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ABSTRACT

A study has been made of the possible involvement of central nervous
system transmitters in amphetamine induced behaviours.

A scoring scheme was devised in order to investigate 18 items of
behaviour produced by dexamphetamine in mice. A detalled analysis of the
results showed dexamphetamine to produce complex behavioural changes which
varied not only with the dose but over a period of time.

Specific drug treatment demonstrated noradrenergic activity to modify
considgrably‘the dexamphetamine induced arousal, activity and stereotypy.
Dopaminergic stimulation, afforded by apomorphine, produced characteristic
effects. This work led to the conclusion that stereotypy was by no means
simple but a complex interaction of processes producing searching, grooming
and gnawing components.,

An objective investigation of hyperreactivity, locomotor activity
‘and compulsive gnawing found these behaviours to be exerted by three
different mechanisms. These items of behaviour did not represent a heightened
expression of oneanother and could not be appropriately rated using a single
scoring scale. ‘

The anphetamine induced startle response was found to be dependent
upon noradrenergic alpha type receptor stimulation. Minimal effects were
caused by beta type receptors, dopamine, acetylcholine or 5-hydroxytryptamine.

The amphetamine induced locomotor activity was dependent upon
dopaminergic activity but increased by noradrenergic activity. The
' anphetamine induced compulsive gnawing was also found to require dopaminergic
activity but was enhanced by noradrenergic aciivity. Alpha type receptor
stimulation, possibly different from that in the periphery, was found to
be involved. Some evidence was found of an inhibitory beta type action.
Anticholinergics and cholinergics were found to increase and decrease
compulsive gnawing respectively. 5-Hydroxytryptamine reduced compulsive

gnaving.



The action of clonidine was investigated in intact rats, and rats
with unilateral or bilateral lesions of the striatum which were treated
with dexamphetamine. ‘

The résults are discussed in terms of Barbeau's theory of 'set' and
*drive'. The various items of stereotypy are concluded to be a reflection
of an action of amphetamine on dopamine aﬂd noradrenaline-in different

parts of the brain.
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1. THE HISTORICAL DEVELOPMENT OF AMPHETAMINE ABUSE.

Amphetamine was sythesized by Edeleano in 1887 (Connell, 1962) and
was discovered to have a pefipheral sympathomimetic action. It was not
until 1927 that its psychopharmacological effects were first described by
Alles. Amphetamine was found to elevate mood énd prevent drowsiness.
Prinzmetal and Bloomberg (1935) first introduced amphetamine into medecine
for the treatment of narcolepsy. For many years the medical use of
amphetamine was extensive as it was thought safe and useful.

‘The first typelof abuse to appeér was the ingestioh of the contents
of 1nhale£s, sold without prescription, to relieve nasal congestion
(Monroe & brell. 1947) . Federal law did not declare amphetamine to be a
ﬁfescription item until 1951 and a FDA ban in 1959 caused a withdrawal of
the inhalers from the market. ﬁylthis time an illicit market of tablets had
been set up énd sﬁfead throughout the United States. In 1967 there was an
estimated 4000 intravenous methylamphefamine users in the San Francisco
area alone (Kramer et al., 1967). In Japan abuse of amphetamine also
ﬁecame a serious problem. Towards the end of the Second World War
amphetanines were being used in abundance by the airforce, airport
construction workers and munitions workers in order to increase efficlency
and maintain motivation. After the war methylamphetamine became available
to the general public as drug companies disposed of their stocks. The
frustration and lost confidence brought abtout by being defeated in the waf
led to massive usage of methylamphetamine. In 1954 the Central Stimulant
_Gontrol‘Laﬁ of 1951 was sirengthened; Masaki (1955) reported 500,000 cases
of amphetamine misuse in 1954. Amptetamine abuse also became a problem in
Sweden, and in’'1944 amphetamine preparations were placed under the same
restrictions as narcotics. Widespread use of amphetamine and amphetamine-
barbiturate mixtures by teenagers has been observed in the Uﬁited Kingdom
(Connell, 196%4). In July 1972 amphetanines were placed under the same

control as morphine and heroin.



It was estimated by Bewley in 1966 that in Britain 80,000 subjects
were dependent'upon prescr;bed amphetamines and a further 80!000 were using
them 1llicitly. In spite of the problems of abuse why have amphetamines
beeﬁ so widely prescribed? There are four clear indications for use. Tﬁese
are hypérkinetic disorders of childhbod. obesity, narcolepsy and simple
fatigue. Amphetamine improves classroom behaviour and learning of over=-
active children by decreasing distractability and increasing drive and
attention (Cole, 1949). In the treatment of obesity the effects of the drug
relative to a placebo have only been found manifest in the first few weeks
of a treatment regimen (Pennick, 1969). Amphetamines appear to be quite
effectivé in preventing sudden attacks of sleep and muscular weakness
obcuxiné in narcolepsy. Weiss and Laties (1962) have provided ample
evidence for the usefullness of amphetamine in simple fatigue. Amphetamines
prevent the decrement in performance commonly .seen in a fatigued person
involved in monotonous tasks. The use of amphetamine in depression is less
clear. Wheatley (1969) suggested that amphetamine was somewhat less
;ffecfive than a placebo in the treatment of most depressive states. A few
clinicians have, however, found amphetanmine useful in depressions
characterised by minor degrees of psychomotor retardation and difficulty
11n'concentration (Kennedy, 1961) . A'working party set up by the Council of
the British Hédical Association (Chappell, 1968) to review ihe status of
amphetamines concluded that the drug should onlj be prescribed for those
conditions for which no reasonable alternative exists because of the
disadvantages of anxiety and psychosis,

=

2. PATTERNS, SYMPTOMS AND CONSEQUENCES OF AMPHETAMINE ABUSE.

There are two types of chronic abuse of amphetamines. The first type
occurs over:a long period of time as the addict continuously increases the
dose and becomes tolerant. The second type of amphetamine abuser injects

massive doses of amphetamines intravenously over a period of 4-6 days
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during which time he does not sleep. He eventually refrains from injecting
the drug or passes out from exhaustion, sleeps for 24-48 hours and starts
the cycle again. Intravenods injection produces a sudden generalised, over-
whelming, pleasureful feeling called a 'flash' (Kramer et al., 1967) . Many
methylamphetamine addicts use the drug purely for the 'flash'.

The early descriptions of amphetamine psychosis came from
individualistic use. The paranoid delusions were aggravated by the solitary
life style (Ellinwood, 1972). Several groups.of amphetamine abusers have
since evolved in the United States (Kramer et al., 1967) and in Japan (Brill
& Hirose, 1969). Group involvement often affolrds protection a.gaitist the
delusional effects althouéh the members tend to be suspicious of outsiders -
and aggressive towards them. Group activities are usually more bizarre than
paronoid. |

rAmphetamines initially cause feelings of strength and euphoria, a
sense of cleverness and %rystal c1ea£ thinking. Curiosity is increased and
. time sense distorted. Internal thought processes are increased and many
addicts experience emotional 'eureka' outbursts. Some subjects report
feelings of anxiousness and nervousness. As the dose is increased or as the
run progresses many amphetamine:uscrs describe a diffuse anxiety, egpecially
over losing control. Periods of acute terror occur in which the usef reacts
to the slightest stimulus, The fear is frequently associated with delusions_
and hallucinations. Ellinwood (1967) found it not uncommon for addicts to
hide from their imaginary tormentors for several weeks. Some individuals
attempted suicide in this state of panic. Psychotics become suspicious and
) imagine they are being watched. Their heightened awareness makes them over-
react to slight movements in the peripheral vision. Psychosis catches up
with all addicts sooher or later. At first the addict has good insight and
he understands that the effects are mediated by the drug. In the early
stages he becomes suspicious of his family and friends. Later this paranoia
becomes a real possibility to him of being followed by federal agents

(Ellinvood, 1967; Kramer et al., 1967) or by gangs and internatlonal spy rings
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(Connell, 1958). He imagines his apartment to be 'bugged' and shadows and
trees to be disguised detectives. Addicts often feel that they are belng
monitored or manipulated bf hypnosis, radio, television-—transmitters or
unkﬁoun power sources (Kramer et al., 196?). Detailed reports of these
delusions are readily obtainable as addicts appear to have-a hypernesia for
the psychotic episode.

Visual hallucinations are frequent during amphetamine psychosis. They
begin as fleeting glimpses and evehtually are fully formed and stable images
(Ellinwood, 1972). Amphetamine addicts appear to obsessed with eyes and
faces. Ellinwood (1967) remarked on ten patients who saw distorted images.
To thése patients faces nelted, faded and appeared covered with a nylon
stocking or a mask. Blood and bone appeared, eyes changed becoming slanted
and shiny. Faces were reported to become hairy, develop crevices and lines,
and glow. People appeared as witches and monsters.

Auditory hallucinations occur to .simple noises. Ellinwood (1972)
observed some patients to carry out 16ng conversations with their
persecutors during the more advanced stages of the p;ychosis. Olfactory
hallucinations interact with the paranoia. One of Ellinwood's patients used
his sense of smell to detect whether male or female visitors had been in
the room during his absence. ST

" Tactile hallucinations in the form of parasitosis have an unusual
fréquency‘in'émphetamine psychosis. These are similar to the hallucinations
associated with the use of cocaine (Bleuler, 1924). Psychotic patients
describe an intense sensation of tingling, creeping, i@ching”and
subsequently are covered with raw blemishes and scars. Reports made by
patients indicate an intimate assﬁciation between skin sensation and
automatic grooming behaviour. The intensity of seﬁéations and stereotyped
delusions becomes more prominent as the psychosis advances. The majority
of patients believe they have veriform parasites encysted undef their skin.

Some patients have not only felt the small parasites but have seen them in

their food, water, clothing and furniture.



There are two outstanding features which are selfdefeating for the
addict. These are the anxiety and paranoia previously described and the
occurence of meaningless, éompulsive activity. Those.individuals who, are
mecﬁanically-minded are especially affected by the drug. Under amphetamine
they lose their ability to perform complex tasks and their behaviour becomes
disorganized and perseverative. Kramer et al.(1967) found that several of
his patients had spent many hour; attempting to dismantle and repair
gadgets which were in perfect working order. One man collected twelve
radios and took them apart. It was of no significance to him that he did
not succeed in rebuilding them. Another individual claimed to be cheerful
" 4n his foolish task and étated that nothing could divert him from it.
Kramer et al. (1967) described this activity as a 'compulsive perfectionist
need' . It often led to continual shoe-shining and repetitive polishing of
a hyﬁodermic needle.

Rylander (1966) reported repetitous analysing in many of his patients
who had abused central stimulants in Sweden. He named this activity
"t punding' . Women were continuously found to sort out their handbags or tidy
their flats. Tidying was performed meticuously reéardless of whether the
women enjoyed tidying or not. Addicts werc observed to wander up and down
streets and drive cars until they ran out of petrol. Time conception. is
distorted during 'punding'-and hours scem like minutes. The addict neither
eats nor drinks during ‘'punding'. He feels content and satisfied. On inter-
ruption, however, the addict becomes irritated and immediately resumes his
*punding' . Yhen he is prevented from recommencing this act he can become
very aggressive. Rylander (1968) reported that the majority of addicts did
not feel compulsion unless disturbed. The automatic movements appeared
without them knowing. On questioning several addicts in a.clinic Rylander
(1968) found that many had experienced strange stereotyped facial
movements. Many would grin and draw up the corners of their mouth to chew
in a stereotyped fashion. Tooth grinding was common. Sometimes they would

stretch their fingers out and jerk their arms.



In a survey of addicts in the Haight-Ashbury district Smith (1972)
found that after amphetamine several artists changed to detailed work with
pen and ink. Many 'street people' carried a 'knick-knack' bag which was
filled with small objects such as toys and beads. These small items were
fiequently fondled and polished. The addicts attached great importance to
this activity and became anxious and upset on deprivation. ‘

Ellinwood (1967) found his patients had a complusion to take objects
apart and analyse them. Among the common objects were watches, door knobs,
television sets, radios, tape recorders and typewriters. Gardner (1968)
discovered one of his patients tryiﬂg to occupy his time placing a number
of empty ampoule boxes ingide each other, putting them under his bed,
removing them and repeating the performance. - -

Ampheéetamine-psychotics often experience pronoupéed hypersexuality.
Bell énd.Trethowan (1961) reported many psychotics to be hypersexual and
found a high incidence of polymorphic sexual activity. Ellinwood (1967)
noticed that the greatest 1ibido occured especially in women who.had been
frigid prior to abusing amphetamines. Some of Ellinwood's patients ‘
experienced gross bodily distortion. Their bodies appeared invisible or
transparent. They also felt that people could read their nindé.

Bell (1965) and Connell (1964) found the amphetamine psychosis to be
seif-limiting. The hallucinations disappear rapidly after withdrawal of the
drug whilst delusions may persist for longer periods. Tatetsu (1972) gave
evidence of psychoses which lasted 8-22 years after withdrawal of
amphetamine,_Following a run, an addict wakes up exhausted, apathetic,

. depressed and tormented by anxiety and bodily pains (Rylander, 1968).

Death due to over&osage of amphetamine is rare and usually occurs in
novices who lack tolerance to the drug (Kramer et al., 1967). Danger from
amphetamine is more likely to occur from the acts of violenco to which it
sometimes leads. Even 'hippies' have noted the dangerous aspects of
anphetamine abuse in the slogan 'speed kills'. Ellinwood (1972) observed

several cases in which amphetamine induced paranoid delusional thinking,
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panic and emotional lability led directly to a homicidal act. On the other
hand it was not uncommon for a member of a group to become the scapegoat
and suffer numerous attacks (Smith, 1972). Amphetanine abuse may also
.;esult in serious injury to the addict through daredevil stunts and

sulcide attempts made in order to escape an imaginary persecutor (Ellinwood,

1967; Angrist & Gershon, 1969).

3 A COMPARISON OF AMPHETAMINE PSYCHOSIS AND SCHIZOFPHRENTIA.

A great deal of controvérsy has occured regarding the similarity of
anphetamine psychosis to schizophrenia. The first report of amphetamine
ﬁsychosis was made by Young and Scoville (1938) who concluded that the
drug had merely precipitated a latent paranold trend in their patients. In
contrast Herman and Nagler (1954) found the psychosis to be self limiting
and thelr patients to have sociopathic but not schizophrenic backgrounds.
Connell (1958) reported amphetamine psychosis to occur in individuals
iwhose backgrounds and personalities were norm;l. Connell (1958) described
amphefamine psychosis as primarily a paranoid psychosis with ideas of
reference, delusions of persecution, auditory and visual hallucinations
in a setting of clear consciousness.IHe found the mental picture
indistinguishable from acute and chronic paranoid schizophrenia. Criticism
came shortly afterwards from Slater (1959) who thought the psychosis more
similar to a toxic psychosis than schizophrenia. Bell (1965) found
amphetamine psychotics to experience visual hallucinations and lack the
characteristic thought disorder seen in schizophrenia. Kramer et al. (1967)
and Ellinwood’(1967) oﬁserved differences iﬁ the delusions and paranoid
state.

In 1968 Griffith et al. conducted the first experimental inductlon
of amphetamine psychosis in volunteer non-psychotic subjects within a
controlled hospital environment. The outcome was an abrupt onset of

paranoid delusions often with a cold detached e ffect. Their volunteers did

.~



not exhibit thought disorder or experience hallucinations. They were

absent presumabley because an insufficlently high dose of amphetamine

was used. Further work was ;arried out by Jonsson and Gunne (1970) who
administered 300 mg methylamphetamine in 24 hours to patients who Were
already tolerant to the drug. Clear cut hallucinations and disorientation
were reported. Angrist and Gershon (1969) observed two groups of patients
at Bellevue Hospital, those with complete clearing after émphetamine and
those with residual thouéht disorder and affectual blunting. The authors
could find no difference in presenting symptomatology or symptom intensity.
_Hallucinations cleared rapidly in both and the disappearance of delusions
appeared to parallel the urinary amphetamine excretion. They concluded that
amphetamine psychosis represented a rather striking clinical approximation

of schizophrenia,

4,  THE EFFECT OF AMPHETAMINE IN ANIMALS.

The same dose range of amphetamine that induces pschosis in man is
able to produce abnormal behaviour in animals. The behaviour is hyperactive,
hyperreactive and finally stereotyped. The term stereotypy is used in this
context to describe a type of behaviour that is purposeless, repetitive,
compulsive and perseverative. Hauschild was the first to describe the
behaviour of amphetamine in the rat as stereotyped in 1939. As the
stereotypy ensues items of normal behaviour are progressively reduced and
the animals are seen to repeat certain behavioural repertoires in a
sequence. With some animals a maximum is reached at which one single
activity is performed continuously and dominates the whole behaviour of the
animal. |

The characteristic way in which the stereotypy presents itself is
dependent upon tﬁe species of animal and the experimental conditions. Most
research concerning stereotypy has involved the rat and many authors have

described the form it takes in the rat (Quinton & Halliwell, 1963; Randrup
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& Munkvad, 1967; Janssen et al., 1965; Herman, 1967). A single injection
of amphetanmine 3 - 10 mg/kg sc induces continuous sniffing, licking and

(
bit;ngnsf the cage wires, the animal's forepaws and very exceptionally its
bpdy. Rats are often seen to exhibit backward locomotion and press their
bodles against the sides of the cage. The peak of stereotypy is reached
at one hour and lasts for 2-3 hours. The intensity of this behaviour
appears to be dose dependent. Normal activities such as férward locomotion
are increased above normai in the first 15-20 min after amphetamine
injection and again in the final phase 3-5 hours late:. Ellinwood and
Escalante (1972) administered 4 - 16 mg/kg methamphetamine daily to rats.
After 20 ﬁin they observed continuous sniffing, paw rubbing and abnormal
postures. Two types of sniffing occured, repetitive wide swings of the
neck and a sequence of small, close mo;ements performéd repeatedly,
covering only a limited area of the cage. The paw movements tended to be
ﬁssociated with the more confined sniffing behaviour. The abnormal postures
| comprised retroflexion of the neck, and 1lifting and extension of the paw
The rats returned tb_the same stereotyped pattern each day, keeping the
same posture and sequence of stereotypies. During the second week of
intoxication aggressive behaviour took place. Rats would discontinue their
stereotyped pattern in order to chase each other round the cage. The
fighting was most vicious within one hourtafter injection. The rats
sometimes appeared ataxic and reared in pairs. -

Stereotypy has been demonstrated in many ways throughout the |
literature. Lat (1965) observed that rats, given small doses of amphetamine,
followed a definite track’when plgced in a cage and repeated this,
procedure. On the other hand untreated rats éxplored alllpgrts of the
cage. In shock avoidance experiments, amphetamine treated rats drank or
turned a wheel steadily for hours whereas untreated rats responded only
for short periods after each shock (Teitelbaum & Derks, 1958). Battig
(1963) showed that amphetamine treated rats had an increased tendency to

run up the same side in repetitive trials in a T maze. Chance and Silverman
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(196%4) stated that.amphetamine rendered the exploratory behaviour of the
rat stereotyped and the emotional behaviour aimless.
d- Amphetamine 7.5 - 10 mg/kg sc produced a similar behaviour in the
mouse as in the rat after 5 mg/kg but locomotion was not found to be so
completely suppressed during the middle phaue (Randrup & HunkVad, 96?) In
“the initial and final phases the mice displayed increased locomotion.
some mice running extremely quickly and grooming themselves. This grooming
was characteristic during the end of the iaitial phase and consisted simply
oflvery frequent washing of the snout with the forelimbs. Mice occasionally
climbed the wire netting of the cage walls and performed their stereotyped
sniffing, licking and biting whilst belng‘pesitioned on the upper part of
the wall. When several mice were placed in one eage fighting occured .
ddring the first 30 min - 1 hour after amphetamine injection. Once |
stercotypy mas established only 'mocklfighting' was observed. Fightingl1
'often led to exhaustion and subsequent]death of‘the animals (Randrup &‘
‘Munkvad, 1967) . Fightingloccured betmeen mice during experiments conducted
by other.authors (Chance, 1948; Moore, 1963), although amphetamine was
found to decrease fighting at a dose of 6 mgfkg in mice (Welch & VWelch,
11970) . | o
ﬁenge and Brand (19?15 found unres t, fear and disturbance to be

expressed to a greater extent in the mouse after amphetamine, the
excitement being obscured during the stereotyped phase. Following 12.5 mg/
kg dl-amphetamine an initial quiet pmase occured. Motor activity lncreased
“after'15 nin aﬁd strong sniffing wasldirected at thelfloor, the animals
'appeared to be ffightened. After 30 min the sniffing.became stronger and
‘the mice began to chew the chips onﬂthe floor. All.of the miee.eere gnawing
after 90 min and did not appear to be distdrbed. After 3 houms the intensity
-of gnawing was reddced. The mice were again aroused and displayed
increased locomotion. Stereotypy then occured only periodically until

5 hours later when normal behaviour was resumed. Stereotypy has.also
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been observed!;p mice by Schelkunov (1965?:%

Stereotypy has been observed in many other animals. Guinea-pigs,
given 5 - 20 mg/kg amphetamine, were seen to continuously bite the wire
netting of the walls, food bowls and the skin of other guinea-pigs.
Stereotypy commenced 30 min - 1 hour after the injection of 5 mg/kg
amphetamine and lasted 3 hours. During the initial 30 min - 1 hour after
injection, locomotion and grooming were also seen in some animals whereas

others froze immediately after the amphetamine injectlon and remained in

this state until stereotypy| developed (Randrup & Munkvad, 1967). Behaviour .

which was contlinuously stereotyped was observed in chicks as a continuous
twitter (Key & Marley, 1962; Clymer & Seifter, 194?; Spooner & Winters,
1966) . Continuous rotating movements have been noticed in dogs (Christoni
& Becardi, 1940) and continuous circling of their pen (Laverty & Sharman,
1965)« Wallach et al. (1971) observed stereotypy to be characteristic for
each dog, and to consist of one of several patterns of bobbing, head turns,
cireling, pacing side to side and sniffing.

| Rabbits exhibited sustained biting like guinea pigs (Laverty &
Sharman, 1965). In experiments with amphetamine in lower vertebrates
Nilakanta & Randrup (1969) could observe no stereotyny or excitement in
lampreys, eels or salamanders. Crayfish, however, were stimulated by
amphetanine. After the highgst doses of amphetamine continuous movements
of the extremities of the crayfish without locomotion were seen.

A dose of 13 mg/kg dexamphetanine ip initiated head movements in
cats which became clearly stereotyped 20 min - 2 hours after the injection
* and lasted for more than 4 hours. During this time very little locomotion
occured and the cats merely lay or sat about.'Head movement; were mostly
sideways and the cats appeared to be loocking round. This was preceeded by
an interval during which only the eyes moved from side to side. Hissing -
and spitting without interruption of the head movements were observed
occasionally (Randrup & Munkvad, 1967). Cools and van Rossum (1970)

demonstrated stereotypy in cats characterized by movements of the head,
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linmbs, facial muscles,ears and eyes. '\

Ellinwood and Escalante (1972) administered 15 - 35 mg/kg methyl-
amphetamine daily to cats. In the acute phase, 20-30 min after injection,
the cats appeared hypermotive and hyperreactive to stimuli, especially
éhose coming from a more distant setting. Stereotypy took the form of
sideways looking movements often associated with 'fear' or sniffing.
Sniffing was more prevalent in female cais and cats of a docile nature.
Sniffing was performed in several ways. Sniffing could be directed over a
minute area of the cage as though-in search of food or an odour. Sniffing
occured in corners, along the wires of the cage or alternatively could
form a sequence with other activities. One cat, for example, was observed
to sniff along tpe floor of the cage and back to 1tslfeet followed by a
sudden backward glance to the right. The side to side movements occured .- -
when cats_were taken from their home\cage and observed in an open
environment, repeatedly handled or subjected to lights. After a few days
the behaviour became more rapid and compulsive, and difficulty was found
in distracting a cat from the effects of amphetamine. If-a cat was taken
out of a . cage it quickly returned to it as fast as-possible despite many
distractions. Ellinwood and his colléagues observed that two cats when- -~
injetted with methylamphetamine a year later, not only returned to sniff
the same spot in the cage but sniffed with the same posture and pattern.

Randrup and Munkvad (1967) noticed prolonged stereotypy in squirrel
monkeys. This took the form of continuous opening and closing of all
four paws, bending and intense staring. Continuous rapid body ;oveménts
occured which were mostly sideways_although backward_and forward movement
© Was observed.ASchuster and Wilson (1972) ;ipérimen£ed on sélf
admiﬁistration of methylamphetamine in rhesus monkeys;_Stergotyped left
and right and u§ and down head moveméﬁts were seen in all subjects after
about.30-60 hours of self administration; Body chewing especlally of tﬁe

front legs and paws occured. Ellinwood and Escalante (1972) administered

1 =20 mg/kg methylamphetamine to rhesus monkeys. Initially hyperactivity
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and hyperrectivity were increased. These items of behaviour decreased as
the stereotypy took place. They also decreased with chronic administration
despite an increase in dosage. Each monkey exhibited its own stereotyped
pattern which became nore rapid and bizarre at higher dosages or with
longer periods of intoxication. The stereotypies-consisted of biting and
chewing, repititious examining and looking behaviour. A number of monkeys
groomed themselves to the point of inducing chronic lesions. Single
behavioural components were incorporated into a number of patterns. At
first the examing was slow and deliberate with considerable visual .
attention. Picking became automatic with incicasing intoxication and
unrelated to the original purpose.

It can be concluded that sterecotyped behaviour-occurs earlier and is
more constrictive in lower animals such as the rat. As one clinbs the
phylogenetic scale a greater repetoire of behaviouré-is produced but onset
is delayed. In lower animals the stereotypy consists of sniffing, biting
and looking, In primates eye and hand examination, picking and probing
occur. Behaviour can be produced by amphetamine in animals which is very
similar to that observed in amphetamine psychotics. Experiments in animals
can therefore lead to extensive knowledge of the action of amphetamine, in
producing psychosis and to a further'understénding_of;schizophrenia.

- %

5e NEUROTRANSHITTERS WHICH MAY BE INVOLVED IN.THE:AMPHETAMINE RESEONSE.

(2) Noradrenaline

The occurence of noradrenaliﬁe iﬁ extraéﬁs of br%in was first
discovered by von Euler in 1946, All of the enyzmes necessary for the
. synthesis and metabolism of noradrenaline have siﬁcé beeg found iﬁ the
brain. Dopaminelis converted to nofadrenaiine by dopamine;ﬁ?-oxidasé; the
distribution of which is similar to that of noraﬁrenéline ifsélf |

(Udenfriend & Crevling, 1959) . There are thought to be at least two stores
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of noradrenaline, a granular reserve pool and a mobile pool which is
released from the nerve ending by the action potential. Released
noradrenaline reacts with the receﬁtor sites on the postsynaptic membrane
and‘is then removed by active transport back into the nerve terminal or
inactivate& by the enzyme catechol-O-methyltransferase present on the -
postsynaptic membrane. The mitochondrial enzyme monoamine oxidase controls
the amount of noradrenaline within the nerve terminél. Although not all of
the necessary criteria regarded by Paton (1958) to be essential for
transmitter function have been fulfilled theore is 1ittle doubt for such
an action for noradrenaline. r

Noradrenaline has been found to be unevenly distributed throughout
the brain (Vogt,1954%; Bertler & Rosengren, 1959; and many others). The
highest concentration occurs in the hypothalamus especially in the rostral
and intermediate portions. Noradrenaline is found to a: marked extent in the
area prostrema, medullary reticular-f;rmation, floor of the fourth
ventricle, red nucleus, pons, medial nucleus of the thalamus and cerebral
cortex. Smaller concentrations have been found in the cerebellum, lateral
geniculate body, amygdala and caudate nuclecus.

The histochemical fluorescence mapping techniques of Falck (1962),
Dahlstrém & Fuxe -(1964), and Ungerstedt (1971a) have made it possible ot
only to confirm the presengefof noradrenaline 1h the brain but to
demonstrate its presence in specific necurons and to localize these neurons
and their axons to particular portions of the central nervous system.

There arc two major ascending noradrenaline systems. The cell bodies éf the
ventral noradrenaline system occur in about four different groupings in the
medu}la oblongata. Their axons ascend in the‘medial forebrai; bundle giving
off terminals first in the lower brain stem, then in the midbrain and
finally in large numbers in the hypothalamus. The dorsal noradrenaline
system has cell bodies in the locus coerulus. Some fibres descend in order

to innervate lower brain stem areas and considerable overlap occurs with

the ventral noradrenaline pathway. Most cell bodies send axons dorsally to
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innervate the entire cerebral cortex and hippocampus. Some axons are also
sent to the cerebellum. Recent work by Bloom et al,.,(1973) has cleariy
distinguished the noradrenergic synaptic projection to the cerebellar .
Purkinje cells and indicated that the cerebellar noradrenaline receptor
may be similar to the peripheralﬁg-adrenergic receptor. Noradrenergic -
stimulation of the locus coerulus has an inhibitofy action on the Purkinje
cells which are inhibiting the deep cerebellar nuclei. Sachs et al. (1973)
have used 6-hydroxydopa to map out central noradrenaline pathways in:the
mouse. In the subthalmic area the 'dorsal noradrenaline bundle was found

to be subdivided into two bundles. The medial bundle entered the lateral
hypothalamus whereas the lateral bundle joined the inner medial surface -
of the capsula interna. 1t appears from these results that the o
noradrenaline fibres reach the cortex cerebri in two ﬁays. one via 100piné
back in the cingulum, the dorsal fornix and striaze longitudinales after by
passing the septal area, and the 6ther via the capsula interna passing
through the caudal neostriatum. The very fine noradrenaline terminals of
the amygdaloid area seemed mainly to be derived from fibres looping back
in the stria terminalis from the rostral part of the medial forebrain
bundle.

Noradrenaline can either depress or facilitate discharge rate of
cells., Noradrenaline applied iontophoretically to the cells of the pyriform
cortex depressed 14% of cells (Legge et al., 1966). In the brainstem both
excitation and inhibition have been observed (Bradley & Wolstencroft,i_n_
1962). Most of the cells of the caudate which respond are depressed by

noradrenaline, as are cells in the hippocampus (Bradley, 1968).

(b) Dopamine

Dopamine is found in large quantities in the brain as a precursor of
noradrenaline. The distribution of dopamine, therefore, approximates that of

noradrenaline. The exception is the basal ganglia. Dopamine is present in
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very high concentrations in the caudate nucleus, putamen and to a lesser
extent in the substantia nigra and red nucleus. Little dopamine is,
howgvér, found in the pallidum. Accumulated evidence from clinical, -
pharmacological, surgical, eiectrophysiological. electron microscopical
sourbes and single neuron experiments has indicated a physiological role
for dopanine as a neurotransmitter. t

The synthesis of dopamine proceeds from l-p-tyrosine in the cytoplasm
which is hydroxylated to form 1-DOPA. This step is catalysed by tyrosine
hydroxylase and appears to be the rate 11mi€1ng factor in the synthesis
of both noradrenaline and dopamine. DOPA is then decarboxylated to form
dopamine. Homovanillié acid (HVA) is the main metabolic breakdown product
of dopamine and its distribution roughly parallels that of dopamine. .
Dopamine is deaminated to form dihydroxyphenylacetic acid which is
methylated to give HVA. Some dopa;ine is methylated forming 3-methoxy-
tyramine and then deaminated to HVA.

Histochemicél fluorescent techniques have detected three dopaminergic
pathways. The largest and most well known is the nigrostriatal dopamine
system. Cell bodies in the substantia nigra ascend to terminate in the
caudate nucleus and putamen. The-nigrostriatal system is degenérated in
patients with Parkinson's disease, and the dopamine deficiency appears to
account for maﬁ& Parkinsonian symptoms (Hornykiewicz, 1966). The meso-
limbic system has dopamine cell bodies near the intéfpeduhcular nucleus in
the midbrain which ascend with axons of the nigrostriatal dopamine syéteﬁ-
but diverge to give off terminals in the nucleus accumbens and the
olfactory tubercle. The tubero-infundibular dopamine system comprises
cell bodies located in the arcuate nucleus ;f the hypothalamus which
sends short axéns vhich terminate in the ‘median eminence. Sustan;ial
evidence implicates fhis dopamine tract in the regulation of secretion
and synthesis of the trophic hormones of the pituitary gland (Kamberi et

al. ’ 1970) .
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Kenp and Powell (1970) have recently confirmed earlier evidence of
an orderly topographic projection of almost the entire cortex onto the
caudate nucleus” and putamen. Premotor and motor areas projec% to the head
of the caudate while parietal and occipital areas project to the ventral
and-posterior regions of the nucleus. Fibres from the neocortex lead to the
ncostriatum, globus pallidus, thalamus and mesencephalon. In much the same
fashion:the amygdala projects to the stria terminalis, the hippocamﬁﬁs to
the nucleus accumbens and the pyriform cortg; to the olfactory tubercle.
The outflow of limbic striatum occurs via the substantia innominata to the
septum,-hypothalamus and frontal lobe.

Most evidence has suggested an inhibitory role for dopamine on

cortical neurons (Crossland, 1967) and caudate neurons (Bloom et al., 1965).

(c) Acetylcholine

-~ The presence in the central nervous systeﬁ of acetylcholine and the
two;eﬂzymes choline acetylase and acetyléholinesterase has been known for
some time. The highest concentrations of acetylcholine occur in the cortex,
corpﬁs striatum and pons. Smaller amounts occur in the hypbthélamus and
nedulla. Only a tiny amount has been found in the cerebellum. Feldberg and
Néﬂn (1946) found that the concentration and rate of choline acefylase
differed in different parts of the brain. The afferent nerves appeared
to have hardly anylsynthesizing powers while the efferent nerves possessed
strong synthesizing powers. Feldberg and Vogt (1948) found a high
concentration of choline acetylase in the anterior roots and'caudate
nﬁcleus. Acetylcholinesterase was found to oceur in a high’concentration
in the caudate nucleus and futamen (Shuﬁe & Lewis, 1963).

The distribution of énzymes has been used to demonstrate cholinergic
pathways., The ascending cholinergic pathwﬁy in the brain of the.rat arises
from the reticular formation of the brain stem and pfojects to the cortex

(Shute & Lewis, 1963). Striatal efferents project to the substantia nigra
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and pallidun (Olivier et al.,1970) and cholinergic fibres from substantia
nigra to the pallidum and striatun (Vogt, 1969). McLennan (196&)
demonstrated release of acetylcholine from the caudate nucleus, and Smelik
and Ernst (1966) found evidence of cholinergic synapses on dopaminergic
ﬁigral cells. Acetquholine has been found to have excitatory and
1nhibit§ry actions in the cerebral cortex and brain stem (Bradley &
Wolstencroft, 1962) and caudate nucleus (McLennan & York, 1966). Both
nicotinic and muscarinic receptors appear to_Be present in tﬁe central

nervous system (Curtis & Eccles, 1958).

(d) 5-Hydroxytryptamine

The distribution of 5-hydroxytryptamine (5-HT) roughly parallels that
of noradrenaline, the exception being the striatum. A high concentration of
5-HT has been found in the limbic system and basal ganglia (Garattini &
Valzelli, 1965) . 5-HT has been found to occur in large amounts in the
hypothalamus and caudate nucleus but only in small amounts in the cerebral
hemispheres and cerebellum (Bertler & Rosengren, 1959).

5-HT is synthesized from tryptophan to 5-hydroxytryptophan by the
enzyme tryptophan hydroxylase and then decarboxylatéd to 5-HT. Txryptophan
hydroxylase is synthesized in the cell bodies of the raphe nuclei from
where it is slowly transported to the nerve terminals by axonal flow
(Meek & Neff, 1972). The regional distribution of the aromatic amino acid
- decarboxylase closely resembles that of the monnamines (Bogdanski et al.,
1957)« 5-HT is metabolised to 5-hydroxyindoleacetic acid (5-HIAA) by
monoamine oxidase. - . .

Serotonergic fibres originate caudally in the median raphe of the
pons. They descend in the spinal cord to innervate the same area in which
the noradrenaline axons have been identified. They ascend from the more
rostral raphe in the medial forebrain bundle after passing through the

intérpeduncular nucleus to terminate on both the striatal and cortical



sites as well as throughout the limbic system (Ungerstedt, 1971a)s 5-HT
applied iontophoretically to cortical neurones causes both excitation

and -inhibition (Bradley, 1968).

6. THE MECHANISM OF ACTION OF AMPHETAMINE.,

~

Over the years there has been much controversy about the mechanism of
action of amphetamine. Amphetamine was first synthesized as an analogue of
noradrenaline and adrenaline. Speéulation as to its mode of action has
centred around its effect on or interaction with catecholamines. Several
theories have been put forward. For example :-

(a) a direct action on a postsynaptic receptor

(b) an indirect action involving the presynaptic release of catecholamines
(¢) an inhibition of monoamine oxidase

(d) an inhibition of ‘the reuptake of catecholamines

The peripheral sympathomimetic action of amphetamine was found to be
mediated via the release of noradrenaline (Burn & Rand, 1958) as reserpine
prevented the cardiovascular effects of amphetamine and its effects on the
nictitating membrane. The central stimulant action of amphetamine was,

“however, not reduced by reserpine but enhanced (Quinton & Halliwell, 1963;
Smith, 1963) or exerted no effect (van Rossum et al., 1962; van Rossum &
Hurkmans, 1964; Smith, 1965). Reserpine had been previously found to cause
a heightened sensitivity to directly acting sympathomimetic amines (Burn &
Rand, 1958; Fleming & Trendenelburg, 1961), An indircct action could not,
however, be completely excluded. Pretreatment with a monoamine oxidase
inhibitor iproniazid also potentiated the stimulant effects of amphetamine
(Smith,1965). The synthesis of dopanine and noradrenaline in the brain
also appeared to persist in the reserpine treated animal (Anden et al.,
1964). Carlsson et al. {1965) showed that low doses of amphetamine were
capable of releasing catecholamines in the brain even in reserpine

treated animals in which catecholamine levels had been increased by
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pretrea.tmerit with 1-DOPA. It did not; therefore, seem unreasonable that
cate;holamines, present in the extragranular cytoplasm after reserpine
treatment, might still be released into the extraneuroné.l space by
amphetamine. In 1965, Weissman and Koe found that ®-methyl-p-tyrosine
QK-MﬁT), a potent inhibitor of tyrosine hydroxylase, completely inhibited
the excitatory effects of amphetamine in rats. This actlion has been
repeatedly confirmed by Hanson (1967), Weissman et al. (1966), Randrup and
Munkvad (1966) and Ernst (1967). Dingell et al. (1967) demonstrated that
LMpT did not affect the levels of amphetamine in brain. The blockade of
action of«-Mpl could also not be attributable to a change in the
distribution or metabolism of amphetamine, or to a reduction of
noradrenaline levels. Weissm%n and Koe (1965) concluded tﬁat the
amphetamine blocking action of «Mpl' was probably not the result of a
decarboxylation of «Mpl or a chlorpromazine like central adrenolytic
action. This action was not: a result of a reduction of gross catecholamine
levels in whole brain, an inactivation of amphetamine by promotion of
uptake into catechoiamine stores or a direct sedative effect. Spector et
al (1965), however, found *Mpl to cause sedation in cats and guinea pigs.
Amphetamine more likely releases catecholamines, the availability of which
is selectively curtailed by>*Mpl's inhibitory effect on brain tyrosine
hydroxylase. Dominic and Moore (1969) showed that amphetamine increased
locomotor activity in mice was inhibited by dose levels of«-MpT which
neither caused sedation nor affected brain catecholanine levels. Recent
work using a cerebroventricular perfusing technique has shown intravent-
ricular infusion of-«Mpl' to block the synthesis of brain catecholanines,
but not to interfere with the ability of amphetamine to release these
amines in cat brain (Chiueh & Moore, 1974). This has,.therefore, disputed
the work of Enna et al. (1973) who reported «Mpl to block the amphetamine
induced release of amines from brain slices.

Work by Stolk and Rech (1970) revealed that the locomotor activity

induced by 1 mg/kg amphetamine in rats was not inhibited by low doses of
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Kpl' whereas stimulation by 2 or & ﬁg/kg amphetamine was significantly
antagonized. In contrast, «-Mpl, at the same low dose following
pretreatment with reserpine, inhibited the effects of 1 mg/kg anphetamine.
These findings were interpreted to reveal a participation of both
endogenous catecholamine stores and biosynthesis in the amphetamine
response in rats. The decreasing ability of <-Mpt to attenuate larger doses
of amphetamine (>8 mg/kg) was considered to reflect additional factors
involved in this more intensive stimulation for instance a direct
activation of central receptors. °

Nialamide, given one hour prior to &-Mpl, reduced the rate of
depletion of both noradrenaline and dopamine (Corrodi et al., 1967; Dominic

& Moore, 1969). The competitive inhibitory|action of amphetamine itself on mono-!

anine oxidase reported by 3laschko et al. (1937) may not, therefore, be
without significance. Welch and Welch (1970) believed that the rapid
elevation of brain catecholamines by amphetamine to be due to an indirect
reversible i;hibition of monoamine oxidase; This monoamine oxidase
inhibiticn is a natural consequence of the increased neuronal stimulation
that results from impaired reuptake of amines released into the synaptic
cleft by nervous stimulation (Rutledge, 1970).

A further action of amphetamine is its ability to inhibit catechol~ .
amine reuptake. Glowinski and Axelrod (1965) showed amphetamine to release
physiologically active noradrenaline from adrenergic neurons and also to
inhibit its reuptake into the cell. The work of Coyle and Snyder (1969) and
Taylor and Snyder (1970) demonstrated both d- and l-amphetamine to be
poverful inhibltors of striatal dopamine reuptake. Although anphetamine has
been found to exert an inhibitory action on the membrane of both adrenergic
and dopaminergic neurons the effect is relatively weak, and the catechol-
amine releasing action cannot be accounted for by such an effect. Data
from the peripheral adrenergic system has indicated that the action of
amphetamine can be partially prevented by proiriptyline, a potent membrane

punp blocking agent, showing that the membrane pump plays a role in
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concentrating amphetamine in nerves (Carlsson et al., 1965; Carlsson,

1970) .
‘ 5-HT has also been demonstrated in the mechanism of action of .

amphetamine. Vane (1960) found amphetamine to act on tryptanine receptors

in the isolated stomach strip. Dewhurst (1968) considered the possibility
that the stimulatory effects of amphetamine in théjcentral nervous system
were due to an action on trytamine receptors. This theory appears to
explain certain effects in birds but does not explain the behavioural
stimulation and stereotypy induced 5y amphetanine in mammals (Marley, 1968).
In birds, certain bchavioural effects of amphetamine are very probably
attributable to a tryptaminergic or serotonergic effect. Postural changes,
twittering and electroencephalographic desynchronization elicited by
amphetamine or ot-methyltryptamine in young chickens could be partially or
fully inhibited by low doses of methysergide (Clymer & Seifter, 1947; Key
& Marley, 1962; Spooner & Winters, 1966).

' Althouéh various derivatives of tryptamine were capable of -
duplicating or antagonizing the stereotyped activity elicited by
amphetamine in rats, methysergide and cyproheptadine, two powerful
serotonin antagonists, were withoﬁt effect on the stereotyped behaviour.
From thesé results Randrup and Munkvad (1964) concluded that the hitherto
known receptors for 5-HT and tryptamine were not involved in the T
amphetamine response although it was further reported that 2-bromo- .
lysergide, another serotonin antagonist, did in fact inhibit the
amphetanine induced stereotypies. More recently Weiner et al. (1973) have
found 5-hydroxytryptophan to antagonize amphgtamine induced stereotyped
behaviour, and methyscrgide to potentiate amphetamine induced stereotyped
behaviour.

The picture is further complicated by other amphetamine effects.
Both Besson et al. (1969) and Javoy et al. (1970) have reported amphetamine

to accelerate the formation of 3H-dopamine from 3H-tyrosine in the

substantia nigra of the rat whilst reducing the accumulation of newly
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synthesiseé.aﬁ-dopamine in striatal éopaminergic terminals., The findings
were; explained as probably being due to the powerful releasing action of
amphetanine on newly synthesised dopamine, for which an increase in . °
synthesis 1s unable to compensate entirely. Methylamphetamine has also been
reported to increase tyrosine hydroxyl;se activitxjin the adrenals of
chickens (Mandell & Morgan, 1970). |

The depleting action of amphetamine on endogenous brain amines has
been widely investigated. Numerous researchers have reported a lowering of
noradrenaline content (ﬁcLean & Mcartney, 1961; Baird, 1968) and an
elevation of brain serotonin (McLean & Mcartney, 1961; Garattini & Valzelli,
1965) . Others found a lowering of brain serotonin (Laverty & Sharman, 1965;
Hanig & Seifter, 1968; Paasonen & Vogt, 1956). Laverty and Sharman (1965)
observed amphetamine to lower striatal dopamine levels in cats and cause a
slight increase in striatal homovanillic acid. Moore and Lariviere (1966)
and Beavalet et al. (1964) found no change in dopamine levels.

Costa and Groppetti (1970) discovered 1 mg/kg dexamphetamine to
increase the rate of turnover of brain dopamine but rot that of ..
noradrenaline in.the rat. No change was found in dopanine levels, Fuxe and
Ungerstedt (1970) carried out histochemical studies in reserpine-nialanide
treated rats. Amphetanine in low doses (1 mg/kg) was found to deplete the
extragranular storeé of noradrenaline in éentral noradrénergic neurons by
release whereas higher doses (5 mg/kg) blocked the membrane uptake
mechanisn. No decrease in dopamine levels were observed even after 15 mg/kg
ip injection of the drug but histocﬁémically a marked increase in
fluorescence intensity was observed extraneuronally after amphetamine.
Central noradrenaline nerve terminals were somewhat more sensitive to the
releasing action of amphetamine than central dopamine nerve terminals. A
clear cut reduction in fluorescence in 5-HT neurons was also observed and
the neuronal fluorescence accumulated around the 5-HT cell bodies following

amphetanine, -



e LOCALIZATION OF THE ACTION OF AMPHETAMINE.

Evidence from the previous section indicates that the central actions
of amphetamine are mediated by the release and inhibition of reuptake of
nor;drenaline and dopamine although 5-ﬁT and acetylcholine can modify
these actions. J

The fact that the striatum contains the majority of brain dopamine
has focused attention on this area. McKenzie and Szerb (1968) demonstrated
a release of dopamine from dopamine terminals in the caudate nucleus with
the ald of a push-pull cannulation following direct application of
amphetamine. Besson et al. (1969) showed that amphetamine increased the
release of newly synthesiséd 3H-dopanine fron rat st;iatal dopamine
terminals. Amphetamine has also been found to increase striatal
hoﬁovanillic acid levels in fats‘(Jori & Benardi, 1969) and cats (Laverty
& Sharman, }965).

.Dopamine has been implicated in the productién of stgreotyped
behaviour (Randrup'& Munkvad, 1966; Scheel-Kruger & Randrup, 1967;
-Néissman ét al., 1966). Evidence for the mediation of amphetamine induced
stereotypy via the nigrostriatal system has evolved from the ability of
amphetamine, apomorphine, dopamine and DOPA to induce stereotypy when
implanted or-injected into the striatum (Ernst & Smelik, 1966; Fog et al.,
1967; Fuxe & Ungerstedt, 1970; Cools & van Rossum, 1970; Fog & Pakkenberg,
1971) or lesions of the striatum to prevent stereotypy (Amsler, 1923; Fog
et al;. 1970; Fuxe & Ungerstedt, 1970). Further evidence has come from
the fact that the néuroleptic and catatogenic drugs have been found to
bé mutually antagonistic to the central stimulants which induce stereotyped
“behaviour (Cools, 1971; Janssen et al., 1965; Fog et al., 1968; Costall,
Naylor & Olley, 1972a). The striatﬁm has long been implicated in the
production of catalepsy (Schaltenbrand & Cobb, 1931). | |

Several recent reports have cast doubts on the involvexment of the
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nigrosriatal system in-stereotypedlbehaviour. Bilateral electrolytic
lesions of the substantia nigra have been found not to prevent amphetamine
stereotyped behaviour (Iversen, 1971; Simpson & Iversen, 1971: Costall,
Nayior & Olley, 1972b). Injection of amphetamine directly into the caudate
putamen, globus pallidus and substantia nigra was found to mérely induce
a mild stereotyped sniffing behaviour. Igcreasing the dosage did not induce
compulsive gnawing. The globus pallidus-;howed a greater sensitivity to
amphetamine as lower dosages were required and the effect was more rapid “175
in onset. Injection of amphetamine into the cerebral cortex, hippocampus
and thalamus did not induce stereotypy (Costall, Naylor & Olley, 1972a).
The intracerebral injection of 6-hydroxydopamine into the area Just medial
to the medial lemniscus,. which would have led to the degeneration of both
the nigrostriatal and mesolimbic pathways, preveqted stereotypy (Creese &
Iversen, 1972). A few investigators have indicated a possible role for the
mesolimbic pathway in the mediation of stereotypy, NcKenzie (1972) found
suction lesions of the olfactory tubercle to prevent the stereotyped
behaviour produced by apomorphine in rats., Costallland Naylor (1974) found
that interruption of the mesolinblc dopamine pathway at the level of the
rostr%l hypothalamus or destruction of the globus pallidus or olfactory
tubercle removed both the sniffing and head movement components of
stereotypy. Destruction of the central amygdaloid nucleus (Costall &
Naylor, 1974) and lateral amygdaloid nucleus (Costall & Naylor, 1972b)

removed the licking, biting and gnawing components of amphetamine'& apomorphine!

stereotyp&. Asher and Aghajanian (1974), using 6-hydroxydopamine lesions

of the olfactory tubercle and caudate nucleus, could not confirm the
involvement of the mesolinmbic or a t0pographic orgﬁniSation of stereotyped
responses in the striatum suggested by Fuxe and Ungerstedt (1970). Care nust,
however, be taken in. drawing conclusions from experiments involving lesions
as the absolute degree and area of tissue destruction is difficult to @ -
assess.

‘In spite of the substantial evidence indicated for a sole involvement’
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of dopamine in stereotyped behaviour a number of workers have proposed an
action for noradrenaline. Groppetti and Costa (1969) suggested stereotypy
may'be assoclated with an increased turnover of noradrenaline in the brain
as the time course coincided with stereotypy. Taylor and Synder (1970) as
well as Ungerstedt (1971b) hypothesised a modulatory role for noradrenalipe
in producing stereotypy. J ’ |
The relative importance of noiadrenaline and dopamine in amphetamine
induced locomotor activity has long been a focus for debate. Many workers
have indicated a dominant role for dopamine (van Rossum & Hurkmans, 1964;
Smith, 1965; Costa et al., 1971; Thornburg & Moore, 1973; Hollister et al.,
- 1974) . Others have suggested noradrehaline to be of major importance
(Randrup & Scheel—Kﬁger, 19663 Littleton, 1967; Chan & Webster, 1971).
The most recent research more cautiously suggests a role for both
noradrenaline and dopamine (Svensson & Waldeck, 1970; Maj et al., 1972;
R'olinski & Scheel-Kruger, 1973; Tseng & Loh, 1974; _Andén et al., 1973).
Studiés from lesion work have found destruction of the globus . -
pallidus to produce hyperactivity in both control and dexamphetamine
treated rats (Costall & Naylor, 1974; Naylor & Olley, 1972) . Lesion of the
ascending mesolimbic and nigrostﬁiatal dopaminergic pathways in the lateral
hypothalamus and lesion of the mesolimbic dopaminergic pathway at the
rostral level of the nucleus paraventricularis caused hypoactivity (Costall
& Naylor, 1974). Frontal leslions have been demonstrated to increase the
locomotor activity of control and dexamphetamine treatedlrats (Iversen,
1971) and mice (Glick, 1972). Some work has indicated the involvement of
dopaninergic neurons in the sustantia nigra and corpus striatum in
locomotor activity (Crow & Arbuthnott, 19?2; Simpson & Iversen, 1971).
lMore recent research with 6-hydroxydopamine has argued against this (Creese
& Iversen, 1972). Injection of dopamine into the nucleus accumbens has
been found to initiate locomotor activity (Pijnenburg & van Rossum, 1973).
There has been considerable disagreement on the relative importance

of the two catecholanines in aggression, rage and hyperreactive behaviour.



