degree of 

freedom and the probabilities (P values) quoted for two-tail 

estimations.

Results

Amphetamine is known widely for its affects on animal 

behaviour (Carlsson, 1970) and upon catecholamine systems. Recently 

Davies et al (1974) observed that low doses of d-amphetamine 

(62.5yg/kg i.p.) facilitated, in the rat, the acquisition of the 

pole-climb conditioned avoidance response. Based upon this observation 

amphetamine was injected into the amygdalae of conscious rats to 

determine if the effects of amphetamine on avoidance behaviour
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could be attributed to an action restricted to the amygdala. The 

dose of amphetamine to be injected was calculated by assuming that 

one fourtieth of a peripherally effective dose would be effective 

by the intracerebral route. Recorrecting for the actual weight of 

the animal, assuming a relationship between brain and body weight, 

a dose of 50ng (base) was finally decided upon.

With d-amphetamine (O.OSyg base) present in the amygdala, 

rats responded more frequently during presentation of the conditioned 

stimulus (CS) than did saline-treated controls. Figure 4.1 shows 

the number of conditioned responses (CR), expressed as a percentage ; 

of the possible maximum for each 10 trial session, exhibited on each 

of the five days of training. The differences were most marked 

during sessions 2, 3 and 4 (see Table 4.1. for levels of statistical 

significance). The avoidance profile (figure 4.2) represents the 

mean occurrence of each response (that is conditioned, unconditioned, j 

failures and avoidance attempts - see methods for descriptions) 

expressed as a percentage of the possible maximum for the complete 

50 trials. Inter-trial responses (IR) are recorded on the profile 

as the group mean total since 100% response values could not be 

determined - Although the number of conditioned responses exhibited 

by saline and amphetamine-treated rats did not differ significantly 

on the first and fifth days of training the mean percent occurrence 

of this response was still significantly greater over the whole training 

session. Animals treated with amphetamine reached a criterion of 9 

out of 10 conditioned responses following fewer trials than saline- 

treated controls (figure 4.1). Fewer unconditioned stimuli were 

received by amphetamine-treated animals because responses had 

already been made to the conditioned stimulus, but as figure 4.2 

shows there was no significant difference in unconditioned responses
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over the.complete 5 day session. However, the distribution of these 

responses was different from controls (figure 4.3). During the 

first training session the UCS evoked the motor response more 

frequently in amphetamine-treated than in saline-treated rats.

The sub-control levels of responding over the next three days did 

not reflect an inability in making the escape response (UCR) but 

simply that fewer unconditioned stimuli were received . Since the 

total number of conditioned and unconditioned responses were jointly 

increased in rats receiving amphetamine there was necessarily a

reduction in the percent of failures (figure 4.2). No changes were
/ »

observed in avoidance attempts (E) this response representing an 

intermediate between conditioned and unconditioned responding/. Inter

trial activity (IR) remained at control levels .
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Figure 4.1
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Figure 4.2
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Figure 4.3
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TABLE 4.1
TABLE OF SIGNIFICANCES

CONTROL SALINE 0.5yl
TEST c1-A.MPHETAT4INE SULPHATE. O.OSyg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 21 NS
2 31 69 p <0.001
3 48 86 p< 0.001
4 66 87 p< 0.001

. 5 83 88 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 32 0.05 < p < 0.01
2 33 17 0.05 < p <0.01
3 31 14 0.05 < p< 0.01
4 28 12 0.05 < p< 0.01
5 11 7 NS

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 70.2 0.01 < p< 0.001
UCR 24.0 16.4 NS
F 25.8 11.0 O . O K  p< 0.001
E 2.2 2.4 NS
IR

. ______ _____

36.0 42.0 NS
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Davies et al (1974a) had suggested that this facilitation of 

conditioned responding induced by amphetamine was the result of an 

action upon dopamine neuron systems of the CNS. They also reported, 

contrary to what might have been expected, that apomorphine, a drug 

generally known for its properties as a dopamine receptor stimulant 

(Ernst, 1967) had surprisingly little effect on avoidance responding. 

However^when injected into the amygdalae of conscious rats apomorphine 

induced a similar facilitation of conditioned responding as that 

observed with d-amphetamine (figures 4.4 and 4.5). Although the overall 

increase in conditioned responses was not as marked as that observed 

with amphetamine the features of the behavioural change were essentially 

the same. The distribution of unconditioned responses followed a 

similar pattern but the fall in response rate to levels below that of 

saline-treated controls was evident on the third day of training 

(figure 4.6), reaching control levels again on day five. Statistical 

differences are recorded in Table 4.2.
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Figure 4.4
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Figura 4.5
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Figure 4.6
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TABLE 4.2 
TABLE OF SIGNIFICANCES

CONTROL SALINE 0.5]il
TEST APOMORPHINE HYDROCHLORIDE. O.OSyg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 * 7 NS
2 31 49 0.01 >p >0.001
3 48 80 p< 0.001
4 66 90 , p< 0.001
5 83 88 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 36 0.01 >p >0.001
2 33 39 NS
3 31 19 NS

: 4 • 28 8 p< 0.001
5 11 9 NS

AVOIDANCE PROFILE
RESPONSE CONTROL T^ST PROBABILITY

CR 48.0 63.0 0.05 >p >0.01
UCR 24.0 22.2 NS
F 25.8 13.0 0.05 >p >0.01
E 2.2 1.8 NS
IR 36.0 35.0 NS
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To attempt to add further support to the proposal that the 

behavioural effects of some drugs administered systemically were due 

to actions, at least in part, on dopamine-neuron systems of the 

amygdala, animals were treated intra-amygdally with benztropine 

mesylate (O.OSyg base). This drug has been used in the treatment of 

Parkinson's disease (Horn et al, 1971) and is reported to have both 

anticholinergic (Snyder et al, 1970) and dopamine-uptake blocking 

activity (Coyle and Snyder, 1969). It can be seen in figures 4.7, 

4.8 and 4.9 that animals treated with benztropine exhibited the same 

type of behavioural changes observed in amphetamine and apomorphine 

treated rats. In summary,- rats learned to climb the pole during 

presentation of the conditioned stimulus following fewer trials than 

required by saline-treated controls. Table 4.3 contains a numerical 

summary of the results and statistical probabilities.
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Figure "4.7
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Figure 4.8
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Figure 4.9
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TABLE 4.'3
TABLE OF SIGNIFICANCES

CONTROL SALINE 0.5yl
t e s t b e n z t r o p i n e m e s y l a t e O.OSyg base

s e s s i o n
CONDITIONED RESPONSES 

CONTROL TEST PROBABILITY

1 IS * 16 NS
2 31 57 p < 0.001
3 48 78 p< 0.001
4 66 87 p< 0.001

. 5 83 89 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 37 0.01 >p >0.001
2 33 31 NS
3 31 17 NS
4 28 9 p <0.001
5 11 7 NS

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 65.4 0.05 >p >0.01
UCR 24.0 21.8 NS
F 25.8 10.3 0.01 >p >0.001
E 2.2 2.5 NS
IR 36.0 33.4 NS
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In order to determine if the previous observations 

represented true pharmacological effects and not non-specific activity 

the concentrations of drug were increased. As figures 4.10, 4.11, and 

4.12 show, d-amphetamine (1.25yg base) induced the same type of 

behavioural change as that observed at the lower dose, except that 

the increase in conditioned responding was not as marked (Table 4.4). 

Following the second day of training a plateau of responding was observed 

which was maintained at a level below the 90% criterion for the 

remaining three training sessions (figure 4.10). In addition, the 

distribution and frequency of unconditioned responding remained at 

control levels unlike that observed in rats receiving the lower dose 

of amphetamine (compare figure 4.3 with figure 4.11). Over the 

five days of training (figure 4.12) significantly more conditioned 

responses were made by amphetamine-treated rats than by controls 

and the increase was reflected in a decrease in failures. No change 

was observed in the other parameters.
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Figure 4.10
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Figure 4 .11
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Figure 4.12
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TABLE 4.4
TABLE OF SIGNIFICANCES

-

CONTROL SALINE O.Syl
TEST d-AMPHETAMINE SULPHATE 1.25yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 ' 10 NS
2 31 73 P < 0.001
3 48 68 0.01 >p >0.001
4 66 77 NS
5 83 81 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 19 NS
2 33 22 NS
3 31 27 NS
4 28 32 NS
5 11 15 NS

AVOIDANCE PROFILE '
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 61.8 0.05 >p >0.01
UCR 24.0 22.8 NS
F 25.8 13.2 0.01 >p >0.001
E 2.2 2.2 NS
IR 36.0 37.0 NS
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However, when 2.5yg of amphetamine’had been injected 

bilaterally into the amygdala,rats exhibited fewer conditioned 

responses than controls (figure 4.13). The differences were 

statistically significant on all days of training (Table 4.5). The 

slopes of the acquisition curves can be seen to have approximately 

the same gradient suggesting that the inhibition of conditioned 

responding could be overcome with continued training. Although 

these animals failed to respond to the acoustic signal, upon 

receiving the unconditioned stimulus they climbed onto the pole 

(figure 4.14). In fact amphetamine-treated animals exhibited the 

same number of failure responses as did the controls suggesting that 

the animals'ability to execute the motor response was not affected 

(figure 4.15). It follows that in some way amphetamine was 

specifically antagonizing the induction of this motor response by 

the conditioned stimulus. This differential effect upon the CS and 

UCS may reflect the differences in the physical characteristics of 

each and consequently the biological activity that each induces. 

