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The effects of some dopaminoceptor agents wvere
studied on maximal electroshock seizure, chemically-
induced seizures, aross behaviour, body temperature,
pentobarbitone~induced sleep, EEC and EWG using
young chicks.

The susceptibility of chicks to maximal electro-
shoeck seizure increased with age within 14 days
after hatching. On the other hand, chicks became
less susceptible to strychnine-induced seizures with
age within 7 days after hatching while the convulsant
effect of leptazol was apparently unrelated to age,
Low to moderate doses of dopamine, L-dopa and
apomorphine significantly protected chicks against
electroshock seizure; the protective effect increased
with dose of drug and age of chicks. High doses of
dopamine, lL-dopa and aspomorphine appsrently enhanced
electroshock seizure activity in 1-8 day old chicks;
this effect could net be demonstrated in older chicks,
Similarly, dopamine protected chicks against both

strychpnine and leptazol-induced seizures. The
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anticonvulsant activity of dopamine against strychnine-
induced seizure decreased with age. The effects of
dopaminoceptor agonists on meximal clectroshouck and
chemically-induced seizures were antasgonised by gimozid:
and haloperidol. '

6~ hydroxydopamine, injected intraperitoneally in
rats and chicks, did not induce spontaneous selzures
but produced significant alterations in the threshold 1o
electroshock seizure in chicks; the particular effects
wvere dose-dependent and time-dependent. Adminisiration
of 6-hydroxydopamine once only to 3 day old chicks end
once per day into rats on the first and third days poat-
parturition resulted in an increase in Lhe proportian
exhibiting tonic seizure with electroshock when tested
10-12 weeks later, When 6-hydroxydepamine vss injeclod
intraperitoneally into aduit rats snd cocks, there vaso
no significant alteration in seizure thresholid,

D-amphetamine offered chicks a dose-depondent
protection against electroshock seizure. FLA<6]
produced a time-dependent biphasic effect on
electroshock seizure., 3, 4-Dihydruxyphenylserine
produced significant time-dependenl changes in the

seizure threshold of chicks.
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Dopamine, L-dopa, amantadine and 6-hydroxydopamine
produced stereotyped headshaking, jumping and board-
pecking in a dose~dependent manner in chicks.

Locomotor activity was increased by amantadine and low
doses of L-dopa and dopamine., High doses of dopamine
and L-dopa reduced locomotor activity. Water intake was
increased by 6-hydroxydopamine. 3,4 - Dihydroxyphenyl-
serine reduced water intake, pushing and pecking
activities while stereotyped headshaking was increased.
RO4-4602 increased board-pecking and jumping while
pushing and vater intake were decreased.

Dopamine, L-dopa, apomorphine and FLA-63 delayed
the onset and shortened the duration of pentobarbitone-
induced sleep in young chicks. These agents antagonised
sleep and £EG synchronization induced by pentobarbitone.
In addition, these drugs increzsed the [MG activity and
desynchronized the EEGC of the hyperstriatum, optic tectum
and pontine reticular formation. Pimozide prolonged the
duration of pentobarbitone-induced sleep; but had less
effect when dapamine was also given.

Both dopamine and L-dopa produced significant dose-
dependent hypothermia in young chicks, which was

antagonized by haloperidol. In adult fowls, dopamine
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did not exhibit any thermal influence but L-dopa still
produced profound hypothermia. R0O4-4602 had no
observable thermal effect in chick but potentiated L-
dopa-induced hypothermia, Haloperidol produced a
significant hypothermia in chicks.

The results obltained with radio-labelled dopamine
indicate that most of the intraperitoneally injected
drug crossed the blood-brain barrier and accumulated
preferentially in the brain. Similarly, using
fluorimetric assay technique, the estimated brain
concentrations of dopemine after the administration of
either dopamine or L-dopa increased profoundly.
Interestingly, there was a close parallelism betwveen
the distribution of dopamine in different brain regions
of chicks pretreated with either dopamine or L-dopa and
that of endogenous dopamine in control chicks,

The results of this project show that dopamine and
L-dopa injected parenterally accumulates in the brain of
young chicks, It is also indicated from the data that
dopamine may play significant roles in seizure
modulation, sleep mechanism, temperature regulation and
behavioural activity of chicks. 1In addition, some of
the agents which are known to interfere with central

dopamine neurotransmission produced significant effects



on seizure and behavioural activities. It is concluded

that endogenous dopamine may subserve these important

physiological activities in the chick.
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CHAPTCZR ONE

1.1. LITERATURE REVIEY,
!.2. General Introducticn.

Biochemical, electrophysiological and
pharmacological approaches have been used by many
vorkers to study the clinical significence and the
physiclogical role of dopamine (DA) in mammals
(Arbuthnott, Crow, Fuxe, UOlson & Ungerstedt, 19703
Connor, 1968; feltz & Albe - Fessard, 1972;
Hornvkiewicz, 1966; Van Rossum, 1967; Sourkes, 1970;
Von Voigtlander & Moore, 1971).