Evidence for increased irritability and fighting to be initiated by
dopamine has been found by Thoa et al. (1972), Bvetts et al. (1970), and
McKenzie (1971) in rats, and Everett (19683. Hasselager et al. (1972),
Lycke et al. (1969) andVandeér ;nd Spoerlein (1962) in mice. Bizarre mock
figﬁting in rats has also heeﬂXreported to be dopaminergic in nature
(Morpurgo & Theobald, 1966; Lammers & van Rossum, 1969).

A role for noradrenaline in rage behaviour has been indicated by
Randrup and Munkvad (1966), Fog (1969), Scheel-Kruger and Randrup ( 1967)
in rats, and Reiss et al. (1970) in cats. Reiss and Fuxe (1969) showed a
direct relationship between the magqitude of sham rage behaviour produced
by brain stem transectlion in the cat and the decrease of brain stem
noradrenaline.'Electricél stimulation of the amygdala, which elicits a
rage reaction, has been found to be accompanied by a central elevation of
noradrenaline metabolites (Gunne & Lewaﬂﬁer, 1566).

" A number of studies have shown that fear induced aggression can be
reduced by amygdalectony (Schreiner & Kling, 1953) and removal of the

cingulate gyrus (Haxd. 1958). Septal lesions result in hyperemotionality

(Brady & Nauta, 1953). Stimulation of the ventromedial hypothalamus has been

implicated in irritable aggression (Sheard & Flynn, 1967).

8. ATMS' OF THE PROJECT.

The medical use of amphetamine has been- severely restricted over the
last decade because of its potential in causing abuse. Amphetamine abuse
frequently results in the production of a psychosis so similar to
paranoid schizophrenia that many misdiagnoses-have been made. As the same
doses which induce psychosis in man cause abnormal behaviour in animals
much research has centred round the actions of zmphetamine in animals.
Amphetamine has been found to release both noradrenaline and dopamine
in the brain (Carlsson, 1970). Amphetamine has, therefore, also been used

as a 'tool' in order to discover whether noradrenaline or dopamine, or both
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are involved in behavioural changes;

It is apparent from the literature review that many studies have been
made of the stereotyped and hyperactive behaviour induced by amphetamine.
The problem has been apprOached?in many different ways in a Qariety of
aniﬁal species. Although a great deal of valﬁable information has been
obtained much work has been presented wlth a complete lack of quantitative
measurement. Many authors have ﬁsed the term 'excitation' without
explanation of increased locomotion, increased awareness of stimuli or
aggression. In many 1n§tances, stereotypy has merely been indicated as
present or absent. Quinton and Halliwell (1963) used a scoring scheme in
which the rating scale progressed from sleep through increased locomotor
activity to stereotypy. Each component was regarded as a heightened
ekﬁression of one another, see below -

0 rat asleep

1 alert but not moving

2 moviné around the cage

3 stereotyped sniffing at bars

L licking bars

5 'mock' biting (momentariiy touching bars with teeth)

6 gnawing bars
Present evidence suggests two distinct mechanisms for locomotion and
stereotypy. Many other workers (eg Weissman & Koe, 1965; Scheel-Kruger,
1971) have used modifications of this scoring scheme in spite of its
ineffectiveness.

~ Naylor and Costall (1971) have devised‘a'scoring scheme involving
exploratory activity and stereotypy, see below :-

0 The appearance of the animals is the same as saline treated rats

1 Discontinuous sniffing, constant exploratory activity

2 Continuous sniffing and small head movements, periodic exploratory

activity

3 Continuous sniffing and small head movements, discontinuous 51ting



gnawing and licking. Very brief periods of locomotor activity.
4 Continuous gnawing, biting and licking, no exploratory activity,
occasional backwood locomotion.
Gnawing has been assumed to be a more advanced stage of the same process as
éniffing. The scheme 1s also limlted because qualitative differences cannot
be accounted for (eg increased sniffing without biting). Magos (1969) and
Del Rio and Fuentes (1969) used similar rating schemes.

The initial aim of this project was to make a detailed, statistical,
quantitative investigation of the-éhangés in behaviour induced by
amphetamine. A scoring scheme was designed in order t‘o score'e_ighteen
individual items of behaviour independently from one another. Several doses
of amphetamine were investigated so that changes in behavioural items
could be obsérved not only with increased dosage but_ﬁith respect to one
another over a period of time. Drug treatments were made with amphetamine
to find if some behaviours were more influenced by increased dopaminergic
stimulation or increased noradrenergic stimulation.

The latter half of this thesis has attempted to further implicate the
neurotransmitters concerned with the initiation of the startle response,
iocomotor activity and compulsive gnawing by amphetamine. The mouse was
chosen as the animal of study because of the relative ease of intracerebro-
ventricular injection, and the fact that in the mouse the action of
amphetamine appears to be more differentiated. Stereotypy, hyperreactivity
and hyperactivity are all pronouced in the mouse providing a good model
for amphetamine psychosis. A brief comparison has also been made of the
action of amphetamine in the rat, and in rats with unilateral and bilateral

lesions of the striatum.
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1. ANIMALS, ANIMAL HUSBANDRY AND IABORATORY CONDITIONS.

(a)- Mice

Experimenté reported in £his thesis were carried out on Aston-bred
male albino mice 6£ the TO strain which weighed between 18 and 25 g.
Qubsequent to weaning mice were kept in groups of 30-40 animals in
polypropylene cages (42 x 28 x 15 cm) in the animal house at an ambient
temperature of 21-23°C under normal lighting conditions. These animals
were fed a conventional 41B cube diet (Pilsbury'_sttd.. Birmingham) and
received tap water ad libitum. ‘

Mice were transfered to £he-experimenta1 room one week before the
commencement of an experiment. The experimental room was maintained at
2i+1°C, relative humidity between 50-60%, and the animals exposed to a
normal light/dark cycle. Mice were divide@ into their experimental groups
and kept in cages (42 x 28 x 15 cm). For the open field assessment and
biochemical'testing mice were housed 1nnéroups of 3 animalé in polypropy-
lene cages.(Z? x 20 x 10 cm). | | |

(v) Rats

Most of the experiments involving rats in this thesis were -performed
on female RAC rats (Tierfarm Sisseln) weighing 150-250 g. These animals
were fed rat cubes (Nafag AG., Gossau) and allowed tap water ad libitum.
Some experiments were performed on female Aston-bred Wistar rats weighing
150-200 g. These rats received a conventional 41B cube diet. The animal
house conditions were the same for RAC and Wistar rats. Subsequent to
weaning rats were housed iﬁ groups of -5 animals in polypropylene cages
(42 x 28 x 15 cm) and later transfered to the experimental room 24 hours
before use. Experiments were performed at a temperature of 21°C.

- A1l experiments were carried out between 9.00 and 19.00 hours.
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2. INJECTION TECHNIQUES

(a) Subcutaneous (sc) injection

| Injection was made into the loose skin at the back of the neck:of
both mice and rats. The injection volume was 10 ml/kg for mice and 1.0

ml/kg for rats.

(b) Intraperitoneal (ip) injection

Injection was made 5y inserting the hypodermic needle obliquely and
upwards through the abdominal wall of both mice and rats. Care was taken
not to penetrate too deeply. Again the injection volume was 10 nl/kg for

mice and 1.0 ml/kg for rats.

(¢) Intracerebroventricular (icv) injection

This method of icv injection was based on that originally described
by Haley and HcCornick (1957) and modified by Brittain and Handley (1967).

Injection was made at the juction of the parietal and interparietal
bones on the mid-line, a region which is not ossified in the mouse. This
injection tract w;s found to penetrate from the colliculi to the 4th ventricle
and aqueduct., Injection solution was found to penétrate throughout the - 4
ventricular system, septal region, hypothalamus, and spread to the cortex,
cerebellun and medulla (Handley,1970).

A 0,25 ml tuberculin syringe, fitted with a shortened 27. gauge
needle, was used for injection purposes. The needle length was 2" and
injeétion volume 20 pl.

The nouse was immobilised on a flat surface by holding the loose skin
at the back of the neck and the base of the tail. The needle was placed
vertically on the head of the mouse, mid-line between the ears, and drawn

lightly backwards untilia soft depression_(junction of parietal and inter-
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parietal bones) was clearly felt.The skull was then gently penetrated.
Any injections made outside this non-ossified area resulted in
neurological damage. Mice exhibiting circling movements or having limb
paralysis were immediately rejected. After icv injection the mice either
remained immobile or ran around the cage. This behaviour lasted only
several seconds after which time fhe mice remained quiet. After 5 min
the mice were indistinguishable from controls.
© A1l drﬁgs were dissolved in 0.9% sterile apjrogenic sodium chloride
solution ('Sterivac', 'Al;en & hanbury's Ltd.). Syringes were soaked in
'Decon' solution and rinsed in double distilled water before dr&ing.
[After|the first serles of experiments (open field) mice were decapitated
after cervical dislocation and the hole in the skull, made by the needle,

located. If any mice had been incorrectly injected the resultsiuere[§£§§é§§§£

3. BEHAVIOURAL TESTS

(a) Open field assessment using mice -

A scoring scheme was developed in order to give a complete
behavioural analfsis‘of the action of dexamphetamine. The method was
adapted from that described by Irwin (1968). Eighteen items of behaviour,
characteristic of dexamphetamine administration,were selected from
preliminary trials. A careful individual assessment of these items
_qtmonstrated a pattern of ﬁehavioural changes which evolved not only over
a period of time but also with increasing doses of dexamphetamine. This
rating proceedure was found to overcome the disadvantages of a
unidimensional scoring scheme and ylelded more information.

The observation area consisted of an open aluminium box containing
two compartments (test and control)méasuring 20 x- 30cm and standing 20cm
high. The‘front was only 6 cm high enabling any behavioural changes made

by the mice to be seen clearly. The box was fully lined with absorbent
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paper. Three mice were placed in each compartment 30 min before the
commencement of the experiment in order for them to qcclimatise themselves
tb the new environment. The group of control mice always received ihe
appropriate injection of vehicle by the appropriate route. For each
observation the behaviour of the test group was determined relative to the
control group. The mice were colour coded so that each test mouse was
always compared with an identically coded control mouse. Ratings were made
on a 0-6 scale, 6 indicating maximum intensity. If a particular behaviour
of the test mouse was identical to that of the control mouse '0' was
scored. It was found possible with practice to observe and record the
behavioural items within 5 min. Readings were'made for 5 min every 15 min
beginning 5 min after injection. For purposes of simplification many of
the results were expressed at 30 min 1htervals where little variation
of the behaviour was found. In order to reduce subjectivity all experiments
were performed 'blind' and to standardise conditions all experiments
commenced at 13.00 hours.

The behavioural items were broadly divided into three classifications
namely increased arousal, increased activity and stereotyp&.

A, INCREASED AROUSAL

ji. The effect of an aﬁproaching object.

A pen was placed 1-2 cm in front of a mouse and the mouse observed to
(a) freeze
(b) withdraw
(c) investigate
(d) vite
2, Exopthalmos
The degree of protrusion of the eye balls was noted.

3« Body position

The'height of the ventral abdomen of the mouse above the floor in

the cage was observed.

e amea
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L, Vocalisation

(a) spontaneous

(b) to touch

5. Agggesiveness

(a) towards the observer .
(b) towards other mice |

6. Startle response

A puff of air was dlrected towards the mouse. The reaction:was. i-
(a) activity arrest
(b) Jump
(¢) run

7. Touch response

Sudden pressure was applied to the flanks of the mouse with the
fingers and the flinch escape observed.

8., Hyperreactivity

The degree of iesponsiveness of the mouse to external stimuli.

B. INCREASED ACTIVITY

9.‘Motor activity

A éomparison of locomotor activity.

iq;'ﬁkﬁloratory activity
. This was considered by the area of the observation area covered, the
number of rearings against the sides of the box and attempts to escape.

C. STEREOTYPY

i11. Head sea.fching
| The speed and number of side to side movements of the head were

observed.'

12, Raised head
. The degree andllength of time the mouse raised its head was compared.

13. Rearing

The score was based on the number of spontaneous rearings.

14, Compulsive gréoming
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15. Compulsive gnawing

16. Activity bursts

The number of motionless interruptions.
17. Sniffing
The amount of compulsive sniffing behaviour was observed.

18, Paired rearing

The extent of mice rearing nose to nose was noted.

Three groups of three mice were used for each dose of dexampﬁetamine.
The E5505 for the beﬁévioural items were evaluated by the method of
Litchfield and Wilcoxan (1949). The behavioural scores were subjected to
the Mann Whitney U Test and Spearman Rank Correlation Coefficient on an

ICL 19058 computer

(b) Open field assessment using rats

Rats were placed individually in cages 30 min before the commencement
of an experiment. The following items of behaviour were observed :-
rearing
upward directed sniffing
. downward directed sniffing
heéd movements
licking .
gnawing
motor activity
hyperreactivity
The behaviour of each rat was compared with that of a control rat. The
results were expressed as the percentage nunber of rats exhibiting a-
certain behaviour at at a particular time. Observations were made at 15,
30, 45, 60, 90, 120, 150, 180, 210, 240, 270 and 300 min. The change in
motor activity and hyperreactivity was rated as :-

+ slight; ++ moderate; +++ great.
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(¢) Measurement of locomotor activity

The locomotor activiiy of mice was measured by means of an Animex
activity meter type SE and Animex counter type I-X (both supplied by LKB
Farad). A thorough investigation of the Animex system has been made by
Svensson and Thieme (1969). |

The Animex activity meter consists of an inductance coil together
with a varlable capacitance forming a resonant circuit. This circuit is
fed from a.high frequency oscillator. As an animal approaches or moves
away from one of the six sensitive coils a change in current of the
resonant clrcult occurs resulting in 'offtuning'. Each change within any
of the coils is amplified and registered.

| The Animex activity meter was placed in a quiet room used:solely
for this purpose. Experiments were performed on groups of three mice which
were placed in a polypropylene cage (42 x 28 x 15 cm) containing a very
thin layer of sawdust. A caéé of these dimensions just fitted over the
six coils of the Animex. Two serles of experiments were performed. The
first commenced at 9.00 hours and the second at 14,00 hours. To allow the
mice adequate adaptation to the new environment animals to be used in the
morning experiment were placed in the experimental caée the prcfious
eéening. Animals.to be used in the afternoon experiment were placed in
the cage at 9.00 that morﬁing.

The activity meter was tuned to 40 pA and the sensitivity set at 25
»A. Preliminary experiments showed this sensitivity to be sufficient to
detect gross locomotor activity but too slight to detect small movements
such as grooming and tremor. Counting began '5 min after the last injection
treatment had been performed. Counts were made at 10 min intervals except
for the experiments on apomorphine when 5 min intervals were used.

Experiments were made on five groups of three mice., Differences in
counts between different drug treatments were evaluated by means of the

t-test (Student, 1908).
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(d) Measurcment of startle response

Initially ettempts were dade to evaluate the deéree of hyper-.
reactivity of the mice using a tail clip as employed by Bianchi and
Franceschini (1954) This method however, proved disappointing because of
the protecting analgesic action exerted by dexamphetamine in a dose range
of 5 - 20 mg/kg. Experimentation showed this analgesic action of
dexamphetamine to be mediated centrally as p-hydroxyamphetamine, a drug
uhich crosses the blood brain barrier poorly, did not have the same action.

Successful evaluations of the startle responses of-mice were made later .
by the development of a startle box similar to that designed by'.Kirﬁby. Bell
& Preston (1972). A puff of air replaced the sound stimulus used by the
aforementioned authors.

The startle box consisted of a perspex box (15°x 15 cm):standing 12 cn
high and having a perforated 1id. A smaller perspex box (8 x*8:x 8:cm) in
which the mouse was housed, was attached to the 1id. A sheet of flexible
netal, supported at each end,- formed the floor and was positioned 8 cm from
the top of the box. This unit was'fitted inside a wooden box (40 x 30 x 32 cm)
which was ventillated by a ‘fan: The fan ‘also provided a standard background
noise. The box was illuminated from inside by a 20 volt bulb and fitted with
a one way glass 1id so that a mouse could be seen without disturbance (fig 2).

Compressed air was_delivered atI15 lh/sq in.from a cylinder bylmeans ‘
of a British Oxygen head and maintained by a valve (Feeto Pneumatic). A
timer and stimulator (Scientific & Research Instruments) allowed standardised
puffs of air to be digplaced at intervals of 5 sec. These puffs of air were
directed at the mouse by a plece of tubing secured in the perforated lid
of the box. -

The metal floor acted as a strain gauge. Sudden jerks produced by
the mouse_activated a transducer and impulses were amplifiedland recorded

on a Devices instrument.
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Mice were placed in cages of 5 animals 24 hours before the experiment
commenced. At a suitable time after injectlon a mouse was placed in the
startle box 15 min before application of the stimulus. This was found to be
sufficient time for the mouse to habituate to its new environment in the
box. Eighty stimuli, spaced 5 sec apart, were then directed at the mouse.

[EEEE:E%Egassessed in blocks of 10 responseé. Comparisons between drug

treatments were made by the t-test. .

(e) Measurement of compulsive gnawing

Mice were placed in 6 groups of 3 animals in observation:-boxes
described under 'open field assessment'. Thirty min was allowed for
adaptation to the environment. After injection observations were made on
the all or nothing principle. A mouse was stated to be gnawing when it was
seen to gnaw the paper lining continuously for 30 sec at the observation
time. Observations were made at 30 min and then hourly intervals. The
percentage nunber of mice gnawing after a specific drug treatment was
found and the ED50s for various drug treatments to induce compulsive

gnawing was calculated using the method of Litchfield and Wilcoxor (1949).

(f) Measurement of circling by lesioned rats

Rats were housed singly in cages (42 x 28 x 15 cm) 30 min before
injection of dexamphetamine or apomorphine. After injection the number of
complete revolutions during 5 min periods was recorded by visual:observation:

at determined intervals. Turning was expressed as revolutions per min.

L, BIOCHEMICAL METHODS -

Whole brain catecholamine and indoleamine levels were determined

spectrophotofluorimetrically.
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Mice were sacrificed by cervical dislocation and decapitated. Thelr

brains were quickly dissected out and weighed.

(a) Esfimation of 5-hydroxytryptémine

The method of Maickel et al (1968) with modification by Curzon and
Green (1970) was followed. Each mouse brain was homogenised in 3 ml of ice
cold acidified n-but;nol and centrifuged at 2000 g fq;-5 min. 2.5 ml of the
supernatant from the acidified n-butinol homogenate‘w;s added to 5 ml heptane
and 0.4 ml 0.1 ¥ hydrochloric acid containing 25 cysteine to rrevent
oxidation. This mixture was shaken in a glass stoppered tube for 1 min
using a 'Whirlimixer'(Fison Scientific Apparatus) and centrifuged at 2000 g
for 5 min. The organic phase was aspirated off and a 0.2 ml aliquot of the
acld phase added to 0.6 ml of o-phthaladehyde solution (see ‘reagents'). The
tube contents were shaken and heated on a water bath at 70°C for 20 min. The
fluorescence intensity of EHﬁT was read at the activation and emission
wavelengths 360/470 mu respectively in an Aminco Bowman Spectrophotoflucrimeter.

The activation and emission slits were 3.0 mm.

(b) Estimation of noradrenaline and dopamine

Esentially the method of Chang (1964) was used. After weighing, each
brain was homogenised in 3 ml ice_ cold acidified n-butancl containing.
0.01% EDTA. It was centrifuged at 2000 g for 5 min. A 2.5 ml portion of the
supernatant fluld was then taken and transfered to a glass stoppered tube
containing 5 ml heptane plus 2,5 ml 0.01 N hydrochloric acid. The tubes
were shaken for 1 min and centrifuged at 2000 g for 5 min. 2 ml of the acid
phase was transfered to a glass stoppered tube containing 200 mg alumina
and 1 ml 2,0 M sodium acetate with 0.1% EDTA (pH 7.0). The tube was shaken
in a horlzontal fashion for 1 min and centrifuged at 2000 g for 5 min. The

sodium acetate was aspirated off and the alumina washed by shaking with 2.0
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ml of double distilled water for 1 min and centrifuging. after the
aspiration of the water catecholamines vere eluted‘by shaking with 2 ml

of 0.1 N acetic acid for 1 min and centrifuging at 2000 g for 5 min. A 1 ml
sample of eluate was added to 0.2 ml 1 M sodium acatate containing O 1M
EDTA to give a pH of 6.5. 0.1 ml of 0.1 N iodine.in absolute alcohol was
added to oxidise the amines., Afte: precisely 2 min the oxidation was stopped
by the addition of 0.2 ml alkaline sulphite. Exactly 2 min later the
solution was adjusted to a pH of 5.4 by the addition of 0.2 ml 5 N acetic
acid.

In order to assay noradrenaline the mixture was heated in a boiling
" water bath for exactly 2 min and cooled in ice. The fluoresence of
noradrenaline was r?ad at activation and emission wavelengths 385/h85 mu
respectively. -

In order to assay dopamine the mixture was reheated for 4 min in the
boiling water bath and left to cool to room temperature. The fluqrescence
of doPamihe was réad at activafion and emmision wavelengths 32q/370 mp
respectively. Thé slit widths for both noradrenaline‘and dopanine were
3.0 mm., o | |

Reagents

All reaéents were Analar grade unless specified.

Acidified n-butanol — 0.85 ml concentrated hydrochloric acid dissolved in

i1 litre of n-butyl alcohol.
0.1 M EDTA — 1.86 g disodiun ethylenedisnine tetraacetate

| | dihydrate (EDTA) was dissolved in 500 ml 1 M sodium
acetate, The pH was adjusted to 6.7-7.0 by the
‘addition of 10 N sodium hydroxide solution.

o-Phthaladehyde — A solution was prepared of o-phthaladehyde 40 ug

- per ml in 10 N hydrochloric acid. o-Phthaladehyde

was obtained from Regis Chemical Co.
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Alkaline sulphite =-- 1 ml of sodium sulphite solution (2.5 g of anhydrous
salt in 10 ml water) was diluted with 9 ml 5N
sodium hydroxide before use.

Stoek solutions == -5HT = {1 mg in 1 ml1 in 0.1 N hydrochloric acid
containing 0.2% cysteine.

Noradreraline and dopamine - {1 mg in 1 ml in 0.1 N
hydrochloric acid. A1l stock solutions were stored

in a refrigerator.

Cleansing of alumina -

Neutral chromatographic grade alumina was acid washed by the method
of Anton and Sayre (1962). 100 g of alumina was added to 500 ml 2 N
hydrochloric acid (HCl) and .stirred for 45 min at 90-100°C. After cessation
of stirring the particles were allowed to settle for 90 sec and then the
supernatant discarded along with the finer particles of aluminium oxide.
This proceedure was repeated with 250 ml 2 N HC1l, stirred for 10 min at
70°C, and 250 m1.2 N HC1, stirred for 10 min at 50°C. The preciplitate of
alumina was then repeatedly washed with double distilled water until a pH
of 3 was achieved. The alumina was finally heeted in a dry oven for 1 hour

at 120°C, and for 2 hours at 200°C.

General cleaning of glassware : . s

Sfecial attention was paid to cleaning of glassware to ensure accurate

. results., Glassware was soaked in Decon solution (prepared from Decon 90

Concentrate) for 24 hours. Several rinses were made with tap water and

finally double distilled water. Glassware:-was then dried in a hot air oven.

Concentrations of 5-HT. noradrenaline and dopamine in mouse brain
were calculated by running known standardu, internal standards and reagent

blanks through the assay.nata wereassessed for significance by the t-test.
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The average recoveries for the three amines by the methods described were :-
5-hydroxytryptamine 895
noradrenaline 60%
dopanine 62% \

The results were corrected for the recovery values.

5 BRAIN LESIONS AND HISTOLOGY

These experiments were carried out at the Pharmacological Laboratories

of Messrs., Wander AG, Berne, Switzerland.

(a) Striatal lesions

Rats were anaethetised with chloral hydrate 350 mg/kg ip. The head of
the rat was shaved and placed in a Stoelting stereotaxic instrument.
Procaine solution (1% in sodium chloride soliition containing 0.004%
adrenaline) was injected sc to reduce haemorrhage and produce less
" discomfort on recovery. The skin was cut and the skull was exposed. Swabs
of 'Merfen' disinfectant were used from_time to time to keep the skull
‘clean' and control bleeding.

. After location of the bregma unilateral lesion holes were made with
a dental drill (0.8 mm in diameter). These were firstly 2 mm rostral and
2.5 mn lateral, and then 0.5 mm rostral and 3 mm lateral to the bregma . A
steel electrode, having a diameter of 0,4 mm and insulated to within 1 mm
of the tip, was inscrted to a depth of 5 mm into each of the two holes in-
turn. A lesion was made Into each site by the method of electrocoagulation
using a Grass Lesion Maker (I3). A banana plug, inserted into the rectum,
was employed as the indifferent electrode. A current of 73 amps was passed
for 30 secs.

The unilaterally lesioned animals were allowed one week to recover

from the operation beforec being used in any experiments.,
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One week was also allowed to elapse before the destruction of the
second striatum. A high mortality rate, however, occured in the bilaterally
lesioned animals so producea and smaller lesions had to be made in the
foliowing manner. For the rostral lesion the current intensity remained at
73 amps bﬁt w#é reduced to 70 amps for the caudal lesion. A smaller electrode,
having a diameter of 0.3 mm, was employed. Once again one week was allowed
before the animals could be used in an experiment.
(v)  Histology

Brains were removed and fixed in 4% formalin. Serial sections were cut
with a freezing microtone. The section was mounted onto a slide smeared with
507 glycerin and egg white in 507% alcohol. It was then fixed in 807% alcohol
and subsequent staining occured with haemotoxyline and ecosine. After -
passing from 80% alcohol to_absolute alcohql the slide was placed in

carboxylol and xylol.

Dr Hoida (Wander, Berne) prepared the slides and determined the extent
of the lesions. The localization and extent of the striatal lesions are

shown in figs 4-5.
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6. DRUGS AND VEHICLES USED

Drugs - Source

. dexamphetamine sulphate Sigma Ltd.

1-amphetanine sulphate Ralpﬁ N. Emanuel Ltd.
p-hydroxyamphetamine hydrobromide Smith Kline & French Labs Ltd.
aponorphine hydrochloride Macfarlan Smith Ltd.

arecoline hydrochloride Sigma Ltd.

atropine sulphate ‘ ' British Drug Houses Ltd.
carbachol chloride British Drug Houses Ltd.
*clonidine hydrochloride o . Boehringer:Ingelheim Ltd.
dopanine hyd.rochloride. | Sigma Ltd.
*bis-(h-methyl-1-homopip'erazinylth16— Astra Lakemedel AB & AB Hassle

carbonyl) disulphide (F1A-63)

5-hydroxytryptamine creatinine sulphate Sigma Ltd.,

hyoscine hydrobronide - British Drug Houses Ltd.
d.1--methyl-p-tyrosine methylester AB Hassle
“hydrochloride (H L4u/68)
MJ 1999 Mead Johnson Ltd.
noradrenaline hydrochloride Sigma Ltd.
«-methylnoradrenaline hydrochloride Sigma Ltd.
p-chlorophenylalanine Sie;na,l 'Ltd.
phenoxybenzamine Smith Kline & French Labs Ltd.
pttxentola.mine mesylate | Ciba Labs Ltd,
physostignine sulphate ' British Drug Houses Ltd.
*pimozide : Janssen Pharmaceutica
*plperoxane hydrochloride May & Baker Ltd.
d-propranolol Imperial Chemical Industries Ltd.
dl-propranolol | " " u "
reserpine : British Drug Houses Ltd.
Yohimbine hydrochloride Sigma Ltd.

(* gift gratefully acknowledged)
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The doses of all drugs are expressed in terms of the base equivalent.
Drugs for peripheral administyation were dissolved in 0.9% sodium chloride

solution with the exception of the following :-
. )
pimozide , Dissolved in 0.005 M tartaric acid.

d-propranolol Dissolved in the minimal quantity of 0.1 N HC1,
neutralised with sodium hydroxide and made up to

vo}ume with distilled water.

‘FLA-63 : Dissolved in a few drops of 5N acetic acid,
neutralised with sodium acetate buffer and made up

to volume with distilled water.
reserpine After moistening with ethanol, dissolved in a few
drops of lactic acid and nade up to volume with

distilled water.

p-chlorophenylalanine Suspended in arachis oil.
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Filg 5 :
LOCALIZATION AND EXTENT OF A REPRESENTATIVE BILATERAL STRIATAL LESTON
Atlas Konig & Klippel (1963)

GCC Genu corporis callosi. RCC Radiatio corporis callosl,
CA Commissura anterior. CAT Capsula interna.
S Striatum. CL Claustrum.

a Nucleus accumbens.
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The first stage in compiling this thesis was to determine a detailed
analysis of the action of dexamphetamine in mice. This work then formed
a basis from which further experimentetion could be performed in order to
elucldate more fully some of the mechanisms by which dexaﬁﬁhetamiqe
alters the behavioural state.

The open field test has been extensively used in psychopharmacology
(Hall, 1934; Janssen et al., 1960). This was found to be a simple method
for the simultaneous assessment of a broad spectrum of behavioural changes.
As described under 'methods' a scoring scheme, modified from that of Irwin
(1968) was employed and the following observations were made, Scores at

selected doses are presented in figs 6-10.

A CHANGES IN AROCUSAL.

(1) The.ceffect of an approaching object

I'Hhen'a.‘ pen was introduced into the observational cage and held from
1-2 em from the snout of a centrol eouse it was generally seen to take an
interest by moving closer and sniffing at the pen. Conversely mice
treated with dexamphetamine tended to show a strong withdrawal response
in that they attempted to avoid the pen by stepping backwards or running
away- A few mice, given a low dose of the drug, were observed to 'freeze'
on sighi of the p;n. This.eithdrawal response was found to increase almost
1ogarithmically from 1 - 12.5 mg/kg dexamphetamine and then decrease again.
The maximun effect was seen at 15-~30 min after injection. At this time, |
depending on the dose, mice were either sitting in hunched positions in
the corners of the cage or running rapidly around the sides of the cage.
A dose of 0.5 mg/kg dexamphetamine produced a strong withdrawal response
whereas mice treated with 15 - 20 ng/kg dexamphetamine displayed only
slight eithdeaual resPenses. At one stage these mice appeared to be too

absorbed in gnawing the paper lining of the cage to even notice the



presence of the pen.

(2) Exopthalmos

The intensity of exoﬁthalmos,rdisplayed by mice given dexamphetamine,
was chosen as a neans of reporting the degree‘of'peripheral sympathetic
stimulation. An increase in exopthalmos occured at dose level of 1 mg/kg
and increased 1anrithmica11y with the dose of dexamphetamine. The
maximum depth of exopthalmos was reached 15-20 min after sc injection and
remained constant at this 1evel..Depending on the dose the increase in
exopthalmos diminished rapidly after about three hours. Dexaﬁphetamine

treated mice also displayed piloerection.

(3) Body position

A slightly raised body position could be observed when doses between
2.5 = 75 mg/kg dexamphetamnine were administered to the animals. The
maximum increase in body position occured with a dose of 10 mg/kg.bDoses

above this resulted in little further change.

(4) Vocalisation

Little spontaneous vocalisation was heard during the testing
procedure. The increased vocalisation of test mice in comparison to control
mice occured on handling. No dose response relationship could be found
for vocalisation'to touch. The maximum amount of vocalisation to touch

followed a dose of 15 mg/kg dexamphetamine.

(5) Aggressive behaviour

Dexamphetamine caused surprisingly little aggressive behaviour. At
a dose-of 5 mg/kg two mice showed aggressiveness to handling. This also
occured with one mouse after 12.5 ng/kg and another after 15 mg/kg. One
out of nine mice treated with 12.5, 15 or 20 mg/kg displayed aggressiveness

towards the other two mice in the cage. This toock the form of chasing,
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#igorous nosing and biting attacks, and was also performed in a stereotyped

fashion. No tall rattling was observed.

(6) Startle response

When a puff of alr was directed at a mouse treated with dexamphetamine
it responded by an exagerated jumping response. Only one mouse, treated
with 0.5 mg/kg of the drug, responded by running immediately after the
puff of alr had been dlsplaceds No dose relationship could be achieved. A
peak effect was seen with a dose of 12. 5 mg/kg and was maximum during

the first hour after injection.

(7) Touch response

Sudden pressure applied to the flanks of a mouse treated with j
dexamphetamine resulted in an increased flinch-escape response. A dose

response relationship to this effect wés difficult to find but a maximum

effect occured at a dose level of 12.5 mg/kg . _ o :

(8) ° Hyperreactivity

Mice responded maximally to external stimuli such as sound, touch
or other mice at a dose of 12.5 mg/kg. Mice were seen to freeze to sound
and jump abruptly to touch by the observer or contact with another mouse.

This sometimes set up a chain reaction and resulted in hyperreactivity

amongst all the mice in the cage. Occasionally mice were so hyperreactive

that they were difficult to keep in the observational cage. ‘ - i

B. CHANGES IN ACTIVITY.

Preliminary experiments demonstrated eating and drinking behaviour
to be markedly suppressed after injection of dexamphetamine. During the
course of the analysis normal grooming behaviour did not occur after

dexamphetamine but took the form of stereotyped compulsive’grooming. -



(1) HMotor activity

No increase in motor activity occured after 0.5 mg/kg dexamphetanine.
From a dose of 1 mg/kg upwards motor activity progressively increased .and
was seen as aimless running around the sides of the cage. A maximum increase
in motor activity was seen at a dose of 10 mg/kg. Adnministration of 20 mg/kg
of. the drug resulted in an increase of motor activity with a dramatic
decrease of motor activity one hour after injection. After 3% hours motor
activity was increased once again. This effect occured to a slight extent
with #'dose of 15 mg/kg. During this suppression of motor activity mice

continually gnawed the paper lining of the cage.

L

(2) Exploratory activity

Increased exploratory actﬁvity occured in a very similar fashion
to0.-increased motor activity. Mice with increased motor.activity covered
a greater percentage of the cage area, reared more frequently against
the sides of the cage, attempted to escape moie often and made more attempts

to sniff the object (2 plastic wax mould) placed in the cage.

C. STEREQTYPED BEHAVIOUR.

(1) . Head searching

" No head searching was seen at a dose of 0.5 mg/kg dexamphetamine
but a dose response re1a£1onship could be seen from 1 - 10 mg/kg. Above this
dose ho further increaselﬁds observ;d.‘The duration of this effect waé
found to increése with the dose and the time of onset was shortened with
the dose, Similar dose response relationships to those produced by
motor activity'and exploratory activity were seeh.'Head searching was
markedly reduced during the phase of cbmpulsive_gnawing but was noticed

to increase again afterwa:ds.
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(2) Raised head

A dose response reiationship could be seen for raised head between *
the.dose range 1 - 7.5 ng/kg dexamphetamine. Duration of action of the .
effect increased with the dose and the onset of action was shorter. No
raised head behaviour was seen during the peak phases of compulsive
gnawing. Raised head occured to a slight extent after compulsive gnawing

when a dose of 20 mg/kg of the drug had been adninistered.

(3) Rearing

A dose of 0.5 mg/kg dexamphetamine caugéd no stereotyped rearing
behaviour. Doses from 1 - 7.5 mg/kg resulted in a dose response
relationship. Up to a dose of 7.5 mg/kg the duration of rearing was
increased and the time of onset was shortened, a reversal then occured.
From 10 - 20 mg/kg rearing was reduced in intensity, duration gnd its time
of onset was markedly delayed.

(4) Compulsive grooming

Compulsive grooming was seen in three forms namely grooming of the
body with the head, grooming of the body with the hinﬁ limb and grooming
of the head with the forelimb, This grooming differed from normal grooning
in that_it was unnecessary, perservative and compulsive. As with raised
head and rearing a dose relationship was fouhd in the dose range 1 —!ﬁQg]Q?ﬁ"l
Duration of grooming inreased and the time of onset was sﬁortened as the-
dose of dexamphetamine increased. From 10 mg/kg upwards intensity and
duration decreased whereas the time of onset‘was delayed with increasing
doses. 12.5 mg/kg dexamphetamine resulted in a small amount of compulsive ‘

grooming between 15-30 min after injection. A peak effect occured later

at 4% hours.

(5) Compulsive gnawing
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This was the final stage of stereotypy during which other
components of behaviour were absent or almost completely suppressed. No
compulsive gnawing was seen until a dose of 12.5 mgfkg‘dexamphetamine
had been given. A dose response relationship could be observed from
12.5 ng/kg until 20 mg/kg. A maximum effect was observed 11-2% hours after
injection of dexamphetamine. Mice were seen to balance on their . hind '
limbs whilst continuously tearing pieces of paper with their teeth with

the help of their forepaws. No swallowing of paper occured.

(6) Activity bursts

The increased locomotor activity caused by injection of dexamphetamine
was seen to be interupted by short periods when the animals remained |
motionless but alert. These bursts of activity appeared in a stereotyped
fashion. This behaviour was observed to some extent at 0.5 - 1 mg/kg and
_a dose response relationship could be seen from 0.5 - 12.5 mg/kg. The
duration and intensity of this effect increased with the dose whereas
the time of onset was shortened. Activity bursts were considerably reduced

during the period of compulsive gnawing.,

(7) Sniffing

A dose response relationship for sniffing could be observed to
occur from 1 - 15 mg/kg. Duration of action and intensity increased with
the dose. Conversely the time of onset of sniffing was shortened as the
dose increased. Sniffing was markedly decreased during the period of

compulsive gnawing.

(8) Paired rearing

Pairs of the mice were occasionally seen to rise on their hind
1inbs with their forepaws and noses almost touching. No dose response
relationship could be established for this behaviour but it was seen to

occur at 7.5, 12.5, 15 and 20 mg/kg:dexamphetamine.




I ED50S .

In order to gain more information from the results the number of
mice involved in a particular behaviour at a certain time could be
found from the scores and the results expressed in a quantal fashion.
Fig11presents the ED50s with 957’ confidence limits for each type of be
behavioural change one hour after injection of dexamphetamine. ED50s at

other time intervals are to be found in table 1.

{ﬁp_gsggnding}brder of behavioural items was induced by dexamphetamine
vhich was similar at all time intervals tested. Most items of behaviour
were produced by approximately 2 mg/kg dexamphetamine sc. A significantly
higher dose of dexamphetamine was required for hyperreactivity, raised

body position and compulsive gnawing.

E. CORREIATIONS BETWEEN TYPES OF BEHAVICUR.

o

The Spearman Rank Correlation Coefficient was used (see methods). Only

statistically significant correlations have_beén considered. Significancy

was achieved when the Spearman Rank Correlation Coefficient exceeded

0.6(p<0.05). In order to make the results easier to understand the
correlations were divided into three dose ranges. A very low dose range
(0.5 - 1 mg/kg) showed the early stimulant effects of dexamphetamine and
the beginning of sniffing and head searching. The next &ose range
(2.5 - 7.5 mg/kg) presented the full development of stercotypy with the
exception of compulsive gnawing which occured in the final dose range‘
(10 -20 mg/kg). Significant correlations between behavioural items |
caused by 0.5 - 1 ng/kg, 2.5 - 7.5 ng/kg and 10 - 20 ng/kg dexamphetanine
are showﬁ in tables 2-4,

As can be seen in the tables the number of significant negative

correlations increased with the dosage of dexamphetamine.



(1) 0.5 - 1 mg/kg dexamphetamine

Individual components of increased arousal, increased activity and
stereotypy were found to be positively correlated. No significant
correlations were observed between éomponents of increased arousal and
increased activity but correlations between components of increased arousal
and stereotypy appeared to be neg@tive in direciion; This océured because
signs of peripheral sympathetic stimulation, exopthalmos.reached a-peak sbon
after injection of dexamphetamine whereas head searching, raised head and
sniffing occured much later. Components of increased‘activity were positively

correlated with components of stereotypy.

(2) 2.5 - 7.5 ng/kg dexamphetanine

Individual components of increased arousél ﬁith the exclusion of
ralsed body position were positively correlateﬁ. Individual components of
~ increased actlivity were also positively‘correiated. Componegts of stereotypy
were on the whole positi&ely correlﬁted. Negative correlations resulted.
becgﬁse of slightly different times of onset and duration of the items.
C;mponents 6f increased arousal, increased activity and stereotypy were

found to be positively correlated with oneanother.

(3) 10 - 20 mg/kg dexamphetamine

Individual components of increased arousal and individual components

e

of increased activity were positively correlated. At this dosage 'correlations’

|between components of stereotypy which had previously been positively

correlated were now positively and negatively correlated depending upon the
exact time and dose. Positlve correlations were still found between head
searching, sniffing and paired rearing. Cﬁmpulsive grooming and activity
bursts were also positively correlated as were compuléive grooming and
rearing. The introduction of compulsive gnawing resulted in it being
negatively correlated with head searching, compulsive grooming, sniffing

and activity bursts. .
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Correlations between increased arousal and increased activity
were both negative and positive. Components of increased arousal were both
negatively and positively correlated with components of stereotypy except
gith compulsive gnawing where they werc negatively correlated. Exoﬂihalmos
was, however, positively correlated with compulsive gnawing. Compcnents
of increased activity were likewise both negatively and positively-
‘correlated with the coﬁponents of stereotypy. With compulsive gnawing they

were, however, negatively correlated.

2. BIOCHEMICAL CHANGES IN MOUSE BRAIN ONE HOUR AFTER SC INJECTION

OF DEXAMPHETAMINE,

As can be seen in fig11 whole brain levels of 5-HT were increased
after injection of dexamphetamine. This increase reached a maximum at
10 mg/kg and was statistically significant (p<0.5) at this dose alone.
2.5 mg/kg and 5 mg/kg dexamphetamine resulted in a slight but insignificant
increase in the level of dopamine. In contrast higher doses of the drug
reduced dopamine levels which became significant after 40 ng/kg
dexamphétamine (p<0.05). An increase in noradrenaliné vas seen at a dose
level of 2.5 mg/kg. All other doses resulted in a marked lowering of
noradrenaline levels. This was significant at the dose range of 10 - 40

ng/kg dexamphetamine (p<0.0005).
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3.  DISCUSSION

_ Treatment of the mouse with dexamphetamine resulted in a syndrome of
increased arousal, increased activity and stereotypy. These'behaviourai
changes varied not only with the dose but over a period of time. Low doses
of dexamphetamine caused a marked increase in arousal responses, an increase
in acivity and the bgginning of stereotypy. Stereotypy first appeared in the
form of head searching, raised head, rearing, compulsive grooming, activity
bursts and occasionally paired rearing. Larger doses of dexamphetamine caused
the appearance of compulsive gnawing. During this phase of stereotypy,
increased arousal and increased activity: were markedly reduced. This is in
aggreement with Menge and Brand (1971) who found the 'excitement' of mice
obscured during the gnawing stage. Randrup and Munkvad (1967) also observed

a suppression of motoractivity during stereotypy in mice.

Three phases of behaviour occured with large doses of dexamphetamine

over the observation period. The' first phase comprised increased arousal,
activity and the searching components of stereotypg. The second phase, which
occured 1-1% hours after injection, consisted of compulsive gnawing. All
other components of .behaviour were reduced or absent during the period of
conpulsive gnawing. In the third phase many of the components of the first
phase reoccured along with compulsive grooming and rearing. The items which
reappeared were motor activity, exploratory activity, head searching,
activity bursts and sniffing but not increased arousal.

Dexamphetamine, therefore, could not be regarded as a gereral stimulant
because with increasing doses and over a period of time it caused selective
enhancement of certain behaviours at the expénse of others. In a Eimilar,
behavioural procedure, Schierring (1971) showed that 5 mg/kg dexanphetamine
produced three phases of behaviour in rats. In the 'pre-phase' and 'after-
phase' rearing and forward locomotion were increased, and all forms of
grooming were reduced. The normal pattern of grooming with the fore limbs

followed by grooming with the head was disrupted. During stereotypy forward
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i
locomotion and rearing were absent.

As Robbins and Iversen (1973) point out these incremental and
decremental effects of amphetamine can be regarded as response
1qcompatibilities. For instance compulsive grooming and compulsive gnawing
can be considered as mutually incompatible categories of response. It is,
however, the pattern of selective enhancement and its mechanism that is of
major interest. The final stage of stereotypy is always compulsive gnawing
with the exclusion of all other behaviours. Behaviour is never seen as
intense compulsive grooming with the suppression of all other behaviours.

The behavioural items could be separated into two groups on the basis
of their ED50 values, namely those occuring at an ED50 in the region of
2 - 4 ng/kg and those at an ED50 of 20 - 30 mg/kg. It was found that the
ED50 for motor activity and for sniffing were not significantly ﬁifferent.
In the mouse, sniffing could not, therefore, be a heightened expression of
‘motor activity as indicated by the scoring scheme of Quinton and Halliwell
(1963).

Whole brain estimations of noradrenaline, dopamine and 5-HT were . -
performed simply in order to check if any differences occured at varying
doses ofldexamphetamine. Head searching, raised head, compulsive grooming,
aclvity bursts and sniffing occured at a dose level at which brain
‘noradrenaline, dopamine and 5-HT levels were found to be slightly but
‘insignificantly increased. Ralsed body position, compulsive gnawing and
increased hyperreactivity occured at a dose level when brain noradrenaline

levels were significantly reduced, and dopamine |levels reduced but!

not significantly so. These two groups of behaviour, therefore, occured when
the brain blochemistry was quite different. Tﬁe noradrenaline levels could
be low for two reasons namely that release could not keep up with synthesis,
or a decreased synthesls. The former is more likely.

Other investlgators have studied the changes in noradrenaline,
dopamine and 5-HT levels im mouse brain following dexamphetamine. Smith' '

(1965) obtained similar results to those in this thesis. Dopamine and
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noradrenaline levels were significantly depleted by 30 mg/kg and 10 mg/kg
dexamphetamine respectively one hour after injection. Smith.did, however,
find dopamine levels to be significantly elevated by 1 - 3 mg/kg"
dexamphetamine, and 5-HT levels to be significantly elevated by 10 mg/kg-
and 30 mg/kg dexanphetamine. Welch and Welch (1970) reported that 1 - 15 ng/
kg dexamphetamine elevated brain noradrenaline levels in mice whereas 45 mg/
kg lowered the amine levels. Rolinski (1974) treated mice with 15 mg/kg
dexamphetamine and after one hour found a significant depletion of brain
noradrenaline but an elevation of dopamine and 5-HT. Discrepencies among the
ZesilES el ‘B6 IETatHoR 1i Eems of Wtatn AATerenons, BOGELHE aAl BAKIILAE
(Dolfini et al., 1970). Care should be taken in interpreting whole brain
levels because of regional differences and varying times of blosynthesis.
For instance, noiadrenaline levels could be lowered -moTe readily than
dopamine levels because of a slower rate of blosynthesis (Udenfriend et al.,
1963) « The rate of biosynthesis of serotdnin is also greater than either of
the qatecholamines.

Dexamphetamine was able to disrupt behavioural patterns and form new
combinations of items not associated in control subjects, Increased arousal,
actvity and stereotypy were initiaily positively correlated. A distinct
tendency towards the formation of negative correlations between behavioural
items was brought about by higher doses of the drug and the formation of
compulsive gnawing. '

Norton (1967) analysed behavioural-patterns in cats and found several
constant associations. Three patterns of items.were found. They were anxiety,
" contentment and sociability. Dexamphetamine 0.5 mg/kg increased the frequency
of items in anxiety but decreased contentment and sociability. The patterns
of behaviour in anxiety and contentment disappeared and-a portion of
| sociability remained. Only two behavloural items showed a new positive
assoclation whereas seven showed new negative assoclations,

The correlation between motor activity and exploratory activity:is

interesting. The open field work in this thesis has shown the increase in
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motor activity produced by dexamphetamine to be positively correlated with
exploratory activity. Wimer and Fuller (1965) found dexamphetamine to |
increase exploratory activity of mice in an open field until high doses
were reached. High doses resulted in a reduction of the amount of confact

a mouse made with a changed region of its environmentj Robbins and Iversen
(1973) found that injection of dexamphetamine to rats in a modified Berlyne
box produced an increase in locomotor acivity and a decrease in the duration
of exploration of a novel stimulus. No change in the incidence of bouts of ‘
exploration was obsgrved. They found a positive correlation between motor
activity and exploratory activity in untreated rats. Valzelli (1969) found
i mg/kg dexanphetamine to decrease the exploratorylactivity of mice and
suggested that the reduction was due to an increased level of anxiety.
Bainbridge (1970) found doses below 10 mg/kg dexamphetamine to decrease the
exploratory activity of mice. Doses over 10 mg/kg increased the exploratory'_
activity of mice in an explored environment or in groups. He used a photo-
cell method and therefore it is debatable as to whether he ﬁas measuring
exploratory activity. Chance and Silverman (1964) reportzd dexamphetamine
to increase. exploratory activity but that it was stereotyped and would

f cror_lcei\;ab_j!_j‘l not be functioning as true exploration. Discrepencies in the
literature are caused by difficulties in distinguishing between locomotor
activity, exploratory activity and 'fear', and the lack of a good
quantitative measure of exploratory activity. ‘

Carlsson (1972) showed that rats treated with apomorphiné performed
increased exploratory activity in comparison with untreated rats. He
indicated sniffing to be the result of a cen@ral effect of heightened
reactivity causing exaggeratéd and prolonged exploration. A positive correlation
was, in fact, found between compulsive sniffing and increased exploration in
mice treated with small doses of dexamphetamine from the work in this thesis.
The conmpulsive sniffing, head searching and raised head behaviours could be
regarded as an expression of exaggerated exploration. Difficulty arises in

explaining the purposeless intense gnawing seen after higher doses of the



drug.

The scoring scheme used in this thesis allowed the indépendent analysis
of 18 items of behaviour produced by dexamphetamine. The behavioural scores
and correlations indicated the amphetamine induced patterns to change not_oﬁ,
only with the dose but over a period of time. No evidence was found to
suggest these behavioural changes to be part of the same continuum. Some of
the ED50 and biochemical results indicated otherwise. The behavioural
patterns produced by dexamphetamine were complex and a single:scoring:scheme

would be highly inadequate to record behavioural changes.
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Time
EEH"“““hahhh_ 30min ihr 2hr 3hr Peak
Behaviour effect
Withdrawal 1.7 1.4 *% 540 1.2

( 0.8= 3.4)| approx.
EXOﬂthalmOS 1.8 243 1.8 5.6 2,0

( 049=3.6) [( 1.5= 3.6) [( 1.0- 341) |( 4.3 7.3) [( 1.2- 3.4)
BOdy 8.5 17.0 8-5 10.0 9.0
POSition ( 5.9“12!3) ( 9.”-30.6) approXe. ( 7!3'13.0) ( 6-0-13.5)
Vocalisation| 54,0 31.0 24,0 *% *¥

approxX. approxXs. approxs
Aggression *3% *% ¥ *%
Startle 13.0 100 104 ** 90.0
response ( 6.5-26.0) | approx. approxe approx.
Touch 11.5 30.0 20,0 . *¥ 5.6
response ( 5.5-22.0) | approx approx approx.
Hyper- 15.0 19.0 23.0 X% 175
reactivity | ( 7.5-30.0) |(14.5-24.9) | (18.4-28.7) (14.0-28,9)
Motor 3;1 2;9 2-5 2.2 2.3
activity ( 242- 4.3) |{ 18- 4.5)|( 13- 4.8)| approx. |[(1.2- 4.3)
Exploratory 305 3!3 2.5 2-4 203
actiVity ( 2.7“ uos) ( 201— 5.1) ( 103“ 4-8) ( 1-5“ 3!8) ( 1.2“ 4.3)
Head 6-5 1-9 1-5 2-3 1-”’
searching ( 545- 7.6){( 1.2- 3.6)|( 0.8- 2.7)| approx. |[( 0.9-2,3)
Raised 3.8 3.0 2.2 3¢5 245
head ( 1.3-10.6) [( 2.0- 4,6) |( 1.2~ 3.9)|( 2.3~ 5.2)|( 1.5~ 4.3)
Rearing 9.0 3.0 3.5 2.4

approxs |[( 1.6= 5.5)|( 2.6 4.7)|( 1.5- 4.0)

Compulsive *% 3.6 2.6 3.7 2+
grooming ( 2.4- 5.4)[( 1.5- 44)|( 203~ 5.9)[( 1.3~ 3.4)
Compulsive 17.0 15.0 16.5 12.5
gnawing (12.“—23-8) aPPIrOoXe (1“-5-18:8) (1111“1410)
ACtiVity 3.? 2.2 2'5 _1.5 109
bursts ( 2.4~ 5.5) ( 1-“— 3.@) ( 1.6- unO) ( 1.2- 4-8) ( 1.2~ 3!0)
Sniffing 3.6 1.9 1.4 2.2 1.9

( 2.8- u.?) ( 1.2- 2-9) ( 0.8~ 2'6) aPProXe. ( 1!3- 2.9)
Paired 11.5 14,0
rearing approX. (12.5-15.7)

** - no dose response relétionship.obtainable

Table 1

ED50 MG/KG WITH 9%5 CONFIDENCE LIMITS FOR CERTAIN BEHAVIOURS PRODUCED
BY S.C. INJECTION OF DEXAMPHETAMINE.
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Rearing +1 4+ 4+
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For purposes of simplification the correclations have been expressed as
positive a.nd/ or negative during their time course with this dose range

of dexamphctanine.