Avoidance attempts (E) and inter-trial responses, however, remained 

at control levels.
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Figure 4.13
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Figure 4.14
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Finure 4.15
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TABLE 4.5 
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST D-AMPHETAMINE SULPHATE 2.5yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 ‘ 0 p< 0.001
2 31 9 p< 0.001
3 48 14 p < 0.001
4 66 20 p< 0.001
5 83 45 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

• 1 17 25 NS
2 33 46 p< 0.001
3 31 65 p< 0.001
4 • 28 65 p < 0.001
5 11 52 p < 0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 17.2 p< 0.001
UCR 24.0 52.8 p< 0.001
F 25.8 25.0 NS
E 2.2 5.0 NS
IR 36.0 38.8 NS
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Although Davies et al (1974a) reported that the higher 

doses of amphetamine disrupted conditioned behaviour they did not 

propose a mechanism for this effect. The systemic route of drug 

administration would not have allowed them to make any definitive 

conclusions regarding the site at which the observed inhibition was 

mediated, but these results suggest not only that it is central in 

origin but that it is possibly restricted to an action(s) on 

amygdaloid function. Amphetamine is known to affect the transmission 

of both dopamine and noradrenaline across the respective synapses 

and therefore either of these neuron systems might be responsible for 

mediating the observed inhibition. If this were due to facilitation 

of dopamine at the synapse then apomorphine, at a higher dose might 

also be expected to inhibit conditioned responding. However, as 

figure 4.16 shows, rats treated bilaterally with 2.5yg of apomorphine 

failed to make frequent responses to the unconditioned stimulus and 

consequently did not respond to the CS (figure 4.17) either. Although 

there was no difference between apomorphine and control rats on the 

first day of training (figure 4.17, Table 4.6) there was a progressive 

decline to almost zero during the remaining four sessions. Since 

these animals did not respond, at least to any significant extent, 

to the CS and UCS there is a sharp peak in the occurrence of failure 

responses in the avoidance profile (figure 4.18). Clearly there was 

disruption of motor performance since these rats vocalised and 

exhibited the secondary emotional' responses consistent with shock 

reception. The stimuli to which animals respond during the UCS-CS, 

intertrial interval are not known but apomorphine-treated rats made 

few inter-trial responses. Again this probably reflected the low 

frequency of escape responses (figure 4.18).
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Figure 4.16
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Figure 4.17

w0)ü;
Oo.
m
<D
u
Tj0)co
-H
•H
c:ou

(Uü
< u
e u
cl’JwG

100
Apomorphine 2.Syg

90 Saline 0.5 yi

80

70

60

50

40

20

10

1 2 4 5

Sessions (10 trials each)

The effect of bilateral amyq'laloid injections oL' 
apomorphine hydrochloride (2.5yg base) on the mean 

percent occurrence of conditioned responses during five (10 trial) 
training sessions.



118

Figuro 4.18

<yoG0)XI
uu
o
4->G0)u
XI0)
C U
GGOJt3

100

90

80

70

60

50

40

30

20

10

apomorphine 2.Syg

O- "# Saline 0.5 yl

! r

CR UCR IR

. Responses
The effect of bilateral amyg.laloi'J injections of 

apomorphine hydrochloride (2.5yg base) on the moan 
percent occurrence of conditioned (CR) and unconditioned (UCR) 
responses, failures (F) and avoidance attcnipts (F) over the 
complete 50 trial training period. Inter-trial (IR) responses 
are expressed as the group mean total for the complete 50 trials



119

TABLE 4.5
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST APOMORPHINE HYDROCHLORIDE 2.5yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 10 NS
2 31 4 p< 0.001
3 48 7 p< 0.001
4 66 3 p< 0.001
5 83 2 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

■ 1 17 9 NS
2 33 25 NS
3 31 17 0.05 >p >0.01
4 28 12 0.01 >p >0.001
5 11 8 NS

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 5.2 p < 0.001
UCR 24.0 14.2 0.05 >p >0.01
F 25.8 77.6 p < 0.001
E 2.2 3.0 NS
IR 36.0 13.6 p< 0.05
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Similarly, when animals were treated 35 minutes before 

training, with benztropine (2.5yg base) a profile of behaviour was 

obtained intermediate between those observed with amphetamine (2.5yg) 

and apomorphine (2.5yg). Figure 4.19 shows that benztropine-treated 

rats made very few responses to the acoustic signal even with 

continued training. Response rates were significantly less than 

saline controls during all sessions (Table 4.7). However, this 

depression of conditioned responding was not merely a reflection of 

the animals' inability in making the necessary motor response since 

approximately 50% of all responses were exhibited during presentation 

of footshock (figure 4.20). On the other hand these rats failed to 

respond to both the CS and UCS on a greater number of occasions than 

control rats but this may have reflected the fact that they also 

received more unconditioned stimuli. Figure 4.21 shows the increase 

in unconditioned responses over the 5 daily sessions. In addition, the 

frequency of inter-trial responding was decreased as with apomorphine. 

On the other hand the largest dose of amphetamine did not depress 

inter-trial activity but it did not depress unconditioned responding 

either. This may suggest a relationship between unconditioned 

behaviour and frequency of inter-trial responding.
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TABLE 4.7
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
t e s t b e n z t r o p i n e MESYLATE 2.5yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 * 0 p < 0.001
2 31 2 p < 0.001
3 48 10 p < 0.001
4 66 10 p < 0.001
5 83 11 p < 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

• 1 17 3 p< 0.001
2 33 23 NS
3 31 60 p< 0.001
4 28 70 p< 0.001
5 11 76 p < 0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 6.6 p < 0.001
UCR 24.0 46.2 0.01 >p >0.001
F 25.8 45.2 0.01 >p >0.001
E 2.2 2.0 NS
IR 36.0 18.2 0.05 >p >0.01
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Comparatively low doses of amphetamine, apomorphine and 

benztropine were observed to facilitate acquisition of the conditioned 

response and it is tentatively inferred that these drugs produce 

this effect by an action(s) on dopamine-neuron systems of the 

amygdala. Conversely, inhibition of conditioned responding was 

observed with the higher doses of each of these drugs and it is 

possible that this represents an effect mediated through transmitter 

systems that function in opposition to dopamine neurons. Direct 

antagonism with dopamine receptor blocking drugs should therefore 

produce inhibition of conditioned responding also,if this premise is 

applicable.

Pijnenberg et al (1975) observed haloperidol, injected into 

the nucleus accumbens septi of the conscious rat, to antagonise the i

locomotor stimulatory effect of dopamine injected into the same 

nucleus. At the concentration reported (2.5yg/0.5yl) it was necessary here 

to make a solution of haloperidol in 0.5% lactic acid in saline, since 

haloperidol is practically insoluble in acqueous solvents. Lactic 

acid alone was therefore used as control in these experiments 

reported below, Pijnenberg et al (1975) compared the activity of the 

commercial product of haloperidol (Serenace, Searle Pharmaceuticals) 

with saline. From figures 4.22 and 4,23 and from the avoidance

(figure 4.24) it can be seen that both haloperidol and its 

v^bicle severely disrupted conditioned and unconditioned responding 
(Table 4.8).
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Figure 4.22
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Figure 4.24
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TABLE
TABLE OF SIGNIFICANCES

CONTROL C).5% LACTIC ACID IN SALINE O.Syl
TEST HALOPERIDOL/LACTIC ACID 2.5yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 o 0 NS
2 3 0 NS
3 9 4 NS
4 15 9 NS

• 5 19 12 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 11 0 p < 0.001
2 13 10 NS
3 11 25 0.05 >p >0.01
4 14 26 NS
5 15 20 NS

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 9.2 5.0 NS
UCR 12.2 16.8 NS
F 77.4 76.0 NS
E 1.2 2.2 NS
IR 12.0 8.0 NS
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Since there was a marked vehicle effect it was necessary to 

inject haloperidol in saline. As a result of this requirement the 

dose of drug had to be reduced because of solubility problems. A 

solution of haloperidol (0,4mg/pl) was made by dissolving the weighed 

sample of drug in a few drops of O.IN hydrochloric acid and returning 

the pH to 6.5 with alkaline sodium sulphite in saline. When injected 

bilaterally into the amygdalae of conscious rats,haloperidol reduced 

the rate of acquisition of the conditioned response without affecting 

the response to the unconditioned stimulus (figures 4.25 and 4.26) ,

The frequency of conditioned responses increased, below control levels, 

to a maximum on the third day of training but was observed to fall 

during the next two sessions (figure 4.25). As a result of not 

responding to the CS these rats received more unconditioned stimuli 

than controls and therefore there was an increase in the frequency 

of unconditioned responses (figure 4.26). The avoidance profile 

(figure 4.27) shows collectively the drug-induced changes in conditioned 

and unconditioned responding and the maintenance of avoidance 

attempts (E), inter-trial responses (IR) and failures at control 

levels.
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Figure 4.25
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Figure 2.26
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Figure 4.27
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TABLE 4.9
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST HALOPERIDOL HYDROCHLORIDE 0.2yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 2 p< 0.001
2 31 14 0.01 >p >0.001
3 48 38 NS
4 66 35 p< 0.001

. 5 83 28 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 • 17 24 NS
2 33 59 0.01 >p >0.001
3 31 59 0.01 >p >0.001
4 ■ 28 64 p< 0.001
5 11 69 p <0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 23.4 p< 0.001
UCR 24.0 55.4 p< 0.001
F 25.8 18.8 NS
E 2.2 2.4 NS
IR 36.0 33.8 NS
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Haloperidol has been reported to be less specific for 

dopamine receptors than is pimozide (Anden et al, 1970) and therefore 

the effects of pimozide ' on avoidance behaviour were observed.

Although apparently more specific, pimozide (0,2]ig base) reduced 

the rate of conditioned responding to approximately the same extent 

haloperidol (figure 4.28). Pimozide-treated rats exhibited

fewer conditioned responses than control animals during all sessions 

except two (Table 4.10). Unlike the haloperidol group no plateau 

of responding was observed (figure 4.28) although the rate of 

increase of conditioned responding after day two was very small. 

Responses to the unconditioned stimulus were not affected by 

pimozide (figure 4.29) and resulting from poor conditioned 

behaviour pimozide-treated rats exhibited significantly more 

unconditioned responses. There where no changes in any of the 

other parameters (figure 4.30).
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Figure 4.29
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Figure 4.30
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TABLE 4.10 
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST PIMOZIDE HYDROCHLORIDE 0.2yg

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 6 0.05 >p >0.01
2 31 20 NS
3 48 27 0.01 >p >0.001
4 66 31 p< 0.001

. 5 83 37 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 14 NS
2 33 43 NS
3 31 59 p< 0.001
4 28 62 p< 0.001
5 11 51 p< 0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 24.2 ' p< 0.001
UCR 24.0 45.8 0.01 >p >0.001
F 25.8 27.7 NS
E 2.2 2.3 NS
IR 36.0 31.8 NS
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These results obtained with haloperidol and pimozide suggest 

that antagonism of dopamine-nerve function in the amygdala may account 

for the disruptive effects of these drugs on avoidance responding 

(Davies et al, 1974b). Unless high concentrations of amphetamine 

also block dopamine receptors,then the inhibitory effects observed 

with the larger doses of amphetamine (Davies et al, 1974a)must be 

related, at least theoretically, to the presence of an inhibitory 

system sensitive to the facilitatory effects of this drug,

Brownstein et al (1974) have measured the concentration of dopamine 

and noradrenaline in the rat limbic system and reported approximately 

equal amounts of dopamine and noradrenaline within the amygdala.