It is now well-established that DA is the
immediate precursor of noradrenaline (NA) in
chromaffin tissues and noradrenargie nerves in both
vertebrate and invertebrate organisms (Blaschko,
1959; Hornykiewicz, 1966; Nagatsu, 1964; Schumann,
1956). Recently, some workers have indicated that
DA may possess its own physiological properties in

the nervous system independent of its biosynthetic



role (Cools & Van Rossum, 1%76; Goldberg, 1972).

1.3. Biosynthesis of DA,

Catecholamines are formed in the brain,
chromaffin cells, sympathetic nerves and
sympathetic ganglia frem their amino acid precursor,
L-tyrosine, by a sequence of enzymatic steps first
postulated by 8laschko (1939) and confirmed by
Nagatsu in 1964 (see fig. 1.1). L-Tyrosine is taken
up from the bloodstream and concentrated within the
brain and other sympatheltically innervated tissues
by an active transport mechanism. The rate - limiting
step in the biosynthesis of catecholamines is the
conversion of L-tyrosine to L-dops which is catalysed
by tyrosine hydroxylase enzyme. This enzyme is
stereospecific, requires molecular oxygen, ferrous
iron radical and a tetrahydropteridine and shovs a
fairly high degree of substrate specificity.

DA is formed in vivo from L-dopa and catalyzed
by L-aromatic acid decarboxylase enzyme, The

reaction is very efficient and rapid. Some workers



have reported that the highest snzyme activity is
in the caudate nucleus, the hypothalamus and the
mesencephalon (Bertler % Rosengreen, 1959; Bogdanski,
Weisbach & Udenfriend, 1957; Holtz % Yestermann, 1956).
Since the limiting step in the biosynthesis of DA and
NA is the formation of L-dopa frem L-tyrosine by L=~
tyrosine hydroxylase enzyme, no appreciable amounts of
L-dopa can be expected to accumulate in the brain
(Levitt, Spector, Sjoerdsma & Udenfriend, 1965).

targe amocunts of DA were formed in slices of
caudate nucleus of the cat but not in other areas
of the brain on incubation in a medium containing

L-tyrosine - %C (Masuoka, Schott & Petriello, 1943,

McGeer, Ling & McGeer, 1963). 1In 1965, Glowinski,
Iversen & Axelrod confirmed this finding in vivo.
These authors showed that after introduction of “H-
DA into the lateral ventricle of the rat, the amine
was easily taken up by brain tissues. However, in
contrast to the other brain areas, where 30 to 50%

of 4 - DA was converted to 3H..NA, only small amounts

of 3H - NA were found in the caudate nucleus. These

results suggest that the activity of DA - beta -
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hydroxylase enzyme (vhich is responsible for the
conversion of DA to NA) is very low in the
striatum compared to other brain areas
(Hornykiewicz, 1966). The low activity might

be a consequence of lasck of saome factors
necessary for full enzymatic function. The

same author {1966) suggested an alternative
explanation that DA and DA - beta - hydroxylase
enzyme might be localized in separate

compartnents of the stristal cell,
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£

Catabolism of DA,

The catabolic pathway of DA is
schematically shown in fig. 2. iath
monoanine oxidase {'!AQ) and catechol-o0-
methyl transferase (COMT) enzymes are
involved in the formation of homovanillic
acid [(H4VA, 4 - “ydroxy - 3 methoxy phenyl
acetic acid) from DA in the body [Axelrod,
19593 3laschko, Richter & Schlossnann,
1937).

Carlssgson & !iillarp (19462) reported
that most of the DA formed fram endogenous
L-dopa is first attacked by A0 leading to

formation of 3, &4 -



dihydroxyphenylacetic acid (DOPAC) which is
subsequently O-methylated by COMT to produce
HVA. In 1260, Rosengreen observed that the
redional distribution of OQOPAC in the brain wuss
simiiar to that of DA. The occurrence of 3~
methoxytyramine in the brain has heen reported
(Carlisson & Waldeck, 196&) indicating that some
brain DA might undergo O-methylation prior to
oxidative deamination.