See appendix for Spearman Rank Correlation Coefficient values.

.Table 2
THE SIGNIFICANT CORRELATIONS BETWEEN THE BEHAVIOU

0.5 - 1 MG/KG DEXAMPHETAMINE SC.

RAL ITEMS CAUSED BY
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Sniffing
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+ [+1

+
+
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+|+ |+

Paired rearing

For purposes of simplification the correlations have been expressed as
positive anq/or negative during thelxr time course with this dose range
of dexanphetamine.

See appendix for Spearman Rank Correlation Coefficient values.

Table 3

THE SIGNIFICANT CORREIATIONS BETWEEN THE BEHAVIOURAL ITEMS CAUSED BY
245 = 7.5 NG/KG DEXAMPHETAMINE SC.
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Withdrawal
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Body position T
Vocalisation + [+
Aggression +
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Touch response + |+ SNENE
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Motor activity T Fl—-|+ TIEl+
Exploratory activity| £ |X|—|[+ T o+
Head searching + | E|=l+ |FIFIFIFIF
Raised head — + _ + I :
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For purposes of simplification the correlations have been expressed as

positive a.nd/ or negative during their time course with this dose range
of dexamphetamine.

See appendix for Spearman Rank Correlation Coefficient values.

Table 4

THE SIGNIFICANT CORREIATIONS BETWEEN THE BEHAVIOURAL ITEMS CAUSED BY
10 - 20 MG/KG DEXAMPHETAMINE SC. '
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!
}In'the second chapter I attempted to discover more information concerning|

the role of noradrenaline in the dexamphetamine induced behaviours. In
or@er to pass the blood brain barrier noradrenaline was given via the

icv route. The stores in the cytoplasm were, therefore, filled with
noradrenaline and thus more noradrenaline was made availlable for release
by dexamphetamine. The effect of ™{-methylnoradrenaline was also
investigated. Amphetamine has been found to be equally potent in releasing
3H-noradrenaline and ®H-X-methylnoradrenaline from mouse heart (Carlsson &
Waldeck, 1968). Fuxe and Ungerstedt (1966) demonstrated a similar
localization of uptake for noradrenaline and ¥X-methylnoradrenaline after
intraventricular injection‘in"reserpinized-monoamine“oxidase inhibited
rats. Uptake could not, however, be totally confined to noradrenergic
neurons and some uptake was seen to occur in central dopaminergic and
‘serotonergic areas. Richards et al. (1973) also found exogenously
administéred catecholamines to be taken up by and released from
serotonergic nerve terminals.

To avoid the use of intraventricular injection intraperitoneal
injection of clonidine, a drug known to directly stimulate-the centrﬁi:
noradrencrgic neurons (Andén et al, 1970), was also employed.'CIOnidihe
has no direct stimulating effects 'on central 5-HT receptors (Anden et al.,

1968) or dopamine reccptors (Andén et al., 1966).

1. BEHAVIOURAL CHANGES PRODUCED BY NORADRENALINE, CAMETHYLNORADRENALINE

AND CLONIDINE,

(1) Intracerebroventricular injection of noradrenaline.

Icv injection of 1 - 20 ng noradrenaline in the mouse resulted
in a characteristic syndrome of lowered body position, fore and hindl
1imb splay and loss of the pinna reflex. An almost complete lack of

spontaneous activity was seen in these mice. In spite of their immobility



the mice were fully alert as their investigatory and startle responses
did not differ from those of saline control mice. When disturbed the mice
would walk by means of long stretching movements. Occasionally some mice-
displayed exopthalmos. These changes were dose dependent and occured .

within 5 min of injection lasting 30 min to 2 hours.

(2) Intracerebroventricular injection of X-methylnoradrenaline

Icv injection of 1 - 20 png <-methylnoradrenaline produced identical
effects to those described above for ﬂoradrehaline. The duration was

iﬁcreased to 3 hours.

(3) Intraperitoneal injection of clonidine

The injection of 0.5 - 10 mg/kg clonidine ip resulted in the
characteristic 'noradrenaline' syndrome. The effects-were dose dependent
and lasted up to three hours. Higher doses of clonidine produced aggressive
behaviour similar to that described by Morpurgo (1968). On injection of
20 - 50 mg/kg clonidine the mice began to attack and bite-each others
tails. Piloerection, exopthalmos and tremor were ﬁarkedly increased. Thel
mice were hyperreactive and their motor co-ordination poor. After 30 - 60

nin the mice became sedated and fighting ceased.

2 THE EFFECT OF NCRADRENALINE, o/-MMZTHYLNCRADRENALINE AND CLONIDINZE

ON_THE DEXAMPHETAMINE INDUCED BEHAVIOUR,

Preliminary observations demonstrated that an icv injection of
-noradrenaline, given 10 nin after an sc injection of 7.5 mg/kg
dexamphetamine, resulted in increased hyperreactivity in mice compared
with thelr dexamphetamine controls. The increase in hyperreactivity
occured a few minutes after injection and was greater with 1 ng
noradrenaline than 10 ug noradrenaline. Compulsive gnawing was seen 15-U45

min after noradrenaline injection and was greater after 10 pg noradrenaline.
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gompulsivc gnawing has never been observed with 7.5 mg/kg dexamphetamine
alone. When noradrenaline was administered 1 hour after dexamphetamine
injection compulsive gnawing and hyperrcactivity were noticed 1mmediately;

« Methylnoradrenaline induced very simlilar effects but the
compulsive gnawing appeared to be more intense. B

No change in the dexamphetamine-induced behaviour was observed wﬂen
20 ng noradrenaline or X-methylnoradrenaline were administered by the
ip route,

0.1 - 1 ng/kg clonidine injected 10 min before or after 7.5 mg/kg
dexamphetamine also resulted in increased hyperreactivity, compulsive

gnawing, raised body position and exopthalmos.

The modification of the behaviour produced by icv injection of 5 ng
noradrenaline, 5 pg X-methylnoradrenaline or ip injectlon of 0.5 mg/kg clonidine
in dexamphetamine treated mice were analysed in detail. The drugs were
administered 10 min after dexamphetamine sc injection. The same scoring
scheme as in the first chapter was employed. The Mann-Whitney U Test was
used to test for significance. Seven doses of dexamphetamine were examined.

Changes in scores at selected doses can be seen in figs 12-1k.

A CHANGES IN AROUSAL.

(1) The effect of an approaching object

A marked reduction of the withdrawal response, produced by
dexamphetamine in mice, occured ﬁith noradrenaline, X-methylnoradrenaline
and clonidine at all doses.o<44ethf1noradrenaline caused the greatest
reduction and was significant at 0.5 mg/kg (U=4.5, p<0.001), 2.5 mg/kg

(U=13.5, p<0.01), 7.5 mg/ke (U=l5, p<0.001) and 12.5 mg/kg (U=13.5, p<0.01)’
[dexamphetamine, Mice treated with the above drugs plus dexamphetanine showed an!

?indreased“lhférest in the pen and were sometimes seen to bite it,
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(2) Exopthalmos

Noradrenaline, X~methylnoradrenaline and clonidine caused exopthalmos
to e observed in mice veated With 0.5 ng/kg dexanphetamine. Exopthalmos
was not previously seen with this dose of dexamphetamine alone. At a dose
level of 2.5 mgfkg dexdmphetamine noradrenaline,d&methylno?adrenaline and
clonidine iniﬁially increased exopthalmos and decreased it at 2 ﬁours
after dexamphetamine injectlon. The increase was significént with
noradrenaline (U=12.5, p<0.01). The decrease was significant with
noradxenaline,c%-ﬁethylnoradrenaline and clonidine (U=13.5,_p<0.01).
ﬁoradfenaline and X-methylnoradrenaline significantly increased exopthalmos
at 7.5 mg/kg dexamphetamine. aélethylnoradrénaune and clonidine did not
significantiy change exoﬂthéimos a£ any othef_doses. Noradrenaline
caused a decrease in exopthalmos 3 hours after 12.5 ng/kg dexamphetamine
(U=9, p<0.01). These drugs, therefore, increased exoﬂthalmos,=éspecially

with lower doses of dexamphetamine, and then decreased it.

(3) Raised body position

Body position was significantly raised by the additional injection
of noradrenaline, X-methylnoradrenaline and clonidine. Clonidine appeared.
to be the most effective in this respect. The increase occured at all

dose levels except for noradrenaline with 2.5‘mg/kg dexamphetanine.

(4) Vocalisation

Injection of noradrenaline, X-methylnoradrenaline or clonidine did
not significantly change the vocalisation to‘fouch exhibited by

dexanphetamine treated mice.

(5) Aggressiveness

Injection of noradrenaline,“¢-methylnoradrenaline or clonidine did

not significantly alter the aggessiveness displayed by dexamphetamine
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treated mice. An increase was observed with clonidine but it did not

prove to be significant.

(6) startle response

Increased startle responses were observed in mice treated with
dexamphetaﬁine and noradrenaline, X -methylnoradrenaline and clonidine.
These increases occured in the first hour after dexamphetamine injection.
Clonidine was the least effective in increasing the startle.response.
oL Methylnoradrenaline significantly increased the startle response at 30
min and 1 hour after the injection of 7.5 mg/kg dexamphetamine (U=13.5,
p<0.01), Noradrenaline and oK -methylnoradrenaline both increased the
. startle response 30 min after 20 mg/kg dexamphetamine (U=5 and U=4.5
respectiveiy}p<0.001). Cloﬁidine was able to increase the startle response
30 min (U=14) and 1 hour (U=15, p<0,01) after injection of 20 mg/kg

dexamphetamine,

(?7) Touch response

The injection of noradrenaline, o<-methylnoradrenaline and clonidine
caused an increase in touch responses of mice treated with dexamphetamine.
Noradrenaline and X-methylnoradrenaline produced significant increases at
30 min and 1 hour after doses of 5 mg/kg, 7.5 mg/kg and 20 mg/kg
dexamphetamine, At a dose level of 12.5 mg/kg-methylnoradrenaline .
initially increased touch responses but caused a significant decrease at
2 hours (U=17, p<0.025). Noradrenaline caused a marked increase in touch
responses at this dose level., Clonidine significantly increased touch

responses 30-90 min after injection of 20 mg/kg dexamphetamine (p<0.01).

(8) Hyperreactivity

lMice showed greater hyperreactivity after injection of dexamphetamine

and noradrenaline,-methylnoradrenaline and clonidine than after



dexamphetamine alone. Significant increases were obtained with -
noradrenaline and od-methylnoradrenaline 30 min after ihjection of 5 mg/ kg
dexamphetanine, 30-60 min after 7.5 mgfkg dexamphetamine and 30 min after
20 mg/kg dexamphetamine. Noradrenaline significantly increased the
hyperreactivity of mice treated with 12.5 mg/kg aexamphetamine 30-90 min
after injection. At this dose level X -methylnoradrenaline produced only
a slight increase in hyperreactivity. Clonidine caused a significant
increase in hyperreactivity 30 min after injection of 20 mg/kg

dexamphetanine,

B. CHANGES IN ACTIVITY,

No changes in eating or drinking habits were observed.

(1) HMotor activity

- The increase of notor activity caused by small doses of dexamphetamine

was further enhancéd by the injection of noradrenaline, A-methyl - o
noradrenaline or clonidine. Significant increases were achieved by
ol.-methylnoradrcna.liné at a dose of 0.5 mg/kg and 1 ne/ kg dexamphetamine.
oL-HMethylnoradrenaline, noradrenaline and clonidine were all. responsible
for a significant increase in motor activity after 2.5 mé;/kg dexamphetamine.
Little change was seen with doses of 5 mg/kg dexamphetamine and 7.5 mg/kg,
dexamphetanine although clonidine significantly increased motor activity

30 min and 4 hours after injection of 7.5 mg/kg dexamphetamine. Clonidine.
caused a significant decrease in motor activity when it followed an
injection of 12.5 mg/kg dexamphetamine (1% hours after dexamphetamine
U-50,P<0.01). A decrease in motor activity at this dose of dexamphetamine
also occured with noradrenaline and %-methylnoradrenaline at 3 and 3% hours

after injection respectively. oAdiethylnoradrenaline caused a significant

increase in motor activity after 20 mg/kg dexamphetamine. Noradrenaline
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and clonidine injection both prevented the increase in motor activity at

1_l hours after sc injection of 20 mg/kg dexamphetamine.

(2) Exploratory activity

Noradrenaline, X-methylnoradrenaline and clonidine caused a
greater increase in exploratory activity than in motor activity in nice
treated with low doses of dexamphetamine. The results with higher doses

of dexamphetamine are very similar to those seen with motor activity.

C.  STERECTYPED B<HAVICUR,

(1) Head searching

On injection of noradrenaline, X-methylnoradrenaline and clonidine
mice treated with dexamphetamine performed very 1itt1e head searching.
Significant reductions were seen at all doses of dexamphetamine tested

in the mice.

(2)  Raised head

' In a similar fashion to head searching noradrenaline,X-methyl
noradrenaline and clonidiie drastically reduced the tendency of mice
treated with dexanphetamine to display raised head. Thls decrease was

" particularly marked at a dose of 7.5 ng/kg dexamphetamine.

(3) Rearing

Stereotyped rearing behaviour was reduced by noradrenaline,
o -nethylnoradrenaline and clonidine at all doses of dexamphetanine
given to the mice. Significancy was reached by all three drugs after a
dose of 5 mg/kg dexamphetamine (p<0.01), 2.5 mg/kg (p<0.001) and 12.5

ng/kg (p<0.01).
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(4) Compulsive grooming

The ddditional injection of noradrenaline, «{-methylnoradrenaline
and clonidine to dexamphetamine treated mice resulted in an almost
conplete loss of compulsive grooming behaviour. Significant reductions

were seen at dose levels of 5 - 12.5 mg/kg dexamphetanine.

(5) Compulsive gnawing

Mice treated with dexamphetamine and noradrenaline, X-methyl-
noradrenaline or clonidine displayed a more intense compulsive gnawing
behaviour than mice treated with dexamphetamine alone. Compulsive gnawing
was also induced in mice treated with 7.5 mg/kg dexamphetamine, a dose at
which compulsive gnawing is not normally seen. Noradrenaline and L -methyl-
noradrenaline caused a significant increase at a dose level of 12.5 mg/kg
dexamphetanine (U=8.5, p<0.01; U=16.5, p<0.025 respectively). 30 min
after 20 mg/kg dexamphetamine a marked increase of compulsive gnawing
was seen by noradrenaline (U=16, p<0.025) and X-methylnoradrenaline (U=0.5,
p<0.001). A significant increase was produced by e«(-methylnoradrenaline up
to 2 hours after 20 mg/kg dexamphetamine injection. Clonidine caused a
significant increase 13-2 hours after 12.5 mg/kg dexamphetamine (p<0.025).
Compulsive gnawing was also significantly increased by clonidine 30 min
to 1 hour (p<0.001) and 1% hours (p<0.025) after injection of 20 mg/kg
dexamphetanine. A significant decrease was, however, seen 2-2% hours

after dexamphetanine.

(6) Activity bursts

Clonidine was able to significantly enhance the activity bursts
produced by mice treated Qith 2.5 mg/kg dexamphetamine and 7.5 mg/kg
dexamphetamine. Noradrenaline and XK-methylnoradrenaline reduced the
duration of activity bursts occuring after 5 mg/kg and 7.5 mg/kg

dexémphetamine. Noradrenaline and clonidine significantly decreased
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the activity bursts following 12.5 mg/kg dexamphetamine whereas X-methyl-
noradrenaline and clonidine significantly increased activity bursts

following 20 mg/kg dexamphetanine.

(7) Sniffing

Noradrenaline, X-methylnoradrenaline and clonidine caused a marked
decrease of sniffing in mice treated with.dexamphetamine. This reduction
was significant with most doses of dexamphetamine with the exception of
5 mg/kg dexamphetamine. At this dose -methylnoradrenaline caused an

increase in sniffing behaviour 30 min after injection.

(8) Paired rearing

Less paired rearing was seen in mice treated with dexamphetamine
and noradrenaline,tx;methylnoradrenaline or clonidine than after

dexamphetamine alone.

The.number of animals exhibiting a particular component of behaviour
could be found from the scores and the result expressed in a quantal
fashion. The ED5OS fo; the behaviours induced by dexamphetamine and £heir
subsequent modification by icv injection of noradrenaline and o<-methyl-
noradrenaline or ip iﬁjectioﬁ of clonidine can be seen at 1 hour after
dexamphetanine injeétion in figs 15-16. Other time intervals are shown
in the appendix. Table 5 shows the potency ratios of the significantly

changed ED50s for various behaviours.

(1) Increased arousal

'Hithdrawal responses were reduced by combining noradrenaline,

K -methylnoradrenaline or clonidine with dexamphetamine. Dose response



relationships were, thercfofe, not always easy to obtain but ED50s
tended to be increased.

The ED50 for exopithalmos was considerably decreased by the three
drugs but increased after three hours. ,

" The ED50 for raised body posifion was markedly decreased by

noradrenaline, X-methylnoradrenaline and clonidine.

On the whole the drugs caused a decrease in the ED50 for vocalisation
to touch. No dose response curves were obtainable for aggressive behaviour.

The ED50s for increased startle response, touch response and

hyperreactivity were markedly reduced. by noradrenaline X-methyl-

noradrenaline and clonidine at all time intervals examined.

(2) 1Increascd activity

Noradrenaline X-methylnoradrenaline and. clonidine decreased the
ED50 of dexamphetamine necessary to cause incrcased motor activity and
exploratory activity. The exception to this occured 2-3 hours after
dexamphetamine injection when noradrenaline and %-methylnoradrenaline

increased the necessary ED50.

(3) Stereotyved behaviour

Noradrenaline, X-methylnoradrenaline and clonidine increased the
ED50 necessary for dexamphetamine to induce head searching in mice.
Noradrenaline, however, was able to significantly decrease the ED50 at
30 min. No significant increase in head searching by noradrenaline could
be seen from the scores previously described. At this time, therefore,
noradrenaline caused more dexamphetamine treéted nice to perform head
searching but to a lesser extent,

The ED50 for ralsed head was increased by the three aforementioned
drugs. One hour after dexamphetamine injection noradrenaline caused a
decrease in the ED50 necessary for ralsed head to occur. Noradrenaline did

not produce a significant increase in the scores achieved for raised
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head and, as with head searching, injection of noradrenaline at the time
was able to induce more dexamphetamine treated mice to have a raised
head but to a lesser degree.

Noradrénalinetx—methylnoradrenaline and clonidine increased the.
ED50 of deiamphetamine required to induce rearing and compulsive grooming.

The ED50 for compulsive gnawing was markedly decreased by these
three drugs.

The ED50 for the production of activity bursts by dexamphetamine was
increased on injection of noradreﬁaline. o« -iethylnoradrenaline reduced
the ED50 at 30 nin and'at the peak effect, but increased the EDS50 at
1 hour, 2 hours and 3 hours. Clonidine was able to reduce the ED50 for
activity bursts at 30 min, 1 hour and at the peak effect. Differences
between the action of noradrenaline o{-methylnoradrenaline and clonidine
on activity bursts were also observed in the scores.

The ED50 foi dexamphetamine to cause sniffing in nice was mostly
increased by the addition of noradrenaline, X-methylnoradrenaline and
clonidine. At the peak effect a reduction of the necessary ED50 for
dexamphetamine was found with all three drugs. A reduction of ED50 was
also seen with X-methylnoradrenaline at 30 min. The scores showed a
significant increase in sniffing by o-methylnoradrenaline at 30 min
with a dose of 5 mg/kg dexamphetanine, and by clonidine at 4 hours with
a dose of 7.5 mg/kg dexamphetamine

No appreciable differences in the ED50s for paired rearing were

produced by noradrenaline, X-methylnoradrenaline or clonidine.

B. CHANGES IN CORRELATIONS BRETWEEN DEXAMPHETAMINE INDUCED B=HAVIOURS

FOLLOWING NORADRENALINE, oX-METHYILNCRADRENALINE AND CLONIDINE.

Only statistically significant correlations have been considered.

Significancy was achieved when the Spearman Rank Correlation Cocfficient
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exceeded 0.6(p<0.05). As in the previous chapter three dose ranges have

been considered (see tables in the appendix).

(1) 0.5 - 1 mg/ke dexanphetamine.

Noradrenaline produced little change in the correlations between
the individual components of increased arousal observed after these
small doses of dexamphetamine. The number of positive correlations with
withdrawal were reduced but the number of positive cor;elations with
exopthalmos increased. Noradrenaline, o{-methylnoradrenaline and clonidine
were found to decrease the dexamphetamine induced withdrawal response and
increase exopthalmos. A distinct loss of positive correlations between
components of increased arousal followed injection of X -methylnoradrenaline
Clonidine caused the introduction of several negative correlations with
withdrawal and items of increased arousal. Clonidine did, however, cause
a slight increase in the number of 1teﬁs of increased arousgi?;;%§$ﬁﬁ
exop£halmos and body position.

A positive correlation between exploratory activity and motor
activity was secn following ci—mgthylnoradrenaline and clonidine but not
noradrenaline. '

Noradrenaline, oX-methylnoradrenaline and clonidine decreased the
number of posit;ye correlations occuring between different items of
stereotypy.

| Positive correlations could be observed between many components of
increased arousal and increased activity after injection of noradrenaline
and <o<-methylnoradrenaline. This was not surprising because these agents
were found to be capable of enhancing motor and exploratory activity,
exopthalmos, body position, touch and hyﬁerreactive responses in mice
treated with dexamphetamine.

o correlation between components of increased arousal and stereotypy

was sceen with the addition of noradrenaline. Several positive correlations
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between hyperreactivity and startle responses were produced with components
of stereotypy when ™X-methylnoradrenaline was given after dexamphetamine,
Several positive correlations were found with exopthalmos and items of
stereotypy following clonidine as well as with body position and items of
stereotypy following clonidine.

Less positive correlations between items of increased activity and
stereotypy were discovered when dexamphetamine was combined with

noradrenaline, *-methylnoradrenaline or clonidine,

(2) 2.5 -~ 7.5 mg/kg dexamphetanine

Subsequent to the addition of noradrenaline or o{-methylnoradrenaline
to'dexaﬁphetamine'changes in the correlations between components of
arousal were reveaied. An increased number of positive correlations between
exopthalmos and body position, and items of arousal were found. A
corresponding decrease of positive corfelations between withdrawal,
vocalisation to touch and aggression occured. The dexamphetamine-clonidine
combination caused a decrease in fositive correlations betﬁeen‘components
of arousal and the introduction of several negative correlations.

.Motor activity and exploratory activity were positively correlated
after treatment with noradrenaline and cX-methylnoradrenaline, but
negatively and positively correlated with clonidine. Negative correlations:
occured during the first 2 hours following injection of dexamphetamine,

Noradrenaline, ©X-methylnoradrenaline and clonidine caused the
production of compulsive gnawing in mice treated with a dose of 7.5 mg/kg
dexamphetamine. Thislphenomenon was not seen with this dose of
déxaméhetamine alone. The combination of noradrenaline, X-methyl-
noradrenaline -or clonidine with dexamphefamine caused a reduction in the
total number of significant correlations between components of stereotypy’
probably because of the absence or reduced intensity of these items. An

increase in negative correlations was seen especially with X-methyl-

noradrenaline and clonidine.
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A loss of the total number of positive correlations and an increase
in negative correlations between activity and arousal were seen following
noradrenaline, o< -methylnoradrenaline and ¢lonidine: Body position and
increased activity were found to be positively correlated.

« The number of significant positive correlations between arousal
and stereotypy were reduced by noradrenaline, cx;methylnoradrenaline
and clonidine. An increase in significant negative correlations was
seen. Compulsive gnawing was, however, positively correlated with startle
response, touch response and hyperreactivity.

- Compulsive gnawing and increased activity were found to be positively
correlated on administration of noradrenaline but negatively and positively
correlated with clonidine. The positive correlations occured at a dose
of 2.5 mg/kg dexamphetamine. Paired rearing and increased activity no
longer remained positively correlated with the addition of noradrenaline
and 0<-methy1nor;drenaline. Loss of positive correlations between components
of increased activity and stereotypy waé seen with o{-methylnoradrenaline.

An introduction of hegative correiations occured with clonidine.

(3) 10 - 20 ng/ ke dexanphetanine

Noradrenaline, X-methylnoradrenaline and clonidine resulted in a
reduction of positive correlations between components of increased arousal.
These were mainly withdrawal, vocalisation to touch and aggressiveness.,

X }Methylnoradrenaline and clcnidine were able to produce negative
correlations between components of arousal .and.vocalisation.to-touch-and
withdrawal. After clonidine some components of arousal were positively
-cbrrelateé with body positlon whereas the opposite occured with -nethyl-
noradrenaline,

A positive correlation ogzured between motor activity and exploratory
activity when either noradrenaline or ™(-methylnoradrenaline was
adninistered., A negative and positive-correlation, however, occured

after clonidine treatment. The negative correlation occured in the first
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30 min after injectlon of dexamphetamine.

The number of significant correlations between components
of stereotypy were markedly reduced following néradrenaline,'C(-methyl—
noradrenaline and.cionidine. Many components of stereotypy were absent or
reduced after such treatment. Compulsive gnawing was negatively correlated
with most components of stercotypy.

Body position was founa to be positively correlated with increased
activity after noradrenaline or o(-methylnoradrenaline. Apart from this
noradrenaline caused little change in correlations between components of
activity and arousal. o{-methylnoradrenaline resulted in an increase of
negative correlations.

Many components of increased arousal were found to be negatively
correlated with stereotypy on injec£ion of noradrenallne, C{-methyl-
noradrenaline and clonidine, The reverse was found with compulsive gnawing.
A loss of many correlations was found ﬁith these substances.

Several correlations between components of increased activity and
stereotypy were lost on combination of dexamphetamine with noradrenaline,
oL~-methylnoradrenaline and clonidine. The correlations remaining tended
to be more positive in dircction. A negative correlation was found between
compulsive gnawing and increased activity after clonidine but a positive
correlation following noradrenaline. Application of o{-methylnoradrenaline
resulted in a positive correlation with 20 mg/kg dexamphetamine and a.
negative correclation with a dose of 12.5 mg/kg dexamphetamine. It should
be noted that oX-methylnoradrenaline significantly increased motor and

exploratory activity at a dose of 20 mg/kg dexanphetanine.

~



3. DISCUSSICN

It can be seen fromlthe results that noradrenaline, X-methyl-
noradrenaline and clonidine are capablé of potentiating some actions of
dexamphetanine and reducing others, The effects of the three agents wére
generally similar; This suggested that increased noradrenergic activity,
which was afforded By clonidine as.stimulation of noradrenaline receptors
and noradrenaline and X-methylnoradrenaline by filling the cytoplasmic
stores, was re5ponsib1§. It is unlikely that noradrenaline or ™-methyl-
norédren&line was takén up and released by serotonergic or dopaminergic
terminals &o any appreciable éxtent although ihis possibility cannot be
toially disregarded. o o

The folloﬁing behavioural itcmé were mostly reduced in intensity by
fhe above three drugs and the ED50 required by dexamphetamine for their
oécurénce increased :-

withdrawai
head searching
raised head
rearing
compuisive grooming
activity bursts
sniffing .
: paifed rearing
Yocalisation to touch and aggression were not significantly changed but
tended to be reduceﬁ.'In contrast sevéral other behavioural items were
.increased in intensity and the ED50 of dexamphetamine necessary for their
occurence aocreased t- h
exopthaimos
raised body position
startle response

touch response



hyperreactivity
motor activity
exploratory activity
compulsive gnawing

Noradrenaline has been named the transmitter involved in the
'activating' and 'reward' system of the brain. An increased congentration
of this amine at central synapses resulted in excitement, arousal and
increased alertness (Poschel & Ninteman, 1963; Schildkraut et al., 1967).
This is in agreement with this study as startle responses, touch responses
and hyperreactivity produced by dexamphetamine were potentiated by
noradrenaline, X ~methylnoradrenaline and clonidine. Withdrawal responses
were reduced probably because of a diminution of 'fear' and an increase in
investigatory behaviour. Aggressive behaviour and vocalisation to touch
were slightly reduced by the combination of de@phetwine with the three
agents. Opinions regarding the putative transmitter involved in aggression
have been divided (see 'Introduction'). It would appear from these results
that noradrenergic -activity does not increase aggressiveness in mice
- treated with dexamphetamine.

It is not suprising that noradrenaline, o{-methylnoradrenaline and
clonidine have been found to increase locomotor activity and exploratory
activity following low doses of dexamphetamine as noradrencrgic activity
has been indicated in locomotor activity (see 'Chapter 11').

The actiﬁn of noradrenaline, X-methylnoradrenaline and clonidine
on stereotypy is interesting. Noradrenergic activity decreased head
searching, ralsed head, rearing, compulsive grooming, activity bursts ,
sniffing and paired rearing but markedly indreased compulsive gnawing.
Yen et al. (1970) administered 500 mg/kg d1-DOPA to mice and found the
mice to exhibit forceful attacking and repeated biting of any object
brought near the mouth or head. They concluded that this behaviour was
mediated by noradrenaline as bretylium and guanethidine were able to

reduce the behaviour. Molander and Randrup (1974) found clonidine to
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'potentiate gnawing produced in mice administered with 1-DOPA and the
peripheral DOPA decarboxylase inhibitor, seryltrihydroxybenzyl-hydrazine

(ROL4-4602), in order to increase brain dopamine levels.

Those behaviours, for instance, Taised body posftion, hyper- | |

e

rectivity, startle response, touch response and compulsive gnawing, which
required high doses of dexamphetamine and ocﬁured when the noradrenaline
levels were significantly depleted, were potentiated by increased
noradrenergic activity. MHany other behaviours were reduced and their
ED;OS increased.

Noradrenaline, «-methylnoradrenaline and clonidine alone caused a
syndrome of decreased mobility, lowered body positlon and ptosis in mice,
It-is, therefore, auite rcniarka.ble'{ha.t these three drugs potentiated the
locomotor activity, raised body position and exopthalmos of mice treated
with dexamphetamine. A possible explanation fdr this anomaly is that
noradrenaline has different actions in different regions of the brain
and in combination with differences in activity of other transmitters
as caused by dexamphetamine administration.

The effects of noradrenaline,c(-methylnoradreﬁaline and clonidine
on the correlations betw?en items of behaviour, induced by dexamphetamine,
were more difficult to interpret. It would appear that increased
noradrenergic activity caused an increase in the number of correlations
between increased arousal and increased activity at low doses. Positive
correlations between arousal ard activity, and stereotypy were reduced
or changed to neéative corfolations at much lower doses because of the
early production of compulsive gnawing. Compulsive gnawing tended to be
positively correlated with startle responses, touch responses and hyper-
reactiv%ty ﬁﬁ;reas the other components of stereotypy were negatively
correlated with these items of behaviour.

Increased noradrenergic activity, therefore, appeared to be able to

further disrupt the behavioural patterns produced by dexamphetamine

~
resulting in a behaviour predominantly of hyperreactivity and compulsive
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gnawing.

The investigations of Fuxe and Ungerstedt (1968) are relevant. They
found the dopamine neurons innervating the rhinencephalon seemed mainly
to participate in producing amphetamine induced gnawing. The dopamine
neurons innervating the neostriatum mainly seemed to participate in
cliciting the amphetamine induced sniffing behaviour. Noradrenaline
neurons were found to be of importance in modifying these stereotyped
activities by increasing biting behaviour. Costall and Naylor (1972b &
1974) have found the globus pallidus and olfactory tubercle responsible
for the amphetamine induced sniffing and head movements, and the amygdala
responsible for the gnawing and licking behaviour. It would be tempting
although premature to speculate noradrenaline to have an inhibitory effect
on structures induéing the sniffing and head movements, and a facllitatory

influence on the amygdala.
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Behaviour Dexamphetamine sc Dexamphetamine sc lpexa.mphetamine sc
+ + +
Noradrenaline icv &-nethylnoradrenaline|{Clonidine.ip
icv
Withdrawal Decreased
11.6( 5.4-25.0) Peak
Exopthalmos | Increased Increased Increased
4.8(1.9-11.4) Peak |3.7(1.5- 9.0; ih 3.0( 1.1- 7.9) 30 nin
3.1(1.3- 7.3) Peak 5.7( 1.8-18.0) Peak
Deécreased
5.3( 1.7- 6.3) 2h
Body - Increased Increased
position 2.8(1.4- 5.8) 30 min | 8.5( 3.9-18.7) 30 min
5.522.3-13.2 ih 31.5%12.3~80.3 1h'.
6.2(2.8-13.2) Peak 10.6( 5.9-19.0) Peak
Startle Increased Increased
response 3.9(1.5- 9.5) 30 min| 5.9(1.9-17.9) 30 min
Touch Increased
response 13.9(4.6-42.4)30 min
Hyper- Increased Increased
reactivity | 12.5(4.4-38.1)30 min| 16.6(5.5-49.8) 30 nin
6.3230“""11.7} j.h 1509(6-“’"39.8) Pea-k
209 201- ll-.O 2h B
Motor Increased Increased
activity 8.8(4.2-18.5) 30 min| 1.9( 1.1- 3.5) 30 min
10.3%3.3-31.93 1h 8.1( 1.5- 6.6) Peak
6-8 206'18-0 Peak -
Exploratory | Increased Increased Increased
activity 3¢5(1+2-10.5) Peak |[10.0(%4.8-20.5) 30 min| 1.9( 1.1- 3.5) 30 min
' 11.?%3.8-4&.&% ih
6-8 2|6—1800 Peak
Head ) : '
searching Increased Decreased Increased
, 3.1(1.6- 6:1)30 min| 2.1(1.1- 9.0) 2h 5.5( 2.4-12.7) 1h
Decreased Decreased
2.0(1.1- 3.7) 2h 5.3( 1.7-16.7) 2h
Raised head { Increased
2.5(1.2- 2.5) 1h
Decreased
2.2(101" blZ) 2h
Rearing Decreased . Decreased
) 3.5(1.4~ 8,7) 2h 2.6( 1.4- 4,2)
Compulsive | Increased Increased Increased
gnaving 2.1(1 o4~ 3.33 ih 2.0(1.2- 2.2; 1h 1.5E 1.0- 2.4; 1h
1.6(1.3- 2.1) Peak | 1.8(1.3- 2.4) FTeak 1.7( 1.2- 2.2) Peak
Activity Decreased Increased
bursts 3.3(1.9- 5.7) 2h 2.4( 1.4- 4,1) Peak
*{Sniffing Increased Decreased ;
2.0E1.3- 3.0; 30 min| 2.0( 1.1- 3.5) Peak
3.0 1,03- 6-5 Peak
Decreased
1-['01(200" 9-?) Zh
Table 5

MODIFICATICNS OF ED505 FOR BEHAVIOUR WITH DEXAMPHETAMINE BY NORADRENALINE
5 PG ICV, oX-MZTHYLNORADRENALINE 5 PG ICV OR CLONIDINE 0.5 MG/KG IP.

The table shows significantly different potency ratios with 957 confidence
limits., The behaviour 1s noted as increased or decreased at the particular
time interval.

T
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The role of dopamine in the dexamphetamine induced behaviours was
investigated with the aid of apomorphine, a drug thought to directly
stimulate central dopanine receptors (Ernst, 1967). A dopamine

'Athfdroxylase inhibitor, FIA-63, was used to cause a selective nerve
impulse dependent depletion of amine stores in central but not periphéral
noradrenergic neurons. FIA-63 has not been reported to deplete 5-HT or
dopamiﬂe. The effectliveness of dopamine in the prescence of a much
diminished level of noradrenaline could then be established in the

amphetamine response.

1. BEHAVIOURAL CHANGES PRODUCED BY APOMORPHINE AND FIA-63.

(1) Tntraperitoneal injection of apomorphine.

0.5 - 5 mg/kg apomorphine resulted in ptosis, sniffing and 'slight '~

hyperreactivity, Aftér a dose of 0.5 = 1.0 mg/kg apomorphine| =

the locomotor activity of the mice was decreased in comparison with saline
treated mice, 2.5 - 5 ng/kg apomorphine increased locomotor activity. After
an hour these effects subsided. Higher doses produced an increased duration
of sniffing, ptosis, hyperreactivity and locomotor activity. Mice were
observed to lick the cage and occasionally bite the paper lining of the

cage after treatment with 40 mg/kg apomorphine.

(2) Intraperitoneal injection of FLA-63.

40 mg/kg FIA-63, followed by an additional injection of 20 mg/kg 3
hours later, caused sedation. These sedative effects lasted 4-5 hours after
'thé second injection of FIA-63. Piloerection and a slight degree of hypo-
thermia were sometimés observed., |
)

2. EFFECT OF APCHMORPHINE ON THZ DEXAMPHETAMINE INDUCED BEHAVICUR.
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Ip injection of 0.5 - 10 mg/kg apomorrhine, given 10 min after 7.5
mg/kg dexamphetamine sc injection, resulted in increased compulsive
grooming and rearing in comparison with dexamphetamine controls. This
stereotéped form of grooming occured with the mouse standing on its hind
limbs whilst scratching its head with its forepaws. Hyperreactivity was
increased but no compulsive gnawing was observed. Fighting and paired

rearing was seen with the higher doses of apomorphine.

EFFECT OF FLA-63 ON THZ DEXAMPHETAMINE INDUCED BEHAVICUR.

Pretreatment with FLA-63 caused a reduction in the locomotor activity
and activity bursts of the dexamphetamine treated mice. The mice appeared
less hyperreactive and no compulsive gnawing was observed following this

dose of 7.5 mg/kg dexamphetanine.

The modification of the behaviour induced by dexamphetanine in mice
with the injection of apomorphine 2.5 ng/kg ip, 10 min later, or the 3
hour pretreatment with FLA-63 40 mg/kg ip and 20 ng/kg ip (5 min before
the dexanmphetamine injection) were examined in detail. The same scoring
scheme as in the previous two chapters was used. Levels of significance
vwere found with the Mann-lhitney U Test. Seven dose$ of dexanmphetamine

were analysed. Changes in the scores at selected doses can be seen in figs

17-19.

A. CHANGES TIT ARCUSAL.

(1) The effect of an approaching object

Pretreatment with FIA-63 or the injection of apomorphine caused a
marked suppression of the withdrawal response exhibited by dexamphetamine

treated mice. This reduction was significant at most doses of
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dexamphetamine examined.

(2) Exopthalmos

Ptosis was observed in mice treated with apomorphine or with FLA-63
alone. The exopthalmos seen in mice following injection of dexamphetamine
was, therefore, greatly reduced. Exopthalmos was sigﬁificantly“depressed
by pretreatment with FLA-63 at all doses of dexamphetamine analysed _
(p<0.001). On the othef hand apomorphine significantly depressed
exopthalmos at a dose of 20 mg/kg dexamphetamine (p<0.001), 7.5 mg/kg
(U=9, p<0.001) and 2.5 ng/kg (U=13.5, p<0.01) but did not significantly

effect exopthalmos at doses of 5 mg/kg and 12.5 mg/kg dexamphetamine.

(3) Body position

Both apomorphine and FLA-63 treatment were able to raise the body
position of mice treated with dexamphetamine. This increase did not
prove to be significant with FLA-63 pretreatment. Apomorphine caused a
significant increase 30 min after injection of 0.5 mg/kg dexamphetamine

(U=9, p<0.01) and 7.5 mg/kg dexamphetamine (U=16, p<0.025).

(4) Vocalisation to touch

" The vocalisation to touch exhibited by mice treated with
dexamphetamine was unaffected by pretreatment with FLA-63 or injection
of apomorphine. FLA-63 pretreatment caused a decrease in vocalisation

following 15 mg/kg dexamphetamine but was not significant.

(5) Ageressiveness

Neither pretreatment with FLA-63 nor injection of apomorphine
was seen to slignificantly alter the slight degree of aggressiveness

observed in mice treated with dexamphetanmine.

(6) Startle resvonse




103

No change in the startle response of mice given dexamphetamine was
noticed on injection of apomorphine. FLA-63 pretreatment was seen to
decrease the startle response of dexamphetamine treated mice at all doses

but was not statistically significant.

(7) Touch resvonse

Apomorphine injection caused no significant change in the touch
response of dexamphetanine treated mice. FLA-63 pretreatment produced a
decrease which was significant after 12.5 mg/kg dexamphetamine and

20 mg/kg dexamphetamine (p<0.01).

(8) Hyperreactivity

The hyperreactivity of mice treated with dexamphetamine was
_ unaffected by injection of apomorphine. Pretreatment with FLA-63 resiulted
in a decrease of the hyperreactiveness of these mice but this did not

prove to be statistically significant.

B. CHANGES TN ACTIVITY,

Preliminary experiments showed that pretréatment with FLA-63 or
injection of apomorphine dld not alter the eating and drinking behaviour

of the dexamphetamine treated mice.

(1) 1Motor activity

Injection of apomorphine caused a significant increase of motor
acfivity following low doses of dexaﬁphetamine in mice. Apomorphine alone,
however, also caused absignificant increase in motor activity. The increase
produced by the dexamphetamine-apoﬁorphine combination was, therefore, no
more than additionai. At higﬂer doses of dexamphetamine (5 - 20 mg/kg)

apomorphine caused a significant decrease in the motor activity of the
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mice in spite of the increase scen with apomorphine alone. Pretreatment
with FLA-63 resulted in a significant decrease of the dexanmphetamine
induced increase in motor activity of mice. FLA-63 alone caused a

reduction in motor activity of nice.

(2) Exploratory activity

Injection of apomorphine or pretreatment with FLA-63 caused a
similar alteratlon in exploratory activity as was seen in motor activity

previously described.

C. STEREOTYPED BEHAVICUR.

(1) Head searching

Pretreatment with FLA-63 and injection of apomorphine both resulted
in a decrease of head searching behaviour of mice treated with

dexamphetamine. This was significant at all doses examined.

(2) Raised head

The ralsed head exhibited by mice after 2.5 mg/kg dexamphetamine was
not significantly affected by pretreatment with FIA-63 nor was it
by injection of apomorphine. Both of these drugs caused a significant
decrease of raised head (p<0.01 & p<0.001) at a dose of 7.5 mg/kg
dexamphetamine and an insignificant decrease at 12.5 mg/kg dexamphetamine.
Pretreatment with FLA-63 produced some raised head behaviour in mice
treated with 15 mg/kg dexamphetamine, a dose at which raised head is not
normally exhibited. The mice were seen to have raicscd heads during the
first two hours after dexamphetamine injection when they had been
?retreated with FLA-63. Dexamphetamine control mice exhibited raised heads

3%-4 hours after a dose of 20 mg/kg.
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(3) Rearing

Pretreatment with FLA—63 caused a significant reduction of
stefeotyped rearing behaviour in dexamphetamine treated mice. Apomorphine
did not produce any alteration of rearing behaviour in mice treated with
2.5 mg/kg dexanphetamine. Apomorphine shortened the duration of rearing
following 5 mg/kg and 7.5 mg/kg dexamphetamine but insignificantly
increased the peak effect at 7.5 mg/kg. Rearing was decreased by
apomorphine at a dose of 12.5 mg/kg dexamphetamine (U=16.5, p{0.025).
Rearing occured, however, 30 min to 1 hour following injection of 20 mg/kg
dexanphetamine and apomorphine. Rearing was never observed to occur at this

time following injection of dexamﬁhetamine alone.

(4) Compulsive grooning

Pretreatment with FLA-63 had, largely, a depressant effect on the
compulsive grooming behavicur induced by dexamphetamine in mice. This
decrease was insignificant at 2.5 mg/kg but was significant at 7.5 mg/kg
and 12.5 ng/kg dexamphetamine. Although compulsivé grooning was reduced
2-l hours after injection of 15 mg/kg dexamphetamine it was present 1 hour
after the injection. Compulsive g;ooming also occured to a slight extent
in mice treated with 20 mg/kg dexamphetamine and FLA-63 at a time when
it is nbt normally seen with dexamphetamine alone.

Following injection of apomorphine a significani increase of
compulsive grooming was obsérved in mice treated with 2.5 mg/kg
dexamphetamine (p<0.025) and 20 mg/kg dexamphetamine (p<0.01). A
significant reduction, however, occured a dose of § mg/kg dexamphetaminé

(p<0.025). Apomorphine alone did not produce compulsive grooming in mice.

(5) Conmpulsive gnawing

Pretreatment with FLA-63 caused a reduction of the dexamphetamine

induced compulsive gnawing., This was significant at a dose of 20 mg/kg
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dexamphetanine (p<0.001). Injection of apomorphine also caused a reduction

vhich was significant at 20 mg/kg dexamphetanine (p<0.025).

(6) Activity bursts

A marked decrease of activity bursts was observed in mice given
dexamphetamine and either treated with apomorphine or pretreated with

FLA-63.

(7) Sniffing

Pretreatment with FLA-63 produced a)significant decrease of sniffing
behaviour in mice treated with dexamphetamine. Apomorphine caused an
increase in the dexamphetamine induced sniffing ?ehaviour in mice at low
doses. Apomorphine alone significantly increased sniffing in mice. The
increased sniffing exhibited by the combination of dexamphetamine and
apomorphine would, therefore, appear to be no more than the additicn ofl
the effects of the two drugs. Sniffing which followed injections of
5 mg/kg, 7.5 mg/kg and 12.5 mg/kg dexamphetamine remained unchanged by
aponorphine. Apomorphine delayed the time of onset of sniffing behaviour

induced by 20 mg/kg dexamphetamine.

(8) Paired rearing

Paired rearing was not seen to any appreciable extent following
dexamphetanine in FLA-63 pretreated mice or in mice given dexamphetamine

folloved by apomorphine.
D. ED 508
The ED50s for behaviours induced by dexamphetamine and their

subsequent modification by injection of apomorphine or pretreatment with

FLA-63 are shown 1 hour after dexamphetamine injection in figs 20-21.
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Other time intervals are presented in the appendix. The potency ratios

for the significantly changed ED50s can be seen in table 6.

(1) Increased arousal

Withdrawal responses exhibited by dexamphetamine treated mice were
considerably reduced after injection of apomorphine or pretreatment with
FLA-63. Dose response relationships were difficult to find. An inecrease in
the ED50 of dexamphétamine. to show withdrawal, was Seen in mice pretreated
with F1A-63 at the peak effect.

Aponorphine and FIA-63 increased the ED50 necessary for
dexamphetamine to produce exopthalmos. Pretreatment with FLA-63 decreased
the ED50 for raised body position, whereas apomorphine only slightly
decreased it. Both apomorphine and FLA-63 in combination with
dexamphetamine caused an increase in the scores for raised body position.
FLA-63 caused, therefore, a raised body position in only a few mice.

No d?se response curves could be obtained for vocalisation to touch
or aggressive behaviour.

The ED50s for increased startle response, touch response and
hyperreactivity were increased when mice injected with dexamphetamine had
been pretreated with FLA-63. Injection of apomorphine produced a decrease
in the ED50 required by de;amphetamine to induce these behaviours. Although
apomorphine did not increase the scores for the aforementioned behaviours
in dexamphetanine treated mice, a largernumber of mice must have exhibited

the behaviour.

(2) Increased activity

Pretreatment witﬁ FLA-63 rcsulted in an increase of the ED50
necessary for dexamphetamine to induce increasgd motor and exploratory
activity in mice. When apomorphine injection was performed, after
dexamphetamine, .an increased ED50 was necessary 3 hours after injection

L

but a decreased ED50 at 1 hour. Apomorphine alone caused a significant
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increase in motor activity 1 hour after injection. This result, therefore,

lacks meaning.

(3)' Stereotyped behaviour

The ED50 essential for dexamphetamine to induce head searching in
mice was increased by pretreatment with FLA-63 and treatment with
apomorphine. A slight reduction in the ZD50 occured at 30 min after
dexamphetamine injection follawing apomorphine injection.

The ED50 necessary for the initiation of raised head by
dexamphetanine was increased -by pretreatment with FIA-63 and apomorphine,
~except at the peak effect. In this case the total number of mice displaying
réised head throughout the observation had increased. A reduction in the

ED50 for raised head was produced by apomorphine at 30 min.

Apomorphine caused a reduction in the ED50 for rearing 30 min
after dexamphetamine inJjection, but an increase at 2-3 hoﬁrs. The ED50 of
dexanphetamine necessary for compulsive grooming was increased by
apomorphine 2-3 hoﬁrs after injection, but reduced at the peak effect.
Pretreatment with FLA-63 caused an increase in the ED50 for compulsive
grooming at all times.

"The BED50 for compulsive gnawing was increased by apomorphine and
FLA-63. The ED50 for activity bursts was also increased by apomorphine
and FLA-63. I

Pretreatment with FLA~63 causcd an increase in the ED50 necessary to
induce sniffing behaviour. Apomorphine reduced the ED50 for sniffing at 30.
nin to 1 hour after injection.of dexanphetamine, At this time apomorphine
alone caused significant sniffing. 2-3 hours after dexamphetanine the
ED50 for sniffing was decreased by apomorphine.

Apomorphine caused a reduction in the ED50 for paired rearing to

occur 30 min after dexamphetamine injection.
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E, CHANGES IN CORRELATIONS BETWEEN DEXAMPHLTAMINE INDUCED BEHAVIOUR

FOLLOWING APGMORPHINE OR PRETREATMENT VITH FIA-63.

For purposes of simplification the correlations were separated into

3 dose ranges as in the previous chapters. See tables in the appendix.

(1) 0.5 - 4 mg/kg dexamphetamine

Pretreatment with FIA-63 resulted in no significant correlations
between any of the behaviours caused by dexamphetamine.

Apomorphine treatment caused a reduction of the positive correlations
between individual components‘of arousal.

- A positive correlation between exploratory actlivity and motor
activity following dexamphetamine and apomorphine was observed.

The numbexr of positife correlations between items of stereotypy was
1limited to one when apomorphinc was administered. The remaining positive.
correlation occured between sniffing and compulsive grooming.

Components of increased activity were found to be correlated with
one component of increased arousal and body position.

Only a few correlations beiween arousal and stercotypy could be
found. -Sniffing was positively correlated with body position, but negatively
correlated with the touch response.

A marked reduction in correlations between components of activity .~

and stereotypy occured following dexamphetamine and apomorphine.

(2) 2.5 - 7.5 ng/kg dexamphetamine

No correlations between components of increased arousal were
observed following FIA-63 pretreatment. Apomorphine caused a reduction of
positive correlations. These were mostly correlatlons between withdrawal,
ageression and vocallsation to touch. No correlations were found with

body position. Vocalisation to touch appeared to be negatively correlated
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with exopthalmos and hyperreactivity.

Motor actlvity and exploratofy activity were found to be positively
correlated following dexamphetamine and apomorphine, but no significant
correlation was found on pretreatment with FIA-63.