The involvement of noradrenaline in the functioning of the amygdala 

was therefore examined.

Desmethylimipramine (DMI) is known to be a potent 

antagonist of noradrenaline uptake (Horn et al, 1971) while having 

little effect on the uptake of dopamine. When injected into the 

amygdala,DMI (S.Oyg base) resulted in marked inhibition of conditioned 

responding (figure 4.31) such that response rates were significantly 

less than controls during all sessions (Table 4.11). Responses 

occurring during presentation of the UCS were increased by DMI 

(figure 4.32) although there was slight elevation of failures also 

(figure 4.33). There was no Repression of inter-trial behaviour 

unlike that obtained with apomo.rphine (2.5yg) and benztropine (2.5yg) 

previously. This might suggest a minimal effect of DMI on motor 

performance
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Figure 4.32
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Figure 4.33
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TABLE 4.11 
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
t e s t d e s m e t h y l i m i p r a m i n e HYDROCHLORIDE S.oyg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 1 p< 0.001
2 31 4 p <0.001
3 48 28 0.01 >p >0.001
4 66 12 p< 0.001

. 5 83 10 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

• 1 17 9 NS
2 33 50 0.01 >p >0.001
3 31 47 0.05 >p >0.001
4 28 50 p <0.001
5 11 69 p< 0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 11.0 p< 0.001
UCR 24.0 45.0 p< 0.001
F 25.8 36.0 0.01 >p >0.001
E 2.2 7.4 NS
IR 36.0 30.8 NS
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Desmethylimipramine, although generally known for its 

noradrenaline-uptake blocking activity, has additional pharmacological 

properties, being both a local anaesthetic and an anti-cholinergic 

(Byck, 1975) and therefore the effects of a much lower 

dose on avoidance behaviour were observed. It can be seen from 

figure 4.34 that the depression of conditioned responding was as 

pronounced as that produced by the higher dose. However, no 

depression of unconditioned responding was observed (figures 4.35 

and 4.36) and consequent upon the low rates of conditioned responses 

there was a marked increase in escape responses over the five 

sessions. In fact the percentage of failures exhibited by DMI 

(0.05yg)-treated rats was significantly less than for controls 

(figure 4.36. Table 4.12). Although this may have represented a 

true pharmacological effect it is equally possible that the decline 

in failures represented more efficiently executed escape behaviour.

Taken together these observations suggest an inhibitory 

role for noradrenaline within the amygdala, at least with respect 

to conditioned behaviour. Since DMI does not alone evoke neuronal 

activity it follows that DMI must be facilitating the activity of 

noradrenaline released by stimulus-induced nerve impulses 

behaviour of the animal might therefore be expected to represent a 

balance between the facilitatory effects of dopamine on the one hand 

and the inhibitory effects of noradrenaline on the other. If a tonic 

inhibitory system were present then drugs which block the post- 

synaptic noradrenaline receptors might enhance avoidance conditioning.
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Figure 4.34
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Figure 4.35
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Figure 4.36
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TABLE 4.12
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST DESMETHYLIMIPRAMINE HYDROCHLORIDE O.OSyg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 5 NS
2 31 7 n< 0.001
3 48 13 p <0.001
4 66 8 p< 0.001

• 5 83 10 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

• I 17 46 0.05 >p >0.01
2 33 72 p < 0.001
3 31 75 p < 0.001
4 28 92 p<0.001
5 11 89 p <0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 8.6 p< 0.001
UCR 24.0 73.0 p < 0.001
F 25.8 14.2 0.05 >p >0.01
E 2.2 4.2 NS
IR 36.0 32.6 NS
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Unexpectedly, however, animals treated bilaterally with 

phentolamine (S.Oyg base) responded poorly to both the conditioned 

and unconditioned stimuli (figures 4.37 and 4,38). Although the 

number of unconditioned responses did not differ from saline-treated 

controls when compared over the 50 trial session (figure 4.40), 

there were significant differences in the distribution of these 

responses. During sessions one and two phentolamine-treated rats 

exhibited fewer responses to the UCS than saline controls and 

consequently there was a significant increase (Table 4.13) in the 

number of failures (figure 4.39). In a manner similar to that
X

observed with the higher doses of apomorphine and benztropine there 

was a fall in the level of inter-trial behaviour (figure 4.49).
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Figure 4.37
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Figure 4.33
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Figure 4.39
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TABLE 4.13 
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST PHENTOLAMINE MESYLATE 5.Oyg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 3 p< 0.001
2 31 9 p< 0.001
3 48 19 p< 0.001
4 66 20 p< 0.001

. 5 83 32 p <0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 1 p < 0.001
2 33 16 0.01 >p >0.001
3 31 28 NS
4 28 38 NS
5 11 24 0.01 >p >0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY '

CR 48.0 1.6 p < 0.001
UCR 24.0 21.4 NS
F 25.8 59.4 p< 0.001
E 2.2 2.6 NS
IR 36.0 17.6 0.05 >p >0.01
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Although phentolamine is generally known for its 

oc-adrenoreceptor blocking activity its specificity within the 

central nervous system is not so widely accepted (Pijnenberg et al, 

1975). Because a comparatively high dose affected motor performance, 

avoidance responding was observed after injection at a smaller 

concentration (0.2yg base). Figure 4.40 shows that at this dose 

phentolamine depressed conditioned responding during the first 

session but significantly facilitated performance during the 

sessions two and three, animals responding at control levels on the 

remaining days (see Table 4.14 and figure 4.40). Over the complete 

training period, however, phentolamine-treated rats did not respond 

significantly more so than controls (figure 4.41). Unconditioned 

responses were distributed similarly to controls (figure 4.42). The 

increase in conditioned responses was reflected in a decrease in 

failures (figure 4.41) like that observed with the low doses of 

amphetamine, apomorphine and benztropine.
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Figure '4.40
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Figure 4.41
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Figure 5.42
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TABLE 4.14
TABLE OF SIGNIFICANCES

CONTROL SALINE O.Syl
TEST PHENTOLAMINE MESYLATE 0.2yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 3 0.01 >p >0.001
2 31 46 0.05 >p >0.01
3 48 70 0.01 >p >0.001
4 66 77 NS
5 83 90 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 17 24 NS
2 33 42 NS
3 31 26 NS
4 28 21 NS
5 11 7 NS

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 57.2 p< 0.05
UCR 24.0 24.0 NS
F 25.8 14.6 NS
E 2.2 4.2 NS
IR 36.0 24.6 NS
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It was apparent therefore,that the proposed inhibitory 

system was mediated through activation of post-synaptic 

oc-adrenoreceptors. Previously in this section/^amphetamine was 

observed to decrease the rate of conditioned responding and a 

proposal made suggesting mediation through noradrenaline-neuron 

systems within the amygdala. If this were the case then phentolamine 

should antagonise the response suppression produced by amphetamine 

and DMI.

Figure 4.43 shows the antagonism of the inhibitory effects of 

O.OSyg of DMI produced by the simultaneous administration of 0.2yg of 

phentolamine. Although conditioned responding was still less than 

saline controls, when compared to DMI alone, phentolamine/DMT-treated 

rats exhibited significantly more conditioned responses during all 

training sessions but the first (see Table 4.15). Because phentola- 

mine/DMI-treated rats responded more frequently to the CS they 

received fewer unconditioned stimuli than DMI-treated animals, and 

consequently exhibited fewer unconditioned responses (figure 4.44). 

Phentolamine also reversed the fall in failures observed with DMI 

alone (figure 4.45).
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Figure 4.43
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Figure 4.44
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Figure 4.45
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TABLE 4.15
TABLE OF SIGNIFICANCES

CONTROL DESMETHYLIMIPRAMINE (HCl) ALONE 0.05]jg
TEST DMI (O.OSyg) plus phentolamine (0.2yg)

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 5 4 NS
2 7 20 p = 0.01
3 13 29 0.01 >p >0.001
4 8 35 p < 0.001

. 5 10 46 p< 0.001

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 46 14 p< 0.001
2 72 61 NS
3 75 66 NS
4 92 58 p< 0.001
5 89 49 p< 0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 8.6 26.8 p< 0.001
UCR 73.0 49.6 p< 0.001
F 14.2 20.4 NS
E 4.2 3.2 NS
IR 32.6 29.4 NS .
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In a manner similar to that observed with desmethylimipramine, 

phentolamine (0.2yg) antagonised the inhibitory effects of 

amphetamine also. However, in this case the antagonism was complete 

and rats treated with both phentolamine and amphetamine responded 

as well as saline-treated controls (figure 4.46). In comparison to 

amphetamine alone, these rats exhibited fewer unconditioned and 

failure responses within (figure 4.47) and over (figure 4.48) the 

complete 50 trials (see Table 4.16).

These results would support an inhibitory role for ' 

noradrenaline. /-
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Figure 4.46
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Figure 4.47
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Figure 4.48

(U
uc
(U
u
u0
ou
o
4Jgu
u
(VA
GG
QJS

100 amphetaminef 2.5yg plus phentolamine, 0.2yg

amphetamine, 2.5yg90

80

70

60

50

40

30

20

10

O
E IRUCR FCR

Responses
The effect of bilateral amygdaloid injections of 

phentolamine/amphetamine combinations on the mean 
percent occurrence of conditioned (CR) and unconditioned (UCR) 
responses, failures (F) and avoidance attempts (E) over the 
complete 50 trial training period. Inter-trial (IR) responses 
are expressed as the group mean total for the complete 50 trials,



169

TABLE 4.16 
TABLE OF SIGNIFICANCES

CONTROL d-AMPHETAMINE (50% ) ALONE 2.5yg base
TEST AMPHETAMINE (2.5yg) plus PHENTOLAMINE 0.2yg

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 p < 0.001
2 9 53 p < 0.001
3 14 54 p< 0.001
4 20 60 p< 0.001

• 5 45 62 0.05 >p >0.01

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 25 22 NS
2 46 36 NS
3 65 43 0.01 >p >0.001
4 65 39 0.01 >p >0.001
5 52 35 0.01 >p >0.001

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 17.2 48.2 p <0.001
UCR 52.8 35.0 0.01 >p >0.001
F 25.0 12.0 0.05 >p >0.01
E 5.0 4.2 NS
IR 38.8 34.2 NS
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From the results presented so far the inference has been 

made that both dopamine and noradrenaline-containing neurons of the 

amygdala have specific functions in the control of avoidance 

behaviour, at least within the acquisition phase. Facilitation of 

dopamine with the low doses of amphetamine, apomorphine and 

benztropine resulted in enhanced performance of treated rats. 