The main brain metabolite of DA is HVA and
its distribution roughly parallels that of DA
{Bernheimer, 1964; Sharman, 1963). liowever, there
are some quantitative differences between the
distribution of HVA and DA in various brain
regions. For example, ip the striatum,the ratio
of DA to HVA varies between &4 in cats and 0.5 in
the dog (Laverty & Sharman, 1963). \Whereas the
corresponding figures for the substantia nigra
and the pallidum in man are 0.25 and 0,04
respectively (Bernheimer & Hornykiewicz, 1965).
These cobservations sugqgest that in spite of the

comparatively low actual concentration of DA in
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the substantia nigra and pallidum, the amines in
these brain regions mioghi be present in physioclegically
active concentrations comparable to those found in

the striatum {Hornykiewicz, 1966).

1.5, Turnover of DA,

The turnover of brain DA is comparable to
that of S5~-hydroxytryptemine (5-HT), but it is much
higher than that of brain NA (Udenfriend, Yitkop,
Redfield & Weissbach, 1958). 1In 1965, Vegt
correlated the high amounts of HVA in the DA-rich
parts of the brain (in contrast to the very lov
concentration of acid metabalites of NA in the same
region) with a faster turnover of DA than NA in the
brain, The observation by many workers that several
drugs (morphine, oxotremorine, beta -
tetrahydronaphthylamine and phencthiazine derivatives)
easily elevate HVA and 3-methoxytyramine levels in
the caudate nucleus of different species is an
addilional evidence thet the turnover of DA is very
fast {(Anden, Roos & Vlerdinius, 19643 Carlsson &

Lindgvist, 1963). 1In addition, GClowvinski et al



e

(196%) found that 3“ - DA disappeared at e faster
rate than 3H - NA from striatal tissue after the
amines have been taken up from the lateral
ventricle in vive. This finding favours a high

turnover rate of DA, but not MNA, in the striatum,

1.6, Peripheral Physioclogical Role.

DA displays qualitatively similar peripheral
actions as noradrenaline and adrenaline in most
test preparations, but DA is comparatively weaker
than the other sympathomimetics (Barger & Dale,
1910; Holtz, Heise & Ludtke, 1939). These findinags
may justify the classification of DA as a wveak
sympathomimetic amine acting directly or indirectly
or both on classical adrenerqic receptors.

However, the effects of DA en some blood
vessels can not be fully explained on the basis of
alpha-adrenoreceptor stimulation. for example,
Holtz & Credner (1942} abserved that DA caused a
marked decrease in arterial blood pressure of

guinea -~ pigs and, to a lesser extenrt, rebbits, in
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contrast to NA. This report hes been confirmed
by other workers (Burn & Rand, 1958; Dengler,
1957; Schumann, 1956). Recent studies have shown
that, in other species, DA has actions on the
vascular system which are different from those of
NA. Thus, unlike NA, the blood flow through the
superior mesenteric vessels and coeliac Qesaels cf
dogs and through the kidneys of dog and man, are
increased by DA (Ebble, 1964; McDonald & Goldberg,
1963). 1In addition, these "unusual” actions of DA
are not antagonised by classical alpha and beta
edrenoreceplor blocking agents {(Ebble, 1964}
McDonald & Goldberg, 1963). These findings
indicate that DA may act directly or indirectly or
both on classical adrenoreceptors as well as on
specific DA receptors.

In 1972, Barbeau implicated DA in the control
of peripheral mechanisma of blood pressure, He also
postulated that DA regulates basal renin secretion

1

rete via cyclic sdenasine 31, 5 monophosphete

{(C-AMP). It has been shown that central DA



metabolism may also pley a significant role in
the regulation of postural blood pressure.

There is increassing evidence that DA may
subserve specific physiological actions &t various
sites in the peripheral nervous system. Ffor
example, DA occurs in ebundance in adrenergic
nerves and ganglia (Yon Euler & Lishajko, 1957},
blood vessels (Von Euler & Lishajko, 1957}, heart
(Bertler, Falck & Hillarp, 1959), lung, bronchi
(Von Euler & Lishajko, 1957) liver and intestine
(Sehumann, 19592). In most of these organs DA
accounts for over 50% of the tolsl catecholamine
content, Infact, it has been reported that DA is
the only detectable catecholamine in the lung,
liver, intestine and bronchi (Hornykiewicz, 1966).
It is tempting to assign a physiologicel
significance Lo the presence of DA in these organs.
In addition, Greengard, McAfee & Kebabian (1972)
postulated that DA inhibits transmission at
mammalian superior cervical ganglion via an action

on C~AMP thereby modulating excitatory cholinergic
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influence on the ganglion.