FLA-63 pretreatment resulted in a loss of ﬁany positive correlations
between individual compenents of stereotypy. Apomorphine caused only
a slight modification in the correlatlions found with dexamphetamine.
Neg&tive correlations were found between activity bursts and sniffing, and
activity bursts and paired reariné. A positive correlation was found
betweén paired rearing and sniffing.

| Apomofphine administration was responsible for the loss of some
positive correlations and for the gain of negative correlations between
arousal anﬁ acti&ity. FLA-63 pretreatment resulted in no correlations
between axoﬁsﬁl and activity.

Only iwo significant correlations existed between components of
arousal and stereotypy after FLA-63-pretreatment. These were withdrawal
and sniffing ghich were negatively correlated; and body position and
sniffing ﬁhich were positively correlated. Upon treatment with apomorphine
an increase in the nunber of negative.and positive correlations between
éroﬁsél and stereotypy odcured.

Only a slight modification occured between the components of
. activity and stereotypy after apomorphine injection. FIA-63 caused a

reduction in the total number of correlations.

(3) 10 - 20 mg/kg dexamphetamine .

Both apomorphine treatment and FIA-63 pretreatment resulted ina
loss of many positive correlations between individual components of
increased arousal. |

Exploratory actifity and motor actifity remained positively

correlated after apomorphine and FLA-63.
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Many negative correlations between individual compenents of
stercotypy were lost following apomorphinc or FLA-63. Correlations
concerning raised head and rearing were absent. Many of the negative
correlations between compulsive gnawing and other items of stereotypy,
gccuring with dexamphetamine alone, were absent.’

Correlations between arousal and activity were decreased in number
following apomorphine or FIA-63. Body position was found to be positively
correlated with motor and exploratory activity when pretrecatment with
F1A-63 occured.

Treatment with apomorphine or FIA-63 was reéponsible for a decrease
in the number of correlations between the components of arousal and
stereotypy. Many of the negative correlations occuring between compulsive
gnawing and increased arousal with dexamphetamine wefé absent. Compulsive
gnawing was, in fact, positively correlated with startle responses
following FLA-63 pretreatment.

Once again many correlations between components of activity and
stereotypy werce reduced upon treatment with apomorphine or FLA-63. A
positive correlation between compulsive gnawlng and exploratory activity

occured after FIA-63 pretreatment. Raised head and rearing were both

negatively correlated with motor activity after treatment with apomorphine.

3,  DISCUSSION

Apomorphine has been found to directly stimulate dopamine receptors

(Ernst, 1967). In combination with dexamphetamine, apomorphine will not be

taken up and released but merely increase the background level of

dopaminergic stimulation. On administration after dexamphetamine,

apomorphine was found to decrease the following items of behaviour :-
withdrawal

vocalisation to touch

aggressiveness

b

Tr—
TP parr—
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head searching

raised head

rearing

compulsive gnawing

activity bursts .

paired rearing Ct
Motor and exploratory activity were decreased by apomorphine in
combination with high doses of dexamphetamine. At low doses, the effect
vas little more than additive., Sniffing behaviour was little affected by
apomorphine in spite of the sniffing produced by %pomorphine alone, and
it was even reduced at a dose of 20 mg/kg dexamphetamine. The startle
" responses, touch responses and hyperreactivity of the mice treated with
dexamphetamine were slightly increased by apomorphine. Compulsive grooming
was increased by apomorphine, and rearing occured with a dose of 20 ng/kg
dexamphetanine, a dose at which rearing is not normally observed.

Andén et al. (1973) gave 3 mg/kg apomorphine ip ta mice. They found
maximum levels of apomorphine in the brain in 10 min but virtually none
after 80 min. It is puzzling, therefore, that head searching, raised head
and activity bursts were reduced for very long periods, much longer than
the expected duration of apomorphine in the brain. One possible
explanation is a prolongation of apomorphine levels by dexamphetamine.
This is unlikely because other behavliours would have been influenced in a
similar fashion. Compulsive gnawing was reduced during the first 2 hours
and compulsive grooming, hyperreactivity, startle and touch responses
were only increased in the first 90 min.

Apomorphine has been found'to'inhibif tyrosine hydroxylase activity
" in rats (Goldstein et al., 1970). This does not offer a plausible . -
explanation because once again all behaviours would have been similarly
affected, and also inhibition of tyrosine hydroiylase only occurs
following very high:doses of apomorphine.

Few investligators have studied the combination of apomorphine and
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amphetamine on behaviour. Ayhan and Randrup (1973) found the simultaneous
administration of apomorphine and amphetamine to prompt the appearance of
stereotyped sniffing, licking and neck movements. Tseng and Loh (1974)
found dexamphetamine and apomorphine to produce a significant increase in
motor activity. Neither drug was effective alone. Higher doses of
dexamphetamine in combination with apomorphine caused a reduction of
locomotor activity due to an augmented stercotyped behaviour. Rolinski
(1973) reported apomorphine 25 mg/kg to increase the aggressive behaviour
after 15 mg/kg dexamphetamine in mice pretreated with spiramide. No : --
mention was made of the effect in untreated mice.

From this study, .a reduction in the amount of noradrenaline
avallable for release by pretreatment with FLA-63, was found to reduce the.
following items of behaviour in mice treated with dexamphetamine :-

withdrawal
exopthalmos -
vocalisation to touch
startle response
touch response
| hyperreactivity
notor activity
exploratory activity
head searching
. rearing
acézvity bﬁrsts
sniffing
compulsive gnawing
FLA-63 was capable of ‘raising thebody position following high doses of
dexamphetamine. Ralsed head and compulsive grooming were reduced by FLA-63
pretreatment but when larger doses of dexamphetamine were administered the
f time of onset of these behaviours was ' considerably’ shortened. The ED50s

for dexamphetamine to produce these behaviours were correspondingly
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increased or decreased.

There are a few reports in the literature regarding the action of
FLAfSB on behaviour induced by dexamphetamine. .Corrodi et al. (1970) found
the stereotyped behaviour of rats treated with amphetamine to consist of
sniffing on the ground after FLA-63 as opposed to sniffing on the walls.
Rearing was markedly reduced and some licking and biting were observed.
Exploratory activity was reduced after FIA-63 but could be reintroduced by
the administration of clonidine., Hasselager et al. (1972) reported FLA-63
to exert no influence on the sniffing, licking and biting induced by
amphetamine in pice. In contrast, 'self grooming' was increased and
'defence postures' decreased. Licking and biiing in amphetamine treated
rats were reduced but not significantly on pretreatment with FLA-63.
Sniffing was little affected (Ayhan & Randrup, 1973). More recently
Molander and Randrup (1974) have found FIA-63 to significantly reduce the
stereotyped gnawing produced by a combination of the peripheral DOPA
decarboxylase inhibitor, RO4-4602, and 1-DOPA. Rolinski (1973) found FIA~-
63 to weakly reduce the aggréssive behaviour induced by 1-DCPA in nialamide

treated mice.

Some studies have also been made using another dopamine-ug-hydroxylase

inhibitor, sodium diethyldithiocarbamate (DDC). Randrup and Scheel-Kruger
(1969) found 500 mg/kg DDC to have no effect on the constant sniffing,
licking and biting in rats given 3 mg/kg and 6 mg/kg amphetamine.
D'Encarnacoa et al. (1969) observed an increase in stereotyped movements
using a Jieggle cage in rﬁ?s treafed with DDC and amphetamine.

With regard to the effect of FIA-63 on hyperreactivity, Corrodi et
al. (19?0) observed rats treated with FLA-63.and amphetamine to be less
reactive to sensory stimull than rats treated with amphetamine alone.
Stromberg and Svensson (1971) treated mice with (#-(3,4-dihydroxy-phenyl)-
~-hydrazino-X-methylpropionic acid (MK-485), an extracerebral -
decarboxylase inhibitor and 1-DOPA, and found them to be hyperexcitable

and to jump and shriek in response to external stimuli. After FLA-63 no
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such hyperexcitability was seen. The level of dopamine in the caudate
nucleus was unaffected but the noradrenaline in the rest of the brain was
reduced following pretreatment with FIA-63.

| .The locomotor activity of mice treated with FIA-63 and amphetahine
%aS'not reduced (Thornburg & Moore, 1973), partially inhibited (Svensson, -
1970) and significantly inhibited (Rolinski & Scheel-Kruger, 1973). The
problem of locomotor activity is investigated in further detail in Chapter
1. | | |

Svensson and Waldeck (1969)- found 50 mg/kg FLA-63 ip to reduce)the

'noradrenaline content in mouse brain to 207 of control value after b
hours. When 3H-tyrosine was administered 30 min after 40 mg/kg FLA-63 ip

the 3H-noradrenaline was reduced to approximately 107 of the control value

i
after 1 hour. The maximum inhibition occured with 40 ﬁg/kg FIA-63. FIA-63 -I
80 mg/kg caused a further reduction of noradrenaline but dopanine levels ‘ §
in the striatum were increased (Svensson, 1973) . No increase in dopaminq JE
was found by Svensson and Haldeck (1969) or Corrcdi et al. (1970). Hence .

it is possible that FLA-63 can cause increased dopaminergic activity in
the striatun following a dose of 40 mg/kg FIA-63. This could offer an
explanation for the introduction of raised head and compulsive grooming
at times when they are not normally observed after amphetamine alone.
DDC has been found to inhibit the p-hydroxylation of amphetamine (Jonsson
&_Lewander,_19?3)-_The increased stereotypic movements following DDC and
' amphetamine reported by D'Encarnacoa et al. (1969) could have been the
result of an inhibition of the m;tabolism of amphctamine.

Jonsson and Lewander (1974) have also found FLA-63 to interfere with
the kinetics of elimination of amphetamine 15 the rat, and cause an .
increase in brain levels. No interference was found, however, with p-
hydroxylation. In this study, FIA-63 was not found to prolong any of the
effects of dexamphetamine.

From the work so far attempted, it would appear that increased

noradrenergic activity increased compulsive gnawing, observed after
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dexamphetamine, and that a decrease in norad;enaline available for release
decreased compulsive gnawing. Dopaminergic stimulation caused a decrease
in compulsive gnawing. An increase in noradrenergic activity, a decrease
in noradrenaline available for release and an increase in dopaminergic
stimulation all decreased the intensity of the other stereotyped
behaviours. Compulsive gnawing is obviously differently mediated from the
other components of stereotypy. The locomotor activity following low doses
of dexamphetamine was slightly increased by dopaminergic stimulation, and
markedly increased by noradrenergic activity. A reduction of noradrenergic
activity diminished amphetamine locomotor activity. Hyperreactivity was
increased by noradrenergic activity and decreased by a reduction of
noradrenergic activity. Dopaminergic stimulation slightly increased the
hyperrcactivity induced by amphetamine.

Generally FIA-63 was found to drastically reduce the number of
significant corrclations between items of amphetamine induced behaviour.
Arousal, activity and stereoiypy were affected. Compulsive gnawing was
positively corrélatéd with startle responses and with exploratory
activity.

With lower doses of dexamphetamine, apomorphine caused a loss of
positive correlations between arousal and activity, dut only slightly
modified stereotypy, Apomorphine, in combination with higher doses of
. dexamphetamine, produced a reduction of the number of negative
correlations between compulsive gnawing and other items of stereotypy, and
compulsive gnawing and arousal.

In comparison with the results of the previous chapter, it would
appear that both a reduction and increase of noradrenergic activity could
change the negative correlation between compulsive gnawing and hyper-
reactivity, startle and touch responses to positive. An imbalance of
transmitter action could, therefore, change the correlation between these

items of behaviour. A decrease of noradrenergic activity and increase of

L]



dopaminergic stimulatlon reduced the number of negative.correlations
between compulsive gnawlng and other stereotyped behaviours whereas an
increase in noradrenergic activity increased the number of negative

correlations.

v
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I Time - Dexamphetamine FLA-63 ip x 2
\ + T
Behaviour Apomorphine Dexamphetamine
Withdrawal Decreased
14.2(6.7-29.7) Peak
Exopthalmos Decreased
%.3(1.9-9.7) 30 min
2.3(1.0-5.2; 2h.
2.9(1.1-7.4) Peak
Body
position
Vocalisation
Aggression
Startle
response
Touch Increased
response 3.8(1.9-9.6) 30 min
Hyperreactivity
otor Decreased
activity 5.8(3.3-10.1) 30 min
7e 8%3 6-16 .8% 2 h
3.0(1.0- 6.8) Peak
Exploratory Decreased
activity 6. 9%3 .6~ 13.0; 30 min
7.2(3:1-16.6) 2 h
2.7(1.0- 6.8) Peak
Head searching Decreased
2.7(1.4 -5, % h
5.3(2.5-11.2) 2 h
Raised Decreased Decreased
head 2.4(1,1-5.3) 2 h 6.8(3.1-15.0) 2 h.
Rearing Decreased
2.6(1.6-4.1) 3 h
Compulsive ’ Decreased
erooming 2.9(1.5-5.7) Peak
Compulsive Decreased
gnawing 2.3(1.2-4,6) 1 h
Activity Decreased
bursts 2.6%1.2-5.7; ih
2.8(1.5-5.3
Sniffing Increased
2.4(1.2-4,6) 1 h
Paired
rearing
Table 6

MODIFICATION OF ED50 FOR BEHAVIOURS INDUCED BY DEXAMPHETAMINE WITH

Tt

LL Al

1
1" &

APOMORPHINE INJECTION 2.5MG/KG OR PRETREATMENT WITH FLA-63 40 MG/KG IP +
20 MG/XG IP.

The table shows significantly different potency ratics - with 95% confidence
limits. The behaviour 1s noted as increased or decreased at the particular
time interval.
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The stereoisomers lof amphetamine produce qualitatively similar but

quantitatively distinct effects on behaviour. Many attempts have been
made to correclate quantitative differences in brain bilochemistry with
behavioural consequences following the administration of both isomers.

It was hoped that this work would lead to the separation of crucial roles
for the neurotransmitters involved in behaviour produced by amphetamine.
A brief resumé of the blochemical and behavioural actions of d- and 1-

amphetamine has first been made.

Using crude rat synaptosomal fractions Coyle and Snyder (1969)
demonstrated d- and l-amphetamine to be equipotent in their ability to
inhibit the uptake of catecholamines into the striatum, where dopamine is
the preddminant amine. On the other hand, d-amphetamine was shown to be
10 times more poten£ than l-amphetamine in inhibiting catecholamine uptake
by synaptosomes in non-striatal brain regions in which noradrenaline is
the main transmitter. Further work by Taylor and Snyder (1970 & 1971)
revealed similar differences between d- and l-amphetamine in inhihiting
the uptake of labelled catecholamines in vivo and depreséing endogenous
noradrenaline levels. At the same time the authors observed d-amphetamine
to be 10 times as active in enhancing the motor activity of rats than 1-
amphctamine but only twice as active in prdduding compulsive gnawing in
rats which had been treated with iproniazid. They hypothesised, therefore,
that amphetamine stimulated locomotor activity was medlated by
noradrenaline and stereotypy by dopamine. Hence noradrenergically
mediated behaviours would be expected to show a tenfold difference in
potency of the two isomers of amphetamine, and behaviours mediated by
dopamine would show a similar potency of the two isomers.

Supportive evidence was put forward by Christie and Crow (1971) who
found d-amphetamine and l-amphectamine equally potent in producing turning
in rats with a unilateral lesion of the substantia nigra. Phillips and

Fibiger (1973) showed that self stimulation in the position of the medial

-
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forebrain bundle in the lateral hypothalamus, an area rich in -
noradrenergic neurons, uas_enhanced 7-9 times more by d-amphetamine than
by l-amphetamine. Thevtwo isomers had, however, a similar effect on self
stimulation when electrodes were placed in the substantia nigra. Wallach
and Gershon (1972) observed d-amphetamine to be twice as potent as 1-
amphetamine in inducing stereotypy in cats. In a recent communication
North et al. (1974) reported a tenfold difference in the potency of the
anphetamine lsomers in stimulating locomotor activity of cats.

More recent blochemical and functional stud}es have, however,
revealed d- and l-amphetamine to be similar in potency to noradrenaline
but different with regard to dopamine. Svensson (1971) found the two
isomers of amphetamine to have similar effects on flexor reflex activity
in spinalised rats. D- and l-amphetamine were equally effective in

reducing the noradrenaline and increasing the brain normetanephrine

IR

content of mice pretreated with nialamide. D-amphetamine was more potent

17

than l-amphetamine in eliciting motor activity, turning (2-4 times) and
stereotyples.

Scheel—Krﬂger (1972) used rats pretreated.with nialamide apd found
that both d- and l-amphetamine 10 mg/kg decreased noradrenaline levels

and caused similar increases in normetanephrine. Neither isomer affected

dopamine levels but d-amphetamine was found to be 1.7 times more potent
in increasing levels of 3-methoxytyramine. He observed d-amphetamine to be
10 times as potent as the l-isomer in enhancing motor activity but only
6 times as potent in initiating compulsive gnawing and sniffing. When the
>

rats were pretreated with nialamide or iproniazid a fourfold difference
between the two isomers in producing compuléive gnawing was noticed. The
monoamine oxidase inhibitlion exerted differential effects on metabolism of
dopamine and noradrenaline.

“Maj et al. (1972) found the d-isomer of amphetamine to be 4-8 times
as effective as l-amphetamine in stimulating locomotor activity in rats.

A fourfold difference was found in mice. D-amphetamine was approximately
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L times as effective in enhancing compulsive gnhawing in rats and 8 times
as potent in mice. D-amphetamine was also 4 times more effective against
catalepsy produced by spirnperidol in rats.

Ferris et al. (1972) demonstrated d- and l-amphetamine to be
eséentially equipotent in inhibiting the uptake and release of '
noradrenaline from tritiated racemic noradrenaline in rat cerebral cortex
slices, and cortical and hypothalamic synaptosomes. In the striatum,
however, d-amphetamine was approximately 4 times more potent than 1~
amphetamine as an inhibitor of both catecholamines. D-amphetamine was also
found to be 3 times more effective in releasing noradrenaline and dopamine
fram the striatum. This relcase could explain the apparently greater effect
on uptake. Coyle and Snyder (1969) pretreated their animals with larger
doses of reserpine and did not examine releasing propertles of the isomers.

Harris and Baldessarini (1973) found the d-isomer of amphetamine to
be 4-5 times more potent than l-amphetamine in blocking the uptake of 3H-
dopamine by the striatum whereas both isomers displayed less than a twofold
difference in inhibiting SH-noradrenaline by the cortex. An 18 hour pre- ,
treatment of the rats with reserpine did not change the potencies of the
isomers but caused a 407 inhibition of noradrenaline and 60% inhibition
of dopamine alone.

-Von‘V6igtiander and Moore (1973a) reported d-amphetanine to be 3-4
times more potent than l-amphetamine in releasing 3H--d,opa-xmine from cat
brain in vivo. Chuieh and Moore (1974) found the minimum effective
concentration for l-amphetamine to increase the efflux of 3H—dopamine‘from
cat brain to be 10 times greater than that for the d-isomer. When equal

concentrations were used the d-isomer released 3 times as much 3H-dopamine.

The most recent research has indicated dexamphetamine to be 3-4 times
more potent than the l-isomer in releasing dopamine and inhibiting its re-
uptake, whereas both isomers are equipotent at noradrenergic sites. It was,

therefore, of interest to compare the behaviour produced by the isomers.::

CINIARIT
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In order to compare differences between the two isomers of
amphetamine nine doses of l-amphetamine were examined in mice, using
the same procedure as in the previous chapters. The Mann-Whitney U Test
was-once again employed to test significance. Changes in the scores at

selected doses can be seen in figs 22-25.

1. BEHAVIOURAL CHANGES PRODUCED BY L-AMPHETAMINE.

A. CHANGES IN AROUSAL.

(1) The effect of an approaching object

Upon sight of a novel object the most common response exhibited
by mice treated with l-amphetamine, differing from control mice, was
that of withdrawal. Occasionally mice remained absolutely immobile és the
object approached. No dose response relationship could, however, be found
for the withdrawal responses. A peak effect was seen with a dose of 10 ng/ kg
1-amphetamine and was similar to that produced by 10 mg/kg dexamphetamine.
The withdrawal response was only seen to a slight extent at other doses of

1-anphetamine.

(2) Exopthalmos

An increase in exoﬂthalmos'gccured‘with a very low dose of
1-anphetamine (0.5 ng/kg)+ Unlike dexamphetamine increasing doses of
l-amphetamine hardly changed the intensity of exopthalmos exhibited by the’
mice. The duration of exopthalmos did, however, appear to be dose rLlated

and increased with larger doses of l-amphetamine.

(3) Body position

High doses of l-amphetamine were required to appreciably raise the

body position of mice. The maximum effect occured with 80 mg/kg

CAMNTNRITT
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1-amphetanine and was similar to that seen after 10 mg/kg dexamphetamine.

(4) Vocalisation to touch

Comparatively less vocalisation to touch resulted after l-amphetamine
than with dexamphctamine. The maximum effect occured with a dose of
20 mg/kg l-amphetanine. No dose response relationship could be found for

vocalisation to touch.

(5) Aggressiveness

Neither aggressiveness towards the observer nor between the mice

was observed with l-amphetamine.

(6) Startle response

Maximum startle responses were obtained with a dose of .40 mg/ ke

CAMTMST TR
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l-amphetamine., At other doses l-amphetahine produced very little change

| B
| B

in startle responses compared with control mice.

s

(7) Touch response

Very small increases in touch response were observed followlng low
doses of l-amphetamine. The intensity of the touch responses changed
slightly with higher doses of l-amphetamine. The duration of the response
increased markedly as the dose was increased and was observed up to 6 . '

. ‘
hours after injection of 100 mg/kg l-amphetamine.

(8) Hyperreactivity

[

Doses of l-amphetamine greater than 20 mg/kg were needed to produce
an increase in hyperreactivity of the mice. Above 40 ng/kg this

hyperreactivity was decreasecd.

B. CHANGES IN ACTIVITY,
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In a similar fashion to dexamphetamine, l-amphetamine markedly

suppressed the eating and drinking habits of the mice. ,

(1) Motor activity

Small doses (1 - 2.5 mg/kg) of dekamphetamine and 1—amphetamine-
produced slight increases in locomotor activity which were not'
significantly different from one another. Higher doses of l-amphetamine
(5 - 20 mg/kg) increased locomotor activity to a slight extent in
comparison with dexamphetamine. The diffecrences between the effects of
the two drugs were highly significant (p<0.001j. As the dose of
1-amphetanine increased the duration of motor activity increased but the

peak was further delayed.

(2) Exploratory activity

The exploratory activity of mice treated with l-amphetamine
followed a similar pattern to that of motor activity previously described.
At low doses, however, the exploratory activity ﬁqs increased to a

greater extent than motor activity.

c. STEREQTYPY.

(1) Head searching

¢

The intensity and duration of head searching was increased as' the
dose of l-amphetamine was ralsed from 0.5.mg/kg to 40 mg/kg. The intensity
was significantly less than that seen with dexamphetamine at 2.5 mg}kg
(p<0.01), 5 mg/kg, 10 ng/kg and 20 ng/kg (all p<0.001). The maxinal
effect produced by 40 mgfkg l-amphetamine was considerably less than the

.maximal effect produced by 10 ng/kg dexamphetamine. Head searching occured

t6 a very slight extent in mice during the first hour following doses of
80 - 100 ng/kg l-amphetanine,

— g
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(2) Raised head

The intensity and duration of raised head also decreased as the
dose of l-amphetamine was raised from 0.5 mg/kg - 40 mg/kg. The intensity
of raised head was only significantly less than that of dexamphetamine at
a dose of 5 mg/kg (U=15, p<0,025). After 80 mg/kg l-amphetamine raised

head was exhibited slightly during .the first hour after injection.

(3) Rearing

Stereotyped rearing behaviour was not seen to any appreciable

degree following any of the doses of l-amphetamine tested.

(&) Compulsive grooming

B B
4 1

Stereotyped compulsive grooming occured to a very slight extent

following doses of l-amphetamine greater than 20 mg/kg. No compulsive

TAMTASE
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grooming was observed with lower doses.

I
2" &

(5) Compulsive gnawing

Doses of l-amphetamine greater than 80 mg/kg were required for mice
to compulsively gnaw the paper lin;ng of the cage. This effect was
similar to that seen after 12.5 - 15 mg/kg dexamphetaﬁine. Larger doses of
1-amphetanine proved to be toxic so a maximal effect could not be
achieved. 100 mg/kg l-amphetamine did not increase the intensity of
gnawing in comparison with 80 mg/kg but increased the duration by about

an hour.

(6) Activity bursts

‘The intensity and duration of'activity bursts was increased by
raiéing the dosage of l-amphetamine from 5 mg/kg to 10 mg/kg.'These
increases in activity bursts were, however, significantly less than those

seen with dexamphetamine at identical doses (p<0.001). A dose of 80 ng/kg
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l-amphetamine caused an enhancement of activity bursts during the first

hour and then from 2-4 hours after injection. Very few activity bursts were

- perfomed after a dose of=100_mg7kg l—ampheiamine.

(7) Sniffing

The intensity and duration of sniffing increased from 0.5 - 4O mg/kg
l-amphetamine. The maximal response which occured after 40 mg/kg
l-amphetamine was only slightly lower 1n inténsity than that seen after
the maximal response of dexamphetamine (15 mg/kg). Sniffing produced
after l-amphetanine (5 - 20 ng/kg) was significantly less than that seen

after the same doses of dexamphetamine (p<0.00i). 80 - 100 mg/kg

l-amphetamine resulted in a sniffing behaviour slightly reduced in i;:
intensity in comparison with 40 mg/kg l-amphetanine. _
i%:

5

(8) Paired rearing ir
. i

L-amphetamine did not cause the mice to exhibit paired rearing -

with any dose examined.

From the scores the number of animals exhibiting a paf%icular
component of behaviour could be found and the resqlt examined in a )
quantal fashion. Table ?‘shows the ED50s mg/kg with 955 confidence
1imits for‘each type of behavioural change discussed previously. Fig 26
presents the ED50 mg/kg with 95% confidence linits for each componeﬁi of
behaviour displayed by l-amphetamine 1 hour after injection. As with
dexamphetamine (see fig ii) a similar ascending order of behaviours was
seen. Sniffing, exopthalmos, hedd searching, raised head, activity bursts,
’increased motor activiiy were seen at much lower doses than increased

touch responses, compulsive gnawing and raised body position.
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Table 8 presents the potency ratios with 95% confidence limits of
l-amphetamine in comparison with dexamphetamine. Potency ratios varied

‘considerably} at different time intervals proving the necessity to

examine more than one time interval. The peak effect of each individual
component was 9onsidered and hence a comparison made between l-amphetanine
and dexamphetamine to induce a particular behaviour at any time during
the observation period. The ED5Gs for l-amphetamine to produce motor
activity, -exploratory activity, raised head and sniffing were not found
to be significantly different to those of dexamphetamine. Raised body
position, touch response, hyperreactivity, head searching, compulsive
gnawing and activity bursts required a dose of l-amphetamine 4-8 times
greater than that of dexamphetamine for occurence. No dose response
relationship for startle response and rearing were f&und, but these
behaviours were approximated to require 1.8 and 15.8 times more

l-amphetamine than dexamphetamine respectively.

E.  CORRELATIONS BETWEEN TYPES OF BEHAVIOUR.

Tables 9-11 display the significant correlations between components
ﬁf behaviour observed after l-amphetamine. Significancy was achieved when
the Spearman Rank Correlation Coefficient exceeded 0.6 (p<0.05). Selected
tables of correlation coefficients appear in the appendix.

Only significant correlations have been discussed. In the same way
as for dexamphetamine, the correlations were considered in three dose
ranges. The low dose range (0.5 - 1 mg/kg) showed the beginning of the -
stinulant properties of l-amphetamine. The other dose ranges separated
stercotypy into stereotypy without compulsive gnawing (2.5 - 20 ng/kg)
and stereotypy including compulsive gnawing (40 - 100 mg/kg). Information
could then be obtained from changes in correlations with increasing doses

of l-amphetamine.
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(1) 0.5 -1 mg/kg l-amphetamine

Individual components of increased arousal and stereotypy were found
to be positively correlated although they were decreased in number
compared”with dexamphetanine (table 9). A negative and positive
correlation was found between motor activity and exploratory acii#ity;
The positive correlation occured after 30 nin and thelnégative:9d min
after injection.

Positive correlations were found between compohents of arousal and
components of increased activity. Positive and negativelcofrelatibns were
found between exopthalmos and exploratory activity. Thirty min after
injection of l-amphetamine 1 mg/kg a positive correlation occured
between the aforementioned behaviours but é negative correlafion was
produced 90 min after injection. Differences in tines of onset of the peak
effect account for these results.

-Components of increased arousal Ahd:components of steréotypyxere
fouﬁd to be positively correlated. Only one component éf'incréased'
activity and stereotypy was found to be poéitively'cbffelated.lThese were

exploratory activity and sniffing.

(2)_ 2.5 - 20 mg/kg l-amphetamine

-

Individual components of increased arousal were found to be
positively correlated. A negative correlation was, however, pro&uced
between exopthalmos and withdrawaf 30 min éfter injectiﬁn. Individual
components of increased activity were positively correlated. Positive
correlations were found between the individual components of steféotypyJ
except at a dose of 20 mg/kg at which some negativé correlations were
found with activity burs?s. ‘

Components of increased arousal and increased activity were found
to be positively correlated. Components of increased arousal and

stereotypy were also positively correlated but some negative correlations

Eial fateil]
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were found after a dose of 20 mg/kg l-amphetamine. The same occured with

components of increased activity and stereotypy.

(3). 4O - 100 mg/kg 1l-amphetanine

Correlations between individual components of arousal were found to
be more complex at this dosage. Some positive correlations were found and
one negative correlation. Correlations between some components of arousal
changed direction depending on the time after injection. |

Components of increased activity were éositiveiy correlated.

L-anphetanine 80 mg/kg resulted in compulsive gnawing. This caused
the introduction of many negative correlations beiween items of
stereotypy which occured mostly at the peak effect of compulsive gnawing.
Compulsive gnawing was found to be negatively correlated with compulsive
grooning, and sniffing but positively correlated with activity bursts.

Touch, hyperreactivity and body position were still found to be
positively correlated with components of increased activity. Both positive
and negative correlations were found with the other components at
different times and with different dosages.

Components of increased arousal were both negafively and positively
correlated with the-components of stereotypy. No corfélations were found
with compulsive gnawing.

Components of increased activity were positively correlated with
components of stereotypy. Compulsive gnawing was negatively correlated
with increased activity at 100 mg/kg l-amphetamine, and peéitivély

correlated at lower doses, The opposite occured with increased activity

and sniffing.
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24 DISCUSSION

The ED50 results demonstrated a similar ascending order of
behaviours 1 hour after l-amphetamine injection as was found with
dexamphetamine in mice. The fact that l-amphetamine has been shown to be
3-4 times less effective in releasing and preventing the uptake of
dopamine than dexamphetamine but similar regarding noradrenaline suggests
that an imbalance of transmitter action does not change the sequence of
behavioural events. .

A comparison was made of the potency ratiocs of d- and 1—5mphetamine
at the peak effect in order to see if a distinct separation of behaviours
occured. Those behaviours requiring dopaminefgic activity would have been
expected to need 3-4 times the dosage of l-amphetaminé as dexamphetamine
for occurence. Those behaviours dependent upon noradrenergic activity
would have been expected to have been caused by similar dosages of the
two isomers. The ED50 at the peak effect was calculated from the total
number of mice exhibiting a particular item of behaviour at any time
during the course of the observation. The following items of behaviour
were caused by doses of d~ and l-amphetamine which were not significantly
different from one another :- | o

| “motor activity

‘exploratory activity

raised head

sniffing

3

This suggested that these behaviours were less dependent upon dopaminergic
activity. The potency ratios for many other ﬁehaviours demonstrated 1-
amphetamine to be 4-8 times less potent than dexamphetamine in inducing
these behaviours :-

raise@ body position

touch response

hyperreactivity

Llal taiall |
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head searching
conpulsive gnawing
acti;ity bursts
As ﬁuch more l-émphetamine was necessary to initiate these bchaviours it
could be concluded that dopaminergic activity to the most part is

important for their production. The potency ratios did, however, vary

[considerably at different time intervals making definite conclusions

impossible.

It is not sufficient‘to merely comparé ED50s and a consideration
of intensities should also be made; The intensity of all behaviours
following l-amphetamine were reduced in comparison with equal doses of
dexamphetamine. The only exceptions were exploratory activity and
exopthalmos which were increased in intensity at lower doses of 1~
amphetamine. The behavioural scores showed that l-amphetamine, like
dexamphetamine, caused behavioural patterns which varied not‘onIy with
- the dose but over a period of time. Most components of behaviour were
reduced during the'stage of compulsive gnawing.

This.work is in good aggreement with that of Svensson (1971) who
commented on marked sympathetic signs of stimulation following -
aninistration of a low dose of l-amphetamine to mice even though motor
activity was depressed. After a dose of 10 mg/kg l-amphetamine the mice
were found to run as much as mice treated with dexamphetamine but not to
exhibit grooming or gnawing. . C -v

In this study, rearing was almost absent after injection of 1-
amphetamine. Scheel-Krﬂger (1972) found rearing to be reduéed in intensitf
after l-amphetamine administration to rats. The typical 'pre-phase" of
locomotion and rearing was missing although liéking and biting occured
1-1% hours after 50 mg/kg l-amphetanine.

The maxinum increase in locomotor activity produced by l-amphetamine

in mice was found to occur at a dose of 20 -40 ng/kg by Maj et al. (1972).

This was, however, only half the intensity produced by dexamphetamihe 5
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mg,/ kg (also the maximum dose). In the experiments in this chapter, the
'maximum increase in locomotor activity occured with a dose of 10 mg/kg
dexamphetamine and 80 ﬁg/kg l-amphetamine. This peak occured 3% hours
aftér injection of l-amphetamine and was almost £ of the intensity of that
produced by dexamphetamine. Maj et al. recorded the activity of single
mice for 15 min, 45 min after injection and would, therefore, not have
seen the maximum response at 80 mg/kg l-amphetamine. Maj et al. (1972)
also found mice to gnaw maximally at a dose of 10 mg/kg dexamphetanine
and only a few to gnaw at a dose of 80 mg/ké l-amphetamine. Dexamphetamine
20 mg/kg was the highest dose administered in this study but only half the
intensity of gnawing was found with a dose of 80 mg/kg l-amphetamine.

Rebec and Groves (1975) found dexamphetamine to have a greater
effect on firing of neurons in the caudate nucleus and reticular
formation of the cat. They concluded dexamphetamine to have greater
potency in producing stereotyped behaviour and arousal than l-amphetamine.
The work of Costall-et al. (1974) shows a 7-8 fold difference in potency
of the isomers in inducing compulsive gnawing and a tenfold difference in
inducing continuous sniffing and head movements in the rat.

On dividing the correlations between the different parameters of
behaviour into groups, similar patterns were achleved to those after
dexamphetamine. With lower doses of l-amphetamine, components of arousal,
activity and stereotypy were positively correlated. As the dose was
increased, more negative correlations were observed as the behaviour
became more disorganized. At higher doses of l-amphetamine, however,
components between increased actlvity, and arousal or stéreotypy vere
still positively correlated. Compulsive gnawing was negatively correlated
with most components of stereotypy but positively correlated with
increased activity except at a dose of 100 mg/kg. No correlation could be
found between startle, touch or hyperreactlvity and compulsive gnawing.

Care must be taken in interpreting the effects of dexamphetamine

and l-amphetamine on behaviour as differences in their metabolism have
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béen found (Smith & Dring, 1970; Goldstein, 1965; Axelrod, 1955). Smith
and Dring (19?0) found an increase in urinary excretion of p-hydroxy-
amphetamine in the mouse. The effect in the rat is more marked. The
accumulation of dexamphetamine has been found to prevail in mouse brain
(Benakis et al., 1968). They found 15 mg/kg dexamphetamine to accumulate
maximally in the brain after 15 min but l-amphetamine to accumulate
maximally 1 hour after injection. Two hours after injection the .
accumulation of both isomers was similar.

The results of this chapter proved to be disappointing. It was hoped
that a comparison of the two isomers of amﬁﬁetamine would have thrown
some light on the relative roles of noradrenaline and dopamine in the

amphetamine response. As differences in the metabolism and uptake of the

1

two isomers have been found and the fact that many behaviours are probably

dependent upon dopaminergic and noradrenergic activity, it is not really
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suprising that clear cut results were not obtained.
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BEHAVIOURAL SCORES PRODUCED BY 80 MG/KG L-AMPHETAMINE.SC.
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Time
20 min 1nh 2h 3h Peak
Behaviour efTect
Withdrawal *% ** *¥* 10.0
(.5.0-20.0)
Exopthalmos ** 8.0 6.0 12.0 *%
approx. approx. approx.
Body 150.,0 130.0 200,0 250.0 36.0
position (62.5-360) |(59.0-28.6) | (66.7-600) {(83.3-750) {(22.5-57,6)
Vocalisation *% *% 5
Agegression
Startle L6.0 *% *¥ *¥% 50.0
response (30.7-69.0) (29.4-85.0)
TouCh 55.0 60.0 65.0 : 60!0 26.9
response (25.0-120 ) (27.3-132)|(21.7-195) |(25.0-144) {(13.0-52.0)
Hyper- 140.,0 %% 90.0 130.0
reactivity approx. _ (40.9-198) (50.0-338)
Motor 42,0 25.0 17.0 20,0 2.0
activity (25.4-69.3) approx. approx. |(11.1-36.0)( 0.8- 4.8)
Exploratory 60,0 *% ** 28.0 2.0
activity (35.3-102) (16.5-47.6)( 0.5-8.0 )
Head 21-0 8-5 16-0 11-2.0 8-0
searching approx. [ 5.4-13.1){(10.3-24.8)(16.1-109) |( 4.0-16,0)
Ra-ised 1100 8.5 16.0 42.0 LI’-O
head approx, |( 5.0-14,4)(10.3-24.8)/(16.1-109) |( 1.3-12.0)
Rearing 1200 0 38.0
(77.4-186) approX.
Compulsive 95.0 ** *¥% *%
grooming approx, i
Compulsive 105.0 110,0 130.0 110.0 90.0
gnawing approx. (71.0-170) |(86.7-195) lapprox. approx.
Activity 70.0 19.0 25.0 28,0 10,0
bursts (46.7-105) [(11.5-31.3) {(18.9-33.1)/(19.0-41.3)( 5.3-19.0)
Sniffing ** g 5.5 4.8 13.0 1.0
(3.0 = 9.9){ approx. |( 9.6-17.5)( 0.3- 2.8)
Paired '
rearing

ED50 MG/KG WITH 95% CONFIDENCE LIMITS FOR CERTAIN BEHAVIOURS PRODUCED BY
SC INJECTION OF L-AMPHETAMINE,

*¥ -~ no dose relationship obtainable,

Table 7
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Time _
 ——~—___| 30 min i1h 2h 3h Peak
Behaviour effect
Withdrawal *%* *¥* *% 8.3

. ( 3.1-22.1)
EXOﬂthalmos *% 305 303 2.1 *¥*
Body 17.6 7.7 2345 25.0 4,0
position ( 6.9-44.9) | ( 2.9-20.3) ( 8.1-77.5)|( 2.2- 7.4)
Vocalisation *% **
Aggression
Startle 3.5 *¥ ** *% 1.8
response ( 1.6- 8.0)
Touch 5.0 2.0 3.2 * 4,6
response (1.7-11.2)
Hyper- 9.3 ** 3.9 7.4
reactivity ( 1.7- 8.8) ( 2.7-20.0)
Motor 13.6 - 8.6 6.8 8.3 Not
activity ( 7.5-24.3) ( 4,1-17.0)|significant
Exploratory 17.1 *% *% 11.7 Not
activity ( 9.5-30.8) ( 3.4-25.1)|significant
Hea.d. 302 405 10-? 18-3 5!5
Rai.sed 209 2.8 703 12.0 Not
head ( 1.4- 5.5)|( 3.5-15.3) |( 4.3-33.6)|significant
Rearing * 15.8
Compulsive * *¥ *% *%
grooming
Compulsive * 6.5 8.7 6.7 ° 7.2
gnawing ( 3.7-11.1) approx.
Activity 18.9 8.6 10.0 18.7 5.3
bursts
Sniffing ** 2.9 3.3 5.9 Not

(1.4-6.1) significant |

THE INCREASED POTENCY RATIOS NECESSARY FOR L-AMPHETAMINE TO PRODUCE THE
SAME BEHAVIOURS AS DEXAMPHETAMINE, A COMPARISON OF ED50S

"*¥ - No dose response relationship obtainable with dexamphetamine,
*¥%- No dose response relationship obtainable with l-amphetamine.

Table -8
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Withdrawal

Exopthalmos

Body position
Vocalisation

Aggression

Startle response

Touch response

Hyperreactivity

Motor activity

Exploratory activity

Head searching
Raised head
Rearing

Compulsive grooming

Compulsive gnawing
Activity bursts

Sniffing

Paired rearing

Withdrawal

Exopthalmos

Body position

Vocalisation

Aggression

Startle response

Touch response

Hyperreactivity

Motor activity

Exploratory activity

Head searching

Raised head

+ [+ H I

+ |+

Rearing

Compulsive grooming

Compulsive gnawing

Activity bursts

Sniffing

Paired rearing

For purposes of simplification the correlations have been expressed as
positive and/or negative during their time course with this dose range

of l-amphetamine.

See appendix for Spearmgn Rank Correlation Coefficient values.

Table 9

THE SIGNIFICANT CORRELATIONS BETWEEN THE BEHAVIOURAL ITEMS CAUSED BY
0.5 - 1 MG/KG L-AMPHETAMINE.
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Withdrawal
Exopthalmos F
Body position
Vocalisation + |+
Aggression
Startle response
Touch response + 414 R
Hyperreactivity + -+ +
Motor activity + |+ o+ ||+
Exploratory activity 4|+ |+
Head searching Flt|- —-1-1F |5
Raised head F 1t — =15+
Rearing + +
Compulsive grooming + 1414+
Compulsive gnawing
Activity bursts + + |+ |+ F | F
Sniffing + | F + FIFI+F+ [+ |+

Paired rearing

For purposes of simplification the correlations have been expressed as

positive a.nd/ or negative during their time cours with this dose range

" of l-amphetamine.

See appendix for Spearman Rank Correlation Coefficient values.

Table 10

THE SIGNIFICANT CORRELATIONS BETWEEN THE BEHAVIOURAL ITEMS CAUSED BY

2,5 - 20 MG/KG L-AMPHETAMINE,
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Withdrawal

Exorthalmos

Body position
Vocalisation

Aggression

Startle response

Touch response

Hyperreactivity
Motor activity

Exploratory activity
Head searching
Raised head

Rearing

Compulsive grooming

Compulsive gnawing

Activity bursts

Sniffing

Paired rearing

Withdrawal

Exopthalmos

Body position

+ |+
+I

Vocalisation

Aggression

Startle response

Touch response

+1

Hyperreactivity

-

Motor activity

Exploratory activity

+ [+ |+ [+

Head searching

Raised head

| {1+

+ |+ |+t ]+

&

Rearing

+

Compulsive grooming

+|+
+1

-+

+1

+1

+1]4+

Compulsive gnawing

Activity bursts

Sniffing

e

H- 1 H-1

T+

+ [+
i

+ |+

-+ H L+ |+ | 4|4

wil

+ |+
1|+

Paired rearing

e ]

+
+

~

For purposes of simplification the correlations have been expressed as
positive and/or negative during their time course with this dose range

of l-amphetamine.

See appendix for Spearman Rank Correlation Coefficient values.

Table 11

THE SIGNIFICANT CORREIATIONS BETWEEN THE BEHAVIOURAL ITEMS CAUSED BY

40 - 100 MG/KG L-AMPHETAMINE.




THE QUANTITATIVE ASSESSMENT

. The second part of this thesis has attempted to re-examine some of
the behaviours studied in the first part in a more quantitative, objective
fashion. Hyperreactivity, locomotor activity and compulsive gnawing have
been chosen to represent increased arousal, activity and stereotypy
respectively. In order to measure the degree of hyperreactivity the startle
response of mice was established by means of a startle box as described
in 'Methods'. A close positive correlation was found between hyperreactivity
and startle response earlier in the thesis. The locomotor activity of mice
was measured with the aid of an Animex Activity Meter. Difficulty was
encountered;in finding a method to estimate stereotypy objectively.'
Compulsive gnawing was chosen as the most interesting énd réproduceable
component. Eventually it was decided to study the percentage number of
mice éxhibiting compulsive gnawing in a quantal fashion using larger groups
of mice.

Further work entailed the interaction of dexamphetamine with classes
of drugs thought to have specific effects in the brain, and the subsequent

influence on startle response, locomotor activity and compulsive gnawing,
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THE BFFECT OF DEAZANFHETAMINE ON STARTLE RESPONSE AND CQUFUISIVE
GHAWING. A CCMPARISCN WITH L-AVPHSTAMINE AND APCHMORPHINZ.
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This chapter set out to examine the startle box as a testing
proceedure in mice. The actions of dexamphetamine, l-amphetaminec and
apomorphine were compared on both startle response and compulsive
gnawing. Locomotor activity has been studied to a lesser extent and this

work is presented in Chapter 12.

1. ADAPTATION TO THE STARTLE BOX.

The first experiment demonstrated the time necessary for mice to
a&apt to their surroundings in the startle box before a reasonable
startle response could be elicited. A mouse was ﬁlaced in the startle box
and 80 puffs of air, 1 every 5 sec, directed at the mouse. The results
were assessed in groups of 10 responses, the mean result being considered.
Groups of 5 mice were examined. As can be seen in fig 27 adaptation times
of 15, 30 and 60 min produced similar startle responses ;nd habituation
occuréd over a similar time course. A startle response was almost absent
in the mice which had been placed in the box only 5 min before the
initiation of the startle stimulus. These mice were presumably too pre-
occupied in exploring thelr new environment to be affected by the |

stimulus. An adaptation time of 15 min was selected and has been used

throughout the thesis.

2. THE EFFECT OF DEXAMPHETAMINE ON THE STARTLE RESPONSE.

Dexamphetanine 7.5 ng/kg had 1little effect on the startle response
compared to mice treated with saline; Sligﬁt increases were found at 30
min, 1 and 2 hours after injection, but slight decreases at 2, 3 and 5
hours after injection (fig 28). Mice appeared to habituate more slowly
to the startle stimulus 2 and 5 hours after injection.

Dexamphetamine 20 mg/kg markedly enhanced the startle responses of

the mice up to 4 hours after injection. The maximum effect occured 1 hour
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after injection (p<0.001). These startle responses were found to be
reproduceable. Mice habituated to the startle stimuli to a much lesser-
exﬁent between 1 and 3 hours after 20 mg/kg dexamphetamine. This was
especlally marked 1 hour after injection.

| A separate experiment demonstrated habituation 1 hour after 20 ng/kg
dxeamphétamine (fig 29)+ 250 successive stimuli, each 5 sec apart, were
directed at the mouse. Habituation occured at the same rate with
dexamphetamine as with saline but became stable at a much raised level.
Complete habituation was never seen in mice treated with saline.

~

3. A COMPARISON OF DEXAMPHETAMINE, APCHORPHINE AND L-AMPHETAMINE ON

THE STARTLE RESPONSE.

A dose resﬁonse relationship was obtained for dexamphetamine with-
doses of 7.5 - 30 mg/kg 30 min after injection (fig 30). Dexamphetamine
40 mg/kg resulted in a lower startle amplitude than was expected. No dose
response relﬁtionéhip could be found for dexamphetamine 1 hour after
injection. At this time, compulsive gnawing was oberved in many mice.
Compulsive gnawing and hyperreactivity were found to be negatively
correlated in the first part of the thesis. Interféreﬁce due to the
producéion of compulsive gnawing probably accounted for the absence of a
dose response relationship at this time after injection.

Apomorphine, in doses ianging from 1 - 40 mg/kg had no significant
effect on the startle response either 30 min or 1 hour after injection.

L-amphetamine caused a greater startle response than dexamphetamine
but this difference was not significant in‘tha dose range tested. A dose

response relationship! occured for l-amphetdamine (5-80 mg/kg) 30 min and 1 hour |

after injection. Compulsive gnawing occured with a dose of 80 mg/kg
l-amphetamine and was present in only a third of the mice. This could
offer an explanation for the presence of a dose response relationship 1

hour after injection
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L, THE EFFECT OF DEXAMPHETAMINE, L-AMPHRETAMINE AND APOMORPHINE ON

COMPULSIVE GNAWING.

The percentage number of mice gnawing the paper continuously for 30
sec was assessed at various time intervals. Table 12 presents the ED50s
with 95% confidence limits necessary for dexamphetamine, l-amphetamine and
apomorphine to induce compulsive gnawing. L-amphetamine was found to be
between 4~20 times less potent than dexamphetamine depending upon the
time interval chosen. The minimum ED50 for dexamphetamine and
l-amphetamine demonstrated a tenfold difference in potency. A dose of
120‘mg/kg l-amphetamine only produced gnawing in 40% of the mice.

High doses of apomorphine were required to produce compulsive °
gnaving in mice. A dose of 25 mg/kg apomorphine produced gnawing in 50%
of the mice. Larger doses merely lengthened tpe period of gnawing

without increasing the percentage of mice gnawing.
5e DISCUSSION

The startle box was found to be an effective method for measuring
hyperreactivity objectively in mice. Providing an appropriate adaptation
period was allowed for the mice, consistent results occured.

The results in this chapter, however, do not correlate clearly with
those on startle response in the first chapter. In the open field tesi, 5
mice were examined for startle responses several times during the course
of an experiment, and hence habituation influences could not be excluded.
Differences in startle response scored in the open field and measured in
the startle box can be explained in terms of unstable and stable
environments. The presence of other mice, and possibly the observer,
interfered with the initiation of the startle responses in mice in the
open field. Fechter (19744 observed that the amplitude of the acoustic

startle reaction in the rat was highly dependent upon the variability in

-
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the sensory context agalnst which it was elicited, and described the
phenomenon of pre-pulse inhibition, Ison and Hammond (1971) also found
modifications of the startle reflex in rats following changes in auditory
and visual environments.

Although acoustic startle responses cannot be directly correlated
with the startle response to a puff of air, Landis and Hunt (1939) found
a similar startle pattern to a number of stimuli. The auditory stimulus
showed the gréatest intensity of startle reaction. They rejected the
possibility of the startle response being merely an acoustic reflex.

Ison and Hammond (1971) found the intertympanic reflex insufficiently
rapid to account for the startle responsec.

Dexamphetamine was found to cause an increased startle response in
mice following doses of 7.5 mg/kg plus. This is consistent with the
findings d} Kirkby et al. (1972) using methylanphetamine to demonstrate
an acoustic startle response in rats. Cladel et al. (1966) and Bridger
and Mandel (1967) also reported increased startle responses in rats
treated with dexamphetamine. ‘Kirkby et al. (1972) found that ratis
exhibiting stereotypy showed less orientation to éuditory signals and less
habituation to the startle stinulus. No description was, however,'given'
of the type of stereotypy but 5 mg/kg methylamphetamine would be expected
to'initiate compulsive gnawing in rats.

L-amphetanine was oﬁserved to be more effective in producing an
increased startle amplitude than dexamphetamine. It is now generally
believed that l-amphetamine is less effective in releasing dopamine and
preventing its reuptake, but equipotent with respect to noradrenaline.
Using this hypothesis, a role for noradrenaline in the startle response
and perhaps a minor role for dopamine could be deduced. Apoﬁbrphine was
found to have little effect on the startle response even in very high
doses adding to this conclusion.

Large doses of apomorphine were required to initiate compulsive

gnawing in mice, an effect also observed by Pedersen (1968) and Scheel-
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Kruger (1970).

From the results in this chapter, it can be noted that the peak -.
startle response occured before the peak incidence of compulsive gnawing.
This provided more evidence for the existence of a negative correlation

between these two items of behaviour.
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THE EFFECT OF ADAPTATION OF THE MOUSE TO THE STARTLE BOX AND ITS SUBSEQUENT
MODIFICATION OF THE STARTLE RESPONSE.

The mouse was placed in the startile box at the following times prior to
the startle stimulus:-

—@— 5 nin; —O—15 nin; =% 30 min; —{} 1 b.
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Fig 28

THE EFFECT OF DEXAMPHETAMINE ON THE STARTLE RESPONSE,

Mice received subcutaneous injections of:-

—)-— Saline.