Conversely, facilitation of noradrenaline function resulted in 

reduced rates of acquisition which could be reversed by phentolamine, 

It is a necessary consequence of such proposals that application of 

these specific neurotransmitter substances should result in 

predictable changes in avoidance behaviour.

Figure 4.49 shows that dopamine hydrochloride (0.5yg base) 

facilitated the rate of acquisition of the conditioned response. 

Although the increase was not as marked as those observed in drug- 

treated groups^response rates were significantly greater than 

controls during all sessions except the first and last (figure 4.49 

Table 4.17). The resultant behavioural changes were similar in 

most respects to those observed previously (figure 4.50 and 4.51).
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Figure 4.49
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Figure 4.50
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Figure 4.51
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TABLE 4.17
TABLE OF SIGNIFICANCES

CONTROL SALINE 0.5yl
TEST DOPAMINE HYDROCHLORIDE 0.5yg base

CONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

1 15 17 NS
2 31 46 0.05 >p >0.01
3 48 73 0.01 >p >0.001
4 66 85 0.01 >p >0.001
5 83 88 NS

UNCONDITIONED RESPONSES
SESSION CONTROL TEST PROBABILITY

■ 1 17 36 0.01 >p >0.001
2 33 21 0.05 >p >0.01
3 31 17 0.01 >p >0.001
4 ■ 28 10 p <0.001
5 11 7 NS

AVOIDANCE PROFILE
RESPONSE CONTROL TEST PROBABILITY

CR 48.0 67.8 0.01 >p >0.001
UCR 24.0 18.2 NS
F 25.8 12.2 0.05 >p >0.01
E 2.2 1.8 NS
IR 36.0 32.6 NS
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In a fashion consistent with the proposals, animals 

treated bilaterally with O.Syg of noradrenaline (hydrochloride) 

made fewer responses than did saline-treâted controls (figure 4.52), 

Response rates were significantly less than control values on all 

days of training (Table 4.18). However, animals successfully 

escaped from the UCS and consequent upon poor conditioned 

responding made significantly more unconditioned responses than 

control animals (figure 4.53). In addition there was a decrease in 

the frequency of failures similar to that observed with the low 

dose of DMI (figure 4.54).
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Figure 4.52
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Figure 4.53
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TABLE OF SIGNIFICANCES
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CONTROL SALINE 0.5yl
TEST NORADRENALINE HYDROCHLORIDE O.Syg base

SESSION
CONDITIONED RESPONSES 

CONTROL TEST PROBABILITY

15
31
48
66
83

12
19
28
37
44

NS
NS

0.05 >p >0.01
p <0.001 
p < 0.001

SESSION
UNCONDITIONED RESPONSES 

CONTROL TEST PROBABILITY

17
33
31
28
11

29
52
59
67
69

0.05 >p >0.01
0.01 >p >0.001 
0.01 >p >0.001 

p <0.001 
• p < 0.001

RESPONSE
AVOIDANCE PROFILE 

CONTROL TEST PROBABILITY

CR
UCR
F
E
IR

48.0
24.0 
25.8

2 . 2

36.0

28.0
55.2
14.0
3.8

30.4

p< 0.001 
' p< 0.001

0.05 >p >0.01 
NS 
NS
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Introductory Summary

In this chapter the experimental results detailed in previous 

sections will be considered from both behavioural and neurophysiolog- 

ical points of view.

To begin, the behavioural response that has been the sole 

'object' of my observations will be described in relation to the 

stimuli that are responsible for its induction and those responsible 

for the particular qualities by which it is defined. The next and 

largest section is an attempt to correlate the observed behaviour 

changes with the effects that these drugs are believed to exert at 

the synapse. In all cases facilitation or suppression of nerve- 

impulse transmission across the synapse is discussed. Experimental 

observations have been compared with those of other behavioural 

studies in which more generalised routes of drug administration have 

been used and therefore, at the outset, one might anticipate 

different effects when these drugs are applied to more discrete areas 

of the CNS. There is, however, a surprising uniformity. Having 

discussed drug-induced changes in synaptic transmission, their 

effects on the efferent output of the amygdala are considered. 

Finally, a functional role for the amygdala in conditioned 

behaviour is proposed.
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CHAPTER 5 - DISCUSSION

Environmental Evocation of Behaviour

The term active-avoidance implies that the subject, in this 

case a rat, is required to perform some particular motor response 

in order to remove itself from contact with the source of a 

potentially noxious stimulus. In the pole-climb response of Cook and

Wiedley (1957), rats must climb onto a pole in order to avoid an 

electric shock applied through the cage floor. These authors 

considered the complete response as having two major components. 

Initially, the subjects must jump onto the pole and then hold-on 

until presentation of both the conditioned and unconditioned stimuli 

is complete, at which time the animals are gently replaced onto the 

cage floor. Although running and jumping are innate behaviours of 

the mature rat, in this avoidance situation jumping and clinging to 

the pole is considered as a learnt and therefore new behaviour since 

the directional component is defined. An animal must hot simply jump 

into the air but its behaviour must be directed towards the pole. It

is interesting to consider the progression of behaviour that 

culminates in animals exhibiting the escape-avoidance response.

When rats are first placed into the conditioning box they 

exhibit exploratory behaviour which is characteristic of animals 

presented with an array of novel stimuli. Locomotion around the 

cage is accompanied by a preponderance of olfactory directed 

behaviour for which rats and other rodents are well recognised.

In these animals,presentation of the conditioned stimulus evokes 

little more than reflex pricking of the ears, but on receiving 

the unconditioned stimulus there is immediate induction of 

vocalisation and running, the latter presumably directed at escape
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from the noxious stimulus. Concomitant with this is the appearance 

of emotional and autonomic behaviour characterised by deep respiration, 

pupillary dilation, piloerection and exophthalmos. Termination of 

the unconditioned stimulus is accompanied by a sudden and complete 

cessation of all motor behaviour as though the rat had found a 

'stimulus-free' area. Gradually over the next 20 second interval 

exploratory behaviour begins to appear. However, unlike that 

observed during the initial exposure, presentation of the CS for a 

second time evokes a similar cessation of motor activity seen on 

termination of the UCS. In some cases animals may bite the bars 

but nevertheless are stimulated into more reactive behaviour on 

receiving the next unconditioned stimulus. During the apparently 

random running and jumping that these animals exhibit, some make 

contact with the pole and if, having jumped sufficiently high, cling 

by all four feet above the grid floor. Others, which have their 

front feet only, in contact with the pole are caused to climb on 

by continued unconditioned stimulation. In either case the animals 

have exhibited their first escape-avoidance response.

The 'chance' nature of the response is apparent from this 

description. Had, for example, an area of insulated grid floor been 

made available, then animals inadvertently walking or running on to 

it whilst attempting to escape from the UCS would most probably 

remain there. It would appear therefore, that the unconditioned 

stimulus, by its very nature, acts as the driving or motivational 

force for the observed motor behaviour. In support of this direct 

causal link between stimulus and response is the observation that 

shock termination, which in terms of stimulus-response coupling 

may be considered as an 'insulated area', results in cessation of 

motor activity, at least momentarily.
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By classical definition, an unconditioned stimulus is any 

stimulus that evokes a characteristic response in an animal without 

prior training. Since the escape-avoidance response described by 

Cook and Wiedley (1957) requires that the subject jump and cling to 

a pole and not simply jump into the air, this response has an element 

which is learned. In classical terminology the definition of an 

unconditioned stimulus is therefore not strictly applicable in this 

situation. However, this learned, directional component of the 

response is not dependant upon the UCS for its control, but upon the 

physical restrictions of the test environment. The overall escape- 

avoidance response represents the outcome of a motivational or 

driving force (the UCS) applied to an animal, within the confines of 

the test. An identical stimulus applied in the same way but within a 

different environment would not result in the same motor response.

During the period that follows the first successful escape 

response rats become more proficient at escaping from the shock 

although the UCS does not invariably evoke the response. In addition, 

as Cook and Wiedley (1957) reported most rats to exhibit a 'secondary* 

conditioned response in which they ascend the pole when placed into 

the conditioning box at the beginning of the day's training. Although 

these authors noted that the subject, once it had been returned to the 

cage floor remained there until training had begun, rats trained using 

the procedures reported in this thesis made several repeated responses 

in rapid succession. These responses resulted, most probably, from 

the sights and smells of the test environment and were therefore 

conditioned responses. Hoffman, Fleshier and Corny, (1961) have 

suggested that the 'warm-up' period occurring at the beginning of each 

day's discriminated bar-press avoidance training, in which subjects 

bar-press repeatedly, reflects a build-up of emotionality which is
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necessary befpfe effective avoidance performance occurs. It is 

conceivable that such perseveration is also a response to the 

environment.

From this description it is apparent that rats trained in pole- 

climb avoidance behaviour acquire a conditioned response to the envir

onment before they consistently exhibit the same motor behaviour in 

response to the specified conditioned stimulus (CS). If this inter

trial behaviour is indeed made in response to the test box then there 

must be distinct differences between the stimuli generated within 

the test environment and the conditioned acoustic signal. The most 

obvious differences are those of quality. Whereas the environmental 

stimuli are most probably visual and olfactory, the intended condit

ioned stimulus is an acoustic signal. Pavlov (1906) has shown that 

most, if not all exogenously evoked sensory activity can become 

conditioned stimuli, suggesting that the 'quality' of the sensory 

input is of little relevance. Perhaps of more direct importance 

is the fact that the enviornmental stimuli are continually present, 

whereas the conditioned stimulus is presented only at specific inter

vals during the training procedure. Even so, as training continues 

more and more responses are made during presentation of the 

conditioned stimulus.