In 1965, Van Rossum observed that the alpha
adrenergic receptors in the vas deferens of the
rat have a considerably higher affinity faor DA
than the adrenergic receptors in the rabbit
intestine. In a series of intensive studies on
smooth muscles Tayo (1977), faund that DA was five
times more potent than NA in contracting the vas
deferens of the rat. The effect of DA on the vas
deferens was not blocked by phentolamine while
pimozide effectively antagonised this action (Tayo,
1977). Thus, although true peripheral DA neurons
have not yet been demonstrated, the "unusual"
effects of DA on the blood vessels and vasa
deferentia suggest the possible existence of DA
receptors in these tissues. Also, the peculiar
distribution of DA in different peripheral tissues
implicates DA as a transmitter agent possessing

specific physiological functions in the periphery.

1.7. Neurotransmitter Status of DA In The Brain.
During the last decade, both direct and

indirect evidence have been presented to show that



DA fulfils the neurotransmitter role in the brain
(Hornykiewicz, 1966; Cools & Van Rossum, 1976).
Here are some of the arguments in favour of DA as
a putative neurotransmitter.

In the brain ganglia of molluses, DA is the
only detectable catecholamine and electrophysiological
data indicate that DA's effects on nerve cell
activity are different from thase of NA and
Adrenaline (Sweeney, 1963). These findings suggest
that DA might be a transmitter substance in the brain
of this phyllum.

Secondly, the differential distribution of DA
in the mammalian brain further implicates this amine
as a neurotransmitter agent, Thus, the highest
concentrations of DA in the mammalian brain are
restricted to certain regions (i.e. caudate nucleus,
putamen, globus pallidum, substantia nigra). It is
significant to note that the DA-rich areas contain
only very small amounts of NA (Bertler, 1961;
Carlsson, 1950; Ehringer & Hornykiewicz, 1960;
Laverty & Sharman, 1965). In addition, some workers

have reported that DA may be the predominant



catecholamine in the retina (Haggendal & HMalmfors,
1963), the tuberculum olfactorium (Anden, unpublished,
quoted by Fuxe, 1964) and the infundibulum (Haggendal,
unpublished, quoted by Fuxe, 1964).
Also, the fact that in most species DA
accounts for about 50% cf the totel catecholemine
content of the entire brain suqgests that DA might
possess specific physiclogical effects in addition
te its biosynthetic role (Hornykiewicz, 1966).
Fourthly, some workers have used biochemical,
histofluorescent and anatomical methods to
demonstrate the existence of DA-rich nerve cells
in the substantia nigra (especially the pars
campacta) which send DA neurons into the nucleus
accumbens, corpus striatum, tuberculum olfactorium
and median eminence, (Carlsson, Falck % Hillarp,
19623 Fuxe, 1965; Hornykiewicz, 1963).
As a consequence of the demonstration of DA-
rich neurons in the brain, many workers using
chemical and electrophysiclogical techniques have

identified the neurctransmitter synthesized withain

the nigro-neostriatal fibres and released within
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the caudate nucleus either during rest or electrical
stimulation of the presynaptic nerves to be DA
(Arbuthnott et al, 1970; Besson, Cheramy, Feltz &
Clowinski, 1971; WMclLennan, 1964; Portig & Vogt,
1969; Von Voigtlander & Moore, 1971). This
demonstration confirms earlier sugaestions that DA
may be a neurotransmitier agent in certain regions

of the mammalian brain.

1.8. Physiological Role of DA In The 8rain.

York (1967), Connor (1968), and Feltz (1970
a-c) have reported that DA induces characteristic
postsynaptic actions - inhibitory postsynaptic
potentisls in the majority of caudate cells and
excitatory postsynaptic potentials in a small
number of caudate cells. According to Herz &
Zieglgansherger (1966) only orthodromic inhibitory
responses of caudate cells to nigral stimulation
are mimicked by micro~iontophoretically applied DA,
On the basis of this finding, they postulated that
DA acts as a postsynaptic inhibitory agent within

the caudate nucleus.
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Many workers, using pharmacelogical techniquas,
have reported that neostriatsl DA functions as an
essential mediator of precesges invelved in the
genesis and raguiatinn of motoeor setlivitieg, For
example, in various animal specieg charecteristie
sterectyped motor behaviours were modified or
suppressed by selective interference with intracaudate
DA activity {(Coannor, Rossi & Baker, 1967; Costall,
Naylor & Olley, 19723 Lrnst & Smelik, 1964;
Ungersetedt, Butcher, Butcher, Andén & Fuxe, 19691;
Even in man there is &8 definite correlation between
central DA ectivity and certain psychomotor
dyafunctions such as psrkinsonism, huntingtun's