—1{ }-7.5 mg/kg Dexamphetamine,
—43}—20 mg/kg Dexamphetamine,
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Fig 29

HABITUATION OF THE STARTLE RESPONSE 1 HOUR AFTER INJECTION OF DEXAMPHETAMINE

20 MG/KG SC.

Mice received subcutaneous injections of:-

—— Saline.
—®— Dexamphetanine 20 mg/kg.
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Fig 30
VARIATION OF THE STARTLE RESPONSE WITH THE DOSE O DEXAMFHETAMINE AND
L-AMPHETAMINE. 30 MIN AFTER INJECTION.

Mice received subcutaneous injections of:-

—f— Dexamphetamine.

—\/— L-amphetamine,

PRI L



158

ii‘?:r D-amphetamine L-amphetanine Apomorphine

injection

30 min 27(18.9-38.6) 130(98.1-172.2) 48(36.5-64.8)

i1h’ 16.5(14.7-18.2) | 130(86.7-195) 25(22.1-28.2)

2 h 14.5(13.4-15.7) 135(8841-199) ————

3h 16(13.9-18.4) 320(200-512) e

L h 32 approx. 160(12.3—22§) ——

5h ———— 270 approx. ——
Table 12

ED50'S WITH 934 CONFIDENCE LIMITS FOR COMPULSIVE GNAWING REQUIRED BY
D-AMPHETAMINE, L-AMPHETAMINE AND APOMORPHINE.
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THE_EFFECT OF NORADRENALINE, of-METHYLNORADRENALINE, CLONIDINE AND

APGIORPHLS ON THE STARTLE RISPCISH PRODUCED BY DEXAVPHSTAMINE,
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Effect of clonidine |
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Tl*be effect of clonidine on whole brain catecholamine
and 5-HT levels
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As some discrepancy between the startle reéponse, scored in the
open field and measured in the startle box, was discovered with
dexanphetamine in the previous chapter it was thought advisable to repeat
. many of the early experiments. The effect of noradrenaline, X-methyl -
noradrenaline, clonidine and apomorphine on the startle response was
studied in detail, using the objective measures before any new drug
combinations were used. It was thought unnecessary to repeat the
compulsive gnawing experiments involving noradrenaline etc as the method
of measurement had only been slightly changed.

-

1. EFFECT OF NORADRENALINE.

Noradrenaline 5 ng injected via the icv route caused a decrease
in the startle response, compared to saline controls. This reduction was,
however, only significant L hours 50 min.after injection, a time when
noradrenaline would be unlikely to still be exerting any effect on the
post synaptic receptors; Noradrenaline did not appear to influence the
rate of habituation over the 80 stimuli.

-When § yg noradrenaline was given 10 min after 7.5 mg/kg
dexamfhetamine the startle response was increased signitTicantly (p¢0.01)
after 30 min and 2 hours.{%fsignificant decrease occured 4-5 hours after
injection (fig 31). In the open field study the startle response was
not significantly changed by noradrenaline.

When 20 mg/kg dexamphetamine was used in place of 7.5 mg/kg
the startle response was markedly increased 30 min after injection (fig 33).
This result was very similar to that observed in the open field. The
rate of habituation was increased 1 and 2 hours after injection of
dexamphetamine.

The effect of several doses of icv noradrenaline on the
dexamphetamine induced responses can be seen in fig 35. As the dose of

noradrenaline was increased from 2 pg to 10 ng the percentage number of
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dexamphetamine treated mice exhiblting compulsive gnawing increased.
This increase only occured in the first 3 hours after injection. In
contrast, hyperreactivity was markedly increased by 2 ng noradrenaline
after dexamphetamine but the enhancement reduced as the dose increased
£o 10 pg noradrenaline. This is consistent with the negative correlation
found between compulsive gnawing and hyperreactivity in the first
chapter. It would appear that as the dose of noradrenaline is increased
hyperreactivity is primarily enhanced but eventually this increase is

reduced at the expense of the production of compulsive gnawing.

2o EFFECT OF X-METHYLNORADRENALINE,

<

K Methylnoradrenaline 5 pg icv significantly réduced the startle
response 50 min after injection but increased‘it 2 hours 50 min after
injection. -lethylnoradrenaline did nnot influence the rate of habituation.

The combination of 7.5 mg/kg dexamphetamine sc and 5 pg &-methyl -
noradrenaline resuIted'in a significant increase of startle response
compared to dexamphetamine alone 30 min, 1 hour_and 3 hours after
injection (fig 32). A significant decrease occured after 4 hours (p<0.01).
In the open fileld study X -methylnoradrenaline significantly increased
the startle response 30 min and 1 hour after dexamphetamine injection.

A marked increase in startle amplitude occured whén 5 ng
«-methylnoradrenaline icv was injected 10 min after 20 mg/kg
dexamphetamine sc. This was significant 30 min (p<0.001) and 2 hours
(p<0.05) after injection (fig 34). This is similar to the open field
study_where the startle response was only significamtly changed at
30 min. |

No effect on the rate ﬁf habltuation towards the startle response

was observed with these drug combinations.

11 RINGR™MITIN 1}
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3. EFFECT OF CLONIDINE.

Clonidine 0.5 mg/kg caused a marked decrease of the startle response
in mice. Three hours 50 min after injection it caused a significant
increase of the startle response. It did not appear to have any
consistent effect upon the[ééﬁé}f habituation.

When 0.5 mgZkg clonidine followed a dose of 7.5 mg/kg déxamphetamine
sc, the startle amplitude was significantly increcased 30 min and 2 hours
after injection, but it was decreased 4 and 5 hours after injection
(fig 35)1 At this time clonidine alone increased the startle response.

In the open field study clonidine did not change the startle response
produced by 7.5 mg/kg dexamphetamine. ¢

In combination with 20 mg/kg dexamphetamine sc, 0.5 mg/kg clonidine
ip caused a significant increase (p<0.001) of the startle response
30 min after injection of dexamphetamine (fig 38). This increase in
startle amplitude was exteﬂded to 1 hour after injection in the open
field study.

Clonidine did not exert any change on the rate of habituation in

these mice treated with dexamphetamine.

L, EFFECT OF APCHMORPHINE.

* Apomorphine 2.5 mg/kg ip produced a slight increase in the startle
response but this was only significantly different form that of control
mice 1 hour (p<0.05) and 5 hours after injection. Apomorphine alone
did not change the rate of habituation. No increase of startle response
was apparent ‘with apomorphine in the open field study. -

Whea 7.5 ng/kg dexamphetamine sc preceded the apomorphine injection
a slight increase in the startle response was observed 30 min after

injection (p<0.05) and at 2 hours (p<0.05). A decrease in startle

ampiltude occured 4 and 5 hours after injection of dexamphetamine (fig 37).

11 RIngRmaTrM i
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No change occured in the habituation rate with this drug combination.

A dose of 20 mg/kg dexamphetamine sc followed 10 min 1ate£ by
2.5 mg/kg apomorphine did not significantly change the startle response
froﬁ that produced by dexamphetamine alone (fig 39). The raté of
habituation was, however, decreased 30 min and 2 hours afier the injection
of dexamphetamine.

In the open field study apomorphine alone or in combination with
75 mg/kg dexamphetamine, or 20 mg/kg, did not change the startle

response of the mice.

5 THE COMBINATION OF APOMORPHINE WITH CLONIDINE.

Injection of 0.5 mg/kg clonidine ip caused é slight increase in
the startle response of mice treated with 2.5 mg/kg apomorphine (p<0.05)
30 min after injection. From 2 hours onwards the startle amplitude

followed a similar pattern to that produced by clonidine alone (fig 40).

Clonidine 0.5 mg/kg i@ had a marked effect on the capacity for apomorphine

to produce compulsive gnawing in mice. The ED50s for compulsive gnawing
(table 13) were significantly decreased. The percentage number of mice

exhibiting compulsive gnawing 60 min after 20 mg/kg apomorphine sc was .
increased from 207 to almost 80%., Clonidine is, therefore, capable of ’
increasing compulsive gnawing in apomorphine treated mice as well as

mice treated with dexamphetamine.

6. THE EFFECT OF CLONIDINE CON WHOLE BRAIN CATECHOLAMINE AND 5-HT LZVELS.

In order to discover more of clonidine's action in enhancing
compulsive gnawing amine and 5-HT levels were determined. The table on
the following page shows the effect of 0.5 mg/kg clonidine on 10 mg/kg

dexamphetamine sc.

A

1t ninowman
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!

Treatment Dopamine ng/gn |Noradrenaline ng/gm |5-HT ng/gnm
Dexamphetamine . .

+ 702 £ 50 302 t 20 824 T 33
Saline ip -

Dexamphetanine sc ~-

+ 718 T 71 315 % 17 771t 28
Clonidine ip

Clonidine did not significantly change the levels of dopamine, noradrenaline
or 5-hydroxytryptamine. Clonidine alone, however, significantly increased
the level of 5-hydroxytryptamine (p<0.0025) from 698 * 38 ng/em to

918 ne/en.
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7.  DISCUSSICH

In this study noradrcnaline, X-methylnoradrenaline and clonidine
were found to have a depressant effect on the startle response elicited
by the mice. Apomorphine, however, slightly increased the startle
response. This is in accordance with the work of Fechter (1974b) who _
reported clonidine to dépress the enhanced startle response in
reserpinized rats. He also found doses of up to 3 mg/kg apomorphine to
have no effect on the startle response in non-reserpinized or reserpinized
rats., He concluded that noradrenergic but not dopaminergic neurons were
involved in the modulation of a startle reactiog;

In combination with dexamphetamine, noradrenaline,

« -methylnoradrenaline and clonidine markedly potentiated the startle
response whilst apomorphine had little effect. These results are fairly
consistent with those obtained in the open field study, and suggest the‘
involvement of noradrenergic stimulation with the dexamphetamine
enhanced startlec response in mice.

On experimentation with other doses of noradrénaline,besides 5 g,
it was found that increasing the dosage of noradrenaline from 2 - 10 ng
potentiateg the compulsive gnawing of the dexamphetamine treated mice in
a dose dependent fashion. In contrast, the enhanced startle response was
reduced as the dose of noradrenaline was increased. Increased
noradrenergic activity did not further enhance the startle response.
These results indicate a negative correlation between startle response
and compulsive gnawing. In the open field study,; a positive correlation
had been found between compulsive gnawing and startle re5ponsq/\;w
hyperrcactivity using high doses of dexamphetamine and 5 pg noradrenaline.
One feasible explanatlon for this difference in correlation is that 5 ug
noradrenaline affects startle response and compulsive gnawing to a similar
extent., It is not until the dose of noradrenaline is lowered or raised

that the negative correclation becomes more apparent as one behaviour
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is prcferentially increased. It nust also be rcmembered that the open
field study was based on the correlation between the intensity of startle,
response and éompulsive gnawing in individual mice. In this chapter, the
percentage nunber of mice gnawing in a group has been compared with the
nean startle response of another graup of mice. The ﬁeg&tive correlation
between startle response and compulsive gnawing in mice treated with
dexamphétamine has,_however, been confir@ed.

Clonidine was found to have only arsiight effect on the startle
response but caused a marked potentiation.of the percentage number of mice
gnawing subsequent to apomorphine treatment. Andén et al. (19?3) found
clonidine to have no effect on apomorphine metaboiism in reserpinized
mice. It is highly unlikely that clonidine is acting on the same mechanism
in its modification of compulsive gnaﬁing and startle response.,

It remains to be discovered how nora@renaline,CK—methylnoradrenaline
and clonidine can exert their modulating influence on amphetanine. After
icv injection, the uptake of noradrenaline andcx;methylﬁoradrenaline
cannot be totally confined to noradrenergic neurons (Fuxe & Ungerstedt,
1966) but the release by amphetamine tends to be selective to various
reglons of the brain containing noradrenergic terminals (ﬂzzaro &
Rutledge, i9?3); A close correlation has been found between the uptake
of tritiated noradrenaline and the distribution of endogenous
noradrenaline (Téylor'& Snyder, 1971). These authors also found a much
lower affinity for the uptake of noradrenaline as opposed to dopamine
into dopaminergic neurons. It is pertinent to Eonclude that noradrenaline
given bf the icv route is acting at norﬁdrenergic sites, and that any
other-effects are negligeable. The efféct of.a disturtance of other
transmitters afier an increase of noradrenaline cannot, however, be
excluded., It would apﬁear that noradrenergic stinulation is, therefore,
capable of distinctly modifying the compulsive gnawing and
hyperreactivity‘of nice treated with dexamphetanine.

Clonidine was found not to change whole brzin levels of
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horadrenaline, dopanine or 5-HT when administered after dexamphetanmine.
Clonidine alone, however, significantly increased the level of 5-HT.
Dexamphetanine 10 mg/kg was also found to increase whole brain 5-HT levels
(see chapter 1). The combination of dexamphetamine and clonidine resulted
"in a reduction of 5-HT levels. No change in 5-HT levels has been reported
following clonidine administration in rats (L;‘werty & Taylor, 1969; Maj

et al., 1973). Andén et al. (1970) found a slight increase in rat brain
5-HT. The results of laj et al. (1973) indicated a slight but non-
significant increase in 5-HT levgls one hour after injection of 1 mg/kg
clonidine to nmice.

Clonidine is regarded as an agent which directly activates the
central noradrenergic postsynaptic receptor (Andén et al., 1970; Corrodi
et al., 1970; Kobinger & Pichler, 1974; Haeusler, 1974). Clonidine has
been found to have the same effects as noradrenaline oa firing when
gppiied by‘ﬁicroiontophoresis to single neurons in the cerebral cortex
and medullary reticular formation (Anderson & Stone, 1974). It has been
shown that activation of an X-adrenoceptive site, probably located in the
medulla, 1s essential for the sympatho-inhibitory and hypotensive effects
of clonidine (Schmitt & Schnmitt, 1970). The localization of the alpha
receptors is unknown and clonidine may or may not stimulate alpha receptors
which do not receive an adrenergic synaptic input. A clonidiﬁe induced
presynaptic inhibition of noradrenaline release has been demonstrated
(Farnebo & Hanberger, 1971; Starke & Montel, 1973). Destruction of central
adrenergic neurons (Dollery & Reid, 1973) and inhibition of neuronal
uptake (van Spanning & van Zwieten, 1973) have been found to prevent the
hypotensive action of clonidine and have glven rise to the proposal of an
indirect sympathomimetic mode of action for the drug.

Clonidine has no direct stinmulating effects on central 5-HT
receptors or dopamine receptors (Andén et al., 1566 & 1968). Clonidine

L]

has been found to reduce the turnover of 5-HT and dopamine to a slight
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extent (Andén et al., 1970) . Laverty and Taylor (1969) reported an
increased concentration of noradrenaline in all regions of rat brain after
clonidine except the striatum and postulated an increased storage of
norédrenaline but not its metabolism. It is possible that clonidine

could exert a minor indirect effect on the activity in 5-HT and

dopaminergic neurons as the raphe nuclei, containing 5-HT cell bodies

A1

in the medulla oblongata, are densely innervated‘by noradrenergic
terminals. Noradrencrgic terminals also surround the dopamine cell bodies
in the substantia nigra and mesencephalic reticular formation.

The effect of apomorphine is thought to be due to a direct
stimulation of dopamine receptors (Ernst, 1967; Pinder et al., 1971).
Fekete and Xurti (1970), however, fouhd the compulsive gnawing induced
by apomorphine to be reduced by reserpine and increased by inhibition
of monoamine oxldase. Apomorphine has been fpund to reduce whole brain
levels of noradrenaline (Persson & Waldeck, 1970; Nyback et al., 1970)
and dopamine (BenoZovd & Benes, 1970). Maj et al. (1973) found apomorphine
to increase the level of 5-HIAA, and suggested the increased hypermotility
following the combination of apomorphine and clonidine to be due to an
inhibitory effect on 5-HT. Scrotonin has been found to have no involvement
in apomorphine stercotypy (Rotrosen et al., 1972).

It is difficult to completely exclude the action of 5-HT from the

~actions of clonidine and apomorphine. The effect of 5-HT is dealt with in

chapter 9.
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THE EFFECT OF NORADRENALIKE 5 G ICV ON THE STARTLE
RESPUNSE PRODUCED BY DEXAMPHETAMINE 7.5 MG/KG SC,
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THE EFFECT OF o -METHYINORADRENALINE 5 PG ICV ON THE STARTLE RESPONSE
PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC.
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Table 13

THE EFFECT OF CLONIDINE 0.5 MG/XG IP ON THE ED50 WITH 9% CONFIDENCE

LIMITS FOR APOMORPHINE TO PRODUCE COMPULSIVE GNAWING IN MICE,
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The previous chapter showed noradrenaline, o{-methylnoradrenaline
and clonidine to have qnike a profound effect on the compulsive gnawing
and hyperreactivity prcduced by dexamphetamine. For this reason it was
decided to examine alpha and beta receptor blockade on the action of
dexamphetanine and iis enhancement by clonidine and noradrenaline.
Pimozide was chosen as a drug to demonstrate the effects of dopaminergic

receptor blockade.

1. ALPHA RECEFTCR BLOCKADE,

A IUNCZYBENZAMINTG.

(1) Effect on startle response

Pretreatment with 5 mg/kg phenoxybenzanine sc 1 hour before the
injection of 20 mg/kg dexamphetamine sc decrecased the startle response
(fig 41). Phenoxybenzamine 5 mg/kg sc alone only significantly decreased
(p<0.05) the startlé response in comparison with saline treated control
mice 4 hours after its injection. Phenoxybenzamine did not have any
effect on the habituation rate.

¥hen the dose of phenoxybenzamine was increased to 20 mg/kg sc the
startle response produced by 20 mg/kg dexamphetamine in mice was
significantly decreased (fig 41). At this dose level, however,
phenoxybenzanine alone markedly reduced the starile response (p<0.001).
Phenoxybenzamine, in a dose of 20 mg/kg sc, was tceen to have sedative
effects on the mice, whereas 5 mg/kg sc did not roticeably change their

locomotor activity.

(2) Effect on compulsive gnawing

Pretreatment with 5 mg/kg phenoxybenzamine sc 1 hour before 10 mg/kg

and 12.5 mgfkg dexamphetamine slightly reduced the percentage number of
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mice gnawing in a compulsive fashion. With larger doses of dexamphetamine,
15 and 20 mg/kg, pretreatment with phenoxybenzamine appecared to increase

A

the number of mice gnawing (fig hl). After phenoxybenzamine pretreatment
the percentage number of mice gnawing 2 hours after 15 mg/ kg
dexamphetamine increased from W4% to 837%.

Phenoxybenzanine 20 mg/kg sc¢ increased the percentage number of
mice gnawing followirng 10 - 15 ne/kg dexamphetamine. A slight reduction
of the maximum number of mice gnawing, but prolongation of the compulsive
gnawing, occured with a dose of 20 mg/kg dexamphetamine (fig 41).

Upon administiration of 10 ug phenoxybenzamine into the
cerebroventricles, 5 min before injection of 15 mg/kg and 20 mg/kg
dexamphetamine, a slight reduction in the number of mice gnawing was
found. Using smaller doses of dexamphetamine this pretreatment resulted
in a larger percentage of mice exhibiting compulsive gnawing. There was,
however, a reduction in the duration of the effect.

Pretreatment with 5 m@/kg se, 10 ng/kg sc or 10 pg icv did not
significantly change the ED50s for dexamphetamine to induce compulsive

gnawing in mice 30 min to 4 hours after injection.

B, PHENTOLAMINE,

(1) Effect on startle response

Phentolamine 1 pg icv, 5 min before injection of 20 ng/kg
dexamphetamine sc¢, significantly reduced the s%artle responsg, 30 min,
1 hour and & hours (p<0.01) after injection (fig 42). Phentolamine 1 ug icv
alone had no significant effect on the startle response, except at 5 hours
after injection when the startle response was increased.

Phentolamine 5 ng iev reduced the enhanced startle response
produced by 20 mg/kg dexamphetamine sc to almost szline control levels.

5 pg phentolamine alone, however, significantly reduced the startle
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response (fig uz). Phentolamine did not affect the rate of habituation

over the 80 stinuli.

(2) Effect on compulsive gnawing

Thirty minutes pretreatment with 5 mg/kg sc or 20 mg/kg sc
phentolamine had little effect on the percentage number of mice gnawing
subsequent to dexamphetamine injection. A slight increase in the maximum
effect but a delay in the time of onset and a reduction in the duration
of gnawing was all that was seen at most doses.

The percentage number of mice gnawing after dexamphetamine
decreased slightly when 1 pg phentolamine was given by icv injection.
This reduction appeared to be dose dependent as 5 ng and 16 ng
phentolanine exerted grecater effects (fig 42). The ED50s required for
dexamphetamine to produce compulsive gnawing in mice were significantly

increased by 10 pg phentolamine icvi-

Time |Phentolamine 10 pg icv Saline icv
Déxamphet;mine sc ' Dexa;phetamine'sc

30 min| 78 approx 30.0(28.0-32.1)

ih 35.0(25.0-49,0) 16.0(14.4-17.8)

2h |17.0(14.2-20.0) 15.5(13.8-19.0)

3h 26,0(18.6-36.4) 16.5(14.3-19.0)

L h 26.0(19.6-34.4) 32,0(22.9-44,8)

Ci-  YOHIMBINE,

(1) Effect on startle response

Yohimbine 1 mg/kg sc injected 30 min before 20 mg/kg dexamphetamine
significantly increased the startle response 30 min after dexamphetamine
injection but significantly decreased the startie response after 4 hours.
Yohimbine 1 mg/kg alone caused a significant reduction of the startle

1% and 5% hours after its injection (fig 43). Yohinbine slightly increased
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the rate of habituation of the mice.

(2) Effect on compulsive gnawing

Yohimbine 1 mg/kg sc decreased the duration of the compulsive
gnawing produced by 10 mg/kg and 12.5 mg/kg dexamphetamine. It also
reduced the number of mice gnawing following 15 - 20 mg/kg dexamphetanine
(fig 43). Yohimbine 2 mg/kg virtually abolished compulsive gnawing
produced by dexamphetamine in doses of 10 mg/kg to 15 mg/kg and markedly
reduced the number of mice exhibiting compulsive gnawing after injection
of 20 mg/kg dexamphetamine sc (fig 43). The ED50 for compulsive gnawing

was significantly increased by 2 mg/kg yohimbine sc 2 hours after
dexamphetamine injection :-

Time after | Yohimbine 2 mg/kg sc | Saline sc
injection 5 +
Dexamphetamine sc Dexamphetamine sc
30 min - 30.0(20,0-45.0)
It -- 16.0(14.3-17.9)
2 h 33.0(24 4-L4,7) 15.0(13.4-16.8)
3h LO approx 16.5(14.1-19.3)
4 h - 30.0(21.8-52.3)
I 5h - 2+ approx

Mice treated with 15 - 20 mg/ke dexamphetanine and 2 mg/kg yohimbine
showed strong withdrawal and freeze responses, tremor andggn increased
respiration rate soon after injection of dexamphc:tamine. 30 min after
injection motor activity was decreased and sniffing and head searching
were observed., 1 to 2 hours after injection the mice made sudden

darting movements and paired rearing was seen. The mice were hyperreactive

after 3 hours but rearing and head searching behaviour were still observed.

D.  PIPEROXANE,

(1) Effect on startle response
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Thirty minutes pretreatment with 10 mg/kg piperoxane sc significantly
decreased the startle responee 30 min and 4 hours after 20 mg/kg
dexamphetamine (fig 44). Piperoxane 10 mg/kg alone, neither influenced

the startle responsec nor its rate of habituation.

(2) Bffect on compulsive gnawing

After fiperoxane preteeatment compulsive gnawing was no lonéer
produced by 10 mg/kg and 12.5 ng/kg dexamphetamine sc, and the number
of mice exhibiting compulsive gnawing’following 15 mg/kg and 20 mg/kg
doxamphetanine was narkedly reduced (fig 44).

The ED50s for compulsive gnawing required by. dex&mpheuamlne were

significantly increased 2 and 3 hours after injection :-

Time after | Piperoxane 10 mg/kg sc | Saline sc
injection + +
Dexamphetanine sc Dexamphetamine sc
2h 23.5(18.8-29.4) 15.0(13.4-16.8)
3h 32.5(21.7-48.7) 16.5(14.1-19.3)

Piperoxane 10 mg/kg alone,produced no observeable behavioural
changes. Pretreatment with piperoxane changed the dexamphetamine induced

compulsive gnawing into mostly sniffing and licking.

2 BETA RECEPTOR BLOCKADZ,

A, MJ 1999,

(1) Effect on startle response

Pretreatment with 10 mg/kg sc MJ 1999 30 min before injection of
dexamphetamine significantly increascd the startle response 3 hours
after injection (fig 45). MJ 1999 10 mg/kg sc produced a small but

significant increase (p<0.05) in the startle response 1 hour after -
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injection when compared to mice treated with saline.MJ 1999 produced a

slight increase in the rate of habituation.

(2) Effect on compulsive gnawing

\

MJ 1999 10 mg/kg sc increased the percentage number of mice exhibiting
compulsive gnawing following injection of 10 mg/kg and 12.5 mg/kg
dexamphetamine. With larger doses of dexamphetanine (15 mg/kg and 20 mg/kg)
a slight decrease in the number of mice gnawing but a prolongation was
observed. (fig 45).

The ED50 for compulsive gnawing was significantly lower for the

combination of 10 nmg/kg MJ 1999 and dexamphetgminé than-for saline and

dexamphetamine 4 hours after dexamphetamine injection.

Time after | MJ 1999 10 mg/kg sc Saline sc
injection + +

Dexamphetamnine sc Dexamphetamine sc
LI' h 2000(1?08"220"") 30.0(2108"52-8)

Vhen 5 pg MJ 1999 was injected into the ventricles 5 min before
dexamphetamine sc a marked increase in the number of animals gnawing was
observed. The ED50s necessary for dexamphetamine to induce compulsive

gnawing in mice were significantly reduced by 5 pgMJ 1999 icv :-

Time after MJ 1999 5 ng lcv Saline icv
injection + +
Dexamphetamine sc Dexamphetamine sc

30 min 23.0(16.4-32.2) " 30.0(28.0-32.1)
1h 11.0( 9.6-12.5) 16.0(14.4-17.8)
2h 11.5( 9,9-13.3) 15.5(13.8-17.4)

3 h 2200(1709"26.9) 16-5(1&’-3-1900)

% h 22.0(18.3-26.4) 32.0(22,9-44,8)

B, DL-FROPRANOLOL,

(1) Effect on startle response
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Pretreatment with 1 mg/kg propranolol sc 30 min before 20 ng/kg
dexamphetamine resulted in a significant increase in the startle response
3 hours after dexamphetamine injection (fig 41). Dl-propranolol 1 mg/kg

alone produced a significant reduction of the startle response 30 min and

2 hours after injection, but a significant increase 4 hours after injection.

No change in the rate of habituation was observed.

(2) Effect on compulsive gnawing

Dl-propranolol 1 mg/kg marﬁedly%increased the percentage number of
mice gnawing following 10 mg/kg - 20 mg/kg dexamphetamine. The ED 50
for dexamphetamine toiinduce compulsive gnawing was significantly reduced
1-4 hours after after injection of dl-propranolol (see table below).
Dl-propranolol 10 mg/kg sc produced approximately the same effect

as 1 mg/kg on compulsive gnawing. The ED50s for dexamphetamine to induce

compulsive gnawing vere reduced :-

Time after |Saline sc Dl-propranolol Dl-propranolol
injection + 1 ng/kg sc 10 mg/kg sc
Dexamphetamine + - +
Dexamphetamine sc |Dexamphetamine sc

30 min 30.0(20.,0-45.0) | 24.0(19.2-30.0) 21.-(16.8-26.2)
1ih 16.0(14.3-17.9) | 12.5(10.8-14.5) 12.0(10.0-14.4)
2h 15.0(13.4-16.8) | 10.0( 8.3-12.0) 11.0( 9.8-12.3)
3 h 16.5(14.1-19.3) [13.0(11.3-14.3) 15.0(13.6-16.5)
4 h 30.0(21.8-52.8) |17.8(15.1-20.3) 19.0(16.0-21.3)
5h 24 approx 36 26.0(21.3-31.7)

Dl-propranoclol 5 ng icv produced an even greater increase in the

number of mice gnawing following dexamphetamine sc. The ED50s for

dexamphetamine to induce compulsive gnawing were significantly reduced :

Limo RN Rl



Time after Saline icv Dl-propranolol 5 pg icv
injection + +
Dexamphetanine sc Dexamphetamine sc
30 min 30.0(28.0-32.1) 12.0( 8.3-17.4)
1h 16.,0(14.4-17.8) 5.8( 4.0- 8.4)
2 h 15.5(13.8-17.4) 7.2( 5.1-10.1)
3 h 16.5(13.3-19.0) 17.0(14.9-19.4)
4 h 32.0(22.9-44.8) 27.0(21.6-33.8)
| 5h - 50 aprox
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Mice treated with MJ 1999 or dl-propranoclol and dexamphetamine

exhibited an unusual backward hopping movement.,

c. D - PROPRANOLOL .

(1) Effect on startle response

The action of d-propranolol was investigated to ensure that the
effects produced by dl-propranolol could not be attributed to a local
anaesthetic action. D-propranolol and dl~-propranolol are equipotent
regarding local anaesthetic action but show a 50 fold difference in beta
receptor blockade (Barrett & Cullum, 1968).

D-propranolol 1 mg/kg did not increase Jf',he startlé response |
following 20 mg/ kg dexamphetamine sc, but cause:i a significant‘ i‘eduction
3 and 4 hours after dexamphetamine injection (fig 47). D-propranolol
alone had no effect on the startle response of mice or their rate of

habituation towards it.

(2) Effect on compulsive gnawing

D-propranolol 1 ng/kg exerted only a slight effeét én the compulsive
gnawing observed in mice treated with dexamphetamine. It caused-a small
increase in the number of mice gnawing foilowing 10 mg/kg and 12.5 mg/kg
dexamphetamine, but a slight decrease in fheEhumber of mice gnawing after

15 ng/kg and 20 mg/kg dexanphetamine, although the number gnawing after
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30 min was increased (fig 47).
D-propranolol did not influence the ED50 for dexamphetamine to

induce compulsive gnawing at any time tested.

3. CCHMBINDD ALFHA AND BxTA RECLPTOR BLOCKADE.

When 10 pg phentolamine and '5 ug dl-propranolol were administered
simultaneously into the cerebroventricles, before dexamphetamine,
phentolamine prevented the increase in the number of mice gnawing produced
by propranolol. Overall a decrease in the number of mice gnawing was

observed.

b, THE EFFECT OF ALPHA AID BETA BI,OCCKADE ON THE MODIFICATION OF THE

DEXAMPHETAMINE TINDUCZD BEHAVICURS BY NORADRENALINE AND CLONIDINE.

A. STARTLE RESPONSE.

(1) Alpha receptor blockade.

Pretreatment with 5 mg/kg phenoxybenzamine sclma.rkledlsrr reciuced- t}\le~
enhancement of the dexamphetamine induced startle response pi'oduced by
noradrenaline (fig 48) and clonidiné (fig 49). |

Phentolamine 1 pg icv caused a marked reduction of the potentiated

startle response produced by clonidine and dexamphetamine (fig 50).

(2) Beta receptor blockade

Dl-propranclol 1 mg/kg sc did not $ignificantly modify the
increased sta.rtle response produced 30 min after dexamphetamine injection
by 0.5 mg/kg clonidine (fig 51). One hour after this drug combination a
marked reduction of the startle response was observed. A significant

increase, however, occured 4 and 5 hours after injection.
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B. COMPULSIVE GNAVING,

(1), Alpha receptor blockade

185

Pretreatment with 20 mg/kg phenoxybenzamine sc only prevented the

increase in the number of mice exhibiting compulsive gnawing after

dexamphetamine and noradrenaline treatment, 30 min after injection

(fig 52,i1). The ED50s with 9%/ confidence limits are shown below:-

Tinme Phenoxybenzanine |Phenoxybenzanine|Saline Saline
after 20 mg/kg + + + +
injection|Dexamphetamine sc{Dexamphetamine |Dexamphetamine|Dexamphetamine
+ - + + +
Noradrenaline icv|Saline Noradrenaline [Saline
30 min  |20.5(16.7-25.1) |18.5(15.7-21.8) [13(10.9-15.5) |36(18.0-72.0)

~ At the other times after injection 20 mg/kg phenoxybenzamine sc
increased the number of mice gnawing and the duration of the compulsive
gnawing. Phenoxybenzamine, however, reduced the number of mice gnawing
after 10 mgfkg dexamphetamine and noradrenaline but prolonged the duration
of those that did gnaw (fig 52,1i).
Phenoxybenzamine 20 mg/kg sc reduced the percentage number of mice

gnawing after dexamphetamine and clonidine, but prolonged the duration of
gnawing. This occured with 10 mg/kg, 12.5 mg/kg, 15 mg/kg and 20 mg/kg

dexamphetamine (fig 52,111).

Phenoxybenzamine 10 ng icv, 5 min before dexamphetamine, reduced the
nunmber of nice gnawing after injection of clonidine. This reduction was
marked considering the potentiation of the dexamphetamine induced gnawing

produced by phenoxybenzamine alone.

When 5 pg phentolamine was injected simultaneously with 5 ng
noradrenaline, a blockade of noradrenaline's potentiation of the

dexamphetamine induced gnawing occured.(fig 53,1 & ii).
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The ED50 for the combinatlon of dexamphetamine and phentolamine and
noradrenaline was significantly higher thad that for dexamphetamine and

noradrenaline, 30 min and 1 hour after injection of dexamphétamine.

Tine Dexamphgtamine | Dexamphetamine | Dexamphetamine | Dexamphetamine
after Phentolamine Phentolamine Salife Saline ™
injection [Noradrenaline |Saline Noradrenaline |Saline

30 min 27(19.6-37.1) | 30(18.7-48.0) |11(8.8-13.7) 26.0(17+3-39.0)
1h 17(13.9-20.8) | 18(14.7-22.0) 9(6.8-11.9) 18.5(15.9-21.5)

Phentolamine 10 pg icv also prevented the 1nbrease'in.the number
of mice gnawing after dexamphetamine and 0.5 mg/kg cloﬁidine ip. (fig 53,
111 & iv).

| Yohimbine 1 mg/kg reduced the number of nice gﬁawing following
injection of 1C mg/kg-an&-12.5 mg/kg dexamphetamine and noradrenaline., The
duration of the gnawing was also reduced. Yohimbine, however, slightly
increased the number of mice gnawing after 15 - 20 mg/kg dexamphetamine
but shortened the duration of action (fig 54, 1 & ii).

The mice treated with yohimbine, 12.5 mg/kg dexamphetamine and
noradrenaline became very hyperreactive and some fighting occured. These
mice displayed a violent jumping'behaviour and a few verc seen to bite
their own forelimbs.

Yohinbine 1 mg/ké effectiﬁely reduced the number df mice.énawinéfr
following all & doses of dexamﬁhetamine and 0.5 mg/kg clonidine ip.

A table of ED50 with 955 confidence limits is presented below:-

Time Yohinbine Yohinbine Saline Saline. .

after Dexamphetamine |Dexanphetamine Dexghphetamine Dexamphetamine
injection|clonidine Saline Clonidine Saline

30 min Ly ,0(26.7-72.6) | 25 approx 16(13.3-19.2) [21.5(16.5-27.9)
1h 15.5(13.5-17.8) [43(29.6-62.3) [11( 9.5-12.6) {16.0(14.0-18.2)
2h - 17.0(14.4-20,1) |20(14.8-27.0) | 7( 4.5-10.8) [16,5(14.5-18.8)
3 h 23.0(18.4-28.8) 125(17.8-350 ) [11( 7.9-17.0) [18.0(15.2-21.2)
L n 34.0(23.4-49.3) - 23.5(15.6=32.2){21.5(16.5-27.7)

Mice treated with yohimbine, dexamphetamine and clonidine exhibited

t
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sniffing and heaa searching. They were hyperreactive and showed an
incre;sed withdrawal rcsponses These nice assuned a raised body position
and‘were frequently observed to be sniffing the other mice.

Piperoxane 10 mg/kg sc nmarkedly reduced the potentiation of gnawing
produced by noradrenaline icv or clonidine ip in dexamphetamine treated

nice (fig 54,1iii & iv).

(2) Beta recevtor blockade

MJ 1999 10 mg/kg sc further potentiated the number of mice gnawing

following injection of dexamphetamine sc and noradrenaline icv (fig 55,1i).
These mice were hyperreactive and spontaneoﬁs vocalisation was

frequent. One mouse was observed to bite its own foot.

Surprisingly 10 mg/kg HJ 1999 further potentiated the number of mice
gnawing following injection of dexamphetamine and clonidine, but only at
30 min after injection. At other timesl%] 1999 slightly reduced the number
of mice gnawing (fig 55,ii).

Mice treated with MJ 1999, dexamphetamine ahd clonidine were very
hyperreactive. Much sniffing, licking and biting of the other animals was

seen. Backward locomotion-and paired rearing was also observed.

Dl-propranolol 1 mg/kg caused a potentiation of the number of mice

gnawing following dexamphetamine and noradrenaline (fig 55,1ii).

D1l-propranolol 1 mg/kg further énhanced the number of mice gnawing
after dexamphetamine and clonidine injection (fig 55,iv). Mice merged
into compulsive gnawing behaviour before any head seaxrching, sniffing,
or activity bursts were observed. These and backward hopping occured at a

later stage.

Se DOPAMINERGIC RECEPTOR BLOCKADE.
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(1) Effect on startle response

Four hours pretreatment with a small dose of pimozide, 100 pg/ke,

significantly increased the startle response 1-3 hours after injection

of 20 mg/kg dexamphetamine. Pinozide 100 yo/kg produced a significant |

reduction of the startle response 7-8 hours after injection (fig 56).
Pimozide did not change the rate of habituation.

When a larger dose of pimozide was used, namely 0.5 mg/kg ip, the
startle response produced by dexamphetamine was significantly reduced
from 30min to 5 hours after injeciion. This dose of pimozide markedly

reduced the startle response alone (fig 57).

(2) Effect on compulsive gnawing

Pimozide 100 pg/kg and 0.5 mg/kg ip abolished the compulsive

gnaving exhibited by mice treated with dexamphetamine.

6. DISCUSSION

A. The effect of alpha recentor blockade on the dexamphetamine induced

4

startle response and comvulsive gnawing.

Phenoxybenzamine, phentolamine, yohimbine and piperoxane were chosen
to represent the four classes of o{-adrenoreceptor blocking drugs namely
the 2-haloalkylamines, iminazolines, indole alkaloids and benzodioxans
respectively. It is as yet uncertain whether alpha and beta receptors
exist in the central nervous system which are identical to those in the
periphery. Problems also arise because of a lack of completely specific
blocking drugs. It was, however, thcusht that if a responcse could be
changed by all four alpha blocking agents then this would suggest alpha
receptor involvenent.

The startle responses of mice injected with dexanphetamine were
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reduced by pretreatment with phenoxybenzamine, phentolamine, yohimbine
and piperoxane. The actions of phenoxybenzamine and phentolanine were the
most potent, yohimbine initially increased the startle response. This
would, neverthelesé, indicate «*-adrenoreceptor involvenent in the
dexamphetamine induced startle response. Banerjee and Lin (1973) found
pbenoxybenzamine to block hyperexcitability in mice treated with
amphetamine.

The action of adrenergic receptor blockade on compulsive gnawing
was not as clear. Phentolamine, yohimbine and piperoxanc all produced
a dose dependent decrcase of the number of mice gnawing following
dexamphetamine. Phenoxybenzanine was generally found to increase the
number of mice gnawing even when administered by the icv route before
dexamphetamine injection. Yohimbine and piperoxane most effectively
reduced the number of mice gnawing. This would indicate the involvenrent
of two indepcndent mechanisms by which dexamphetamine can produce
hyperreactivity and compulsive gnawing, and possibly the involverrlent.
of two distinct alpha receptors in the central nervous system.

Randrup et al. (1963) administered large doses of theo{-adreno
receptor blockers, phenoxybenzaﬂiné. dihydroergetamine, hydergine and
phentolanine to rats, and found no reduction of the amphetamine
stercotyped behaviour. They, however, used 3 ng/kg dexamphetamine; a
dose at whiéh compulsive gnawing is not particularly pronounced.
Phenoxybenzamine was reported to prolong the stercotypy, and phentolamine
and hydergine to result in a behaviour consisting mainly of sniffing
after dexamphetanmine. No influence on sniffing, licking or biting after
dexanmphetamine was found with phenoxybenzamine or phentolamine (Del Rio
& Fuentes, 1969) or thymoxamine (Weinstock & Speiser, 1974). Herman (1967)
observed phentolamine to have no effect on the duration of amphetamine
stereotyped behaviour, but he did not report |on intensity. = = ~
The action of yohimbine is complex. Papeschi (1974) found the

stereotyped behaviour produced by dexamphetamine in rats to be delayed

!
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in onsct and reduced in intensity éfter yohinbine, while that of.
apomorphine was only slightly affected. He concluded that as yohimbine
had been found to increase homovanillic acid that the alkaloid was
increasing the intraneuronal destruction of endogenous dopanine, and so
reducing stereotyped behaviour. It is unlikely that this is the mechanisn
involved in this study as no such effects have been reported for
piperoxane or phentolanine. Yohimbine has also been reported to decrease
5-HT turnover by stimulating 5-HT receptors (Papeschi et al., 1971).
Sanghvi and Gershon (1974) also found yohimbine to have 5-HT stimulating
properties in the mouse. 5-lIT has been found to decrease compulsive
gnawing (see chapter 10) but it is unlikely that this is the mechanism
by which yohimbine reduces compulsive gnawing as tho drug has no effect
on apomorphine stercotyped behaviour (Papeschi, 1974; Poignant et al-
1972).

B. The effect of beta receptor blockade on the dexamphctamine induced

startle resvonse and compulsive gnawing.

The three drugs selected for A-adrenoreceptor blockade were dl-
propranolol, d-propranolol and MJ 1999. dl-Propranolol is a potent A-.
adienoreceptor blocker but has central nervous system depressant effects
unrelated to beta blockade and also local anaesthetic actions. In order
to distinguish these effects from beta blockade, a comparison was made
with d-propranolol. This drug has only 1/50 of the A-adrenoreceptor
blocking activity of the racemic mixture, but is equipotent regarding
local anaesthetic action (Barrett & Cullum, 1948). HJ 1999 has been
reported to have specific A-adrenoreceptor blocking actions and be devoid
of local anaesthetic and central depressant activity (Lish et al., 1965).

dl-Propranolol and HJ 1999 had only a slight effect on the
dexanphetanine induced startle response and caused a potentiation 3 hours

after injection. In contrast, d-propranolol decreased the startle response
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3=l hours after injection of dexamphetamine. The reason for this is
obscure. MJ 1999 and dl-propranolol but not d-propranolol enhanced the
nunber of mice exhibiting compulsive gnawing after injection of
@examphetamine. dl-Propranolol 1 mg/kg and 10 mg/kg sc were equipotent
regarding this effect but 5 pg icv produced a greater increase. This
could indiéate that 1 mg/kg produces a maximal effect given peripherally,
but given icv larger amounts reach the receptors involved.

Beta blockade would, therefore, appear to be capable of enhancing
compulsive gnawing. When phentolamine and.dl-propranolol were administered
simultaneously compulsive gnawing was decreased. This would not
necessarily mean that e-adrcnoreceptor blockade is more effective than
A-adrenoreceptor blockade or that X-adrenoreceptor stimulation is
essential for A-adrenoreceptor blockade. to cause enhancement. The relative
potency and ditribution of the drﬁgs must also be considered.

The literature is conflicting regarding amphetamine stereotyped
behaviour and A-adrenoreceptor blockade. Randrup et al. (1963) reported
pronethalol and dichloroisopropylnoradrenaline to exert no effect on the
intensity of sniffing, licking and biting although pronethalol was found
to prolong stereotyped behaviour. Del Rio and Fuentes (1969) and KsigZek
and Kleinrock (1974) observed dl—propranolol to moderately diminish the
sniffing, licking and biting of the amphetamine treated rats. Herman ‘
(1967) reported dl-propranolol to decrease the duration of stereotyped
behaviour. A moderate augmentation was found after pronethalol and dl-
propranolol (Schelkunov, 1964; Gura & Raevsky, 1970). Simon et 2l. (1972)
reported dl-propranolol and prindol to clearly potentlaté amphetamine |
stereotpy. Weinstock and Speiser (1974) neasured the side to side
stereotyped movements and could find no influence by d-propranolol,
oxyprenol, él—propranolol and practolol.

Propranolol has been found to prevent the release of noradrenaline
from sympathetic nerves (Mylecharane & Raper, 1970) and prevent its

reuptake into nerve granules (von Zuler & Lishayko, 1968). As
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noradrenaline has been found to potentiate compulsive gnawing this does
not offer a satisfactory alternative explanation to ALadrenoreceptor
blockade. Propranolol has becen found to have no effect on noradrenalinﬁ
or 5-HT leQels (ksiazek & Kleinrock, 1974). |

It is interesting that e{-adrenoreceptor blockade appears to reduce
conmpulsive gnawing and.ﬁladrenoreceptor blockade to potentiate it as
«-adrenoreceptor and A-adrenoreceptor blockade have the same effect on
feeding behaviour (Leibowitz, 1971). Dexamphetamine has, however, been
found to reduce noradrenaline induced eating behaviour (Broakkamp et al.,

1974) .

C. The effect of alpha and beta receptor blockade on the enhancement

of the dexamphetamine induced startle response and compulsive

enawing nroduced by noradrenaline and clonidine.

The enhanced startle response produced by the combination of
dexamphetamine and clonldine was effcctively decreased by phenoxybenzamine,
whilst dl-propranolol did not modify the response. The potentiation by
noradrenaline was also reduced by phenoxybenzamine. Phentolanine and
phenoxybenzamine, administered by the icv route, were able to prevent the
enhancenent of compulsive gnawing induced by clonidine. Phentolamine was
able to prevent the compulsive.gnawing potentiated by noradrenaline.
Phenoxybenzanine sc¢ reduced the effect of clonidine, but increased the
duration of compulsive gnawing, whereas initially it decreased the effect
- of noradrenaline and then increased it. Yohinbine and piperoxane prevented
the potentiation of dexamphetamine induced gnhawing with noradrenaline
and clonidine. MJ 1999 and dl-propranolol were found to further potentiate
the action of noradrenaline and clonidine., It would be apparent that
clonidine and noradrenaline were nodifying the action of dexamphetamine
by acting on alpha receptors. Care must, however, be taken in interpreting

the results of nultiple drug reginens because of the possibility of drug
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Interactions. Yohinbine and piperoxane appeared to be the most effcctive,
and. phenoxybenzamine the least. This is in aggreement with the work of
Delbarre and Schmitt (1971 & 1973). Phenoxybenzamine was found to fail to
antagonise the sedative effects of clonidinec. This has also been reported
for noradrenaline, o-nethylnorzdrenaline and clonidine by Fﬁgner (1971).
In contrast, yohinbine and pipcroxane were very cffeptive. More than one

kind of alpha receptor in the brain would pfesent a reasonable explanation

for this work.

D. The effect of dovaninergic receptor blockade on the dexanphetamine

induced startle resoonse and' compulsive snawing.

Pimozide is a drug known to specifically block dopamine receptors
(Janssen et 2l. 1968) and inhibit amphetamine induced compulsive gnawing
(Janssen et al., 1968; Kjellberg & Randrup, 1970). Pimozide completely
abolished the compulsive gnawing produced by dexamphetamine, indicating
the necessity for dopaninergic stinmulation. A dose of 100 pg/kg pinozide
markedly potentiated the startle response in micé treated with
dexamphetanine. This could infer dopaminergic stimulatioq to have an
inhibitory influence on the startle response induced in mice by
dexamphetamine. The startle response was reduced by 0.5 mg/kg'pimozide

but this dose was sedative and significantly reduced the startle response

of control nmice.

No consistent correlation could be found between compulsive
gnawing and startle response im nice treated with alpha and beta

receptor blocking agents and dexemphetamine.

E. Sumnary

Alpha receptor blocking agents were found to markedly reduce
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the startle response produced by dexamphetamine, and its enhancement by
noradrenaline or clonidine. Phenoxybenzamine and phentolanine were more
effective in this respect than yohimbine and Piperoxanc. Beta receptor
_blockade‘caused a slight potentiation of the dexanphetamine induced
startle response. Dopaninergic receptor blockade also enhanced the startle
response produced by dexamphetamine. It would, therefore appear that
alpha type receptors are of prime importahce in the dexamphetamine
induced startle response, and beta and doPaminergic.receptors to exert
ohly a slight inhibtitory influence.

The alphe receptor blocking agents, phentolamine, yohimbine and
pipcroxane but not phenoxybenzanmine markedlyldecreased the number of mice
gnawing compulsively after dexamphetamine, and prevented the“potéhtiation
by noradrenaline and clonidine. Beta receptor blockihg!égents enhanced the
dexamphetamine induced compulsive gnawing and the increase brought about
by noradrenaline and clonidine. llo compulsive gnawing was produced by
dexamphetanine after dopamincrgic receptor blockade. Dopaminergic receptor
stinulation, theréfore, appears to be essential for dexamphetamine
_;nducéd compﬁlsive gnaving. Alﬁha receptors, slightly different fron
those in the peripﬁery, appear to be able to potentiate this gnawing,

and beta receptors to have the.opposite cffect.
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THE EFFECT OF PRETREATMENT WITH MJ 1999 10 MG/KG SC ON THE STARTLE
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THE EFFECT OF PRETREATMENT WITH DIL-PROPRANOLOL 1 1/KG ON THE STARTLE
RESPONSE AND COMPULSIVE GNAWING PRODUCED BY DEXAMT! ZTAMINE 20 MG/XG.
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THE EFFECT OF PRETREATMENT WITH D-PROPRANOLOL 1 I“?C/ HG ON THE STARTLE
RESPONSE AND COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 P"LG/KG SC.
—D— Vehicle sc + Saline sc.

——Jf— Vehicle sc + Dexamphetamine sc.
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THE EFFECT OF PRETREATMENT WITH PHENOXYBENZAMINE 5 MG/KG SC ON THE STARTLE
RESPONSE PRODUCED BY DEXAMPHETAMINE 20 I-IG/ KG SC AND NORADRENALINE 5 G ICV,
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THE EFFECT OF PRETREATMENT WITH PHENTOLAMINE 1 JJG ICV ON THE STARTLE
RESPONSE PRODUCED BY DEXAMPHETAMINE 20 MG/KG AND CLONIDINE 0.5 MG/KG IP.
—f8— Saline icv + Dexamphetamine sc + Saline 1p.

—&— Saline icv + Dexamphetamine sc + Clonidine ip,

—{} Phentolamine icv + Dexamphetamine sc + Saline ip.
—7/\— Phentolamine icv + Dexamphetamine sc + Clonidine ip.
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Fig 51

THE EFFECT OF PRETREATMENT WITH DL-PRCFRANOLOL MG/XG SC ON THZ STARTLE
RESPONSE AND COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC
AND CLONIDINE 0.5 MG/KG IP.

—— Saline sc + Dexamphetamine sc + Saline ip.
Saline sc + Dexamphetamine sc + Clonidine ip.

—{}— D1-propranoclol + Dexamphetamine sc + 3aline ip.
—/N— Dl-propranolol + Dexamphetamine sc + Clonidine ip.
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Fig 56
THE EFFECT OF PRETREATMENT WITH PIMOZIDE 100 L‘G/KZ! IP ON THE STARTLE
RESPONSE PRODUCED BY DEXAMPHETAMINE 20 NG/E{G SC

—@— vehicie ip + Saline sc. —f#— Vehicle ip + Dexamphetamine sc.
-—O— Pimozide ip + Saline sc.—{ |—-Pimozide ip + Dexamphetamine sc.
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THE EFFECT OF PRETRFEATMENT WITH PIMOZIDE 0.5 MG/KG IP ON THE STARTLE RESPONSE
PRODUCED BY DEXAMPHETAMINE 20 MC/ KG SC.