By definition a conditioned stimulus is any stimulus that 

induces the same response in cm animal as that which is evoked by 

the associated unconditioned stimulus. Presented alone and without 

prior coupling to a UCS, the conditioned stimulus could not be 

expected to evoke an escape-response, implying that the difference 

between these two stimuli is related to the efficacy of each in 

generating motor activity. Considering the UCS in isolation for
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the moment, a link between stimulus intensity and motor responding 

is exemplified in the results of Chapter 3, There was seen to be 

a progressive rise in the frequency of occurrence of the avoidance 

motor-response as the intensity of the unconditioned stimulus was 

increased. Coupled with this was the observation that the rate of 

conditioned responding (to the intended CS) was directly correlated 

with the UCS intensity, an observation in agreement with that of 

Buxton (1974). It is clearly impossible to compare usefully, the 

intensity of an acoustic signal with footshock because of the 

major differences in the physical constants that define each of these 

stimuli. In addition the centripetal nervous activity that each of 

these stimuli generate at the periphery, enter the central nervous 

system via different routes. However, the conditioned stimulus is 

related to the unconditioned stimulus since both stimuli, having 

passed through the CNS evoke the same motor response. In this context 

Pavlov (1906) proposed that 'the conditioned reflex was in some way 

dependant upon the unconditioned stimulus' for its continuity and 

reported that repeated conditioned stimulation in the absence of the 

UCS resulted in obliteration of the reflex. Reinstatement of 

conditioned responding could be induced immediately by unconditioned 

evocation of the response.

Since the physical characteristics (intensity, frequency, and 

duration) of the conditioned stimulus were kept constant throughout 

the training process, the increase in conditioned responding 

observed in these experiments must reflect a change within the 

central nervous system of the experimental animal. The remainder of 

this thesis is concerned with this change and how pharmacological 

manipulation of amygdaloid function may be related to its 

development.
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A number of drugs known to affect catecholamine-function 

have been injected into the amygdalae of conscious rats with the 

primary objective of determining whether their'effects on conditioning 

behaviour could be attributed to an action restricted to this 

particular part of the central nervous system.

It is not known whether the nerve impulse flow to the 

amygdala during avoidance training is specifically related to the 

conditioned and unconditioned stimuli or not, but Gloor (1960) has 

amassed considerable electrophysiological evidence to suggest that 

this may be so. Evoked potentials were recorded from most of the 

amygdaloid nuclei following olfactory, somatosensory, auditory, 

visual and pain-inducing stimuli. However, since impulses originating 

in different sensory organs were found to converge upon one and the 

same cell, Gloor (1960) went on to suggest that these responses most 

probably represented a non-specific sensory projection (to the 

amygdala) unrelated to the specific perceptual mechanisms of each. 

These observations may be of particular significance with respect to 

avoidance conditioning, since almost every sensory-evoked impulse 

can become a conditioned stimulus (Pavlov, 1906). Brownstein et al 

(1974) have shown that the amygdaloid nuclei of the rat contain 

significant concentrations of both dopamine and noradrenaline, 

presumably contained within axonal terminals and the results 

presented in this thesis are consonant with a functional role of these 

neurons in avoidance conditioning.

Rats treated intra-amygdaly with a comparatively low dose 

of d-amphetamine (O.OSyg base) exhibited facilitated acquisition 

of the pole-climb conditioned avoidance response when compared to 

saline-treated controls. The number of responses occurring during
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presentation of the acoustic signal was greater than that exhibited 

by control rats on all days of training. Increasing the dose to 

1.25]ig bilaterally, resulted■ again in facilitation of responding 

but at a level below that observed with the lower concentration. A 

further increase to 2.5yg of d-amphetamine base, resulted in 

inhibition of the conditioned response although the animals' 

ability to escape from the unconditioned stimulus was not affected.

A profile of activity similar in all respects has been reported by 

Davies et al (1974a) for d-amphetamine administered by the intra- 

peritoneal route. Doses ranging from 0.0625 to 0.25 mg (salt)/kg 

resulted in facilitation of conditioned responding to approximately 

the same extent with all doses. On the other hand, a dose of S.Omg/kg 

which represented an eighty fold increase in concentration when 

compared to the most effective dose (0.0625mg/kg), resulted in a 

marked depression of performance. Although the severity of the 

depression was greater in the experiments of Davies et al (1974a) 

results obtained in this thesis are essentially in agreement. It is 

possible, therefore, that the effects of amphetamine on avoidance 

behaviour are mediated by an action or actions on amygdaloid function. 

Davies et al (1974a) inferred that the observed facilitation was the 

result of an amphetamine-induced increase in the functional 

concentration of dopamine at its post-synaptic receptor site. Voith 

and Herr (1971) arrived at a similar conclusion. How amphetamine 

produces this effect, whether by blockade of re-uptake or by facilitation 

of transmitter release (Horn et al, 1971) is not directly important 

to the present argument. In either case the concentration of 

dopamine in the synapse would be increased and, as a consequence, the 

degree of post-synaptic activity generated in the efferent neuron by 

the incoming nerve impulse would be enhanced. The afferent impulse
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flow to the amygdala might be transmitted into efferent activity via 

the release of dopamine. Drugs such as amphetamine may facilitate 

the acquisition of avoidance behaviour by affecting the level of 

activity of dopamine and thereby the degree of efferent discharge. 

Between the amygdala and the neuromuscular processes that are 

responsible for the motor response,is a system which is affected by 

the level of efferent activity leaving the amygdala. This latter 

aspect will be considered later. ,

In support of the contention that dopaminergic systems of 

the amygdala are essential to the acquisition of avoidance behaviour, 

it was observed that apomorphine (O.OSyg base) resulted in the same 

facilitation of conditioned responding as amphetamine. However, 

unlike that observed with amphetamine, inhibition of both conditioned 

and unconditioned responding resulted after intra-amygdaloid 

injections of 2.5yg of apomorphine. Since the conditioned reflex 

is dependant upon the unconditioned stimulus (Pavlov, 1906), the 

depression of conditioned responses reflected, most probably, the 

inadequacy of the UCS to evoke the escape response. Wiessman (1966) 

observed that intraperitoneal injection of apomorphine ranging from 

0.5 to 8.0mg/kg disrupted the ability of pigeons in maintaining low 

rates of key-pecking behaviour on a DRL (differential reinforcement 

of low rate components) 10 second schedule. However, this did not 

reflect an inadequacy of responding but more probably the disruptive 

effects of the stereotypy that was concomitantly induced. Similarly, 

Butcher (1968) observed that apomorphine disrupted the behaviour of 

rats trained to bar-press in order to prevent the onset of footshock. 

In these animals apomorphine induced compulsive gnawing of the grid 

floor even during presentation of footshock. Other rats treated 

similarly, however, exhibited marked increases in the rate of bar



189

pressing such that the number of shocks received was greatly reduced.

It would appear that the induction of stereotypy does not necessarily 

disrupt the adaptive behaviour of an organism. In any case,no 

stereotypic effects were observed following the intra amygdaloid 

administration of apomorphine in my experiments, which is consistent 

with the observations of Costall et al (1975). Injection of 

dopamine into the nucleus amygdaloideus centralis of nialamide pre

treated rats did not evoke stereotypy although this was typical of 

dopamine injections into the nucleus accumbens septi. . Most 

experimental reports (Wiessman, 1966; Butcher; 1968; Butcher and 

Andên, 1969) in which apomorphine disrupted behaviour, have cited the 

induction of stereotypy as the causal factor but this does not 

adequately explain the results obtained here. Similarly, although 

Davies et al (1974a) observed that 4mg/kg and lOmg/kg of apomorphine ip. 

severely impaired avoidance performance, they did not report the 

appearance of stereotypy. This suggests that apomorphine-induced 

inhibition of pole-climb avoidance conditioning may ensue without the 

induction of abnormal, non-adaptive behaviours.

In the experiments reported here a low dose of apomorphine 

was observed to induce similar, but less marked, facilitation of 

conditioned responding seen with the low dose of amphetamine.

Although Davies et al (1974a) did not observe this effect of 

apomorphine, except during one training session, they reported in a 

previous paper (Davies et al, 1973) that lOmg/kg of apomorphine ip., 

effectively reversed the inhibition of responding induced by 

haloperidol (200yg/kg s.c.). In addition, animals trained to a 

90% criterion level of performance continued to respond to the CS 

even though they had received lOmg/kg of apomorphine (Davies et al, 

1974a), These results suggest that during the acquisition phase of
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preparations obtained from rat corpus striatum (Horn et al, 1971;

Coyle and Snyder, 1969a) although its effectiveness in the treatment 

of Parkinson's disease may be related, at least in part, to its anti

cholinergic activity (Snyder et al, 1970), Both these properties 

may be relevant to its affects on avoidance conditioning. Recently^ 

Buxton (1974) reported that the performance of selectively bred 

strains of rats (Roman high and Roman low avoidance strains) could 

be correlated with the level of brain acetylcholine. An inverse 

relationship existed between brain acetylcholine concentration and 

conditioning ability and an inhibitory role for acetylcholine in 

behaviour was suggested. In addition, Goddard (1972) has shown that 

cholinergic-stimulation of the amygdala can disrupt conditioned 

avoidance behaviour in the rat. It is possible, therefore, that the 

facilitatory effect of benztropine on avoidance conditioning 

observed here was the result of acetylcholine antagonism. On the other , 

hand,inhibition of uptake of dopamine is more consistent with the 

results obtained with amphetamine and apomorphine. Presumably, in 

the presence of benztropine, the duration of action of a functional 

concentration of dopamine within the synapse will be increased, 

such that the degree of post-synaptic efferent activity generated per 

nerve-impulse will be greater than in the absence of uptake inhibition. 

This facilitated efferent discharge, which would be totally dependant 

upon incoming nervous activity, may account for the behavioural 

effects of benztropine. Considering these two possibilities jointly, 

it is interesting to note that significantly greater facilitation of 

avoidance performance can be achieved by the combination of cholinergic 

antagonism and adrenergic stimulation (Buxton, 1974) than with either 

treatment alone.

In addition to reducing the rate of uptake of dopamine into
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synaptosomes obtained ftom rat corpus striatum (Snyder et al, 1970) 

both amphetamine and benztropine are effective inhibitors of

-noradrenaline uptake into hypothalamic-synaptosome preparations. 

However, the relative potency of uptake blockade is such that low 

concentrations of these drugs are more effective inhibitors of 

dopamine uptake than of noradrenaline uptake. In the case of 

benztropine the difference is twenty fold (Snyder et al, 1970). It 

is reasonable to assume therefore, that at comparatively high doses, 

both d-amphetamine and benztropine would produce facilitation of 

activity of released noradrenaline in addition to blocking the re

uptake of dopamine. In order to investigate the possibility that the 

inhibitory effects of these drugs was related to an action on 

noradrenaline systems, desmethylimipramine was injected into the 

amygdalae of conscious rats and their avoidance conditioning observed.

Desmethylimipramine is a potent inhibitor of noradrenaline 

uptake into hypothalamic synaptosome preparations at concentrations that 

have little, if any effect on the uptake of dopamine into nerve 

endings obtained from striatal tissue (Coyle and Snyder, 1969b).

In addition,,desmethylimipramine (DMI) has been used in combination 

with 6-hydroxydopamine to selectively deplete dopamine (Taylor and 

Laverty, 1972). In this thesis, a dose of O.OSyg of DMI severely 

reduced the rate at which rats acquired the conditioned avoidance 

response although these animals still responded to the unconditioned 

stimulus that followed. Increasing the concentration 100 fold 

resulted in a similar profile of behaviour but with slight depression 

of unconditioned responding also present. McKearney (1968) has 

reported the effects of intra-peritoneally administered DMI on the 

behaviour of rats trained in a variable-interval schedule (VI) in 

which bar-presses occurring after a mean interval of 2 minutes (VI-2)



193

are rewarded with the presentation of water. In doses ranging from 

1.0 mg/kg to 20 mg/kg DMI produced a dose-related depression of 

response rate such that at the highest dose drug-treated animals 

exhibited less than 10% of control responses. In addition, the 

reserpine-induced suppression of conditioned responding, in which 

bar-presses postponed the onset of footshock by 30 seconds, was 

enhanced by 2.0mg/kg of DMI administered intraperitoneally 60 

minutes before testing and 22.5 hours after reserpine. This would 

suggest that the prolongation of transmitter action at noradrenaline- 

containing nerve terminals inhibits response induction motivated by 

the requirement for water or the avoidance of shock. In partial 

agreement with this, Voith and Herr (1971) observed that a dose of 

30mg/kg DMI potentiated the rate of onset of tetrabenazine-induced 

suppression of a discriminated avoidance response when administered 

15 minutes before. At the lower doses (5 and lOmg/kg) however, DMI 

reduced the rate of onset of suppression and in clear distinction 

to the results of McKearney (1968) had no effect on avoidance 

resonding when administered alone, Taylor and Laverty (1972) also 

reported that DMI administered intraperitoneally in the divided doses 

of 25mg/kg each, did not affect rats trained to avoid footshock by 

climbing a pole in response to a buzzer. It is clear that the 

different behavioural tests used in these studies cannot alone, 

account for the contradicting results. However, these differences 

may be related to the phase of conditioning during which the animals 

were observed and to the route of drug administration. In this 

thesis,drug effects were observed in animals during the acquisition 

phase of conditioning whereas, in the studies cited above, animals 

were already trained to criterion. Cooper et al (1972) reported 

that rats preferentially depleted of brain noradrenaline by the
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weekly intracisternal administration of low doses of 6-hydroxydopamine, 

exhibited facilitated acquisition of a two-way shuttle box avoidance 

response. This would suggest that noradrenaline subserves inhibitory 

functions which predominate during the acquisition phase of a 

conditioned avoidance response. Such a proposal would support the 

results of this thesis. The i.p. injection would be expected to 

result in drug effects throughout the whole of the CNS whereas 

direct application of drugs to discrete brain areas should restrict 

the site of action. Facilitation of whole-brain noradrenaline might 

be expected to produce a different effect than facilitation of one 

specific noradrenaline-containing nerve pathway. The results 

obtained here would certainly suggest this. Since desmethylimipramine 

does not in itself evoke nervous activity but prolongs the duration 

of action of a functional concentration of noradrenaline , it is 

probable that during acquisition of a conditioned avoidance response 

there is a tonic inhibitory influence (mediated by noradrenaline 

release) present within the amygdala. In fact, Gloor (1960) has 

reported that evoked potentials in the hippocampus may be increased 

or decreased in amplitude following low frequency (50 to 100 Hz.) 

electrical stimulation of the amygdala. Perhaps this is related to 

the presence of both inhibitory and facilitatory systems within the 

amygdaloid complex. It is interesting to note that according to 

Gloor (1960) the amygdala can influence one and the same function in 

opposite ways and with special reference to avoidance conditioning, 

evoked motor activities may be facilitated or inhibited following 

amygdaloid stimulation. This type of reciprocal relationship has 

been proposed by Ahlenius and Engel (1972) for dopamine- and 

noradrenaline- containing neuron systems of the CNS in which 

inhibition of noradrenaline synthesis by FLA-63 was believed to
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remove a modulatory influence from dopamine neurons.

If this effect of noradrenaline were related to antagonism 

of dopamine-nerve function,then drugs believed to specifically 

compete with dopamine for post-synaptic receptor sites should also 

inhibit response acquisition when applied to the amygdala. In order 

to use the same concentration of haloperidol as that reported by 

Pijnenberg et al (1975) ie. 2.5yg/0.5yl injection volume, it was 

necessary to make the solution in 0.5% lactic acid since the 

butyrophenones are practically insoluble in physiological solutions. 

There was an obvious vehicle effect since both haloperidol in lactic 

acid and lactic acid alone severely disrupted avoidance behaviour 

such that animals did not learn the avoidance motor response even 

though other overt behaviours appeared normal. Pijnenberg et al 

(1975) used a proprietory product called Serenace (Searle) which 

is a sterile, 1ml solution of haloperidol containing 5mg for intra

venous injection. It is seen from the results in this thesis that 

lactic acid alone when injected intracerebrally can profoundly affect 

behaviour, although it is not known whether this is a pH or metabolic 

effect of the lactate ion. Pijnenberg et al (1975) compared the 

inhibitory effects of Serenace injections into the nucleus accumbens 

with injections of saline which may not have been an adequate control 

solution. However, at 200ng, haloperidol in saline injected 

bilaterally into the amygdalae of conscious rats resulted in depress

ion of conditioned but not unconditioned response acquisition.

This result is in agreement with those obtained following the systemic 

administration of haloperidol (Ruiz and Monti, 1972; Davies et al, 

1973; Davies et al, 1974b) and suggests that the inhibitory effects 

of this drug on avoidance responding may be related to an effect 

upon amygdaloid function. Presumably,.the level of post-synaptic
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activity generated pet nerve stimulus will be less in the presence 

of receptor blockade and consequently a decline in - the . 

frequency of amygdalofugal discharge might be expected. Janssen (1967) 

proposed that haloperidol-induced disruption of conditioned avoidance 

resonding was the result of dopamine-receptor blockade and Davies et 

al (1974b) also supported this view. Evidence regarding the mode 

of action of haloperidol has been derived from a number of experimental 

procedures. There is mutual antagonism between haloperidol and 

apomorphine, which is believed to stimulate dopamine receptors 

(Ernst, 1967) on conditioned avoidance behaviour (Davies et al, 1973) 

and on apomorphine-induced asymmetry in unilaterally striatectomised 

rats (Anden et al, 1970) . Haloperidol also increases the rate of 

depletion of dopamine from striatal neurons following pre-treatment 

with the synthesis inhibitor, « -methy1-p-tyrosine (Anden et al, 1970). 

More precisely, dopamine reverses the unilateral asymmetry produced 

by haloperidol administration to the ipsilateral caudate nucleus 

of conscious cats (Cools et al, 1971). However, haloperidol also 

antagonises the increase in sensitivity of the flexor reflex in rats, 

induced by 1-dopa, suggesting blockade of noradrenaline receptors in 

the spinal cord (Andên et al, 1970), but these effects were observed 

only with doses 1000 times greater than those required to block 

dopamine receptors.

According to Andên et al (1970) pimozide does not block 

noradrenaline receptors of the spinal cord even at high doses and is 

therefore more specific for dopamine receptors than is haloperidol.

At 200ng (base) pimozide applied to the amygdalae of conscious rats 

disrupted the acquisition of the pole-climb conditioned avoidance 

response although responses to the unconditioned stimulus remained. 

Davies et al (1974b) observed that pimozide (200yg/kg s.c.) disrupted



197

the acquisition of the pole-climb conditioned response more 

effectively during the initial twenty training trials than did an 

equal dose of haloperidol. Conversely, during the later trials 

haloperidol was more effective. Taken over the complete 50 trials 

haloperidol produced a greater degree of disruption than pimozide, 

at equal doses (Davies et al, 1974b) and this was also the case 

following the administration of these drugs to the amygdala. It 

is therefore possible that inhibition of conditioned responding is 

the result of drug action on amygdaloid function. Costall et al 

(1974) have shown that lesions of the nucleus amygdaloideus centralis 

can abolish the cataleptic activity of a number of neuroleptic drugs 

suggesting that this may well be an important site of action of these 

drugs.

In order to determine if the inhibitory effects of 

comparatively high doses of amphetamine on avoidance conditioning was 

due to facilitated activity of noradrenaline, experiments were 

repeated in which amphetamine was administered in combination with 

the =-adrenoreceptor antagonist phentolamine (Starke, 1977). 

Phentolamine alone was used as the control. At a dose of 5.0yg base, 

phentolamine, when injected into the amygdalae of conscious rats 

resulted in inhibition of both conditioned and unconditioned 

responding. The reason for this effect is not known but it is of 

interest to note that Pijnenberg et al (1975) observed that the 

same dose of phentolamine injected into the nucleus accumbens of 

conscious rats potentiated the locomotor stimulatory effects of 

previously injected dopamine and noradrenaline. When administered 

alone, phentolamine had no effect, on locomotor activity. However, 

a dose of 200ng phentolamine injected intra-amygdaly resulted in 

enhancement of conditioned responding during the second and third
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training sessions, but just failed to gain statistical significance 

over the complete 50 trials. In a previous part of this discussion an 

inhibitory role for noradrenaline had been tentatively proposed, 

in which it was thought to effect a tonic modulatory influence on the 

activity of dopamine-containing neurons. It would be a necessary 

consequence of this proposal that antagonism of noradrenaline should 

remove its tonic 'inhibitory' influence and reveal, possibly, facilita

tion of avoidance acquisition. This would appear to be the case 

although there is no reason to assume that a modulatory influence is 

necessarily inhibitory in nature. Perhaps at some stage in the 

course of acquisition adequate performance can be achieved only with 

adequate control of dopamine-nerve function. Such a conclusion may 

be derived from the inferences of Ahlenius and Engel (1972). Even 

though facilitation of avoidance conditioning occurred in later 

training sessions, during the first ten trials phentolamine (200ng base) 

disrupted conditioned performance to a degree that was significantly 

different from controls. This may suggest that the relative activity 

of noradrenaline and dopamine, changes as the acquisition of the 

response progresses. The modulatory influence of noradrenaline may 

be more significant during the early stages of training, when animals 

acquire the avoidance motor response, than at later stages when the 

motor response is executed with comparative ease.