Bt

—@ Vehicle ip + Saline sc. —4— Vehicle ip + Dexamphetamine sc.
-O—* Pimozide ip + Sallne so, —{ rinozide ip + Dexamphetamine sc.
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The next stage in this thesis was to detcrmine the relative
importance of dopamine and noradrenaline in the amphetamine 1ndeced
response by using synthesis inhibitors. Hul/68 and FLA-63 were used as
tools in this study. %-Methyl-p-tyrosine (e¢-lipt) has been found to
lower the brain concentration of noradrenaline and dopamine without
affecting 5-HT levels (Spector et al., 1965) by an inhibition of tyrosine
hydroxylase, the rate limiting step in the production of noradrenaline and
dopanine from tyrosinz (Hess et al., 1961; Nagatsu et al., 1964). FLA-63
inhibits the enzyme dopamine-/9-hydroxy1ase and prevents the synthesis of
noradrenaline from dopamine.

The action of reserpine was investigated to establish whether the

catecholamine involvement in the dexamphetamine induced startle response and.

compulsive gnawing, was completely dependent upon newly synthesized amines.
Reserpine is knoun to be a potent depletor of both central and peripheral
neuronal stores of 54{P and of catecholamines (Brodie et al., 1957) by
blockade of the pump mechanism which concentrates the monoamines inhihe
storage granules (Carlsuon et al., 1963). Reserpine causes a block of

long duration without interrupting catecholamine biosynthesis. It has

even been reported that pretreatment with reserpine increases the amount
of tyrosine hydroxylase in adrenergie areas of the central and peripheral
nervous systen Oiueller et al., 1969). Furthermore, as reserpine elco

depletes 5-HT, the effect of depleting 5-HT as well as catecholamine could

be established on the action of amphetanmine.
1. HLL/ 68,

(1) Effect on startle response

Pretreatnent with 350 mg/kg HU44/68 ip 3 hours before 20 mg/kg
dexamphetanine produced a significant reduction of the startle response

from 30 min to 5 hours after ingection. Hh4/68 alone did not influence the

§
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startle response except 7 hours after the injection when a significant
increase was found (fig 58). H44/68 did not change the rate of habituation

of the mice.

(2) Effect on compulsive gnawing

Following pretreatment with HU4/68 none of the mice treated with
dexamphetamine were observed to exhibit compulsive gnawing behaviour.
The behaviour consisted primarily of sniffing and activity bursts. Some

fighting and paired rearing occured at a later stage.

2. FLA-6!.

(1) Effect on startle response

Pretreatment with 40 mg/kg FLA-63 ip 4 hours before, and 20 mg/kg
5 min before 20 mg/kg dexamphetamine resulted in a significant reduction
of the startle response (fig 59). FLA-63 in the above dose range increased
the startle response significantly i hour and 5 hours after its

pretreatment. FLA-63 had no effect on the rate of habituation.

(2) Effect on compulsive gnawing

Pretreatment with FLA-63 caused a marked reduction in the number
of mice gnawing following dexamphetamine injection (fig 59). These mice
exhibited eniffing behaviour but reduced motor activity as described in

the first part of the thesis.
3 RESERPINE,

(1) Effect on startle response

Pretreatment with 2 mg/kg reserpine ip 18 hours before 20 mg/kg

dexamphetamine sc resulted in a significant incrcase in the startle

’ _! Poro BEM T add § ook T hm el .i
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"response 30 min after injection (p<0.001). Reserpine alone caused a

highly significant reduction of the startle response (fig 60).

(2) EBffect on compulsive gnawing

Reserpine pretreatment increased the number of mice gnawing
following 10 mg/kg and 12.5 mg/kg dexamphetamine, but decreased the
duration of gnawing following all 4 doses of dexamphetamine.

Mice pretreated with reserpine were initially hyperreactive after
injection of dexamphetamine. They assumed a higher body position. Their
locomotor activity was increased and was often in the form of
unco-ordinated jumps. Fifteen minutes after 20 mg/kg dexamphetamine their
behaviour consisted of sniffing and head searching. Later, much rearing

up the sides of the wall occured.
L, DISCUSSION.

Pretreatment with HU44/68 was found to significantly reduce the
startle response and completely abolish the compulsive gnawing in mice
treated with dexamphetamine. The influence of HA44/68 on amphetamine
compulsive gnawing has been reported by many workers (Fog et al., 1967;
Randrup & Munkvad, 1966). HU4/68 alone significantly increased the startle
response, although this was only significant 7 hours after its injection.

FLA-63 significantly reduced the startle response and decreased
the number of mice gnawing following dexamphetamine. This is in accordance
with the open field study (see chapter 3). FLA-63 alone, also significantly
increased the startle response. As noradrenaline, X-methylnoradrenaline
and clonidine tend to decrease the startle response perhaps removal of
noradrencrgic stimulation increases the startle response in control mice.
«-ipt has, however, gencrally been reported to produce sedation in a

nunber of species of animals (Spector et al., 1965; Hanson, 1965; Scheel-

krﬁger, 1971) . Although Weiissman & Koe (1965) did not find sedative effects.
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The reduction of motor activitiy in mice was not correlated with brain
levels of «(-¥pt, but with the time cause and depression of brain levels
of noradrenaline and dopamine (Dominic & Moore, 1969). FLA-63 has also
been reported to cause sedation, and for this sedation to be correlated
with the decrease in brain noradrenaline (Svensson & Waldeck, 1969).

It is interesting that FLA-63 was more potent in reducing the
dexamphetamine startle response than was Hh&/68, inspite of its greater
enhancement of startle response alone, and its lesser effect on compulsive
gnawing. This could be explained by :-

(1) A greater depletion of noradrenaline occurs following FLA-63

than o«pt (Persson & Waldeck, 1970). These authors proposed an
interaction between central noradrenaline and dopamine containing neurons, ey
and suggested that excess dopamine stimulated the noradfenaline containing
Neurons.

w

(2) In 1965, Maitre showed that «-Mpt could be hydroxylated by tyrosine

hydroxylase resulting in -methylnoradrenaline which could displace
noradrenaline from its stores. o-llethylnoradrenaline is more potent in
increasing the startle response ;n dexamphetamine treated mice and hence
it could be postulated that the presence of some X-methylnoradrenaline
antagonized the diminution of the startle response.

(3) Some evidence in this thesis has indicated dopamine to have an
inhibitory effect on the production of the startle response. If this were
the case, removal of the inhibition by H44/68 would increase the startle
response and antagonize its reduction.

Reserpine pretreatment was found to significantly increase the
startle response in mice treated with dexamphetamine. Reserpine alone
produced a very highly significant reduction of the startle response. This
result is at variance with the work of Fechter (1974a) who found reserpine
to enhance the accoustic startle reaction in rats. Fechter did, however,

only mcasure startle responses 6 hours after reserpine treatment.
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Resérpine increased the number of mice gnawing after low doses

of dexamphetamine but decreased the duration of gnawing following all &
doses of dexamphetamine. Sayers (1972) found réserpine to increase both
the rate of development and the intensity of amphetamine stereotypy, but
to shorten the duration. Reserpine has been found to enhance motor activity
in mice treated with dexamphetamine (Sayers, 1972; Smith, 1963; Quinton &
Halliwell, 1963 & Scheel-kruger, 1971) and cause greater:excitation
(Herman, 1967; Morpurgo & Theobald, 1966). Reserpine has been reported
to have no effect on the accumulation, metabolism or elimination of
amphetamine (Stolk & Rech, 1970) . The development of a receptor
supersensitivity to catecholamine, after reserpine, offers an explanation
for the enhanced startle response, compulsive gnawing and locomotor -
activity. The depletion of 5-HT By reserpine cannot be ignored as 5-HT
has been found to decrease compulsive gnawing, and the blockade of the
synthesis of 5-IT to enhance the startie response (see next chapter) .

It can be concluded that dopaminergic stimulation is essential‘
for‘bompulsive gnawing, and noradrenergic stimulation for the startle
response, produced by dcxamphetamine. Blockade of the synthesis of |
noradrenaline can also modify compulsive gnawing. Theée effect appeared
to be mediated by the release of newly synthesized catecholamines. No
negative correlations between compulsive gnawing and startle response

could be found on treatment with synthesis inhibitors.




217

. i 5 3 ;
Time (h)

Fig 58

THE EFFECT OF PRETREATMENT WITH H44/68 350 MG/XG IP ON THE STARTLE
RESPONSE PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC.

—@— saline ip + Saline sc.
—{#- saline ip + Dexamphetamine sc.

~—(O—H4l[68 ip + Saline sc.
_"E}‘Hlill'/ 68 ip + Dexamphetamine sc.
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Fig 59

THE EFFECT OF PRETREATMENT WITH FIA-£3 40 MG/KG IP AND 20 MG/KG IP ON THE
STARTLE RESPONSE AND CCMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC.

~@— venhicle ip + Vehicle ip + Saline sc.
Vehicle ip + Vehicle ip + Dexamphetamine sco

~O-F1a-63 ip + FLA-63 ip + Saline sc.
FLA-63 ip + FLA-63 ip + Dexamphetamine sce
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Fig 60

THE EFFECT OF PRETREATMENT WITH RESERPINE 2 NG/](C IP ON THE STARTLE
RESPONSE AND COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/XG SC.

—O vehicle ip + Saline sc.
—f— Vehicle ip + Dexamphetamine sc.

—<>—Iz‘.eserpinc ip + Saline sc.
—{}-Reserpine ip + Dexamphetamine sc.
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The distribution of 5-HT in the brain almost parallels that of
noradrenaline and has a high concentration in the striatum. It was,
therefore thought necessary to study the influence of 5-HT on the
production of compulsive gnawing and startle response in mice treated
with dexamphetamine. P-chlorophenylalanine (p-CPA), an inhibitor of
trypﬁoPhan hydroxylase (Koe & Weissman, 1966) was used to deplete 5-HT
levels.

A great deal of work has indicated a reciprocal involvement of
noradrenergic and serotonergic systems (Wise et al., 1973; Mabry &
Campbell, 1973). Clinical studies have actually confirmed that
5-hydroxytryptophan (5-HTP) exacerbates the symptomatology of Parkinson's

disease (Chase et al., 1972).

1. P-CHLOROPHENYIALANINE,

(1) ©Effect on startle response

-

Pretreatnent with 3 daily doses of 800 mg/kg p-CPA ip resulted in
a marked increase of the startle response 'of mice treated with -
dexamphetamine. p-CPA alone significantly decreased the startle response

(fig 61). p-CPA did not change the rate of habituation of the nice.

(2) Effect on compulsive gnawing.

p-CPA treatment reduced the number of mice gnawing following
I15 nz/kg and 20 ng/kg dexamphetamine. In contrast, p-CPA slightly increased
the nunber of mice gnawing when injected with 10 mg/kg and 12.5 mg/kg
dexanphetanine. ‘ |

The ED50s for dexémphetamine to induce compulsivé gnaving at various

-times during the experinent were not significantly changed by treatment

u
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with P'GPA .

Mice treated with p-CPA & dexamphetamine were hyperreactive and had a high'
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body position. Increased locomotor activity and activity bursts occured, Much

fighting and sniffing of the other mice was observed.

2 5-HYDROXYTRYPTAMIITE,

(1)

Effect on startle response

5-HT 5 ng icv significantly increased the startle response 30 min

after injection of 20 mg/kg dexamphetamine, but significantly decreased it

2, 3 and 4 hours after injection. 5-HT 5 pg alone significantly reduced

the startle response (fig 62).

5-HT 10 ng icv had similar effects on the startle response as 5 ng

and also reduced the startle response produced by dexamphetamine, but a

significant decrease was only obtained 4 hours after injection of

dexamphetanine (fig 63). 5-HT icv had no effect oh the rate of habituatlon.

(2)

Effect on compulsive gnawing

5-HT 1 ng - 10 ng caused a reduction of the number of nice gnawing

following dexanphetamine injection. The ED50s for dexamphetamine'to induce

compulsive gnawing were significantly increased following 5-HT (see table

below).

Time Dexamphetamine |Dexaomphetanine |Dexamphetamine . |Dexamphetanine
after sc + sc + sc “+ sc +
injection|Saline icv 5-HT 1 pg uev | 5-HT 5 pg icv 5-HT 10 pg icv
30 min 26.0(17.3-39.0) - 28 approx -

1h 18.5(15.9~21.5) -- 28 approx 23.5 approx

2 h 15.5(13.8-17.4) | 33.0(20.6-52.8)| 27.0(18.6-39.1) | 30.0(17.6-51.0)
3h 18.,0(15.,0-21.6) | 24.0(16.5-34.8) | 42.0(21.0-84.,0) | 28 approx

L h 32 approx 33.0(22,0-49.5) -— -

i
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Mice treated with dexamphetamine and 5-HT were initially very
hyperreactive. This behaviour consisted of sniffing, head searching,
compulsive grooming and some paired rearing. Fighting and spontaneous

vocalisation followed the larger doses of 5-HT.
3 DISCUSSION.

p-CPA was found to significantly decrease the startle response in
control mice, but to have no effect on the rate of habituation. The
literature concerning p-CPA and startle habituation is conflicting and
may reflect differences in measurement of startle response, intensity

of stimulus and species of animal used. Fechter (1974a) reported p-CPA

Ry

to cause no alteration of the prepulse inhibition, amplitude of startle
‘reactlon or rate of habituation. The ineffectiveness of p-CPA on the

. “\/
startle response and habituation was confirmed by Aghajanian & Sheard/f19*

(1968)« A retardation of the cause of habituation by p-CPA was found by
Connor et al. (1970), and Carlton & Advokat (1973). Lesions of the raphe
nuclei were reported to have no effect on the rate of habituation, but
to cause startle sensitization (Davis & Sheard, 1974), whereas stimulation
of the raphe system produced dishabituation (Aghajanian & Sheard, 1968).
Pharmacological blockade of 5-HT neurons has resulted in an increased.
reactivity to external stimuli (Koe & Weissman, 1966; Brady, 1970).
Pretrecatnent with p-CPA produced a marked increase of startle
response in dexamphetanine treated mice indicating an inhibitory
influence for 5-HT in the dexamphetamine response. The effects of p-CPA

on compulsive gnawing were not straightforward because p-CPA treatment

S g
-

reduced the nunber of nice gnawing after high doses of dexamphetamine

but slichtly increased the number of mice gnawing after lower doses. As an

St st et

increase of compulsive gnawing was obtained with lower doses of i

dexamphetanine it is not likely that p-CPA was producing any inhibition of
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tyrosine hydroxylasc which would have reduced the compulsive gnawing
and of course the startle response.

Weiner et al (1973) reported methysergide to reduce the dose of
amphetamine necessary to induce sniffing, licking and biting, and 5-HTP to
have the opposite effect. Cut of several anti;sefotin & anti-tryptanine
substances Randrup & Munkvad (1964) found only BOL-148 (2-Bromo-lysergide)
to counteract amphetamine stereotyped behaviour. lMethysergide was without
effect. They did, however, discover oxypertine, a tryptamine, to also
antagonize amphetamine stereotyped behaviour. Ho change in amphetanine
sniffing, licking and biting was found after p-CPA by Weissman (1967)
or Breese et al (1974).

p-CPA alone has been reported to have no effect on motor activity

C -y

(Modigh & Svesson, 1972) and it has also been reported to depress motor
activity (Estler, 1973). Enhancement of amphctamine induced locomotor

activity by p-CPA, as in this study, has been found by Mabry & Campbell

(1973), Neil et al. (1972) observed lesions of the mid brain raphe area :
Ito potentiate ldcoﬁotor actiéity following amphetamine. Benkert et al.
(1973) found p-CPA to increase loconotor activity, fighting and mounting
in rats treated with RO4-4602 and L-DOPA. Lycke et al (1969) found a
dose of L-Dopa whch alone failed to influence behaviour in mice, to evoke
aggressiveness after p-CPA. Aggressive pecking behaviour in the chick
occured only after amphetamine on pretreatment with p-CPA (Schrold &
Squires, 1971). |
Icv injection of 5-HT was found to decrease the startle response

in mice. In contrast, Fechter (1974a) reported 5-HTP to enhance the startle

T

response and reduce prepulse inhibition. In this study, 5-HT initially

e
N ~ o

increased the startle response in mice treated with dexamphetamine and
then decreased the response. The larger dose of 5-HT caused more '3

potentiation of the response and depression to a lesser extent. 5-HT was

more likely to be responsible for the enhancement. This was unexpected
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as depletion of 5-HT caused an incfease of startle reaction. Perhaps the
activity of 5-HT was crucial for the dexamphetamine response. The aétion
of 5-HT on the noradrenergic and dopaminergic neurons cannot be totally
excluded, It could also be possible that 5-HT by ilcv route was not
distributed to arecas involved in the cnhancement of p-CPA. The dose

of 5-HT may also have been insufficient. 5-HT did, however, decrcase the
amphetamine compulsive gnawing and is consistent with the work of
‘Weiner et al (1973).

The action of 5-HT is more complex than simple inhibition of the
dexamphetamine response. Cools (1974) postulated a trans-synaptic
relationghip betwegn nigro-caudate, dopaminergic & raphe caudate
serotonergic fibres. The picture is further complicaped by: the fact that
the central nervous system could contain more than one receptor sensitive

to the action of serotonin as in the peripheral tissues (Wooley & Shaw.

1962) .
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Fig 61 o .
THE EFFECT WITH PCPA 800 MG/KG IP x 3 ON THE STARTLE RESPONSE AND
COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 I-TG/KG SC.

—(venicle 1p (x3) + Saline sc.
—{ZFVehicle ip (x3) + Dexamphetamine sc.

—(O-Pepa ip (x3) + Saline sc.
Pcpa ip (x3) + Dexamphetamine sc.
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Fig 62 Time after injection of dexamphetamine

THE EFFECT OF 5-HYDROXYTRYPTAMINE 5 JG ICV ON THE STARTLE RESPONSE AND
COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/XG SC.

——Saline sc + Saline iev,
—(O-Saline sc + 5-hydroxytryptamine-icv.

—E]-'Dexamphetamine sc + Saline icv.
—{}- Dexanphetenine sc + 5- hydroxytryptamine icv.
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Fig 63 ‘

THE EFFECT OF 5-HYDROXYTRYPTAMINE 10 JG ICV ON THE STARTLE RESPONSE AND
COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC.
O- Saline sc + Saline icv.
—Saline sc + 5-hydroxytryptamine icv.

'_H_Dexamphetmine sc + Szaline icv.,
Dexamphetamine sc + 5-hydroxytryptamine icv.
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Considerable evidence can be found, from the literature, of a
functional interplay between cholinergic and dopaminergic systems.
Anticholinergic drugs have been found capable of potentiating amphetamine
stereotypy (Fog et al., 1966) and cholinergics capable of reducing
stereotypy (Shelkunov, 1964). It was decided to investigate the action
of some anticholinergic and cholinergic agents on the startle reSponse‘
and compulsive gnawing which developed in mice treated with dexamphetamine.
Atropine and hyosclne were chosen as anticholinergic substances, and

i e .
arecoline and physostigmine asiEHBliﬁéféiéé;'Thé"éétion-ofj_m g

carbachol was investigated as acetylcholine is rapidly broken down by

cholinesterase upon icv injection.

i. ANTICHOLINERGICS, °

A Atropine

Small doses of 0.5 mg/kg to 2 mg/kg atropine sc caused a decrease in
the locomotor activity and grooming of the mice. Tke animals showed
a tendency to huddle together in the corners of the cage and sniffo.TheSe
mice exhibited an increased withdrawal response and were slightly
hyperreactlve. The hyperreactivity and sniffing lasted from 30 min to
90 min. Mice given larger doses of 10 mg/kg to 20 mg/kg atropine sc
developed increased motor activity, exploratory activity and rearing. After
20 min they were considecrably hyperreactive and 2 mice were observed to
be fighting. Movements were very hasty and grooming was brisk. Sporadic
biting occured in the mice treated with the larger dose of atropine. After
an hour the mice appeared to be 'exhausted' and their behaviour consisted

nerély of grooming and sniffing. Their respiration was rapid.

(1) Effect on startle response

Mice pretreated for 30 min with 1 mg/kg atropine sc, followed

-
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by 20 mg/kg dexamphetamine, displayed an increased startle response 30 min
and 2 hours after injection of dexamphetamine. As can be seen in fig 64
1 mg/kg atropine alone, caused the same enhancement of startle amplitude
1 hour after its injection.

Pretreatment with a larger dose of 10 mg/kg atropine (fig 65)
showed a similar effect. The startle response was enhanced significantly
in the mice treated with dexamphetamine 4 hours after injection. At this
time 10 mg/kg atropine, alone, caused a considerable increﬁse in the

startle response. Atropine did not change the rate of habituation.

(2) Effect on compulsive gnawing

Atropine 1 mg/kg sc markedly increased the number of mice which
developed compulsive gnawing following 10 mg/kg and 12.5 mg/kg
dexamphetamine. With 15 mg/kg and 20 mg/kg dexamphetamine the latency of
the gnawing was reduced and its duration increased (fig 64).

Atropine 1 - 20 mg/kg showed a dose dependent potentiation of the
number of @examphet;mine treated mice gnawing. Pretreatment with 20 mg/kg
atropine caused the percentage number of mice gnawing, following 12.5

mg/kg dexamphetamine, to be increased from. 167 to 937 2 hours after

injection. .
Time after | Saline sc Atropine 10 mg/kg|Atropine 20 mg/kg
injection + + o+
Dexamphetamine sc|Dexamphetamine sc|Dexamphetamine sc
30 min 30.0(20.0-45.0) |14.0(13.3-14.8) | 16.,0(4.6-7.8)
ih 16.,0(14.3-17.9) 8.5( 5.7-12.8) 1845(6.8-10.6)
2h 15.0(13.4-16.8) [10.5( 9.8-11.2) 9.5(8.2-11.0)!
3h 16.5(14.1-19.3) | 15.5(13.7-17.5) | 13.0(11.8-14.3)
4 h 30.0(21.8-52.8) [14.0(16.9-21.3) |[14.5(13,6-15.6)

The mice which developed compulsive gnawing after treatment with
atropine and dexamphetamine assumed an unusual hunched back position,

with their hind 1limbs extended sideways at right angles to their bodies.
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The mice gnawed the paper intensively and occasionally attacked each
other. Locomotor activity was reduced and paired rearing sometimes

occured.

B.,  HYOSCINE.

Mice treated with hyoscine developed rearing, sniffing and an
increased motor activity. The behaviour was dose dependent and lasted

from 30 min to 2% hours.

(1) Effect on startle response

Pretreatment with 1 mg/kg hyoscine 30 min before injection of
20 mg/kg dexamphetamine decreased the startle response significantly 30 min
min, 1, 2 and 4 hours after injection (fig 66). A‘significant increase
occured 5 hours after injection of dexamphetamine (p<0.05). Hyoscine
1 mg/kg, alone, significantly increased the startle response 30 min and
L hours after injection, but significantly decreased it 2 hours after
injection (p<0.0005).

Pretreatment with 10 mg/kg hyoscine sc also caused a slight reduction
of the startle response 30 min, 1, 3, 4 and 5 hours after injectiocn of
20 mg/kg dexamphetamine sc (fig 67). Hyoscine 10 mg/kg, alone, decreased

the startle response. Hyoscine did not alter the rate of habitgation.

(2) Effect on compulsive gnawing

Hyoscine 1 ng/kg and 10 mg/kg sc were both responsible for an
increase in the number of mice developing compulsive gnawing following
injection of dexamphetamihe. Hyoscine significantly reduced the ED50

necessary for compulsive gnawing to occur following dexamphetamine :-
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Time after | Saline sc Hyoscine sec 1 ng/kg|Hyoscine sc 10 ns/ kg

injection + + +
Dexamphetamine sc|Dexamphetamine sc :|Dexamphetamine sc

30 min 30.0(20,0-45.0) (11.0( 9.4-12.9) 11.0( 9.0-13.5)

1h 16.0(14.3-17.9) [10.5( 9.5-11.6) 10.0( .8.7-11.5)

2 h 15.0(13.4-16.8) [12.0(10.0-14.4) 13.0( 7.8-21.6)

The mice which exhibited compulsivéhgnawing after the combination
of hyosciné and dexamphetamine assumed ‘the same posture previously
described for those treated with atropine and dexamphetamine. Activity
bursts were frequent and backward locomotion was occasionally observed.
The mice were not hyperreactive. After 3 hours 1opomotor activity,
sniffing and head searching were predominant. Frequent rearing against

the sides of the cage was also observed.

2. CHOLINERGICS.

A. - ARECOLINE,

Tremor and salivation followed injection of 20 mg/kg arecoline sc .
in mice. This was seen to a much lesser extent with 5 mg/kg and 2 mg/kg

arccoline sc.

(1) Effect on startle response

Pretreatment with 2 ng/kg arecoline 30 min before 20 mg/kg
dexamphetamine significantly increased the startle response 30 min and
3 hours after dexamphetamine injection. It significantly decreased the
response 1 hour and 4 hours after injection (fig 68). Arecoline 2 mg/kg sc,
markedly decreased the stﬁrtle response (p<0.01). Arecoline did not change
the rate of habituation.

Arecoline 5 ng/kg sc did not alter the startle response dramatically

following 20 mg/kg dexamphetamine sc. A slight but significant reduction

ST s
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(p<0.01) occured 4 hours after deﬁamphetamine injection. Arecoline
5 mg/kg, alone, appreciably changed the startle response 3% hours after
injection (fig 69).

Pretreatment with 20 mg/kg arecoline sc markedly reduced the
startle response in nice treated with 20 mg/kg dexamphetamine. Arecoline

20 mg/kg, alone, significantly reduced the startle response (fig 70).

" *Arecoline did not change the rate of habituation.

(2) Effect on compulsive gnawing

Arecoline 2 - 5 mg/kg caused a dose related decrease in the number
of mice developing compulsive gnawing following dexamphetamine. Arecoline
20 mg/kg sc was as effective in this respect as 5 mg/kg arecoline. The
ED50 for dexamphetamine to induce compulsive gnawing was significantly

increased after pretreatment with 5 mg/kg and 20 mg/kg arecoline.

Time after |Saline sc Arccoline sc¢ 5 mg/kg|Arecoline sc 20 mg/kg

injection + + +
Dexamphetamine sc|Dexamphetamine sc |Dexamphetanine sc

30 min 30.0(20.0-45.0) 128.0(18.0-29.3)  |40.0(22.2-72.0)

1h 16.0(14.3-17.9) [17.0(14.2-20.4) 25.0(19.6-31.9)

2 h 15.0(13.4-16.8) 128.0(20.0-39.2) 17.0(14.3-20.2)

3 h 16.5(14,1-19.3) |42.0(25.4-69.3) ° 23.0(18.8-28.2)

Mice treated with the combination of arecoline and dexamphetanine
developed a high body position. Their behaviour consisted mostly of

sniffing, head searching and increaéed locomotor activity.

B. PHYSOSTIGMINE,

(1) Effect on startle response

Physostignine 0.5 pg icv caused a significant increase of the startle
response in mice treated with 20 mg/kg dexamphetamine sc. This was

especially enhanced 2 hours after injection (p<0.0005)., Physostigmine
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Of5 pg icv, alone, merely caused a'slight but significant decrease of the
startle response (p<0.05) 35 nin after injection (fig 71). Five hours
after injection a significant potentiation of the startle response
occured. | ‘

Physostigminé 1 ng prinarily reduced the startle response in
dexamphetamine treated mice (p<0.0005). An enhancement of the startle
response, however, occured 2-5 hours after injection of dexamphetamine
(fig 72). Physostigqine 1 ng icv, alone, significantly increased the
startle response.,

Neither dose of physostigmine had any effect on the rate of

habituation.

(2) Effect on compulsive gnawing

The number of mice exhibiting gnawing following dexamphetamine
.injection was reduced, in a dose dependent fashion, following pretreatment
withob pg icv or 1 ng icv phfsostigmine. The ED50 for dexamphetanine to

induce compulsive gnawing was significantly increased:-

Tine Saline icv Physostignine 0.5 ng icv{Physostigmine 1 ng icv
after -t + &
injection|Dexanphetanine sc|{Dexamphetamine sc Dexamphetanine sc

30 min 30.0(28.2-32.1) |46 approx -

1 h 16,0(14.2-17.8) [23.0(18.8-28.2) 32.0(17.8-57.6)

2 h 15.5(13.8-17.4) |19.0(16.4-22,0) 27.0(13.5-54.0)

3 h 16.5(14,3-19.0) |[22.0(17.6-27.5) =

4 h 32.0(22.9-44,8) e -

The behaviour of mice treated with physostigmine and dexamphetamine
consisted malnly of sniffing, head searching, activity bursts and sudden
Jumping movements. These mice were hyperreactive, vocalised to touch and

exhibited very pronounced straub tails.

c. CARBACHOL.

™
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(1) Effect on startle response

Mice pretreated with 6.2 ng icv carbachol 5 min before injection
of 20 mg/kg dexamphetamine sc elicited increased startle response 2 to 3
Botiss afbar injection (p<0.01). Thirty min after injection of
dexamphetamine a significantly reduced startle response was found (fig 73).
Carbachol, alone, significantly reduced the startle respénse 35 min
after injection and increased it approximately 2 and 5 hours after

injection. Carbachol did not affect the rate of habituation.

(2) Effect on compulsive gnawing

Carbachol 0.2 pg icv markedly reduced the number of mice exhibiting
compulsive gnawing following injection of dexamphetamine. The ID50s for

dexamphetanine to ;nduce compulsive gnawing were correspondingly increased :-

Tine after injection|Saline icv Carbachol icv H
Dexa;phetamine Dexampﬁetamine

30 min 30.0(28.0-32.1) | 42.0(22.1-79.8)

1h 16.0(14.4-17.8) | 32.0(19.4-52.8)

2h - 15.5(13.8-17.4) | 32.0(21.3-48.0)

3 h 16.5(14.3-19.0) | 39.0(19.5-78.0)

4 h 32.0(22.9-44,8) -

3.,  DISCUSSICN.

‘Anticholinergics were clearly found to potentiate compulsive

gnawing and cholinergics to cause the reverse effect in mice treated

™

with dexamphetamine. This is in agreement with the work of Klawans et al.
(1972) in guinea-pigs and Arnfred & Randrup (1968), Fog et-al (1966),

Naylor & Costall (1971) and Schelkunov (1964) in rats. Anticholinergics |
have also been reported to enhance apomorphine induced compulsive gnawing

in nice (Pederson, 1967; Scheel-kruger, 1970). Arnfred & Randrup (1968)
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even observed anticholinergics to restore the amphetamine sniffing,
1icking and biting in rats previously treated with H44/68 or perphenazinc.
Hyoscine and atropine, alone, caused sniffing, slight

pyperreactivity, increased locomotor activity and rearing. The behaviour
was similar to that observed after low doses of amphetamine. Atropine in
high doses also produced sporadic biting in ihe mice. Similar results
were obtained by Arnfred & Randrup (1968) and Scheel-kruger (1970). Fog
et al. (1967) and Naylor & Costall (1971) found only increased arousal and
no stereotypy. '

- The anticholinergic agents were found to exert no appreciable
effect on the dexamphetamine induced startle response. Atropine in
combination with dexamphetamine increased the startle response. Atropine o
alone, however, increased the startle response. Both:increments followed

the same time cause., Hyoscine similarly influenced the startle response.

A reductlon of startle response occured with hyoscine alone, and with - (

hyoscine in combination with dexamphetamine.
The effects of the cholinergic agents are more intercsting. Areéoline
20 mg/kg reduced the startle résponse in control mice, and in a similar
fashion those treated with dexamphetamine. Arecoline 5 mg/kg only slightly
changed the startle response in control mice and dexamphetamine treated
mice. It was, therefore, unexpected when arecoline 2 mg/kg narkedly
potentiated the startle response of the micg injected with dexamphetanmine,
even though arecoline iq this dose . depressed the.startle ré3ponse in. .
control mice. Carbachol and physostigmine were also seen to greatly
enhance .the startle response in dexamphetamine treated mice, the smaller
dose of physostigmine being the more potent. It would seem to be apparent 4
that cholinerglic agents in small doses are capable of increasing startle
responses whilst decreasing compulsive gnawing-in mice treated with | ::

dexamphetamnine. Once again a negative correlation was found between

compulsive gnawing and startle response. 0
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As a dopaminergic cholinergic balance appears to be essential for
certain behaviours, preponderance of cholinergic stimulation would be
expected to reduce dopaminergic effects. This tles in well with earlier
work in this thesis where dopamine appeared to have an inhibitory
influence on the startle response. The apparently greater hyperreactivity
with smaller doses of cholinergics is puzzling. Perhaps excessive
cholinergic stimulation influences other cholinergic systems or

noradrenaline and 5-HT, which could change the. startle response. It should

be noted that 2 mg/kg arecoline exerted the maximal reduction of compulsive

gnawing. Doses of 5 mg/kg and 20 mg/kg arecoline produced reductions which
were not significantly different.

Much evidence has indicated injection of cholinergic agents into
the amygdala, septum, hippocampus and hypothalamus, as well as electrical
stimulation of these regions, to cause aggressive behaviour (Allkimets et
al., 1969; Hernandez-Peon et al., 1965 & Baxter, 1967). Allkimets (197L4)
proposed a muscarinic cholinérgic trigger mechanism for aggressiveness
which was dependent'upon the activity of serotonin and adrenergic systems
in the brain. Intrahypothalmic injection of carbachol was reported to

induce rage behaviour but was prevented by treatment with atropine. In

contrast d-tubocurarine caused a 'fear' reaction in cats, which was not
blocked by atropine or a nicotinic blocking agent. Zetler (1971) found
evidence of muscarinic and nicotinic receptors in the central nervous
system., Romanuik (1973) suggested an action of acetylcholiﬂe in fear which
was neither muscarinic nor nlcotinic.

Several different types of acetylcholipe sensitive receptors could
possibly explain some of the conflicting evidence for a cholinergic
dopaminergic balance. For instance anticholinergic agents have been found
to inhibit 'paradoxical' stereotyped behaviour in rats treated with
reserpine whereas cholinergic drugs synnergised with reserpine in evoking

stereotypy (Scheel-krﬁger'& Randrup, 1968).

. m e
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The site of action of anticholinergics in potentiating amphetamine
stereotypy is likely to be post-synaptic, as apomorphine stereotypy is
also affected. The potency of anticholinergic agents in potentiating
stereotypy was also found to be unrelated to their ability to inhibit
dopamine uptake into striatal synaptosomes (Naylér & Costall, 1971).

Another puzzling fact is that physostigmine has been found to
induce compulsive gnawing when implanted into the substantia nigra (Smelik
& Ernst, 1966). Atropine %as found to reduce striatal turnover in mice
by reducing homovanillic acid, bﬁt when administered via the létéral ' _
ventricle to increase homovanillic acid. Costall & Naylor (1972a) reported
intrastriatal or intrapallidal atropine and phenglutarimide to initially
reduce stereotyped behaviour and then increase it, particularly the
sniffing component of stereotypy. It is probable that cholinergics have
several sites of action with opposing actions. The resultant behaviour is
dependent upon the balance. Dopamine release in the striatum and pallidunm
nay be initiated via choline?gic stimulation. Trcmorine and oxytremorine
have been found capable of releasing dopamine (Corrodi et al., 1967;
Laverty & Sharman, 1965).

Atropine has been demonstrated to increase both synthesis and
release of acetylcholine from cerebral cortex and caudate tissue (Molenaal
& Polak, 1970; Dudar & Szerb, 1969). Jones et al. (1973) used a cup
technique to show release of acetylcholine by atropine but not aﬁphetamine
in the caudate. They found no evidence for a direct action ofldppaminergic
neurons upon cholinergic neurons of the caudate. As transection of the
ventral tegmental arca at the level 'of the mesencepﬁalic Junction
decreased aatylcholine they po;ﬁulated the existence of a non-dopaminergic
ascending pathway having excitatory influence upon cholinergic neurons
terninating in-the caudate.

liore recently Console ct al (1974) have found amphetamine to

increase striatal acetylcholine levels but not choline or anticholinesterase
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activity. They concluded that amphetamine blocked the release of
acetylcholine. Beani et al (1974) have reported a reduction of the
dopamine/noradrenaline ratio to cause a reduction of acetylcholine outflow

and an increase of the ratio to enhance acetylcholine outflow.
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THE EFFECT OF PRETREATMENT WITH ATROPINE 1 MG/XC SC ON THE STARTLE
RESPONSE AND COMPULSIVE GNAWING PRODUCED BY DEXANPHETAMINE 20 MG/XG.SC.
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THE EFFECT OF PRETREATMENT WITH ATROPINE 10 MG/KG SC ON THE STARTLE
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THE EFFECT OF PRETREATMENT WITH HYOSCINE 1 MG/XG SC ON THE STARTLE
RESPONSE AND COMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC.
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THE EFFECT OF PRETREATMENT WITH HYOSCINE 10 ¥G/KG SC ON THE STARTLE
RESPONSE AND CCMPULSIVE GNAWING PRODUCED BY DEXAMPHETAMINE 20 HG/KG 50
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THE EFFECT OF PRETREATMENT WITH ARECOLINE 5 MG/XG SC ON THE STARTLE
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THE EFFECT OF CARBACHOL 0.2 JJG ICV ON THE STARTLE RESPONSE AND COMPULSIVE
GNAWING PRODUCED BY DEXAMPHETAMINE 20 MG/KG SC.

—@®—Saline icv + Saline sc.

—f3—-Saline icv + Dexamphetamine sc.

~—(~ Carbachol icv + Saline sc.

—{} Carbachol icv + Dexamphetamine sc.



CHAPTER

11



11

LCCOMOTOR ACTIVITY EXPERIMENTS

Page Yo
i A comparison of dexamphetamine, apomorphine and
l-amphetanine on locomotor activity 250
2, The effect of noradrenaline icv on dexamphetamine
induced locorotor activity 251
g The effect of AX-methylnoradrenaline icv on
dexamphetamine induced locomotor activity 251
4, The effect of clornidine ip on dexamphetamine induced
locomotor activity 253
5 The effect of apomorphinec ip on dexamphetamine
inducinduced loconotor activity 253
6. The effect of apomorphine and clonidine ip on
locomotor activity 254
7o The effect of FLA-63 on dexamphetamine induced
locomotor activity 254
8. The effect of pimozide on dexamphetamihe induced
locomotor activitﬁ ; 255 :
9. The effect of phenoxybenzamine on dexamphetamine &

induced locomotor activity 255 "



10.

Discussion

Figures

255

260

TSR



It is well known that -methyl-p-tyrosine, an inhibitor of the
biosynthesis of the catecholamines, inhibits the central stimulant effects
of amphetanines, including locomotor activity (Dominic & Moore, 1969;
Svensson, 1970; Thornburg & Moore, 1973). It has 5een more difficult,
however, to establish the individual role of dopamine and noradrenaline in
locomotor activity. A wide variety of techniques have been employed in
order to distinguish the influence of dopaminergic and noradrenergic
neural systems. Some publications have indicated a major role for
noradrenaline (Wise & Stein, 1970; Taylor & Snyder, 1971; Randrup &
Scheel-kruger, 1966; Chan & Webster, 1971; D'encarnacoa et al, 1969), or
fbr dopamine (Thornburg & Moore, 1973; Costa et al., 1972; Carlsson, 1972;
van Rossum et al., 1962; Schlecter & Butcher, 1972; Hollister et al.,
19?4), whereas others have suggested both to be of importance (Maj et al.,
1972; Corrodi et al., 1970; Svensson, 1970; Tseng & Loh, 1974; Alhenius &
Engel, 1971; Rolinski & Scheel-kruger, 19730. The purpose of this chapter
was to further investigate the involvement of dopamine and noradrenaline
in amphetamine induced locomotor activity.

As described in 'methods' experiments were carried out using an
Animex activity meter. Initial experiments were carried out in order to
eliminate preliminary exploratory.activity, which occured when mice were
placed in a novel environment. Two series of experiments were run, a
norning series and an afternoon series. Mice were found to adapt
sufficiently for the morning experiment when placed in the experimental
cage the evening before (fig 74'i)% 3inilarly mice-for the afiernoon series
were found to be suitably adapted to thelr new environment when placed
in the experimental cage 5 hours before the experiment (fig 74 1i).

Several doses of deiﬁmphetamine. apomorphine and l-amphetamine were
run during the morning series of experiments. From this work a comparison

o

“of the 3 drugs was possible




1. A_CQUMPARISON OF DEXAMPHETAMINE, APQMORPHINE AND L-AMFHETAMINE ON

LOCOMOTOR ACTIVITY.

A. DEXAMPHETAMINE,

As can be observed in fig 75 1 mg/kg dexamphetamine initially
caused a marked reduction of the locomotor activity.in mice (p<0.005).
Forty min after injection locomotor activity was increased, in comparison
to the control mice, and reached a slight degree of significancy (p<0.05)
80-100 min after injection. In the open field study 1 ng/ kg dexamphetamine
did not change locomotor activity.

Dexamphetamine 2.5 mg/kg slightly increased (p<0.05) locomotor
activity éO min to 2 hours aftér injection. The peak.effect occured 30 min
after injection. '

Locomotor activity. was markedly enhanced 10 min t6.4 hours following
injection of 5 mg/kg dexamphetamine. This increase was very highly
significant (p<0.0605) during most of this time. The peak effect occured
20-40 min after injection. |

Increasing the dosage of dexamphetamine did not, however, further
increase the locomotor activity. Dexamphetanine 10 mg/kg enhanced
locomotor activity from 10 min until 2 hours after injection. The peak

occured 30 min after injection, but the number of activity fcounts were

only half those obtained by 5 mgz/kg dexamphetamine at the peak effect.

Dexamphetamine 20 mg/kg caused a slight increase in locomotor |
activity 2 to 6 hours after injection (fig 75) .

Dexamphetamine, therefore, increased the intensity and duration of
locomotor activity in doses up to 5 mg/kg.

This study contasts with the open field work, in which the peak
locomotor activity occured following a dose of 10 mg/kg dexamphetamine.

Dexamphetanine 20 mg/kg also caused a marked increase in locomotor activity

f
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before and after the period of compulsive gnawing.

Apomorphine 1 ng/kg significantly decreased the locomotor activity
of mice (fié‘?é). Apomorphine 2.5 mg/kg-sc significantly increased the
locomotor activity 30-45 min after injection (p<¢0.025). Another peak
of enhanced activity occured at approximately 2 hours after injection
but did not prove to be significant.

Apomorphine § mg/kg sc resulted in a significant increase of
locomotor activity 30-55 min after injection. A dépression of locomotor
activity occured 1 hour after injection.

Apomorphine 10 ng/kg sc significantly increased locomotor activity
35-55 min after injection, and 20 mg/ kg apomorphine 30 to 1 hour 40 min
after injection (fig 76).

Larger doses of apomorphine did not enhance the activity counts
or change the onset of increased locomotor activity. The duration of

.

action, however, was dose dependent.

c. L-AMPHETANTIE,

L-amphetanine 5 mg/kg significantly decreased locomotor activity
10 min after injection (p<0.005), as can be seen in fig 77 (1). Following
this no change in locomotor activity was recorded. _

L-amphetanine 10 ng/kg also depressed locomotor activity 10 min
after injection (p<0.01). Locomotor activity was then significantly
increased 40 min to 2 hours after injection.

L-anphetanine 20 mg/kg slightly but significantly reduced locomotor
activity 10 min after injection (p<0.05). Following this locomotor activity

was significantly increased until 4 hours after injection.



No initial depression occured subsequent to 40 mg/kg dexamphetamine
and locomotor activity was significantly increased to 5 hours after
injection (fig 77 1i).

Following 80 mg/kg l-amphetamine locomotor activity was significantly
increased up to 7% hours after injection.

It could be concluded that small doses of l-mﬁhetmnine produced
an initial decrease of locomotor activity. As the dose of l-amphetamine
was increased so was the duration of increased locomotor activity. Similar
results were obtained in the open field study.

When a comparison was made of the greatest percentage increase §f
activity counts, compared to saline controls, produced by dexamphetamine
and l-amphetamine, dexamphetamine was found to be 4 times as ﬁotent as

1-amphetamine (fig 78).

2 THE EFFECT OF NCRADRSNALINE ICV CN DEXAMPHETAMINE INDUCED LOCOMOTCR

ACTIVITY.

Noradrenaline 5 pg was administered icv 10 min after sc injection
of 2.5 mg/ kg dexamphetamine. Locc;motor activity produced by dexamphetamine
was significantly enhanced by noradrenaline.10-40 min after injection
(fig 79 1). The pcak effect occured 20 min after injection of
noradrenaline (p<0.0025). Noradrenaline alone did no£ significantly change
locomotor activity. In the open field study noradrenaline significantly
increased locomotor activity of dexamphetamine treated mice 50 min after

injection

3e THE EFFSCT OF o -METHYLNORADRENALINE ICV ON DEXAMPHETAMINE INDUCZD

LOCCIHOTOR ACTIVITY.

ol Hethylnoradrenaline 5 ug was injected via the icv route 10 min
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after injection of 2.5 mg/kg dexanphetamine sc. & -ethylnoradrenaline
caused a significant enhancement of the dexamphetamine induced locomotor
activity from 10 min to 2 hours after its injection (fig 79 ii). The
peak effect occured 20 nin after injection of ®%-methylnoradrenaline
(p<0.0005), and was greater in intensity than that produced by
noradrenaline. ol<fethylnoradrenaline, alone, did not produce any
significant change of locomotor activity. These results are fairly

consistent with those obtained in the open field study.

L, THE EFFECT OF CLONIDINE TP ON DEZXAMPHETAMING INDUCED LOCCMOTOR

ACTIVITY.

Clonidine 0.5 ng/kg ip was given 10 min after 2.5 mg/kg
dexamphetamine sc. Clonidine significantly increased the locomotor
activity produced by dexamphetamine frém 20 min to 3 hours after injection
(fig 80 1). The peak effect occured 30 min to 1 hour after injection of
clonidine (p<0.01), and was similar in intensity to that observed after
noradrenaline. Clonidine, alone, slightly but significantly (p<0.05)
decreased the locomotorxactivity.io—zo min aftér,injection. From the
open field study clonidine was found to significantly increase
dexamphetamine induced locomotor activity 30 min to 1 hour after injection

only.

5e THE EFFECT OF APCMORPHINE TP ON DEXAMPHETAMINX INDUCZD LOCCMOTOR

ACTIVITY.

Apomorphine 2.5 mg/kg ip was administered 10 min after 2.5 mg/kg
dexamphetanine sc. Apomorphine, alone, initially produced a slight but
insignificant increase in locomotor activity. This contrasted with the

open field study, in which apomorphine significantly increased locomotor
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activity after 30 min. Apomorphine significantly decreased locomotor
activity 1-2 hours after injection in comparison to saline control nice.
Apomorphine slightly increased the logomotaf activity produced by
dexamphctamine 10 to 30 min after injection. This effect was not
significant. Apomorphine, however, also depressed the locomotor activity
following 2.5 ng/kg dexamphetamine (fig 80 1i). This was significant
2-3 hours after injection (p<0.05). Apomorphine was able to significantly
increase locomotor activity following dexamphetamine 30 min to 1 hour

after injection in the open field‘study.

6. THE EFFECT OF APOMORPHINE AND CLONIDINE I? ON LOCCHOTCR ACTIVITY,

Clonidine 0.5 mg/kg ip was injected 10 min after 2.5 mg/kg
apomorphine sc. Clonidine significantly enhanced the locomotor activity
of the mice treated with apomorphine 5 min to 1 hour after injection. The
peak effect occured 25 min after injection of clonidine (p<0.0025).
Clonidine trebled the intensity of actiﬁity after apomorphine (fig 81).

A slight but significant decrease of the apomorphine induced locomotor
activity occured 1 hour 40 min after injection (p<0.05).

Apomorphine, alone, .caused a sigﬁificant increase of locomotor
activity in comparison with saline controls 30 min to 40 nin after its

injection.

7o THE EFFSCT OF FLA-63 ON DEXAMPHETAMINZ INDUCZD IOCOUMOTOR ACTIVITY.

Pretreatment with 40 ng/kg FIA-63 ip 4 hours before, and 20 mg/kg
ip 5 nin before 5 mg/kg dexamphetamine markedly decreased the locomotor
activity (p¢0.01).30 nin to 2 hours after injection (fig 82). FIA-63 did

not significantly affect the locomotor activity.
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8. THE SIFFECT OF PIMOZIDE CN DEKAMPHETAMINE INDUCED LOCGHMOTOR ACTIVITY,

Pretreatment with 0.1 nmg/kg pimozide ip U4 hours before injection
of 5 gm/kg dexanphetamine sc significantly reduced the locomotor activity
(p%0.0005) . The locomotor activity was almost reduced to saline control

values. Pimozide alone did not significantly change the locomotor activity

(fig 83).

9. THE EFFZCT OF PHENOXYBINZAMINE ON DEXAMPHETAMINE INDUCED LCCCHMOTOR

ACTIVITY.

One hourly pretreatment with 5 ng/kg phenakybenzamlne sc
significantly decreased the locomotor activity 10 min to 1 hour after
injection of 2.5 mg/kg dexamphetamine sc (fig 84).

Phenoxybenzamine pretreatnent significantly réduced-the enhanced
iocomotor activity'produced by clonidine in mice treated with
dexanphetanine (fig 84). '

Phenoxybenzamine, alone, did not significantly change the locomotor
activity, although if was slightly reduced in the first 20 min. The
locomotor activity of mice treated with phenoxybenzamine, saline and
clonidine; saline, saline and clonidine, was slightly reduced but this
was not significant at any time during the experinent. For this reason

these controls are not shown in fig 84,
10  DISCUSSION.

Low doses of dexamphetamine, apomorphine amd l-amphetamine were
all initially found to cause a reduction of locomotor activity. Increasing
the dose of dexamphetamine increased the intensity and duration of

loconotor activity up to a dose of 5 mg/kg, The maximum increase in .
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loconotor activity occured following a dose of 10 mg/kg dexamphetamine
in the open fiecld study. A true comparison of the two studies cannot be
made as the experimental conditions were not entirely 1éent10a1. In both
experiments mice were placed in groups of 3. Those mice placed on the
'Animex' had been habituated to their experimental cages 15 hours prior
to the experinment, whereas those in the open field study had only Sb min
habituation. These results are consistent with the work of Glick (1972)
who found sterecotypy more intensive and locomotion less so the longer
the mice had been habituated. The need for careful control of conditions
cannot be stressed cnough. .,

Apomorphine 1 mg/kg decreased locomotor activiiy in mice, an
observation which was also made by Maj et al;, (1972) . Tseng & Loh
(1?7&). however, found apomorphine to have no effect on locomotor activity.
Larger dgses of apomorphine did, however, only increase the duration
of locomotion. The intensity, unlike dexamphetamine, was little changed.
Similar results were obtained by Thornburg & Moore (1973).

L-anphetamine caused a significant increase of locomotion form
doses of 20 - 80 mg/kg but was only + as potent as dexamphetamine.
Dexamphetamine has been found to be 3 to 4 times as potent as l-amphetanine
in releasing and inhibiting the uptake of dopamine (see chapter 4). The
results would appear to suggest dopamine to be responsible for these
differences in potency. Other factors such as metabolism must be taken
into account (see chapter 4) and a simple correlation cannot be made.

As in the open field study, norédrenaline,<X—methy1noradrenaline
and clonidine all increased the locomotor activity of mice treated
with dexamphetanine. Only clonidine significantly reduced locomotor
activity.In the case of noradrenaline, although sedatioé has been found
following its injection (Bogdanove & Nir, 1965; Mandell & Spoonex; 1963),

nore recent findings, using low doses, have found behavioural activation

(Cordean et al.,. 1971; Herman, 1970; Segal & Mandell, 1970).
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Clonidine also markedly enhanced the locomotor activity of mice
injected with apomorphine. This combined apomorphine/clonidine treatment
has been found to increase motor activity in normal mice and rats, and
those treated with reserpine or «-pt (Maj et al., 1972; Andén et al.,
1970, 1973), FLA-63 but not spiroperidal or phenoxybenzamine (Maj et al.,
1972) »

The comhinéd treatment of amphetamine and apomorphine did not
appreciably change the loconotor activity. This was in contrast with
Tseng & Loh (1974) who found mice treated with 1 mg/kg dexamphetamine
and 1 mg/kg apororphine to have a markedly increased locomotor activity.

In this study pretreatment with FLA-63 significantly decreased
dggamphetamine induced locomoltor activity, but did not return it to
control levels. Controversy has existed over the effectiveness of FIA-63
in modifying motor activity. Corrodi et al..(1970) and Thornburg & Moore
(1973) reported FIA-63 to not significantly change amphetanine induced
locomotor activity. Svensson (1970) and Rolinski & Scheel-kruger (1973)
found FIA-63 to cause a partial but significant inhibition of amphetamine
motility. Morecover Svensson (1979) restorcd the motility’ inhibited by
FIA-63 with DL-threo-3, 4-dihydroxyphenylserine (DOPS). FLA-63, alone,
did not'significantly medify locomotor activity in contrast to Svensson
(1970) « Svensson placed his mice in the experimental cage only 10 min
before starting the counts and would, therefore, have obtained higher
control values. DDC has, alone, been found to reduce the locomotor
activify of mice treated with dexamphetamine (D'encarnacoa et al., 1969;
Chan & Yebster, 1971).

Pimozide markedly reduced the amphetamine increased motility to
almost control values by a dose which hﬁd no significant effect alone.
1aj et al. (1972) found 1 mg/kg and 2 mg/kg pimozide to depress the
locomotor activity of mice and rats treated with amphetamine. These

doses of pimozide also depressed the locomotor activity of normal animals.



Rolinski & Scheel-kruger (1973) and Schlecter & Butcher (1972) using
smaller, non sedative, doses of pinmozide found a marked reduction of the
amphetamine induced locomotor activity. In the present ;xperiments the
dose of pimozide, that markedly reduced locomotor activity, potentlated
the amphetamine induced startle response. No correlation appears to
exist between dexamphetamine induced motor activity and startle response,
a conclusion also reached by Harlington (1970).

Finally as noradrenergic stimulation had been indicated in the
amphetanine induced locomotor activity, phenoxybenzamine was administered
in 2 dose which caused no sedation in order to see if this locomotor
activity could he prevented by oX-adrenorcceptor blockade. Both the
loconotion induced by amphetamine and its enhanccmen§ by clonidine were
reduced. Zvidence has been provided that phenoxybenzamine does not block
dopamine receptors (Anden et al., 1964; Janssen et al., 1965).
Phenoxybenzamine has also been found to decrease amphetamine induced
locomotor activity by Maj et al. (1972) and Rolinski & Scheel-kruger,
1973) «

In conclusion, it can be inferred from this chapter that dopaminergic
stimulation is necessary for amphetamine to increase locomotor activity,
as pimozide'almost completely blocked the response. A certain amount of
noradrenergic stimulation is nccessary for amphetamine to maxinally
influence locomotor activity. Apomorphine, a drug thought to act directly
in dopaminergic receptors (Ernst, 1967), increased only the duration of
loconotor activity with increasing dosages. Administration of clonidine,
however, rapidly potentiated the épomorphine response. It would appear
that once the necessary amount of dopaminergic stimulation has been
achieved by amphetamine, increasing it with apomorphine does not increase
the response. Only noradrenergic stimulatlon is capable of doing this.

The noradrenergic involvement depends upon newly synthesized noradrenaline

and appears to act on alpha iyp? receptors. Only one ™-adrenoreceptor
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blocking .agent was used in this study, and nore work should be done
before a definite involvement of alpha receptors can be concluded.

This work ties in well with the theories of Barbeau (1971). The
striatun rcceives input from the proprioceptive and visual pathways by
way of brainstem and thalamic elays. The main function of the striatum
appears to be the inhibition of the effector mechanism in the pallidum
(Hess, 1964), output being by way of the basal ganglia to the /thalamus'
cortex and brainstem. Barbeau has suggested dopamine in the striatum to
be of prime importance in 'set' that is preparation of nuscles for
action, organization of sccondary automatisns and'pos%ural adjustnent.
The trigger for this 'set' is probably acetylcholine which regulates
tone. 'Set' modifies nuscle preparedness via descending pathways to the
spinal cord & & system. Once 'set' hés been échiéved 'drive' is necessary
for locomotion to continue, Noradrenaline pathways in.the brainstem and
hypothalanus are responsible for this 'drive'. 5-HT appears to be
reéponsible for periodicity. It is interesting that-mice treated with
apomorphine exhibited novements which were regular, slow and monotonous.
In combination with clonidine movenents were more co-ordinated and |

running occured.

Ewlte ¢
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The experiments in sections A and B of this thesls were performed
solely on mice. It was, thercfore, thought necessary to make a brief
comparison with the actién of dexamphetamine in the rat, as much research
has involved this animal. The modification of the dexamphetamine induced
stereotypy, hyperreactivity and locomotor activiﬁy by clonidine was
investigated.

As dopaminergic mechanisms have been implicated in both the
production of stereotypy and circling, it was of interest to discover
whether or not noradrenergic stim.ulation could cause an interference with

circling, as had been previously found with stereotypy. The rates of

circling, of rats with unilateral striztal lesions following dexarphetanmine

-or apomorphine injection and their subsequent alteration by clonidine,
were estimated.

There is some controversy over the localization of the site of
production of stereotypy. lany authors have indicated the striatum (see
introduction). Bilateral lesions of the rat were perforned in order to
reveal whether or not the striatum was ésscntial for the dexamphetamine
induced stereotlypy, hyperreactivity and locomotor activity, and their

modification by clonidine.

i. BEHAVIOURAL CHANGES IN INTACT RATS.

A, EFFECT OF DZXAMFHETAMINE.

Dexamphetanmine 4 ng/kg sc initially caused an increase in locomotor
activity. The rats exhibited exopthalmos and pilocrection. Rearing and
upward directed sniffing appeared after about 10 min. This rearing was
observed to terminate the locomotor activity. After 15 min head searching
movements occured and these increased in intensity. The rats were

hyperreactive to various stimuli. Approximately 1 hour after injection
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notor activity and rearing decreased in intencity and downward directed
sniffing and licking became predominant. After 3% hours motor activity and
rearing were once again increased above control values. Five hours

after injection the rats displayed similar behaviour to those treated

with saline alone.

B. DEXAMPHETAMINE AND CLONIDINE,

Preliminary eﬁperiments demonstrated clonidine to cause scdation
in the rat. This was dose dependent from 0.25 - 2 mg/kg ip. As the dose
of clonidine was further increased pilocrection, ﬁind 1limdb splay and
tremor became more obvious.

Clonidine in a dose of 0.125 mg/kg ip was not found to make
any observeable difference to the behaviour elicited by 4 mg/kg
dexamphetamine sc when administered 10 min later. Increasing the dosage
of clonidine fron 0.25 mg/kg to 2 mg/kg caused the dexamphetamine
treated aninals to show a greater hyperrcactivity.to external stimuli
and more vocalisation to touch. Their locomotor activity was increased.
Rearing was spontaneous as opposed to against the sides of the cage. The
stability of the rats appeared to be reduced and they tended to topple
over whilst rearing. Clonidine increased the number of rats licking,
biting and gnawing the paper lining of the cage. Although the rats
filled itheir mouthes with paper they did not appear to swallow any of
it.

A suddenljumping behaviour, followed by a freeze reaction, occured
in rats treated with 1 -2 mz/kg clonidine ip. These animals showed much
linmb splay and an abnormal waddling gait. Occasionally thé hind 1imb was

pointed in the opposite direction to the locomotion.

A detalled study was made of the action of & ng/kg dexamphetanine sc



and 1 mg/kg clonidiné ip (10 min later). The number of rats eliciting
upward directed sniffing, downward dirccted sniffing, head searching,
licking, compulsive gnawing, increased locomotor activity and
hyperreactivity were noted and expressed as a percentage.(fig 85) over
the courselof the experiment. In a similar fashion to that previously
observed in mice, clonidine increased the number of rats with increased
hyperreactivity, motor activity and compulsive gnawing, but decreased the
number eliciting upward directed sqiffing and head searching. A strong
negative correlation appeared between hyperreactivity and compulsive
gnaving. The degree of hyperrecactivity and notor activity was scored

on a 1-3 scale and found to be considerably increased following the

combination of dexamphetamine and clonidine.

2 BIHAVIOURAL CHANGES TN RATS WITH UNJIIATERAL LESIONS COF THE STRIATUI.

Considerable similarity was obtalned amongst the unilateral
striatal lesions. The localization and extent of a typical striatal lesion
is shown in fig 4. As can be observed some slight damage to the corpus
callosum, globus pallidum and internal capsule could not be avoided.
Fig 86 shows the number of turns per minute made by a group of 9 rats
treated with dexamphetanine sc and saline ip 10 min later, and the same
"group of animals 1 week later treated with dexamphetanine sc and clonidine
ip. Three rats were treated with dexamphetamine alone on both occasions.
These rats served fo indicate any change in turning that could be
produced by a gecond dexamphetanine injection or alteration of the
lesion. |

The Wilcoxon matched-pairs signed-ranks test (Wilcoxon, 19&6).was
applied to the 2 groups of 9 rats. Clonidine 0.25 mg/kg was found to
significantly reduce the rate of ipsilateral circling 30 min to 2} hours

after 4 mg/kg dexamphetanine sc (p<0.01, 2 talled test) and 3-% hours
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after injection (p<0.02). The rate of circling exhibited by & mg/kg
dexamphetanine sc was not appreciably changed 1 week later (fig 87).
Clonidine also reduced the rat of ipsilateral turning following 0.4 mg/kg
apomorphine s¢ (fig 89). This was significent 15-30 min after injection o
of apomorphine (p<0.01), and 35-40 nin afier injéction (p<0.02). Rats
treated with aponorphine, alone, on both occasions did not differ in the
rate of turning (fig 88).

Rats with unilateral striatal lesions given dexamphetamine were
observed to turn almost on their éxes and were frequently seen to
fall backwards on attempting to rear. Animals treated with apomorphine
moved in a circle of wider radius.

Rats injected with dexamphetamine and clonidine exhibited a greater
tendency towards downward directed sniffing, licking and biting (table 14 ii)
The reduced rate of turning could be analagous to the stage of reduced
loconotion during the periocd of licking and biting. Clonidine has, however,
been found to increase the locomotor activity of animals treated with
dexamphetanine. The animals behaved in a similar fashion following
apomorphine and clonidine. |

Phenoxybenzamnine 20 mg/kg sc pretreatment further decreased the rate
of turning following 4 ng/kg dexamphetamine and 0.25 mg/kg clonidine.
Phenoxybeniamine, hoyever, also decreased the rate of turning following
L4 ng/kg dexanphetamine alone, but not to be the same extent as clonidine.
Further experimentation using a non-sedative dose of phenoxybenzanine

is required. Time, in Switzerland, did not allow this

3. BIZHAVICURAL CHANGEZS TN RATS WITH BILATDURAL ITSICHS CF THD STRIATUM.

A high rate of mortality occured when a second striatal lesion was
.nmade 1 week later. The animals became aphagic and did not survive even
when force fed. Smaller lesions had to be made as described under 'methods'

and this work was kindly attenpted by a technician at Vander AG after my
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visit. These lesions werc somewhat disappointing as they proved to be
slightly too small and some functioning striatal tissue remained (see
fig 5). The linits of the lesions are the boundaries of the area which
~can definitely saild to be non-functional. It is certain that the actual
area of non-functional tissue is appreciably larger. Damage to the
anterior comissive, nucleus accumbens and globus pallidus could be
observed.,

Six rats were used as controls and were given 5 mg/kg dexamphetamine
sc and saline ip. Six of the lesioned animals were treated with the same
drug combination and the other 6 rats 5 mg/kg dexanphetamine sc and
1 mg/kg clonidine ip. Fig 90 shows the number of rats eliciting upward
directed sniffing, downward directed sniffing, rearing, head searching,
licking and conpulsive grawing. Table 15 (1) & (ii) demonstrates the
intensity of motor activity and hyperreactivity.

Bilateral lesloning of the striatum, even though incomplete,
resulted in a reduction of the number of rats exhibiting upward directed
sniffing, downward directed sniffing, rearing and head searching after
dexamphetamine. The peak onset of action of compulsive licking and
gnaving was delayed but the duration increased. A reduction of the
intensity of motor aciivity and hyperreactivity also occured after
dexamphetamine injection in rats with bilateral striatal lesions.

plonidine 1 ng/kg almost completely abolished the production of
sniffing, rearing and head searching in the bilaterally lesioned rats
after dexamphetanine. The number of rats exhibiting compulsive licking
behaviour was slightly reduced by clonidine. The time at which the maximunm
nunber of rats elicited compulsive gnawing was delayed by clonidine, tut
the duration of gnawing was considerably increased. Treatment of the
rats with dexanphetamine and clonidine markedly reduced the motor activity
which was unco-ordinated. In contrast, clonidine increased the hyper-

reactivity of the rats treated with dexamphetamine to the sane extent
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as seen 1n normal intact animals with dexamphetamine. The potentiation

vas, however, rcduced in duration.

L, DISCUSSION.

As in the mouse, clonidine decreased the number of rats exhibiting
sniffing and head searching, and potentiated the number showing increased
motor activity, hyperreactivity and compulsive gnawing after amphetanmine.
A distinct negative correlation occured between compulsive gnawing and
hyperreactivity, judging by the times of their peak occurences. This
substantiates the earlier work in this thesis usiﬁg the mouse, and one

can conclude that this is not a special species effect.

~ Rats with unilateral lesions of either the substantia nigra
(Ungerstedt, 1971b; Unge;:stedt & Arbuthnott, 1970), or caudate (Ungerstedt,
1971b) have been extensively used to demonstrate the action of drugs
on dopaninergic neurons. On awakening from the operation, the animal
assumes an asymnetrical posture with its tail and head deviating towards
the side of the lesion. The animal will rotate spontaneously for a few
days and later by pinching its tail. The ipsilateral rotational behaviour
is potentiated by amphetamine (Ungerstedt, 1971b) and can be induced
by amphetanine long after the animals have recovered from a tendency to
rotate spontancously (Christie & Crow,.1971; Ungerstedt, 1971b). Lesioning
of the nigrostriatal pathway causes a neurochemical imbalance netween the
two nigro-striatal systems. Amphetamine stimulaées fhe intact system by
releasing dopamine, further upsetting the balance and causing rotation.
Unilateral intrastriatal injection of dopamine results in contralateral
turning (Ungerstedt et al., 1969). Injection of compounds causing a
blockade of dopaminergic transmission also induces contralateral turning

in unilaterally lesioned animals. Dexamphetamine adninistered to intact
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rats hés been found to induce turning by preferentially releasing
dopanine from one side or accentuating an intrinsic imbalance (Jerussi

& Glick 1974) . When 6-hydroxydopamine has bLeen used to unilaterally
destroy the nigro striatal pathway, drugs vwhich directly stimulate
dopamine receptors, for instance apomorphine, produce contralateral
turning due to the development of receptor supersensitivity (Voigtlander
& Moore, 1973; Ungerstedt, 1971b).

The speed of rotation produced by a drug in a rét vith a unilateral
lesion has been shown to be dose dependent, and to reflect the potency
of a compound's effect on the dopaﬁinergic nigrostriatal systen
(Ungerstedt & Arbuthnott, 19?0). It was,‘therefore, interesting when
_ clopidine was found to significantly reduce the rate of cireling of
lesioned rats treated either with dexamphetamine or apomorphine. Clonidine,
alone, was found to exert no effect on the rate of circling of the rats
and 1is consistent with the results of éon Voigtlander & Moore (1973).

The decline in the rate of turning appeared to be associated with
the development of more intensive downward directed sniffing, licking
and biting. Thornburg & Moore (1974) and Corrodi et al (1971) found a
reduction in the rate of turning at higher doses of apomorphine to be the
result of the onset of sterecotyped sniffing and licking. Ungerstedt &
Arbuthnott (1970) reported interference from other kinds of behaviour
‘such as licking or biting to reflect the fluctuation of rotational spaed.
Mere sniffing did not interfere but at the end of a period of rotation an
animal would stop during a perlod of intensive sniffing tefore commencing '
the rotation. Other workers have proposed a positive correlation between
circling and stereotyped behaviour (Svensson, 1971; Sayers, 1972).

FLA-63 has been reported to potentiate the circling of rats
treated with dexanphetamine (Ungerstedt, 1971b; Sayers, 1972). thece
results ﬁould agree with the postulation that clonidine is directly

inhibiting rotation. A diminuition of noradrenergic activity by a decrease
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of neﬂly synthesised noradrenaline, by FLA-63, would be expected to result
in a potentiation of circling. FLA-63 has generally been reported to
have no effect on stereotypy and, .therefore, turning would not have
been increased by a reduction of stereotypy. Christie & Crow (1971)
found FLA-63 to cexert no effect on rotation. Intrastriatal noradrenaline
as well as dopamine has been found. to cause contralateral.tﬁrning
(Ungerstedt et al., 1969). It is strange that clonidine is capable ‘of
reducing_turning in rats treated with dexamphetamine or apomorphine. It
is unlikely that clonidine is exerting its modification via 5-HT, as Marden
& Guildburg (1973) found lesions of the raphe or p-CPA to have no effect on
turning in rats. As clonidine increased locomotor activity induced by
dexamphetamine, turning and locomotor activity appear to be two distinct
processes.

Bilateral nigrostriatal lesions have been found responsible for
severe adipsia and aphagia following the operations (Ungerstedt, 1971b).
If the animals were not tube fed they died within 3-5 days after the
operation. The first selection of rats died in.spite of force feeding, but
this may have been attributable to the fact that they were young animals.
Sﬁaller lesions were made in the second batch of animals. These lesions,
however, only damaged part of the striatum but also affected the nucleus
accumbens, anterior ?omissgﬁﬁ-and globus pallidus. Although sniffing,
rearing and head searching were'reduced, any of these damaged reglons
could have been responsible. Costall & Naylor (1974) found neither lesions.
of the caudate-putamen nor nucleus accumbens to produce any modification
of the amphetamine stereotyped behaviour. o sniffing or head movements .
were, however, observed after lesions of the globus pallidus, but
locomotor activity was increased. Compulsive gnawing was slightly
increased in duration in all lesioned animals, perhaps indicating the

influence of an inhibitory influence. Amphetamine induced motor activity

and hyperreactivity were reduced in the bilaterally lesioned animals, but
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it is impossible to say lesion of which region or reglons were responsible.
In spite of the lesions, clonidine was still capable of diminishing

sniffing, rearing, head searching and potentiating compulsive gnawing

in the animals treated with dexamphetamine. Hyperrecactivity could only be

restored to that seen after dexamphetamine and motor activity was markedly

reduced., Further careful_experimentation would be necessary to determine

the roles of the destroyed reglons in the amphetamine response.
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Time (min) after injection

No. of rats displaying a 15] 30 | 45160 | 90 {120 | 150 |180 | 240

Particular behaviour

Upward directed sniffing 91 71 51 4| 3 3 5 9
Downward directed sniffing 21 4| 5] 6 8 L L
Licking 1 2

Licking and biting

(1)

Dexamphetanine 4 mg/kg sc418aline’0.25/ ng/kg ip.

Time (min) after injection

No. of rats exhibiting a 15130 | 45|60 | 90 [120 | 150 | 180 | 240

‘| particular behaviour.

Upward directed sniffing 71 1| 4 2 L 9

Downward directed sniffing 21 71 6| 4| &4 5 6 L
Licking ' 2 3} 2l 4] 4
Licking and biting 11 2] 2] 2 2

(11)

Dexamphetamine 4 mg/kg sc + Clonidine 0.25 mg/kg ip.

Table 14

MODIFICATION OF THE STEREOTYPY INDUCED IN UNIIATERALLY STRIATAL LESIONED
RATS TREATED WITH DEXAMPHETAMINE 4 MG/KG SC BY CLONIDINE 0.25 MG/KG IP.
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THE EFFECT OF DEXAMPHETAMINE AND ITS MODIFICATION BY CLONIDINE ON THE
MOTOR ACTIVITY COF RATS WITH BILATERAL STRIATAL LESIONS.
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Dexamphetamine sc b A NN NN
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(11)

N Normal as compared to saline controls.,
++4+4+ Markedly increased.
+4 Mcderately increased.
+ Slightly increased.
Table 15
THE EFFECT OF DEXAMPHETAMINE AND ITS MODIFICATION BY CLONIDINE ON THE
HYPERREACTIVITY OF RATS WITH BILATERAL STRIATAL LESIONS,
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GENERAL DISCUSSION

The striking resemblance of amphetamine psychosis to paranoid
schizophrenia has directed a great deal of interest towards the use of
amphetamine as an agent to produce a 'model' psychosis. Furthermore many
of the actions of amphetamine in animals can be correlated with those in
man although caution should be taken in directly comparing the two.

In man, amphetamine initially causes increased arousal and heightened
curlosity. This appeérs to be represented in animals by increased locomotor
activity, arousal and searching behaviour. As the dosc of amphetamine is
increased or administered for longer periods, the fehaviour of the animal
‘ becomes more disorganized-and takes on a perseverative nature. Mice, rats,
gulnea-pigs and rabbits have all been observed to gnaw compulsively after
the injection of high doses of amphetamine. In much the same way, facial
movenents have been noticed in amphetamine addicts which took the form of
chewing and grinning. Eye to hand examination becomes prominent in
chimpanzees and is similar to the 'punding' and 'knick-knacking' of the
amphetamine addicts. The compulsive grooming behaviour of animals offers
a resemblance to the automated grooming in amphetamine induced parasitosis.
In both man and animals anxiousness and nervousness are features of
amphetamine intoxication. The heightened awareness of amphetamine psychotics
and cats is assoclated with overactivity to slight movements in the
peripheral vision (see 'Introduction' for references).

These aforementioned actions of amphetamine produce withdrawal and
decreased sociability in man and animals. Hence information regarding the
chemical nediation of any of these actlons of amphetamine might be useful
in determining some of the causes of schizophrenia and help rid one of the
greatest mental problems of our time.

Anphetamine has been found capable of releasing both noradrenaline-
and dopamine from a labile extragranular fraction located in the cytoplasn

of noradrenergic and dopaminergic nerve fibres (Carlsson, 1970). Much
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controversy has, therefore, evolved on the relative roles played by
noradrenaline and dopamine in the actions of dexamphetamine.

The open field work in this thesis demonstrated dexamphetamine to
produce characteristic changes in the behaviour of mice which varied not
only with the dose but over a period of time. This pattern of behavioural
changes began with increased arousal and activity, and finally resulted in
stereotypy. The most advanced stage of stereotypy was compulsive gnawing
during vwhich other components'of behaviour occured only to an extremely
slight extent or were absent altogether. Three phases of behaviour occured
over a period of time with large doses of dexamphetamine. The initial phase
consisted of increased arousal, activity and searcﬁing behaviour. The
second phase comprised compulsive gnawing. During the final phase many of

-the components of the first phase reappeared, and grooming and rearing also
occured. Motor activity and hyperreactivity were considerably reduced during
the phase of compulsive gnawing. |

" The ED50 analysis separated behaviour into two groups. The first
group comprised withdrawal, exopthalmos, increased motor activity,
exploratory activity, head searching, ralsed head, rearing, compulsive
grooming and activity bursts. These behaviours occured at doses of
dexamphetamine which were not significantly different from oneanother.

The compulsive gnawing component of stereotypy, body position,
hyperreactivity, startle and touch responses required doses of dexamphetamine
which werc significantly higher than those for the previously mentioned
behaviours. Furthermore these behavioural components were found to occur
at doses of dexamphetamine which significantly depleted whole brain levels
of noradrenaline. As the dose of dexamphetamine was increased the behavioural
patterns were disrupted resulting in the production of many negative
correlations. The compulsive gnawing component of stereotypy was negatively
correlated with activity and hyperreactivity. A more detailed investigation
was made of dexamphetamine induced hyperreactivity, hyperactivity and

stereotypy.
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The work undertaken in this thesis demonstrated dexamphetamine induced
hyperreactivity, as represented by the startle response, to be mostly
dependent upon alpha type stimulation. Icv injection of noradrenaline or
«-methylnoradrenaline, or ip injection of clonidine increased the startle
response of mice treated with dexamphetamine. This action of clonidine was
confirmed in the rat. Apomorphine, a drug known to directly stinulate
dopanine receptors (Ernst, 1967) had little effect on the dexamphetamine
induced startle response in nice. In contrast, pretreatment with the dopamine
P-oxidase inhibitor, FLA-63 and tyrosine hydroxylase inhibitor, H44/68 both
reduced the startle response. Alpha adreno-receptor blocking drugs clearly
reduced the action of dexamphetamine. Phenqubenzamine and phentolanmine
were more effective in this respect than yohimbine or piperoxane. Fhenoxy-
Ibenzamine and phentolanine also prevented the enhancement of the
dexamphetamine induced startle response produced by nofadrenaliﬁe or
clonidine. |

Beta receptors, dopamine, 5-HT and acetylcholine were found to have
" only a very slight involvement in the ( dexamphetamine|induced startle
response. The beta adreno-receptor blocking agents, MJ 1999 and dl-
propranolol, produced a significant increase of the dexanphetamine induced
startle response three hours after injection of dexamphetamine. d-Propranolol
was ineffective in this action. dl-Propranolol produced a significant
enhancement of the startle response caused by the combination of
dexamphetamine and clonidine. These results provide evidence for an
inhibitory action for beta type receptors in the dexamphetamine induced
' startle response. |

As previously mentioned apomorphine did‘not significantly modify the
startle response induced by dexamphetanine. When pimozide, a drug known to
specifically block dopamine receptors (Janssen et al., 1968), was used in a
small dose that did not cause sedation a marked increase of startle response
produced in dexamphetamine treated mice was observed. Moreover l-amphetamine

vhich is less potent in releasing dopamine and equipotent regarding
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noradrenzline (Ferris et al., 1972) produced a larger startle response than
dexamphetamine. This leads to the proposal of a slight inhibitory influence
for dopanine in the startle resSponse produced by dexamphetamine.

Small doses of the cholinergic agents, carbachol, physostigmine and
arecoline also enhanced the dexamphetamine induced startle response. As
cholinergic agents have been found to reduce behaviours belicved to be
nediated by dopamine (Arnfred & Randrup, 1968), and a considerable interplay
between cholinergic and dopaminergic systems exists in the central nervous
system, this action of cholinergics is far from sﬁpiising. Both the action
of 5-HT and the reduction of its synthesis or depletion by reserpine
increased the dexamphetamine inched startle response. The action of 5-HT
.remains complex.

The startle response appears to be dependent upon the pontine and
medullary reticular formation (Szabo & Hazafi, 1965). No evidence has been
presented for a striatal involvement. Septal, amygdaloidal and hippocampal
~ lesions have been found to have no influence on acoustic startle reaction
or it's pre-pulse inhibition (Kemble & Ison, 1971).'This suggests the
dexamphetamine startle response to be a reflex phenomenon controlled by
alpha type receptors in the lower reticular formation and spinal cord.

The experimentatlon carried out on dexamphetamine induced locomotor
activity revealed dopamine to be essential in the initiation of locomotion.
Pinmozlide almost completely suppressed the stimulatory action of
dexamphetamine on locomotor activity. Noradrenaline was found capable of
distinctly potentiating the locomotor activity of mice treated with
dexamphetanine. Icv injection of noradrenaline, X-methylnoradrenaline and
ip injection of clonidine enhanced the dexamphetanine induced locomotor
activity whereas apomorphiné had little effect. This action of clonidine
was confirmed in the rat. Clonidine also markedly potentiated the locomotor
acivity of mice treated with apomorphine. The slow movements made by the
apomophine treated mice became more co-ordinated and faster on treatment

with clonidine. FIA-63 reduced the locomotor activity caused by



dexamphetamine. Phenoxybenzanine reduced the locomotor activity produced by
dexamphetonine and it's enhancement by clonidine. The modification of the
loconotor activity initiated by dopaminergic activity, therefore, appears to
bg mediated by alpha type receptors. Further experimentation should-of
course be performed before definite conclusions about alpha receptors can
be reached. The involvement of both noradrenaline and dopamine in the
dexamphetamine induced locomotor activity substantiates work by several
other authors (Maj et al., 1972; Rolinski & Scheel-Kruger, 1973; Andén et
als, 1973).

Barbeau (1971) has hypothesised that dopamine in the striatum is
responsible for muscle preparation, organization of secondary automatisms
.and posture, This action of dopamine has been named 'set'. Acetylcholine
appears to act as the trigger for :this 'set' whereas 54?? regulates
periodicity. The striatum receives input from proprioceptive and visual
pathways by way ofthalamicl!relays. The striatum determines activity by

inhibiting the effector mechanism in the pallidum (Hess, 1964) output from
| which innervates the‘thalamus. cortex and brain stem., Descending pathways
to the spinal cord andfxsystem prepare nuscles for action., 'Drive' is then
necessary for further action to take place and has been suggested to be
mediated by noradrencrgic pathways (Baxbeau, 1971).

The work carried out on locomotor activity in this thesis fits in well
with the theories of 'set' and 'drive' put forward by Barbeau (1971).
Dopaminergic activity was necessary for locomotor activity to occur and
noradrenergic activity for further activity.

It would be interesting to speculate a hypothesis similar to that of
Barbeau's for the mediation not only of locomotor activity but stereotyped
novenents. The striatum has been repeatedly implicated in stereotypy
(Amsler, 1923; Fog et al., 1967; Fuxe & Ungerstedt, 1970). The striatum
has been suggested to serve as a gate through which a vast input from the
neocortex and linbic centre funnel to return to the cortex via the thalanus

or pass to the brain stem (Stevens, 1972). Papeschi (1972) has also proposed




the striatum to act as a filter inhibiting that part of the motor performance
which is irrelevent to the current act.

_ It is possible that the striatum has a permissive nature selecting
mpvements which should occur from all the options it receives. Once an
action has subsided, the striatum could also be responsible for the
prevention of it's reccurence The dopanine released by amphetamine
inhibits the striatum. This inhibition prevents the selection procedure
and causes repetition, thus resulting in stercotypy. As in locomotor
aclivity dopamine appears to be responsible for the initiation of sterebtypy.
The work in this thesis clearly showed pinozide and HA44/68 to abolish
stereotypy. The factors which determine the stereotyped acts remain to be

elucidated.

The items of stereotypy were found to be separaied into three groups
on the basis of ED50 values, correlations and specific drug treatment.
These were the searching_components of stereotypy namely head searching,
raised head, rearing, activity bursts and sniffing. The two other
groups comprised conpulsive grooming and compulsive gnawing. The searching
and groonming components of stereotypy were found to occur at EDS50s of
dexamphetamine which ﬂerelnot significantly different to oncanother. The
gnaving component required a much larger ED50 and occured at a dose of
dexamphetamine vhen whole brain noradrenaline was significantly depleted.
The searching components of stercotypy were generally found to bé
positively correlated with oneanother. The grooming component was
not always positively correlated with the searching components, and the
gnawing component was negatively correlated with both the grooming
component and the scarching components..Specific drug treatment caused a
divergence of effects. The searching components of dexamphetanine stereotypy
were reduced on injection of noradrenaline, «{~-methylnoradrenaline, clonidine
and also by FLA-63 and apomorphine. The compulsive grooming component
lwas also reduced by noradrenaline, X-methylnoradrenaline and clonidine.,

Dopaminergic stimulation afforded by apomorphine potentiated the grooming, -
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and pretreatment with FLA-63 caused it's appearance after higher doses of
dexamphetamine at times when it is not normally observed. The gnawing
component of dexamphetamine stereotypy was markedly enhanced by noradrenaline,
-methylnoradrenaline and clonidine, but reduced by apomorphine and FLA-63.
Clonidine_also potentiated dexamphetamine induced gnawing in the rat, and
reduced the sniffing, head movement, and grooming components. Clonidine
was found to significantly reduce the rate of circling of rats, with a
unilateral lesion of the striatum,.given dexamphetamine or apomorphine.
As some authors have correlated stereotypy with unilateral turning (Svensson,
1971; Sayers, 1972) perhaps only the secarching components of stereotypy
should be correlated with circlihg as both were reduced by clonidine whereas
.conmpulsive gnawing was increased.

From the above results it can be concluded that both dopaminergic
and noradrenergic activity are required for enhancemcnt‘of the stereotypic
actions of dexanphetamine. After the initial amount of dopaminergic activity
 essential for the commencement of stereotypy, some behaviours were reducéd
by increased noradrenergic or dopaminergic activity whereas others were
increased. The dopaminergic striatal gate is analagous to the 'set' required
for locomotor activity. The 'drive' conponent is more complex. Unlike
motor activity, the 'drive' component of stereotypy appears to be dependent
upon both dopaminergic and noradrenergic activity for enhancement. The type
of stereotyped behav;our is also controlled by the 'drive' component as
some behaviours can be reduced.

The various items of stereotypy may be a reflection of an action of |
amphetamine on dopamine and noradrenaline in various parts of the brain.
The mesolinbic system could be the centre for the determination of thg
stereotypic actions of ampﬁetamine. MacLean (1973) has proposed the lower
part of the mesolimbic ring, fed by the amygdala, to be concerned with the
*selfish' demands of feeding, fighting and self preservation. Electrical
stinulation of the amygdala has been found to result in chewing and biting

in cats (Zbrozyna, 1963). Lesion of the central amygdaloid nucleus has been
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found to prevent the gnawing stage of amphetamine stereotypy in rats-(Costall
& Naylor, 1974) and iesion of the lateral amygdaloid nucleus to abolish the
gnaving stage of apomorphine stercotypy (Costall & Naylor, 1972b). It is
quite likely, therefore,that an action on the amygdala is responsible for the
gnawing component of amphetamine stereotypy. Furthefmore the innervation of
the lateral amygdaloid nucleus has been shown to be noradrenergic, and
release of noradrenaline has been demonstrated on stimulation of the
anygdala (Reiss & Gunne, 1965). Noradrenergic activity in the amygdala,
therefore, appears to enhance the compulsive gnawing induced by amphetamine.

The septal pathway has been found responsible for the ;xpressive
and feeling states conducive to sociability, procreation and preservation
of the species. Stimulation of the septal pathway has been observed to
‘cause 'pleasure' and grooming in cats (MacLean, 1973). The results in this
thesis indicate the sterecotyped grooming action to be increased by
dopaminergic activity. Recent work has indicated mesencephalic dopaminergic
afferents to the septal nucleus of the rat (Lindvall, 1975) and Brownstein
" et al. (1974) have found several septal nuclel to con@ain more dopamine
than noradrenaline. It is a distinct possibility:that dopaminergic
activity in the septal region could control compulsive groomihg produced
by dexamphetamine. | '

McKenzie (1972) found the olf;ctcry tubercle but not olfactory buldb
necessary for apomorphine induced sniffing and chewing in rats. Costall and
Naylor (1974) demonstrated lesions of the olfactory tubercle and globus
pallidus to prevent the dexamphetamine induced head movements and sniffing.
. The olfactory tubercle appears essential in the searching components of
stercotypy. It is interesting that in man a visual pathway predominates
over the olfactéry regions and probably causes the peripheral vision
disturbances and hallucinations.

Both the amygdaloid and septal regilons recelve input from the olfactory
areas. As electrical stimulation of one region of the limbic system spreads

throughout the entire limbic system, the resultant behaviour probably
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depends on the extent of the noradrenergic and dopaminergic activity. Large
doses of amphetamine or increased noradrenergic activity probably increase
amygdaloid activation to such an extent that it is able to inhibit the
septal and olfactory actions. Intense compulsive gnawing is then observed.
This is in good aggreement with the results obtained from the behavioural
correlations. Noradrenaline, X-methylnoradrenaline and clonidine caused the
earlier production of negative correlations between compulsive gnawing and
arousal, activity and the grooming and searching components of stereotypy.
These agents, therefore, potentiated the disruptive effects of dexamphetamine
on behaviour resulting in compulsive gnawing. FLA-63 and apomorphine both
reduced the number of negative correlations betwecn compulsive gnawing and
_the other stereotyped behaviours.

A most interesting component of steréotypy was compulsive gnawing
as noradrenergic activity was found to be necessary for.it's enhancement,
Most authors have concluded amphetamine'stereotypy to be only a consequence
of dopanine release (Randup & Munkvad, 1966; Weissman et al., 1966). A few
researchers have, however, suggested a modulatory role for noradrenaline
in amphetanine stereotypy (Taylor & Synder, 1970; Ungerstedt, 1971b;
Ellinwood & Sudilovsky, 1973). None of these authors observed the effect
of noradrenaline on the individual components of behaviour. As the compulsive
gnawing component of stereotypy could be easily quantitated, it ﬁas
investigated in more detail.

The noradrcnergic component involved in the dexamphetamine compulsive
gnawing was found to be complex. The alpha receptor blocking agent;
phenoxybenzamine, was ineffective in reducing compulsive gnawing whereas
phentolamine, yohinmbine and piperoxane all produced a reduction of the
dexamphetamine compulsive gnawing. Yohinbine and piperoxane were more
potent. This could infer that alpha receptors in the brain are slightly
different to those in the periphery, a hypothesis favoured by Schmitt and
Schmitt (1971). Alternatively 5-HT was found to reduce compulsive gnawing

and yohimbine has 5-HT receptor stimulating properties (Papeschi et al.,
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1971; Sanghvi & Gershon, 1974). Phentolamine and piperoxane are not known
to have marked effects on 5-HT, and arec more likely to be reducing compulsive
gnaving by alpha receptor blockade.

The beta receptor blocking agents,dl-propranolol and MJ 1999 markedly
enhanced dexamphetamine compulsive gnawing, and that produced by the
combination of dexamphetamine and noradrenaline or clonidine. Alpha
adrenergic blockade and beta receptor blockade have been found to reduce
and increase feeding behaviour respectively, (Leibowitz, 1971). Feeding
behaviour cannot, however, be likened to conpulsive gnawing as during the
dexamphetamine compulsive gnawing the animals were never observed to
swallow the fragments of paper.

It is not suprising that acetylcholine and 5-HT were found to have
.modulating effects as the striatumy pallidum and limbic areas all appear to
be involved in dexamphetamine stereotyped behaviour. The choliﬁergic agents,
carbachol, physostigmine and arecoline all reduced dexamphetamine induced
compulsive gnawing, and the anticholinergics, atropine and hyoscine
potentiated the compulsive gnawing. This 1s in aggreement with the work of
several authors (Fog et al., 1966; Klawans et al., 1972; Arnfred & Randrup,
1968) . As alrecady mentioned 5-HT was found to have a depressant effect on
dexamphetamine induced gnawing, and is in aggreement with the results of
Weiner ct al. (1973). The action of p-CPA is not clear cut. p-CPA only
slightly potentiated the compulsive gnawing produced by small doses of
dexamphetanines.

Although the open field study demonstrated stereotypy to be separated
* into three groups, some of the results were not as easy to interpret. The
comparison made between the action of dexamphétamine and l-amphetamine proved
to be somevhat disappointing. It was hoped to distinguish relative roles for
noradrenaline and dopamine in the amphetamine responses by a comparison of
potency ratios. Distinct differences between the drugs could not be obtained
presumably because of thelr differences in times of uptake into brain,

netabolisn and duratlon of action. Dexamphetamine has been demonstrated to be
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3-4 tinmes more potent in releasing dopamine and inhibiting its uptake than
l-amphetamine whercas the two isomers were equiﬁotent at noradrenerglc
sites (Svensson, 1971; Harris & Baldessarini, 1973; Ferris et al., 1972).
On the whole, most of the behaviocurs mediated by l-amphetamine reqﬁired
4-8 times as much drug as dexamphetamine., Smaller differences were found
with sniffing, motor activity, exploratory activity and raised head

suggesting these behaviours to have less dopaminergic involvement. It was

also[disappointing]that nore information was not obtained from the

behavioural correlations. As the amphetanine syndrome changed with dose
and time the correlations were complex and only generalisations could be
made., It was hoped to find a test to analyse the correlations but
difficulties were encountered because of the phasic natures of the
behavioural components and the fact that they were not always normally
distributed. In spite of these set-backs some interesting results were

obtained.

Amphetamine hyperreactivity, hyperactivity and. stereotypy have been
found to be exerted by three different mechanisms and do not represent
a helghtened expression of oneanéther. Hyperreactivitj seens to be
dependent upon alpha type stimulation in the brain stem and spinal cord.
The initiation of hyperactivity appears to be dependent upon dopaminergic
activity in the striatum and enhancement upon activity in the noradrenergic
pathways. The production of stereotypy is complex being dependent upon
dopaninergic activity in the striatum and pallidum, and both dopamine
and noradrenaline in the mesolimbic system. The behavioural components
of the actlon of amphetamine cannot be called a continuum, and certainly
do not lend themselves to scoring schemes which regard hyperreactivity,

hyperactivity and stereotypy as heightened expressions of oneaﬁother.
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CHANCZ3 IN NCRADRZWALINE, DCPAMINE AND S-HYDROXYTRYPTAMINZ LiVELS IN MOUSE BRAIN 1 HOUR

AFTER SUBCUTARZCUS INJECTICH CF DEXAMEHETAMINE,

S5-ydroxy-

Percentage Noradrenaline | Yercentare Donamine|Percentage
tryptamine| change from |ng/g change from |ng/g change from
ne/ g Saline control Saline control Saline control

Saline 96 ¥ 51 520 %33 780 X 63
Dexamphetamine|756 50 95 increase 560 62 8. increase 923 67 |18 increase
2.5 me/kg
Dexi?phetamine 773 W 11% inerease [490 43 6" decrease |903 62 |16% increase
5 mo/ke
Dexamphetanine [626 52 164 increase |[300 . 29 L2 decrease |726 76 | 7= decrease
10 mpy/ ke
Dexamphetamine 783 47 12,55 Ancrcase|202 17 61> decrease |€90 52 |[12{ decrease
20 moy/ ke
Dexamphetanmine [795 31 1h7 increase [162 25 65. decrease |452 &0 [427 decrease
B0 me/ ke

n - 12

In order to simplify the tables of Spearman Rank Correlation Coefficients

on the following pages a code system has been adapted for the behavioural

items 1=

> < 5 o@® =

L% ]

KA

HS
R

AB
Sn

IR

withdrawal
exopthalmos

body position
vocalisation to touch
aggression

startle response
touch responce
hyperreactivity
motor activity
exploratory activity
head searching
ralsed head

rearing

compulsive grooming
compulsive gnawing
activity bursts
eniffing

paired rearing

208
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D50 MG/XG WITH 95 CONFIDINCE LIMITS FOR CRTAIN BiMAVICURS FRODUCZD BY DIFFERENT DRUG TREATHMENTS
FEAK
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SPEARMAN RANK CORRELATICN CORFFICIENTS
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SPEARMAN -RANK CORRELATICN COEFFICIENTS

Dexamphetamine sc 12.5 mi/ kg Dexamphetamine sc 20 mp/kg
- + +
ot-nethylnoradrenaline fov - 1' h ot-methylnoradrenaline icv = 30 min
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Dexampholanine sc 1 mg/ kg Dexamphetamine 2.5 mg/ kg
+ +
Clonidine 1o = 1 Clonidine ip 1} h
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Dexamphetamine sc 2.5 Mm% K3 . Dexamphetanine sc 20 mg/ kg
+ +
Clonidine in = 1+ h Clonidine in = 30 min -
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SPEARMAN RANK CORRELATICN COFFICIENTS

Dexamphetamine sc 2.5 ng/ kg Dexamphetamine sc 5 mg/ kg
+ +
Apomorphine ip = 11 h Anomorphine ip = 1 h
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Dexamphetanine sc 12.5 mg/ kg Dexamphetamine sc 20 mg/ kg
+ +
Apomorthine ip - 14 h Aponorphine ip - 30 min
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Dexamphetamine sc 2.5 mg/ kg Dexamphetamine sc 7.5 mg/kg
+ +
FLA=63 ip = 14 h FLA-63 1o - 1% h
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SPEARMAN RANK CCRRELATION COEFFICIENT

Dexamph_gtamina sc 12,5 me/kg Dexampheiamine sc 20 mg/ kg
FLA-63 ip - 1} FLA=63 ip - 30 min
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L-amphetanine 1 mg/kg - 1 h L-amphetanmine 20 mg/kg - 2 h N
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L-anphetamine 40 mg/kg = 1 h L-amphetamine 100 mg/kg - 1 h
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CHANGES IN CORRELATIONS BXTWERN DBZTAVIOURAL ITIMS,

308

Only correlations which have significantly changed direction after treatment are shown.

2.5 = 7.5 ng/ke
Dexamphetamine + Horadrenaline| Dexamphetamine +  -methylnoradrenaline|Dexamphetamine + Clonidine
Arousal
E/BP + E/BPr+ E/EP + E/BP +
v/T - V/BP - v/BP -
v/a - V/A -
A/T - AT -
Activity
Stereotypy
Hs/ce - Sn/AB -
RH/TR - Sn/FR +
Arousaya.ctivitx
MA/BP + EA/W - MA/BP + IA/BP + MA/BP + EA/V
MA/A - BA/BP + MA/S - EA/M -
MA/S - BV -
BA/A -
mA/s -
Arousal/stereoyny
H3/¥ - RH/Z - CC/Z + H3/S - AB/S - RM/BP + CG/BP +
H3/S = RH/V - AR/L - su/s - R/ZE - AB/E -
RH/S - AB/V - R/BP +
/T - AB/S -
BP + SU/s =
Activity stereotypy
MA/HS =
BA/AB -
10 - 20 mg/kg
Arousal
W/A - vo/T -
W/T - /
W/H -
Activity
Stereotypy
Arousal/activity
MA/EP + EA/BP + MA/V - EA/V - EA/H -
Arousal/stereotvpy
H5/S -  AB/BP + cen/¥ + HS/BP + CCn/W +
AB/Sn + can/T + ccn/T +
= AB/BP +
f,g;; * AB/S  +
Pﬁfﬁ = Sn/B 4+
Sn/fH -
FR/H -
Activity/sterectyny
HA/RH -
cen/MA+




CHANGES IN CORRELATIONS BERTWEEN BEZHAVIOURAL ITEMS.