When administered together with a dose of amphetamine, 

previously observed to disrupt avoidance conditioning (i.e. 2.5yg), 

phentolamine reversed this effect such that rats receiving both drugs 

exhibited more conditioned responses than those receiving amphetamine 

alone. In fact phentolamine/amphetamine-treated rats exhibited as many 

conditioned responses as saline-treated controls over the complete 50 

trials. On the other hand phentolamine did not completely reverse
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the disruptive effects of DMI (O.OSyg) although there was a three 

fold increase in the percentage of conditioned responses when compared 

to rats receiving DMI alone. Since phentolamine blocks « -adrenorec- 

eptors in the periphery (Starke, 1977) and in some parts of the 

central nervous system (Starke, 1977? Philippu, et al, 1976? Gagnon 

and Melville, 1969) it is jtentatively concluded that amphetamine-induced 

inhibition of conditioned responding is the result of facilitation of 

noradrenaline-containing nerve function. This is supported by the 

results obtained with desmethylimipramine which has been shown to 

have little, if any effect on dopamine systems, at concentrations 

that markedly affect the terminal re-uptake of noradrenaline (Horn 

et al, 1971). It is interesting to note that the increase in 

unconditioned responses following DMI (O.OSyg) was not due simply 

to inhibition of conditioned behaviour but to an additional effect 

on escape responding. In the presence of DMI there was a decline 

in the total number of failures even though conditioned responding 

was minimal. Voith and Herr (1971) suggested that the availability 

of noradrenaline within the CNS provides an excitable state in which 

animals readily respond to the unconditioned stimulus, although both 

noradrenaline and dopamine are necessary for the emergence of 

conditioned behaviour. This would support the observations with DMI 

obtained here.

Finally, the effects of topically applied dopamine and 

noradrenaline on avoidance behaviour were found to be consistent with 

the observations and inferences obtained in previous experiments. 

Dopamine administration resulted in facilitated conditioned 

responding whereas noradrenaline inhibited response induction by the 

conditioned but not by the unconditioned stimulus.
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Brownstein et al (1974) have estimated the concentrations of 

both dopamine and noradrenaline in the limbic system of the rat and 

reported approximately 80ng of noradrenaline and 55ng of dopamine per 

mg. of protein for the whole of the amygdaloid complex. The doses of 

noradrenaline and dopamine (O.Syg) employed here are of the order of 

6 to 9 times the total concentration of these substances in the 

amygdala and therefore it is obvious that the whole of the neuron 

complex must have been swamped with transmitter. However, a large 

part of the injected material would be present around the nerve axon 

and interposed glial tissue which are presumably unresponsive to the 

depolarising effects of these substances. In addition, uptake and 

enzymatic degradation would also be expected to reduce the concentra

tion of transmitter present in the synapse, which in comparison to the 

injected solution represents a very small volume. Presumably, 

during the period that immediately follows their administration, a 

sufficiently high concentration of transmitter would be present in 

and around the synapse. Interaction of transmitter molecules with 

the respective receptor material would be expected to evoke the post- 

synaptic changes in membrane potential that normally ensue following 

neuronally-mediated release of transmitter. However, this 

artificially evoked activity would not be expected to represent 

the post-synaptic counterpart of events occurring at the pre-synaptic 

terminal and therefore the efferent discharge from the amygdala would 

be unrelated to its afferent input. With continued re-uptake and 

enzymatic degradation the concentration of transmitter present 

in the synapse would be expected to decline to levels that act̂  only 

to facilitate nervous activity.

A further possibility is that dopamine may affect nora- 

drenaline-nerve function and vice versa. Starke (1977) has reported
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that dopamine can affect the release gf noradrenaline possibly by an 
action on pre-synaptic receptors. In addition,application of 

noradrenaline to the caudate nucleus, an area containing very little 

of this particular transmitter (Bertler and Rosengren, 1959) results 

in behavioural changes similar to those observed following intra- 

caudate injections of dopamine (Benkert and KBhler, 1972). The 

reverse situation may also apply since Geyer (1972) has observed 

that the locomotor stimulatory effects of intracerebroventricularly 

(ICV) administered dopamine can be prevented by blockers of 

noradrenaline re-uptake (imipramine) but not by dopamine-receptor 

antagonists (haloperidol). This would suggest that the effects of 

exogenously administered dopamine may, in some cases, result from 

its conversion to noradrenaline. However, the results obtained 

following the direct application of these substances to the amygdala 

are consistent with the proposals regarding their contribution to 

the functioning of this structure.

The results reported in this thesis have so far been 

discussed in terms of the actions that drug or drug combinations might 

have at the synapse and how the nervous input arriving at the 

amygdala may be modified. As yet,nothing has been said of the evoked 

efferent activity that leaves the amygdala. From the anatomical 

considerations presented in the 'Introduction' it is apparent that 

the projection field of the amygdala is extensive throughout both 

diencephalic and telencephalic structures. However, to the whole 

of the projection field, the contribution made by the amygdalo- 

hypothalamic fibre system is considerable. In summary, both the 

corticomedial and basolateral nuclei contribute fibres to this 

amygdalo-hypothalamic system. The latter along with the pyriform lobe 

form the ventral 'amygdalofugal' system innervating the lateral
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hypothalamus and the former, together with contributions from the 

basolateral complex innervates the medial hypothalamus and forms the 

stria terminalis. It would be expected that the nervous input to the 

amygdala would generate extensive hypothalamic activity and thereby 

evoke at least some of the responses attributed to hypothalamic- 

function e.g. temperature regulation, food and water intake and the 

characteristic 'rage' reaction of decorticate animals. Gloor (1960) 

has reported that electrical stimulation of the amygdala can evoke 

both an increase and a decrease in body temperature, a sudden and 

avid ingestion of food and most commonly, precipitation of rage. 

However, these observations would not easily constitute a model 

whereby the function(s) of the amygdala in avoidance acquisition 

could be explained.

Perhaps of more direct importance is the observation that the 

disruptive effects of amygdaloid lesions in avoidance conditioning 

can be completely reversed by the systemic administration of adreno

corticotropic hormone (ACTH) (Bush et al, 1973), Both the rate of 

acquisition of the shuttle-box avoidance response and its retention 

were markedly facilitated by a single injection of ACTH. Lesions 

of the amygdala, in the rat, have also been shown (Knigge, 1961) to 

abolish the acute increase in plasma free corticoids following 30 

minutes of immobilisation stress. These increases also occur follow

ing footshock (Knigge, 1961) . In addition,,rats with either septal 

or hippocampul lesions acquire a shuttle-box avoidance response 

faster than sham operated controls and also have chronically elevated 

basal ACTH and corticosteroid levels (Pagno et al, 1972). Although 

such lesions may also affect other functions of the ablated areas, 

Pagno et al (1972) have shown that the rate of acquisition of the 

shuttle-box response follows the daily rhythm for plasma ACTH
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concentration. These observations would suggest a link between the 

amygdala, ACTH-response to stress and acquisition of avoidance 

behaviour.

The medial-basal hypothalamus, which includes the medial 

pre-optic, anterior ventromedial, dorsomedial and pre-mammillary 

nuclei, together with the lateral hypothalamus comprise the 'release- 

factor' (RF) producing and RF-release regulating systems of the 

endocrine hypothalamus (Knigge and Silverman, 1974). These nuclei 

of the medial- basal and lateral hypothalamus receive afferent 

neurons from the amygdala by way of the stria terminalis and the 

direct medial-projecting amygdalo-hypothalamic tract. Recently,

Allen and Allen (1975) have shown that lesions of this tract prevent 

the acute rise in plasma ACTH concentration that follows adrena

lectomy and Krettek et al (1974) suggest that the origin of this 

tract is within the nucleus amygdaloideus centralis. Although other 

nuclear areas of the amygdala were also affected (see 'Results'-methods 

section), the principal site of drug administration was found to be 

the central nucleus. It is possible, therefore, that the behavioural 

effects observed following the administration of drugs to this nucleus 

were the result of changes in the relative amounts of ACTH released 

from the adenohypophysis. It is envisaged that the afferent input 

to the amygdala, which may possibly be generated by the UCS 

(Knigge, 1961; Gloor, 1960), evokes release of dopamine which in-turn 

affects the efferent discharge relayed to the RF-release regulating 

system of the medio-basal and lateral hypothalamus. As a consequence 

of amygdaloid-induced changes in the hypothalamus,the basal output 

of CRF (corticotropin releasing-factor) may be increased which would 

evoke increased release of ACTH from the pituitary. The effects of 

drugs on conditioned avoidance behaviour observed in the experiments
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reported here could be the result of actions related to the 

generation of amygdalo-hypothalamic efferent activity and ACTH 

secretion, outlined above. For example, the low doses of amphetamine, 

apomorphine and benztropine and dopamine itself, which were inferred 

to enhance the activity of released dopamine, may increase the 

efferent discharge to the hypothalamus and there-by stimulate ACTH 

output. This could account for the facilitation of conditioned 

response acquisition (Pagno et al, 1972). Conversely, haloperidol 

and pimozide, two dopamine receptor blocking drugs (Andên et al, 1970), 

would be expected to reduce the afferent input to the hypothalamus and 

consequently decrease the release of ACTH. However, simple 

antagonism of released dopamine by released noradrenaline would not 

be consistent with the proposal regarding the stimulus-source of the 

afferent input to the amygdala, unless the same stimulus evoked 

activity in both neuron systems, simultaneously. If this were so 

then the efferent activity leaving the amygdala would represent simple 

summation of two antagonistic effects. It is more likely that the 

stimulus source responsible for the activity generated in the 

noradrenaline-neuron system is not the same as that causing release 

of dopamine. Since facilitation of noradrenaline-function in the 

amygdala resulted in decreased rate of avoidance acquisition,it is 

consistent with the proposal that this system generates an 

inhibitory input to the endocrine hypothalamus. Eleftheriou et al 

(1966) have reported that lesions of the corticomedial amygdala, in 

which the whole of the medial nucleus was destroyed, resulted in a 

three fold increase in the plasma.ACTH concentration. It appears that 

amygdala is the origin of facilitatory and inhibitory neuron systems 

and that activity in either can modify the pituitary output of 

adrenocorticotropic hormone.
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There is substantial evidence to suggest s , functional role 

for ACTH (Pagno et al, 1972) and possibly ACTH fragments (Greven et 

al, 1967) in the acquisition and extinction of avoidance behaviour 

(Urquhart, 1974). However, the mechanism(s) by which ACTH may be 

involved in the increased responsiveness of animals to the conditioned 

stimulus has not been the object of conjecture, except perhaps in 

that it appears to be involved in the consolidation of memory 

(de Wied et al, 1966). In an attempt to attribute memory to a 

physiological process, Kety (1970) wrote, "The powerful affective 

state and intense arousal induced by (the) pain ...." (administered to 

an animal in novel surroundings) ...." in addition to its classical 

autonomic and endocrine concomitants in the periphery, may also act 

centrally to induce some persistent chemical change in all recently 

active synapses especially in those associated with (conveying) the 

novel sensory experiences of the unfamiliar territory, the activity 

of which the state of arousal had accentuated." The persistence 

of transmitter release from neurons activated during the state of 

(unconditioned) stimulus-induced arousal (Dismukes et al, 1972) may 

result in the synthesis of protein (Hyden and Lange, 1970; Barondes, 

1970) such that the sensitivity of either the presynaptic terminal 

to the depolarising effects of the nerve impulse and/or the 

sensitivity of the postsynaptic membrane to the polarising effects 

of released transmitter, would be increased. This decline in 

threshold would mean that a stimulus (in this case the conditioned 

stimulus) of constant intensity, duration and frequency would evoke 

more nervous activity (postsynaptic depolarisations) per unit output 

The activity generated might be sufficient to activate the motor 

units responsible for the avoidance motor response. It is possible 

that ACTH or even some fragment of the ACTH molecule (e.g. alpha-
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‘̂” ^®ACTH which is devoid of steroidogenic activity, Greven et al,

1967) is an essential element in the synthetic processes that are 

thought to occur at the synapse.

Suggestions for further work

It has been observed that the effect of a number of drugs on 

the acquisition of 'pole-climb' conditioned avoidance behaviour can, 

at least in part, be restricted to actions on the functioning of 

catecholamine-containing neuron systems of the amygdala. In addition, 

it has been suggested that these particular neuron systems may be 

partly responsible for the control of ACTH output from the adeno

hypophysis via an effect on the endocrine hypothalamus.

It may prove interesting to observe if drugs applied to 

the amygdala result in both an increase (e.g. low doses of d-amphet

amine, apomorphine and benztropine) and a decrease (e.g. haloperidol, 

pimozide and desmethylimipramine) in the basal plasma-concentration 

of adrenocorticotropic hormone in stressed e.g. footshock and non

stressed animals. It should also be possible to obtain varying 

degrees of both the facilitatory and inhibitory effects of these 

drugs throughout the day. Pagno et al (1972) observed that ACTH 

administration facilitated acquisition of the shuttle-box conditioned 

response during the trough (8.30 - 9.30 a.m.) of the ACTH daily 

rhythm. Facilitation was not observed when the plasma concentration 

of ACTH was at its peak (4.30 - 5.30 p.m.).

It may also be interesting to examine the biochemical 

status of nerve-cell and nerve-cell processes following avoidance 

conditioning. Greven et al (1967) reported that the smallest fragment 

capable of reinstating conditioned behaviour was alpha-^®ACTH.

Using radiolabelled amino acids it might be possible to trace the 

metabolic fate of this heptapeptide to either the presynaptic
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or postsynaptic membrane if administered systemically, prior to 

avoidance conditioning. By using amygdaloid lesioned animals it may 

be possible to characterise the biochemical changes that occur as a 

result of conditioning in both the presence and absence of exogenously 

administered alpha-"* ^°ACTH. Examination of receptor binding and 

activity of synthetic enzymes may provide important information.

Finally, the catecholamine-contaning neuron systems of the 

amygdala may be important in the evocation of other hormonal changes 

such as those that occur during the onset of puberty. It may be 

possible to advance or retard the development of maturity by 

administering drugs to the amygdala.

However, the suggestions outlined above should be considered only 

within the limits of the general hypothesis since the evidence 

implicating a role for both noradrenaline and dopamine systems of the 

amygdala in the control of hypothalamic function is only tentative.

To further delimit the functions of these neuron systems it is of 

utmost importance that the relationships between drug-dose and drug- 

effect are determined for each of the substances so far used. In 

addition to this, in order to gain further evidence, it will prove 

useful to determine the effects of other experimental procedures on 

the response of animals to intraamygdaly injected drugs. If these 

effects are mediated via the hypothalamus then lesions of the efferent 

fibres from the amygdala and of the specific terminal areas within 

the hypothalamus should modify, at least in some way, the observed 

responses.
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A simple  and inexpensive m e th o d  for 
the intrr.cerobral admin is î rat ion  of  
drug solut ions tn the const ious rat

P. D A W E S  & P.M. RQDFERN

S choo l o f  P harm acy  a n d  Pharm acology ,  Univers ity  o f  
Bath , C lavcrton D o w n ,  B ath  B A 2  7A Y

M any difTcrent cannula systems have been dcsittncd to 
allow the direct application o f drugs to discrete brain 
areas o f  conscious animals (M y e rs , 1971; Harvey &  
Stevens, 1975). The major technical problem lies in 
securing the device to the skull and consequently 
many o f the cannula systems are complex and hence 
expensive. The system detailed here is both 
inexpensive and siniple to construct.

Cannula guides consist o f 23 swg stainless steel 
tubing cut to the required .ength and eloctrochemically 
cleaned o f burr. The length o f each guide is obviously 
dictated by the topographical location o f the brain 
area itnder investigation but certain minimum 
requirements arc apparent. Thus, 4 min is sufhcicnt to 
allow positioning in the stereotaxic cannula-guidc 
carrier and a further 4 mm for cementation. This 
portion carries a small ball o f epoxy-resin (2 -3  mm 
diameter) which acts as guide anchorage and prevents 
movement o f the tube in the vertical plane. The 
remaining part o f the cannula guide which lies below 
the cranium is o f length such that the tip rests 2 -3  mm 
abo'.e the area under it vestigatioii.

Stilettos, which remain within the cannula-guides at 
all times other than when injecting, are also simply 
constructed. Stiletto shafts o '  30 swg, non-ferrous wire 
are coated w ith a water repelling agent (dimethyl-

dichlorosila.nc) atid bent, at one end, over a 3 -4  mm 
length o f polylltene tubing ( I /D  0.86 mm) and secured 
in place with a 3 mm ball o f epoxy resin. This 
facilitates removal o f the stiletto from (he guide, and 
the cylinder o f polythene, which fits closely over the 
guide tube provides anchorage and prevents access o f 
foreign material into the underlying tissue. Th.e tip o f 
the shaft lies flush with that o f the cannula guide.

The cannula guides are stereotaxically positioned 
and then secured to the surface o f the cranium with 
poiymcth} I methacrylate. SuiTicient cement is used 
such that both the guide anchorage and the whole o f 
the incised area are covered. The cement is dried by a 
stream o f warm air for 3—1 min before unclamping the 
guide from the stereotaxic apparatus. Stilettcs are then 
fitted ruid the animals h<^u.ed individually for 5 days 
before experimentation.

Drug solutions are injected through a 30 swg 
cannula at a rate o f 0.47 p!/m in and in a volume o f 
0.5 pi. Injection placements have been histologically 
verified follow inc the infusion o f 0.5 pi o f 1% 
methylene blue u..d 4 days storage o f tissues in 8% 
form yl s.tlinc at 4°C.  Placements were found to be 
consistently reproducible.
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Changes in the conditioned avoidance behaviour of rats following 
the administration of drugs to the amygdala. •

P. Dawes and P.H. Redfern, School of Pharmacy & Pharmacology, University of 
Bath, Clavcrton Down, Bath, BA2 7AY, U.K. ...........
The experiments reported here were designed to investigate further the hypothesis 
(Davies et al 1975) that facilitation of conditioned avoidance with drugs such as 
amphetamine is specifically the result of an action on dopaminergic mechanisms.
To allow drug administration to discrete brain areas of conscious animals cannula 
guides of 23 swg stainless steel tubing were implanted in male Sprague Dawley rats 
(150g wt.) under chloroform anaesthesia. The guides were directed stereotaxically 
to lie 2.4mm above the nucleus amygdaloideus centralis (Konig and Klippel 1965;
L 0.34 A/P 0.52cm). Following 5 days recovery, drug solutions were injected 
bilaterally in a volume of O.Spl and at a rate of 0.47pl min.  ̂ through an 
injection cannula which protruded 2.4mm below the cannula guides. Injections wore 
carried out 35 minutes before each training session of 10 consecutive trials, each 
consisting of a conditioned stimulus (cs) acoustic signal, followed immediately 
by the unconditioned stimulus (ucs) an electric shock of 70v intensity, 7ms pulse 
width delivered through the cage floor at a frequency of 5 Hz. Both cs and ucs 
were of 5 seconds duration. Group sizes of 10 animals were used and each animal 
received 10 consecutive trials on 5 consecutive days.
The results are summarised in Table 1. where responses to the cs and ucs are shown 
together with avoidance failures, exhibited when animals failed to ascend the polo 
even after full preseijtation of the ucs. Each figure represents the mean 
occurrence of tlie particular response and shows the graded acquisition of the 
conditioned response, e.g. saline 15, 30, 55, 70, 90 (mean 53) over the 5 day 
training period.
Table 1 The effect of drugs administered to the nucleus amygdaloideus centralis 

on the acquisition of avoidance behaviour.

Drug
(base)

dose 
ng/0.5yl Conditioned

Avoidances
Unconditioned F'ai lures

d-amphetamine 50 60* 22 10*
d-amphetamine 1250 62 24 14
d-amphetamine 2500 20**** 55*** 25
apomorphine 50 68* 19 13
apomorphine 2500 5*** 18 77***
benztropine 50 65 25 10
benztropine 2500 7*** 47*** 46***
DMI 50 7*** 79*** 14
DM I 5000 11*** 61*** 28
haloperidol 200 20*** 51*** 19
saline 0.5pl 53 24 23

Significant differences from vehicle controls *p<0.05 ***p<0.001
It can be seen that drug treatments designed to mimic or potentiate the activity 
of dopaminergic systems i.e. the lower doses of amphetamine and arjcmorphine, and 
of the dcpamine-uptake blocker benztropine all increased the mean occurrence of 
conditioned avoidances. Higher doses reduced conditioned avoidances. Amphetamine 
did not affect the response to the ucs whereas apomorphine inhibited the 
acquisition of the motor avoidance response.
The evidence suggests involvement of both dopamine and noradrenaline in the 
processes underlying avoidance behaviour.

Davies J.A. ct al (1975) Heurcpharmac. , 13 199-204.... ......... ...........