Only correlations which have significantly changed directlon after treaiment are shown,

2.5 = 7.5 ng/ke

Dexamphetamine + Apomorphine

FLA~63 + Dexamphetamine

Aronsal
V/H -

Activit

Stereotypy
Sn/AB -
AB/PR -
Sn/FR +

Amusay activity

MA/S - EA/V -

MA/T -  EA/3 -
prousal stereotypy
H3/S - Ri/BP + CG/IP + Snfd -
/3 -
&/ AB/V -
BP +
R/T - FER/T -
Activity/stereotypy
10 -20 mg/ke
Arousal
Activity
Stereotypy cc/cen +
Arousal/activity MA/BP + CG/H +
AR/3 +
sn/H -
Activitv/stereotypy
HA/RH - oA/CCn +
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Fig 27

ADAPTATION TO STARTLE BOX

STARTLE RESPCNSE (mm.* SE)

Mean of
10 successive|5 min 15 min 30 min ih
responses
1st 0.3%X0.1}3.1%X0.4}|2.8%0.3]|3.2%0.5
2nd 0.9 0.3]3.7 0.5[3.1 0.3|3.4 0.5
3rd 0.9 0.2/3.6 0.5|2.4 0.3]/2.0 0.3
4th 0.9 0.2(2.2° 0.3/2.4 0.3]|1.8 0.3
5th 0.8 0.312.3 0.311.7: 0.3 (1.1 0.2
6th 0.9 0.212.0 0.3]|1.7 0.3(1.2 0.2
7th 0.7 0.2)1.7 0.3/2.0 0.3/0.9 0.2
8th 0,2 0.1}1.2 0.3]2.1 0.3]1.7 0.2

n=5

Fig 28

STARTLE RESPONSZ (mm + SE)

Treatment Saline Dexamphetamine | Dexamphetanine
Tine after 7.5 ng/kg s¢ | 20 ng/kg se
injection
30 min 2.9+ 0.4 3.6 0.5 5.4+ 0,9
1h 2.4 ok 3.3 0.6 7.8 0.6
2h 2.1 0.4 1.8 0.3 5.1 0.7
3h 3.0 0.4 2.3 0.4 5.1 0.6
kn 2.1 0.4 3.2 9.4 4.4 0.5
5h 3.3 G4 1.9 0.2 3.3 0.6

n=5
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Fig 2

HABITUATICH

STARTLZ RESPONSE (nm * SE)

Mean of 10

successive [Salinhe se Dexamphetamine
responses ' 20 me/ kg se
1 ' 2.6 0.3 7.3 +£0.5
2 1.9 0.3 6.2 0.5
3 1.8 0.2 5.6 0.4
& 1.7 0.3 4.9 0.4
5 0.9 0.1 5.8 0.4
6 0.8 .0.1 4,3 0.4
7 0.6 * 0.1 3.7 0.t
8 0.6 * 0.1 3.8 0.b4
9 0.5 0.1 Jebb 043
10 1.0 . 0.2 3.9 0.3
11 0s7 "+ 041 3, 0.3
12 0.5. 0.1 3.4 0.3
13 0.3 0.0 3.9 0.3
14 0.7 - 0.2 3.7 0.3
15 0.6 0.1 Lo Oub
16 0.5 _0.1 4,0 0,3
17 0.7 0.2 3.9 0.1
18 0.7 0.2 3.8 0.3
19 0.5 0.2 L,0 0.4
20 0.5 0.1 3.7 0.k
21 0.5 0.1 3.6 . 0.4
22 0.3 0.1 3.1 0.3
23 0.6 . 0.1 3.2 0.3
24 0.8 0.1 2.6 0.3
25 0.7 0.t 3.6 0.4
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- Fig 30
DOSE OF STARTLE DOSE CF STARTLE
DEXAMFHETAMINE | RESFONSE L-AMPHETAMINE |RRESPONSE
MG/KG SC (mm £8E) MC/KG SC (mm £5E)
745 3.6% 0.4 5.0 L6 + 0.4
10.0 k. 0.8 10.0 4.9 0.5
20.0 5.4 0.9 20.0 7.5 0.6
30.0 6.2 0.6 Lo.0 8.7 0.8
n=25
1
Fig 31
STARTLE RESPONSE (mm * SE)
reatment |Sallne sc |Sallne sc Dexamphetamine sc |Dexamphetamine sc
~ + + ; + B
ﬁg:c:;.::r Saline icv|Noradrecnaline icv H?radrenaline icv |Salina icv
30 min 2,2 £ 0.3 [1.6 £ 0.2 5.2% 0.5 3.5%0.5
i h 3.2 0."'} 2.? 003 3'9 005 - 2'9 0'5
2h 3.5 0.5 (2.8 0.6 3.5 0.4 1.7 0.4
3h 2.3 0.4 |16 0.2 2.0 0.3 2,0 0.4
4n 1,9 0.6 |1.4 0.2 1.8 0.2 2.9 0.4
5h 3.3 0.6 2.0 0.3 1.2 0.2 2,6 0.3
n=5
Fig 32
STARTLE RESPONSZ (mm % SE)
Trcatment |[Saline sc [Saline s¢ Dexamphetamine sc |Dexamphetamine sc
Time sfier + + ot =methyl= + ol=methyl=- +
tnjoction Caline icv|noradrenaline icv | noradrenaline icv |Sallne lcv
30 min 2.2% 0,3 |2.7 % 0.5 7.7 £ 0.8 3.5+ 0.5
ih 3.2 0.4 (1.7 0.3 b.6 0.5 2.9 0.5
2h 3.5 0.5 (2.6 0,6 2.6 0.4 1.7 0.k
3h 2,3, 0.4 (1. 0.3 3.3 .0.3 2.0 0.4
b h 1.9 0.6 |2.3 0.4 1.8 0.2 2.9° 0.4
5h 3.3 0.6 |2,0 0.6 2.3 0.3 2.3 0.3

312



Fig 33
STARTLE RESPONSE (mm 2 SE)
Treatment |Saline sc |Sallne sc Dexamphetamine sc |Dexamphetamine ec
e ot + + «-methyl- + ot-methyl= +
m}':c tlc::r Saline iev | noradrenaline lev | noradrenaline icv |Saline icv
30 min 2,2%0.3 [1.6*0.2 9.1 % 0.1 L,7 +0.,7
ih 3.2 0.4 | 2.7 0.3 7.4 0.9 75 0.7
2h 3.5 0.5 [ 2.8 0.6 L.6 0.5 k.7 0.5
3 h 2.3 0."4 106 0.2 lhu 0.6 "".1 0-“
L h 1.9 0.6 | 1.4 0.2 3.2 0.5 kb 0.6
5h 3.3 0.6 | 2.0 0.3 3«1 0.5 3.0 0.5
n=5
Fig ﬂ H
STARTLE RESFCNSE (mm * SE)
Treatment |Saline sc |Saline sc Dexamphetamine sc |Dexamphetamine sci
Tine after + + ol=nethyl= + oimethyl- +
1n.1:ction Saline icv |noradrenaline iev | noradrenaline icv |Saline icv
30 min 2,22 0.3 [2.7 £0.5 10.9 £ 1.2 4.7 + 0.7
ih 3.2 0.4 |1.7 0.3 8.4 1.3 7«5 0.7
2h 2.5 0.5 |2.6 0.6 6.4 0.8 4.7 0.5
3h 2.3 0.4 [1.4 0.3 L,7 0.6 4,2 0.4
u h 1.9 Dos 2.3 00".'.’ ".’!1- OI? uch‘ 0-6
s h 3.3 006 200 0.6 20," 0."" 3-0 005
n=5
Fig 35
STARTLE RESPONSE (mmtSE)
Treatment | Dexamphetamine s¢ |Dexamphetamine sc|Dexamphetanine sc|Dexamphetamine sc
Ting RTLeE + + 2 ug lev + 5 ug lev + 10 ug lev
injection Caline iecv Noradrenaline = |Noradrenaline .|Noradrenallne
30 min: 4,7 % 0.7 10,1 * 0.6 9.1 * 1.1 4.2 0.5
’. h 705 01? 7-9 °l5 ?04 °|9 618 °l7
2h L,a7 0.5 5¢3  Oul L6 0.5 5.7 0.6
3h b2 0.4 3.7 0.4 bade 047 4.5 0.4
4 h L 0.6 3.9 0.k 3.2 0.5 3.6 0.4
[ 5h 3.0 0.5 3.0 0.3 3.1 0.5 2.2 0.3

n=15
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Fig 36

STARTLE RESPONSE (mn * SE)

Treatment [Saline sc {Saline sc Dexamphetamine se¢ | Dexamphetamine sc
+ + + +
ﬁ;gcgzﬁr Saline ip |Clonidine ip |Clonidine ip Saline ip
30 min 3.1 £ 0.5 (1.1 £ 0.2 5.5 £ 0,5 3.4 2 0.4
ih 2.4 0,5 1.2 0.2 3.1 0.4 3.1 0.4
2h 2.7 0.4 1.6 0.2 4a 0,6 2.2 0.3
3h 2.8 0,5 (2.3 0.3 2,0 0,3 2.3 0.5
L h 1.9 0.5 |3.6 0.4 1.5 0.2 3.3 0.k
5h 2.7 0.3 |3.7 0.4 1.0 0,2 2.3 0.3
n=5
Fig 37
STARTLE RESPONSE (mm % SE)
er:allne gc |Saline sc Dexamphetanine sc | Uexamphetamine sc
Tins after Sa.l!.;a ip |A o:lurphine ip [Apomo hi:e 1 Salin:;
injection P |APpon P P P
30 min 3¢l * 0.5 306 * 0.5 4,9 *0.6 ) J.4 0.4
i h 2.4 0.5 |41 0.6 3.9 0.4 7.1 0.4
2h 247 * [V 305 [V 3.7 0.4 2.2 0.3
3h 2:8 0:5[3.5 0.5 3.0 0.3 2.3 0.5
bkn 1.9 0.5([2.7 0.4 2,5 0.2 3.3 0.4
5h 2.7 0.3]13.5 0.3 1.8 0.2 2.3 0,3
n=5
Fig ﬁ N
STARTLE RESPONSE (mm *SE)
Treatment |Saline ec|Saline sc vexamphetamine sc | Dexamphetamine sc
+ + + +
";ig:cﬁ:;’ Saline 1p | Clontdine 1p |Clonidine 1p Saline 1p
30 min el X 0,5]1.1 2% 0.2 8.2 £ 0.8 4,6 0.6
ih 2.4 0.5|1.2 0.2 7.2 0.9 6.5 0.9
2h 2,7 0.411.6 0.2 5.4 0.6 s 0.6
3h 2,8 0.,5(2.3 0.3 3.7 0.5 4,5 ° 0.4
LR 1.9 0.5[3.6 0.4 3.9 07 3.6 0.5
5h 2,7 0.2 (3.7 0.4 2.4 0,5 3.1 0.4

n®9
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STARTLE RESPONSE (mm + SE)
Treatment |Saline sc |Salline sc Dexamphetamine sc |Dexamphetamine sc |
= + + +
ft
E;:ctio:r Saline ip | Apomorphine ip | Apomorphine ip Saline ip
30 min 3.1 % 0.5 3.6 £0.5 6.3 0.1 4,6 £0.6
ih 2.4 * 0.5 41 +0.6 7.8 £ 0.9 6.5 *0.9
2h 2.7 X 0.4 | 3.5 0.l 5.9 *0.6 5.4 X0.6
3h 2.8 * 0.5] 3.5 £ 0.5 4,7 X 0.8 4,5 X0,k
4 h 1.9 * 0,5 2.7 £ 0.4 4,6 £0.9 3.6 0.5 =
5h 2,7 £ 0.3 3.5 £0.3 1.8 *0.3 3.1 Xo.b
n=5
Fig Lo
STARTLE RESPONSE (mm = SE)
Treatment | Saline sc | Apomorphine sc |Apomorphine sc | Sallne sc
+ + + +
Time after
injection Saline ip [Saline ip Clonidine ip Clonidine 1p |
30 min 3.1 * 0.5 2.4 % 0.4 Ji5k 0.9’ 1.1+ 0.2
ih 2.4 %X 0,514 % 0.3 0.5 ¥ 0.0 1.2 Xo0.2
2h 2,7 £ 0.4 11,5 £0.2 2.3 £ 0.3 1.6 £0.2
3h 2.8 X 0.5(1.8 £0.2 2,7 £ 0.2 2.3 £ 0.3
4 h 149 £0.5( 2.5 % 0.5 4,0 *0.5 3.6 £ 0.4
5h 2,7 20.3{0.8 £0.1 2.1 0.3 3.7 0.5
ne=5
Fig 41
STARTLE RESPONSE (mm %+ SE)
Tredtment [Saline sc|3aline s¢|Phenoxybenza-|Fhenoxybenza=|Fhenoxybenza-|{Fhenoxybenza-
Tine sfienl. ;. & + mine 5 mg/kg [mine 5 mg/kg |mine 20 mg/kg|mine 20 mg/kg
injection Sallne sc|Saling sc|sc + Dexamph=|sc + Dexamp- |sc + Dexamph-(sc + Dexamph-
etamine se¢ etanine sc etamine sc etamine sc
30 min 2,1 % 0,2|5.2 *£0.4|3.6 £ 0.4 2.4+ 0.3 3.1 %= 0.4 0.9% 0.1
1 h 2!‘ t 0-2 ?co io-s 306 .'!-'003 2-“’ 1:003 Gy !‘03 -’: 0.5 Ich’ '.';0.2
2 h 2.3 = 013 5-0 : Olu 3-1} t 0.1& 108 t 0!3 3!1 '.t 0&5 ’.01 t 001
3h 2,5 *+0.2|4,5 £0.4(2,2 20.3 2,0 £0.2 2.0+ 0.4 2.7+ 0.3
4 h 2.0 *0,2|4,0 20,3|2.2 £0.3 1.7 £0.3 2,2 +0.2 3.0 2 0.3
5h 1.8 * 0.2(2.5 2 0.3(3.0 £0.3 1.7 £ 0.3 3.1 % 0.3 1.9 £ 0.2

n =

5
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Filg Fig 42

STARSTARTLE REZSPONSE (mm # SE)

Treatment Paline icv|[3aline icv ["hentolamine . |Fhentolamine|Fhentolamine Fhentolanine
‘Time after + Dexanmph- |1 pg icv + Dex-|1 ng dev + |5 ug icv + Dex-|5 ug iev +
tnjection Galine sc |etamine sc|amphetamine sc |5aline sc amphetanine sc Sa.linre 1
30 min 2.9 %+ 0.3 {5.8% 0.6 [3.8* 0.4 2.0 0.4 3.5%0.4 2,9t 0.4
ih 2.1 0.3 §7.3 0.5 |3.7 0.5 1.7 0.3 2.4 0,3 1.2 0.1
2h 2.3 0.3 |[4.8 0.6 [6.1 0.6 1.7 0.3 2,7 0.4 1.0 0.3
3n 2,0 0.2 (4.0 0.4 [3.1 0.4 2,6 0.5 2.5 0.2 1.5 0.2
k‘h 2.7 0.3 |3.7 0.5 |2.14 0.2 2,3 0.3 k.1 0.5 1.4 0.2
5h 1.9 0.2 |2,2 0.3 [2.8 0.3 3.8 0.4 2,0 0.3 1.2 0.2
a=5
Fig 43
STARTLE RCSPCNSE (mm % SE)
[Treatment |Saline sc|Saline sc Yohimbine sc¢ Yohimbine sc
’is:c:ﬁ:r Sa.li:u 8¢ Dex:mphet.a.mine sc Demp:eta.nine sC Salin: sc
30 min 2.1 '_"10.2 5.6 0.4 9.0 £0.7 2.8 % 0.3
ih 2.5 0.2|7.3 0.5 8.3 0.6 1.4 0.2
2h 2.5 0.2(5.0 0.4 5.7 0.5 3.1 0.4
3h 24 0.2/4.6 0.4 L4 0.4 2.3 0.5
Ln 2,0 0.3|4.5 0.3 3.6 0.4 2,0 0.3
5h 2,5 0.23.1 0.3 2.7 0.3 1.2 0.2
n=35
Pig b
STARTLE RESPONSE (mn % SE)
reatment ,|3aline sc|3aline sc Piperoxane sc Piperoxane sc
Time after|. .. * * *
injection 5aline sc|Dexamphetamine sc|Dexamphetamine sc|3aline sc
30 min 2,17 0,2]|5.6 £ 0.4 3.5 *0.5 2.3%0.3
- th 2,5 0.2{7.3 0.5 6.2 0.5 3.2 0.4
2h 2,5 0.2(5.0 0.4 6.3 0.7 2.1 0.3
3h 2.1 0.2[|4.6 0. L.,3 0.5 2.9 0.5
bn 2.3 0,3[|4.7 0.3 2.3 0.3 2.2 0.3
h 2.5 0,2{3,1 0.3 2,7 0.2 3.5 0.5
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Fig 45
STARTLE R=SPCN3E (mm *+ SE)

M&;ﬁ_;;allﬁle sC Jalitle sc MJ 1929 sC MJ 199’9 sc
Time after|. -
injection Talline sc|Dexamphetamine sc|Nexamphetamine se¢|Saline se
30 min 2.1 -: 0.2 506 1' 0.’& 5.5 i 0.3 209 'tO.B
ih 2.5 0.2|7.3 0.5 7.2 0.5 3.1 0.3
2h 2.5 0.2|5.0 0.4 b4 0.5 3.0 0.3
3h 2.1 0.2|4.6 0.4 6.9 0.0 1.9 0.3
4 n 2.0 0.3]4.7 0.3 k.o 0.4 1.9 0.2
5h 2.5 0.2{3.1 0.3 2. 0,1 3.0 0.3

n=5

Fig 46

STARTLE RESPONSE (mm + SE)

Treatment |3aline sc|Sallne sc Dl-propranolol sc|Dl-propranclel se
+ + + +
Time after|. .
injection Saline sc|Dexamphetamine sc|Dexamphetamine sc|Saline se
20 min  |2.1 £0.2]5.6 % 0.4 6.0 +0.5 1.2 % 0.2
i1h 2.5 0.2|7.3 0.5 6t 0.5 2.6 0.3
2h 2.5 0.2{5.0 0.4 5.8 0.4 1.9 0.2
3h 2.1 0.2|4.6 0.4 7.7 0.6 2.3 0.2
bh * (2.0 0.3]4.5 0.3 3.8 0.4 3.3 0.3
5h 2,5 0.2]3.1 0.3 3.0 0.3 3.3 0.4
n=95
Fig 47
STARTLE RiSPONSE (mnm % SE)
reatment |Vehicle sc{Vehlcle sc 1-propranolol sc|Dl-propranclol sc
+ + + *
{;gzc:i::r Saline sc |[Dexamphetamine sc|Dexamphetamine sc|3aline sc
30 min 2.4+ 0,2 |5.3 % 0.5 6.0+ 0.6 2.3 %0.3
ih 2,2 0.3 |69 0.5 7.6 0.8 3.0 0.4
L]
2h 2,4 0.2 |53 0.5 b7 0.5 1.8 0.3
Jh 1.8 0,3 |4.5 0.5 2.6 0.2 2.1 0.3
4n 2.2 0.2 |40 0.4 2,5 0.3 1.6 0.3
5h 1.5 0.2 |2.4 0.3 2.6 0.4 1.6 0.5
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Fig 48

STARTLE RESPONSE (mm % SE)

Treatment |3Saline sc + Dex-|3aline sc + Dex- [Phenoxybenzamine Fhenoxybenzanine s¢
Time afte amphetanine sc jamphetamine sc¢ + |s¢ + Dexamphetamine!+ Dexamphetamine sc
¢ 8 Lerl) Saline iov :{oradrena'line"ic\J s¢ + Saline icv + Noradrenaline iecv

injection

30 nin 5.1 * 0.6 8.8 * 0.7 3-6 * 0.4 3-6 * 0.6

ih 7.2 0.6 7¢5 0.5 3.7 0.6 4.7 0.6
2h 5.2 0.5 5.0 0.5 3.1 0.3 2.9 0.3
3n 4,8 0.5 L.t o.b 2.6 0.3 L. 0.4
4 n 4,3 0.4 3.6 0.5 2.9 0.3 2.5 0.2

5h 3 0.3 3.6 GC.6 3.3 0.h 1.4 0,2 _

ne=5
Fig 49 )
STARTLE RESPONSE (mm % SE) ,

Treatment [Saline sc + Sallne sc + Phenoxybenzamine sc|Phenoxybenzamine sc
hﬂemphetmlne sc|Dexamphetamine sc|+ Dexamphetamine sc|+ Dexamphetamine sc
1nj:c:io:r *+ Saline ip + Clonidine ip [+ Saline ip + Clonidine ip

30 min 6.0 % 0.k 8.1 % 0.6 4.3 +0.6 3.3+ 0.4

ih 74 0.6 7.5 0.6 3.3 0.5 1.7 0.2

2h 4.3 0.4 7.0 0.8 2.7 0.3 1.9 0.2

3n 3.5 0.3 5.6 0.5 3.3 0.5 1.8 0.3
4 h 4.4 0.5 4.9 0.5 3.2 0.3 1.5 0.3

5h 3.6 0.3 et 0.5 b.5 0.4 5.9 0.4

n=95 .
Fig 50
STARTLE RESPCNSZ (mm 4= SE) .

reatment |Saline icv + 3aline lcv + FPhentolamine lcv +|{Phentolamine icv +
Tine after Dexamphetamine sc¢|Dexamphetamine sc|Dexamphetamine s¢ |[Dexamphetanine sc
injection | ‘Saline ip + Clonidine ip + Saline 1p + Clonidine 1p

30 min h-9 =+ 0.6 7.9 £ 015 348 "_".003 5-"" +0.8

ih 7.4 0.6 7.0 0.4 3.5 0.5 5.5 0.6
2h 5.2  0.b4 5.0 0.5 5.0 0.3 4,6 0.4

Jh 4,7 0.4 3.8 0.5 3.8 0.4 4,3 0.6

kn 4.3 0.4 4.0 0.4 2.9 0.4 3,8 0.5

5h 3.3 0.3 2.9 0.5 3.2 0.4 2.4 0.2
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STARTLE RESFCNSE (mm % SE)
Treatment |Saline sc + Saline sc + Dl-propranclel sc +|Dl-propranolol sc +
Tine after Dexamphetamine sc|Dexamphetamine sc |[Dexamphetamine sc |Dexamphetamine sc
injection + Saline ip + Clonidine ip + Saline ip + Clonidine ip
30 min 503 : 0."‘ 8.3 ﬁO-? 6.“‘ t 005 9.2 : 0.4
1 h 6.9 0.6 702 0!5 1}.6 0.4 3.3 0.“
2h 4,9 0.4 4.8 0.6 7.1 0.5 5.6 0.5
3h 5.0 0.6 4.9 0.5 b,a 0.4 6.0 0.5
L h 4,2 0.5 3.5 0.3 2.3 0.3 5.8 0.5
5h 3.2 0.4 2,5 0.6 J4 0.4 6.k 0.5
n=35
Fig 56
STARTLE RESPONSE (mm + SE)
Treatment [Vehlcle ip|Vehicle ip Pimozide ip Pimozide ip
Tine after]. " + + *
injection Saline sc [Dexamphetamine sc|Dexamphetamine sc|Saline sc
30 min 2.5 % 0.2 |5.5 * Q.4 5.9 * 0.6 2,2 0.3
ih 2.3 0.3 16,9 0.4 8.6 0.6 2,3 0.3
2h _ 2,2 0.2 (4,8 0.3 7.9 0,5 2.2 0.3
3h 2.2 0.2 (4.4 0.4 61 0.5 11,5 0.2
4 n 1.8 0.2 |44 0.4 3.9 0.5 1.2 0.2
5h 2.0 0.2 |3.1 0.3 3.3 0.4 2.3 0,2
n=95 ’
Fig 57
STARTLE RESFONSE (mm % SE) :
Treatment [Vehicle ip[Vehicle ip Pimozide 1ip Pimozide 1p
1 + + + +
MSﬂine sc |Dexamphetamine sc|Dexamphetamine sc¢|Saline sc
30 min 2.5 0.2 |5.5* 0.4 4k + 0.5 2.1 % 0.3
ih 2.3 0.3 [6.9 0.4 2,5 0.3 1.2 0.2
2h 2,2 0.2 [4.8 0.3 1.3 0.2 1.1 0.2
3h 2.2 0.2 44 0.4 1.9 0.3 1.k 0.3
4 h 1.8 0.2 (4.4 0.4 2.4 0.3 1.6 0.3
5h 2.0 0.2 |31 0.3 2.4 0.2 1.8 0.3




Fig 5
STARTLE RESPONSE (mm = SE)
Treatment [Saline ip [Sallne ip HUL/ 68 1p HLL/68 ip
+ + + +
1:;:;{:::: Saline sc |Dexamphetamine sc|Dexamphetamine sc|Saline sc
30 min 2,5 *0.2 { 5.2+ 0.4 3.2 £ 0.5 2.4 0.4
ih 2.3 0.3 |7.4 0.6 5.2 0.6 2,6 0.2
2h 2.4 0.3]5.2 0. 4.3 0.b 2.9 0.3
3h 2.5 0.3 (44 0.4 2.6 0.2 3.3 0.5
N 2.3 0,3 |45 0,3 2.0 0.3 3.5 0.3
5h 2.5 0.3(2.9 0.3 1.9 0.3 2.1 0.3
n=5
Fig 59
STARTLE RESPONSE (mm == SE) !
Treatment [Vehicle ip[Vehicle 1p FLA-63 1p FLA-63 ip
+ + + +
Eg:ﬁgﬁ:t 3aline sc [Dexanphetanine sc|Dexanphetamine sc|Saline sc
30 nin 2.6 i' 00# 5-3:t 0-6 30? t 0-‘4’ 1;9 * 0.1&
ih 1.9 0.4 |7.4 0.8 3.8 0.4 3.2 0.4
2h 2.8 0.5 (4.9 0.5 3.5 0.4 3.6 0.3
3 h 2-5 0-3 ’~h3 00? 3.3 0-5 2-7 0.'-!-
L h 2.4 0.5|4.1 0.6 3.1 0.5 2.5 0.3
5 h 2.2 0.2 3'5 O'u 201 013 3.2 0.3
n=5 ’
Fig 60
STARTLE RESPOKSE (mm + SE) )
Treatment |3Saline ip{saline ip Reserpine. ip Reserpine ip
T + + + -
inj:c:ioﬁr Saline sc|Dexamphetanine sc¢|Dexamphetamine sc|3aline sc
30 min 2.3 + 0-3 501 + 0.k ?'5 + 0.5 1.2 + 0.1
i1h 2.5 0.3({7.0 0.6 6.2 0.6 1.1 0.1
2 h 207 013 5-0 0.5 5!1 003 0-? 0.1
3h 2.1 0.3{4.5 0.5 4,6 0.3 0.8 0,1
b h 2.4  0.2{4,3 0.4 5.2 0.4 1.1 0.2
5h 2,7 0.2[3.6 0.4 3.1 0.3 2,0 0.2
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Fig 61

STARTLE R3SPOHSE (mm + SE)
T=2atment |Vehlcle ip|Vehicle ip p-CPA 1ip p-CTA 1p
7310 afteT | 14 iy = 2
$ri3ection Saline sc |Dexamphetamine sc|Dexamphetamine sc|Saline sc
30 min 2.5% 0.3 [5.4* 0.6 8.4 * 0.5 1.2+ 0.3
ih 2.6 0.3 |73 0.6 7.8 0.7 1.1 0.2
2h 2.2 0.2 [5.1 0.3 6.9 0.7 1.9 0.3
3h 2,2 0.2 |48 0.4 7.8 0.7 1.0 0.2
Ln 2.8 0.3 [4.0 0.5 3.9 0.k 2.3 0.3
5h 2,2 0.2 (3.2 0.3 3,0 O.b 1.4 0.1
nim:g
Fig 62
STARTLE ReSPONSE (mm % SE) :
MS&lﬂie sc¢ Dexampietamine sc Dexamphfta.mine s Sall_nPa 8C
ii‘;gcﬁ::r Saline icv|Saline icv S-HT iev 5-HT icv
30 min 2.2% 0.3 (47 £ 0.7 B.5* 0.5 1.9 £ 0.?
1h 3.2 0.4 |7.5 0.7 6.6 0.4 1.5 0.2
2h 3.5 0.5 |47 0.5 3.6 0.4 1.4 0.2
3h 2.3 0.4 {4,2 0.4 3.6 0.7 2,0 0.2
L n 1.9 0.6 |44 0.6 1.9 0.3 2.8 0.3
5h * 3.3 0.6 3.0 0.5 3.0 0.4 3.4 0.4
n =5
Fig 63

STARTLE RESPONSZ (mm *+ SE)

wsu}:e sc Dexamptetamine sc Dexa:nphjtamine sc Sa.lin: sc
ii’;: cﬁ:ﬁ" Saline icv|Saline iev SHT icv S-HT leov
30 nin 2,203 |47 0.7 8.0 * 0.7 1.8 0.2
ih 3.2 0.4 |74 0.7 . 8.3 0.6 2.3 0.2
2h 3.5 0.5 |Be? 045 4,5 0.3 2.3 0.2
3h 2.3 0.4 |4.2 0.4 4,8 0.3 1.9 0.2
L n 1.9 0.6 |44 0.6 1.9 0.2 2.6 0.3
5h 3.3 0.6 [3.0 0.5 2.0 0.2 2.6 0.1

g



Fig 64

STARTLE RESFCNSE

(mm % SE)

Treatment |[3aline sc|3aline sc Atroplne sc Atropine sc¢
T ry + + + +
m';:c:io:r 3aline sc|Dexamphetamine sc|Dexamphetamine sc|5aline sc
30 min 2.1 1 0.3|5.6 0.4 7.8 £ 0.8 3.5 £ 0.3
ih 2.6 0.3|7.3 0.5 7.8 0.6 2.9 0.4
2h 2.5 0.2]5.1 0.4 6.3 0.5 2.2 0.4
Jh 2.1 0.2[H6 0.4 4,0 0.k 1.7 0.3
L h 2.0 0.,3[4.5 0.3 4.4 0.5 2.0 0.2
5h 2.5 0,2{3.1 0.3 2.6 0.3 2.5 0.3
n =35
Fig 65
STARTLE RESPCN3E (mm + SE)
Treatment |Saline sc|Saline sc Atropine sc Atropine sc
+ + + +
Ti‘:xg:c:{;:r Saline sc|Dexamphetamine sc|Dexamphetamine sc|Saline sec
30 min 2.1 % 0.3]5.6 X 0.4 5.7 * 0.9 3.4 £ 0.5
1 h 2.6 0.3(7.3 0.5 8.7 1.0 2.3 0.4
2h 2.5 0.2|5.1 0.4 6.1 0.6 2,3 0.3
3h 2.1 0.2|4.6 0.4 6.3 0.6 2,9 0.3
4 n 2,0 0.3|%.5 0.3 7.2 0.7 4.9 0.5
5h 2.5 0.2{3.1 0.3 L3 0.5 L.5 0.5
n=5
Fig 66
STARTLE RESPCNSE (mm % SE)
Treatment |3aline sc|Saline se Hyoscine sc Hyosecline sc
+ + + -
i;g:;f::r 3aline sc|Dexamphetamine s¢|Dexamphetamine sc{Sallne sc
30 min 2.1 £ 0,3]5.6 £ 0.4 3.9 * 0.5 4,2 £ 0.4
i1h 2.6 0,3{7.3 0.5 3.9 0.5 1.8 0.5
2h 2.5 0.2]5.1 0.4 3.5 0.h 1.3 0.2
3h 2.1 0.2{4.6 0.4 5.9 0.8 2.3 0.2
4 h 2.0 0.3|%5 0.3 2.5 0.4 3.5 0.4
5h 2,5 0.2{3.1 0.3 bt 0.5 2.2 0.3
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Fig 67

et

STARTLE RIUPONSE (mm % SE)
Trealment |[Jaline sc|ialine se Hyoscline sc Hyosclne sc
+ + + +

Tine after|, - 2 s Al o =
injoetion Saline sc|Dexanphetanine scldexamphelamine sc|laline sc
30 min 2.1 t 0.3[5.6 * 0.4 k.1 0.5 1.6 % 0.3
ih 2.6 0.3{7.3 0.5 4,1 0.6 1.6 0.2
2h 2.5 0.2|5.1 -0.b 4,6 0.5 2.3 0.3
3h 2.1  0.2|k.6 0.4 3.3 0.3 2.2 0.3
L n 2.0  0.3|kS5 0.3 1.6 0.3 1.7 0.3
5h 2.5 0.2[2.4 0.2 1.4 0.3 1.7 0.3

n=5

Fig 65

STARILE RIBICHSE (nm t s.'-:).

Treatrent |[Saline scflaline sc Arcecollne se Arecoline sc
?ﬂ:cifz:x 331;ne sc Dex:mphetamine sc ﬂexan;hetamine . Ralin: sc
30 min 2.1 + 0.3]5.6 £ 0.5 8.9 & 0..8 1.2 £ 0.2
1h 2.6 0.3{7.3 0.5 6.1 0.4 1.2 0.2
2h 2,5 0.2[5.1 0.4 hei 0.5 1.2 0.2
3h 2.1 0.2|h6 O 6.7 0.7 1.2 0.2
' 2,0 0.3[{4.5 0.3 3.3 0.3 1.9 0.3
5h *l2.5 0.2{3.1 0.3 11.7 0.2 2.0 0.3
n=5
Fig 69

STARTLE RGPCS3E (mm + SR)

Treatment [3aline sc|3allne sc Arecoline sc Arecoline sc
Tane alter .331!:13 s¢ Dcxa;phetamine sc Dexam;heta_mine sc Salin;sc
injection

30 min 241 £ 0.3(5.6 £ 0.4 6.5 % 0.5 2.i £ 0.2
1h 2.6 0373 0.5 7.9 0.6 3.1 0.2
2h - |2.5  0.2(5.1 0.k 5.1 0.5 2.4 0.4
Jh 2.1 0.,2(4.6 O 4.6 0.1+‘ L.,3 0.3

It h 2,0 0.3{45 0.3 3.2 0.k 1.9 0.2
5h 2.5 0.2{3.1 0.3 J«1 045 3.2 0.2

n=95
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Fig 70

STARTLE RESPONUE (mm % SE)

_m Saline sc .Sali:e sC arecoi.ine sc Arecoline se
1;2: ct.a{::r Saline sc|Dexamphetamine sc|Dexamphetamine sc|Sallne sc
30 min 2.1 £ 0.3(5.6 £ 0.4 5.8 £ 0.8 1.9 £ 0.2
ih 2.6 0.3[7.3 0.5 L6 0.6 0.9 0.1
2h 2.5 0.2|5.1 0.4 L.t 0.4 i.1 0.2
3h 2.1 0.2]4.6 0.4 2.6 0.3 11.4 0.2
Ln 2.0 0.3[4.5 0.3 1.9 0.3 1.9 0.2
5h 2.5 0.2]3.1 0.3 1.8 0.2 1.3 0.2
n=5
Fig 71 _
STARTLE RESPONSE (mm  SE) !
Treatment |3aline icv|Saline lev Physostigmine icvi{Physostigmine lcv
Time after Sali:e sc Dexa:\phatamine sc Dexamphe:amine sc|Saline s:.:,
injection ;
30 min 2.9 * 0.4 |5.8 £ 0.6 7.8 1.0 2.4 %0,2
ih 2.4 0,373 0.5 8.0 0.5 1.9 0.2
2h 2.3 0.3 |4.8 0.6 10.4 0.7 2.8 0.2
3h 2,0 0.3 |40 0.4 Selk 0.l 2.4 0.2
4h 2.7 0.3|3.7 0.5 2.0 0.4 2.5 0.4
5h 1.9 0.2 ]2.2 0.3 3.9 0.1 4,3 0.3
n=5
Fie 72
STARTLE RESPONSE (mm % SE)
Treatment |3aline icviSallne iev Physostigmine icv|Fhysostigmine icv
ii';:cg:zr 3ali:e sc Dexa:nphet.amine sc Dexamph:tamlne sc Dexa.mp;eta.mlne sc
30 min 2,9t 0.1 | 5.8 2 0.6 5.6 2 0.6 3.5+ 0.3
1h 2,4 0373 0.5 42 0.6 2.9 0.3
2h 2.3 0.3 |48 0.6 7.2 0.8 2.9 0.4
3h 2,0 0.3 |4.0 0.4 6.8 0.6 2.4 0.3
Ln 2.7 0.3 3.7 0.5 S5¢1 0.4 3.5 0.k
5h 1.9 0.2(2.2 0.3 4.5 0.5 5.0 0.4

n=5
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Fig 73
STARTLE RESPONSE (mm * SE)

Treatment {Saline icv|Saline icv Carbachol icv Carbachol icv
Tine after "ali:; sc Bexashhctamine sc Dexampﬂ:tamine sC Salln;rsc
injection |~
30 min 2,9 % 0.4k |5.8 £ 0.6 4.5 £ 0,5 1.4 * 0,1
ih 2.1 0.3 |73 0.5 7.7 0.6 1.5 0.2
2h 2.3 0.3 |4.8 0.6 7.3 0.6 3.6 0.3
3h 2,0 0.3 [4.0 0.4 6.3 0.5 2.1 0.2
L h 2.7 0.3 [3.7 0.5 3.6 0.5 3.2 0.4
5h 1.9 0.2 ]2.2 0.3 3.2 0.3 2.8 0.4

n=5

Flg 74

MOTOR AGTIVITY COUNTS / 10 MIN ( * SE)

MOTORACTIVITY COUNTS / 10 MIN ( + SE)

Beginning 5 min after injection

Beginning 5 min after injection

Hon Adaptation Adaptation Non adaptation Adaptation
480 * 140 152 * 36 600,8 * 76.5 160 £ L9
477 95 226 52 b9 78 S 76 43
395 105 117 36 399 67 Lg L3
38 83 5 20 289 69 24 23
150 70 55 30 315 85 26 24
223 97 55 30 285 103 21 20
119 51 21 12 187 73 15 10
1o 52 23 20 62 18 7 L
59 30 33 22 67 30 8.5 4,8
91 61 24 13 78 43 3.5 2.8
L0 35 19 8 52 28 4,8 3.3
39 32 v L 20 17 4,8 L.
58 7 3 26 12 b4 3.7
K 34 5 2 53 45 17 12
55 4o L 3 23 18 9.5 5.5
52 26 9 6 52 47 18 10
36 11 8 7 112 88 2 22
59 36 9 7 128 96 8.5 5.3
24 23 53 48 169 95 3.8 2.4
3 22° i 10 139 63 16 7.8
37 18 14 8 167 72 16.7 16
L6 b 12 6 94 7 26 23
L6 43 32 25 107 98 17 16
73 50 70 68 7.5 1.5 19 19
M 24 9% 90 8 6 13 11
4y 36 57 50 9.5 8.5 0.3 0.3
21 7 25 23 9 3 0.5 0.5
65 29 5 9 6 3 6.5 2.5
b 29 1 1 4,5 2.5 0.5 0.5
Lo 32 3 3 11.5 11.5 4 1
(1) (11)
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Fig 75 (1) snd (31)

KOTOR ACTIVITY CLuirs / 10 #aw ( =% 88)

Eeginning 5 min after lnjectlen

Saline scilexampheteninefdexanphetanire|Jexanphetamine| Dexanphetanine [Cexanphetanine
! 1 n{'/k:': sc 2.5 m;ﬁzg ze |5 n;y'k: sc 10 mg/-;:p; se 20 mr/Ig sc

251 £ 51 W3 £13 221 * 110 783 * 9t 392 + 46 370 * 86
171 76 |2 9 287 119 843 101 L6 111 131 69
79 W3 |55 12 354 109 P75 11k Ls6 110 75 bk
22 9 (72 28 290 102 €38 121 42 85 60 31
L7 2% 12 13 209 112 721 107 330 7 36 15
B 29| 21 250 101 65 95 319 60 L
22 15 {55 16 161 72 557 1309 248 4 by 23
i 6|78 16 176 M 81 92 248 16 28 8
17 6 |64 23 175 94 551 115 209 34 3111
ih 5197 45 133 & W91 95 153 37 3 12
25 8 162 52 95 . 27 56 84 134 47 26 8
& 3133 20 95 23 436 79 139 76 Moo12
18 o 5 77 26 |1 97 |13t e 76 22
33 2|9 3 73 23 W7 €9 129 83 58 25
10 8 [21 10 24 353 51 76 49 8 29
45 39 131 17 ¥ 12 299 112 63 32 |85
32 20 |& 3 51 30 250 €8 43 23 61 36
12 88 6 24 8 315 85 29 26 66 45
35 26 |4 3 21 8 239 <63 29 28 66 36
25 10 [4 2 7 2 305 56 19 18 g7 51
0 5|1 1 6 206 52 21 21 95 76
18 15 (1 1 12 3 127 W 1 1 €7 57
17 14 9 7 115 46 2 2 6 61
5 2 13 9 7239 17 17 & 55
5 2 20 10 b5 21 19 19 w35
11 & 2 11 29 22 2 2 83 75-
17 9 6 3 57 22 1 1b 57 W
32 16 12 52 39 93 50
29 13 1 1 88 Wk
128 72

n=U
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Fig 76 (1) and (11)

MOTOR ACTIVITY COUNTS / 5 MIN ( * SE)

Beginning 5 min after injectlon

Saline sc|Apomorphine |Apomorphine |Apomorphine |Apomorphine|ipomorphine

1 ng/kg sc |2.5 ng/kg soi5 ng/ks sc |10 mg/kg |20 mg/kg sc
61 t1h {31 ¢ 11 71 13 69 12 |49 +£13 72 +13
Moo (32 6 75 19 69 10 |50 14 62 15
k7 18 |22 5 % 18 69 11 |53 16 63 11
b9 21 |1 4 93 19 g0 7 |57 16 72 16
37 11 19 6 103 22 82 11 {81 22 72 13
12 519 & o 22 77 18 |69 18 76 14
8 5|8 3 8y 26 95 16 |70 23 7 15
39 15 |3 2 67 27 [102 14 |62 17 6 15
26 8 (5 1 52 18 |90 11 |58 15 |64 16
25 10 | & 1 11 75 1 |59 14 67 14
24 12 |2 1 35 10 b 11 |49 13 66 15
2 11 |1 1 37 12 16 - 9 (¥ 10 81 13
25 10 |5 1 28 14 16 7 (& 15 62 b
15 9 |& 2 19 9 o2 |33 1t €0 17
2 516 3 18 b 3 (23 8 L 12
iw 3|8 6 26 11 4 2 |22 7 53 17
15 3 |12 10 20 6 4 18 7 49 15
12 312 1 14 5 2 9 3 47 13
10 2|5 3 15 & 7 3 g 3 k2 12
8 2|8 8 17 1 5 2 5 5 29 12
13 2 (10 9 7 17 7 & (1 7 27 8
15 2|7 7 24 10 6 & |15 7 |36 15
15 4 |2 1 30 15 11 9 7 2 20 6
12° 4 |6 5 15 7 7 6 |6 3 i 6
13 4% |6 5 22 10 10 5 9 3 12 6
12 4 2 1 37 16 9 4 5 2 8 &
9 .3 |2 1 37 16 11 1 5 2 10 5
13 & |1 1 26 14 9 7 5 .3 ?7 3
11 5 {2 1 15 9 3 2 7 3 12 4
11 3|1 1 12 7 2 2 6 3 8 3
9 2|3 1 6 & 3 3 7 b 1 3
13 6 |2 1 19 11 5
1M 6 |13 20 15 12 &
9 2 |3 2
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Fig 77 (1) and (11)

MOTOR ACTIVITY COUNTS / 10 MIN (% SE)

Begluning 5 min after injection

I Saline sc|L-amphetamine[L-amphetamine |L-amphetamine |L-amphetamine|L-amphetamine
+
5 m;fkg s¢ 10 m:;-/kg sc |20 mg/kg sc |40 m;kg sc |80 mf"}-kg sc
251 +51 |23 5 64 + 28 118 + 46 163 *.61 282 * 87
171 76 |28 8 156 58 241 109 310 73 2h2  101.
79 43 |52 19 218 67 357 1M ko7 66  |226 91
32 91|51 25 245 52 379 151 bsh 74 200 56
7 34 {64 38 233 63 392 152 k55 90 139 27
48 29 153 32 188 55 367 150 k70 121 9% 50
22 15 [+ 3 174 80 400 151 431 123 75 6
14 6 |43 31 186 81 Mz 138 361 105 86 22
17 6 |48 30 154 72 487 124 347 108 180 82
% 539 =27 199 90 493 132 292 100 170 53
25 B8 |23 14 146 66 399 109 362 105 182 W4
8 3121 10 156 58 356 123 350 95 28 84
.48 14 |18 8 162 78 432 77 325 89 236 ' 73
33 2|8 6 121 77 398 50 308 78 270 104
10 B|{6 3 87 70 371 38 5 52 284 116
45 39|19 & 7 52 I b 3B7 2 332 129
32 20 [22 12 65 58 275 kLo 3L 42 311 103
12 8 (32 9 67 W 205 40 497 56 |208 ' 119 .
35 26 17 6 % 30 201 55 518 74 306 124
25 10 |23 8 6+ 36 15+ L8 5ih 52 317 116
i0 5119 10 41 23 100 43 Lo €0 307 112
18 15 |7 3 39 16 113 36 Lol 86 323 90
17 14 28 15 90 22 403 68 294 105
5 =21 ° th 7 55 17 396 b6 312 88
5 2 23 6 B 13 385 69 72 67
11 &4 33 15 55 29 297 80 291 55
7 9 i 25 38 20 318 100 362 u7
32 16 : 17 L 239 79 323 58
25 12 15 5 176 84 k17
18 9 15 6 180 82 334 59
8 3 176 75 391- 58
10 5. 163 81 301 63
36 19 go 38 23 59
41 23 66 19 231 (&
b 31 59 19 (223 52
30 16 86 53 231 52
19 é 280 Lo
29 3 272 M
23 11 214 43
16 9 237 92
24 é 165 31
12 8 133 43
15 7 85 b4
33 19 69 20
21 16




Fig 79 (1) and (11)

MOTOR ACTIVITY CCUNTS / 10 MIN ( * SE)

Beginning 5 min after 1lnjection

Dexamphetamine Dexamphetamine [3aline sc |Saline sc Dexamphetamine Sallne sc
2 mg/kg sc + 2.5 mg/kg sc + + + + ot-methyl- + o-methyl-
lHoradrenaline icv|3aline lcv 3Jaline lcv|Noradrenaline lecv|noradrenaline icv|noradrenaline lcv
ol * B1 129 + 39 28 + 18 24 + 11 659 * 70 62 t 14
640 101 206 27 57 43 20 11 849 79 48 18
575 131 207 25 73 56 8 3 709 106 20 6
462 161 140 19 50 43 |6 2 614 107 6
351 153 125 ko 51 50 8 6 567 113 19 7
338 1% 2 1k 52 L9 2 3 517 140 13 5
179 99 g9 W4 70 66 6 3 393 115 20 10
103 34 62 12 35 3k e 5 287 71 19 6
81 31 56 18 2 1 7 L 246 L7 21 10
52 18 39 5 3 6 & 168 67 19 8
39 19 23 9 3 1 5 2 138 Ly 15 ”
15 7 21 9 b 1 L 2 82 27 |15 8
51 17 36 23 12 9 2 1 55 16 19 7
sh Ly 26 6 8 6 5 3 30 10. 17 7
26 10 16 10 32 30 3 2 27 10 25 12
16 9 10 5 21 19 2 i 19 8 15 7
9 4 L 2 3 2 2 i 18 10 10 L
9 6 15 12 y 3 3 2 20 4 20 9
9 3 ik 8 . 2 1 3 2 17 6 12 6
15 10 L i 2 1 5 2 23 14 8 4
12 é 5 2 1 6 6 29 12 21 11

=]
L]
n
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Fig 80 (1) and (11)

KOTOR ACTIVITY COUNTS / 10 MIN ( % Sg)

Beginning 5 min after injection

Dexamphetanine [Dexamphetamine|Saline sc|Saline sc Dexamphetamine|Dexamphetanine|Saline|Saline sc
sc + sc + + + sc + sc + sc + +
Clonidine ip |3aline ip Saline ip|Clonidine ip|apomorphine ip{Saline ip Saline|Apomorphine
' ip ip
437 * 93 240 * 115 86*27 27 * 6 359 £33 240 * 115 86 £27(88 * 19
67 98 273 168 61 13 |31 3 3 45 273 168 61 13101 30
757 11k 235 120 b 3 Lk 5 345 32 235 120 Lo 3{81 35
744 102 250 126 33 & 31 &4 206 33 250 126 38 Lisy 43
763 99 212 116 37 5 |42 10 116 35 212 116 37 5]17 12
732 108 199 119 3 4k 39 10 115 48 199 199 ¥ 42 1
660 103 186 128 28 4 (3 7 113 51 186 128 28 4j 7 4
608 106 140 83 27 & 3% 9 100 38 tho 83 27 4j2 i
590 123 6 34 3Bk 119 3 89 33 B 34 3 b2 2
552 135 s 61 26 5 |3 9 107 51 14 61 26 56 3
478 112 90 58 29 6 |36 b 69 24 %0 8 29 612 6
381 78 9 49 28 Lk |k 18 63 17 90 . 49 28 4il4 3
302 35 82 28 26 7 (37 8 32 11 82 28 26 713 1
187 22 83 26 25 3 |35 7 23 9 83 26 25 3|2 1
159 39 71 om 21 2 |k2 8 L6 17 7Tm 21 220 18
153 25 59 19 29 6 |68 15 16 8 59 19 29 62t 11
111 14 36 11 21 5 |+ 16 10 6 36 11 21 st 9
11 43 46 22 26 3 (25 10 L3 26 22 26 30116 14
125 64 32 13 28 9 |2 8 10 10 32 12 28 928 26
87 38 24 - 10 51 30 (30 12 77 24 10 51 3010 8
.27 9 33 18 39 16 (28 19 1 0,2 3 18 39 16(7 &4
28 10 37 18 25 7 {2+ 8 0.2 0.2 37 18 25 716 5
34 - 5 23 10 25 6 |20 5 9 6 23 10 25 6110 5
18. 14 15 8 19 1 f15 6 26 18 15 8 19 tl? 3
b2 17 8 L 18 1 |17 5 12 5 8 L 18 1ls8 13
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Fig 81

MCTOR ACTIVITY COUNTS / 10 mIN ( % s&)
Beginning 5 min after injection

Saline sc Saline sc|Apomorphine sc{Apomorphine sc

+ + + +
Clonidine ip|Saline 1p|Saline ip Clonidine ip
9+ 2 3%+ 9 |42 8 128 t 16
18 4 L9 19 |47 11 126 132
12 3 36 9 |56 12 151 26
19 2 22 3 |60 9 133 25
2 2 20 2 |62 17 160 17
20 3 20 2 |58 18 153 20
21 3 19 3 |42 16 132 14
i1 b & 20 3 {27 1k 113 1
19 5 19 L 25 14 91 15
20 6 18 2 11 b 61 10
17 &4 17 3 [? 3 3 6
22 7 17 3 | & 1 30 5
15 3 14 1 5 1 17 8
19 L 12 2 ¥ 1 11 7
13 b 14 3 5 1 10 7
26 7 13 2 |6 1 10 5
i1 2 1h 2 |13 5 9 2
i 3 20 1 (11 &4 5 2
11 3 13 3 {20 9 b 1
15 L i3 2 |33 b 7 2
18 10 i2 1 |17 6 6 2
25 15 17.. 95 7 1 6 1
21 7 16 3 |15 8 8 1
27 11 12 1 8 3 6 4
19 8 i3 3 5 2 13 7

n=5
Fig A2

KCTCR ACTIVITY CCUNTS / 10 MIN (- S3)

Beginning 5 min after injection

FLA-63 ip|Vehicle 1p|Vehicle ip FLA-63 ip
* ¥ + +

Saline sc|3aline sc |Dexamphetamine sc|Dexamphetamine se
39 +17 [117 £ 53 (186 * €7 83 * 16
32 14 |8 30 (205 68 146 47
23 1 Lo 17 469 74 204 Lo
33 20 28 13 |[541 83 197 38
26 10 |33 9 [é04 109 190 58
28 13 L2 13 |s75 88 183 34
30 12 |36 8 %M 55 135 30
24 11 (39 13 [w09 76 123 43
31 17 |39 12 {430 63 112 uh
27 17 22 7 1382 73 106 38
23 15 23 10 327 73 108 L0
28 1k 25 10 |[295 U4 118 35
23 17 |54 34 |197 A6 109 30
2 13 84+ 55 (193 77 89 28
18 10 78 53 {190 56 113 36
23 16 |31 12 155 24 66 20
11 6 24 8 |14t 53 75 30
15 10 55 18 146 Lo 62 26
22 1 61 25 |1tB 36 62 28
17 8 66 34 53 11 65 32
20 15 (19 9 [b7 16 58 25,
10 7 21 8 32 11 50 23
15 10 i8 10 57 19 31 10
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Fig 83

MOTCR ACTIVITY COUNTS / 10 MIN ( % sm)

Beginning 5 min after injection

Pimozlde ip|Vehicle ip|Vehicle ip Pimozide ip
Sal;.no sec Sa].;ne sc Demm;hetamine sc Dexa;phetamine s¢
96 *27 63 1 310 % 32 59 £17
62 29 63 26 |68 81 74 20
25 19 8 5 k79 86 90\ 37
9 2 2k 19 hsz 83 75 37
10 2 9 5 540 76 81 46
13 6 5 2 539 72 78 38
6 2 11 7 |43 & 84 L9
10 3 3 1 |46 38 83 50
12 5 1 354 56 69 39
6 2 7 bk 266 78 59 30
13 8 25 18 {230 58 47 19
18 10 11 5 (196 €0 18
11 5 10 6 146 49 L5 20
15 13 15 10 [155 66 3 12
22 15 11 8 83 b6 47 24
7 1 2 2 |t 31 24 78
16 8 L 2 (122 34 35 19
26 13 |3 2 |8 2 6 37
29 14 32 15 4 7 % 16
20 14 26 17 36 15 25 18
L6 18 23 13 ks 24 10 6
25 12 8 6 35 16 23 20

n=>5
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Fis 84

MOTOR ACTIVITY COUNTS / 10 MIN ( T 5a)

Bepinning 5 min after injection

Fhenoxybenzamine sc|salline sc¢ |[Saline sc + Fhenoxybenzamine sc| Salline sc +
+ Dexamphetamine sc|+ Saline sc|Dexamphetamine se|+ Dexamphetamine sc| Dexamphetamine sc
+ Clonidine ip + Saline ip|+ Salinc ip + Saline ip Clonidine ip
35 * 8 109 £ £9 204 + 64 48 £ 13 67 + 99
55 9 55 34 |30z 74 6 18 03 97
98 22 35 23 |33+ 75 75 16 €15 103
127 19 31 21 (320 76 52 8 692 o4
145 11 14 9 251 51 61 21 650 69
1 17 15 & 155 34 &G 21 619 76
113 =20 15 6 110 32 66 2h sh0 90
130 14 2 6 |1on 29 50 15 499 sk
8o 11 16 5 10 26 86 39 Lso 68
89 17 i 4 b 65 O 22 457 39
103 25 i 3 (122 57 55 25 343 bk
92 13 9 3 108 49 48 19 284 67
108 25 W 2 |8y 36 43 18 184 68
95 20 9 2 98 &4 g At 186 60
87 19 10 3 6 36 31 8 146 5%
78 30 10 3 56 32 25 9 93 79
82 o 9 3 7 36 18 9 118 61
85 1 9 2 37 9 27 13 o 4B
80 29 7 3 27 17 36 20 85 139
s 15 3 2 | 15 29 13 0 %
67 25 6 3 23 26 15 6 17
w8 19 8 6 36 26 18 6 65 15

L 5 s 13 9 : - 13 2 46 s

n=95
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I Fie 86

— e

TURNG /.1 MIN ( % ©3)

Time after injection
(::in) 15 |20 (45 [0 |50 [120)150]tP0]Z40|270
Tresinent 3y
bexamphetanine se 9180 110,5] 9.9z ]34 (7.0 |4 .°12,210.6
4+ oy
3alire in 2,000 a0, glh, 0l r]3,2]1.7[0.6
Dexanphetamine se Bei]n.0] .9 30117.501.3]1:5]140]0.5
+ +
Clonidine ip 2.612.8 2.¢lz.8]2.401.11.2]1.04] 0.6
n=9
' Fig 87
e 1 arn ¢ riss)
Tine after injection :
(nin)[15 [3C 45 €0 |c0 [120(150[120]240|270
Treoatrmont
Dexarpheiamine sc 24550 4010 [T ] %eS |34 3.0)2.2]1.8
+
S P o e e SIS (e TS K v A Lo TS
Dexamphetamine sc 90|78 0,293 ua2 |70 27 L0002
1 week later o~
. 1.5/2.0]0.5|2.0[{1.0|1.2|0.B]2,2]2.1
ne=3
Fig 88
TURNS / 1 MIN ( % 33)
Tire after injection|5 [10 |15 |22 |25 |20 |35 |40 |=5 |s¢
(rin) :
Trpatrmont
Apomorphine sc §ek150915.2| €a7 ]St 502|241 15[ C7
S 5 P P K [l ot KRl PR E Hal)
Aponorphine sc Lat]3ev]Sef2et]5.8]5 |Za2]1e8[1el]001
{1 weck later 3
03]1.2(0.2]10.7]0.7] 2.2 01 0.2 5.2 0
n=3
Fig 89
TURNS / 1 MIN ( & SZ)
Time after injection
(nin) |5 10 |15 [20 {25. 3¢ |35 |e0 [45 {50
Trecatment
Apororphine sc s Selfoec |Sey|ceg 4ot dfL.2[C. 5|01
+ =
Zaline ip 1.5019. 401101, 0 00,000,207 ]2,217.0
apomorpnine se N CTE N P FE I O RIS [T EuRt (o) el
+ o
Clonidine in 0927070500204 MuE}Ne1]DD

D
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