1Pchurea and tardive dyskinesias ez well as sone
psychotic disorders (Barbesu & MecDowell, 19693 Fog
& Pakkenberg, 1970; Randrup & Munkvad, 1972; Stevens,
1973); Recentiy, Fuxe, Goldstein, Hokfelt, Johnson
& Lidbrink (1974) and 0Dlscon, Seiger & Fuxe (1972)
used combined histochemicel and ontogenetic experiments
on the basal ganglia of rats to show that the nuclaus

accumbens and neocsiriatum of adult animals contain
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two histochemically distinct types of DA-terminal
structures. Thug, the poesibility of the existence

of two types of DA receptors-DA excitatory (DE) and
DA inhibitory (DI) mediating receptors, have been
suggested (Cools & Van Rossum, 1976). The DL receptor
reqgions were marked by circumscribed islands of a
moderate to strong dotted DA fluorescence while the

DI receptor regions were marked by the well-known
green DA-fluorescence. The DE receptor structures
appear at an earlier stage than the DI receptor
regions. The same workers observed that the DI
receptor areas are less rapidly depleted by the DA -
synthesis inhibitor, alpha-methyl-para-tyrosine,

than the DE receptor etructures. This finding
suggests that the DA turnover in the DI regions 1is
slower than in the DE structures. The DI fluorescence
is concentrated in the medial part of the caput
neostriati and also diffusely distributed throughout
the rest aof the telencephalic DA-rich structures
(Olson et al, 1972). Tennyson, Barrett, Cohen,

Heikkila & Mytilineocus (1972) have reported similar
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findings using the rabbit's caudate nucleus and
putamen. Thus, the presence of two different
types of DA terminal structures marked by
differences in DA-fluorescence, turnover rate,
morpholaogy and topography strongly suggest the
presence of functionally distinect DA-mechanisms
within central DA-rich structures (Cools & Van
Rossum, 1976).

Evidence from electrophysiological studies
indicates that the putamen receives two types of DA
neurons from the substantia nigra. It was observed
that some neurons in the putamen are excited by
nigral stimulation or by micro=-jiontophoretically
applied DA wheress athers are inhihited by nigral
stimulation as well as by micro-iontaphoretically
applied DA (York, 1970). Similar experiments on
the caudate nucleus of cals have alsa shown that
this structure contains two electrophysiclogically
distinct DA-sensitive regions (Bloom, Costa &
Salmoraighi, 1965; Connor, 1968; MclLennan & York,

1967; Schwartz, 197Q0). It should be noted that



some inhibitory inputs to the putamen from the
substantia nigra are mimicked by micro-
iontophoretically applied gamma amine butyric

acid (GABA) and blocked by GABA - antagonists -
bicuculline and picrotoxin, Also, Feltz & De
Champlain (1972 a-b) and Hull, Levine, Buchwald,
Heller & Browing (1974) obtained inhibitory
responses to nigral stimulation in the absence of
DA-innervation of the caudate nucleus; These
findings suggest the existence of non-DA inhibitory
nigro-caudate fibres in addition to the DA-inhibitory
nigro-caudate fibres.

In addition to the electrophysiological findings,
pharmacological data show that there may be two
distinct types of DA receptors in the brain. In these
studies, dopaminoceptor agonists and antagonists were
used. The DA agonists include the following agents:-
L-3, 4-dihydroxyphenylalanine (L-DOPA) which is
converted to DA in vivo and thus increases the amount
of DA at the receptor site (Bartholini, Burkard,

Pletscher & Bates, 1967; Butcher, Engel & Fuxe, 1970).
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Amphetamine is reported to possess direct stimulant
activity on DA receptors (Van Rossum & Hurkmans,

1964) in addition to its ability to inhibit monoamine
oxidase enzyme and release DA (Besson et al, 1969;
Carlsson, Lindquvist, Dahlstrom, Fuxe & Masuoka, 1965;
Glowinski, Axelrod & Iversen, 1966). Amantadine is
believed to cause the release of DA from extragranular
stores in DA-nerves (Farnebo, Fuxe, Goldstein,
Hamberger & Ungerstedt, 1971) and to prevent neuronal re-
uptaeke of DA (Heimans et al, 1972). Apomorphine, piri-
bedil, ergometrine and ergocornine have been reported by
many workers to stimulate DA receptors directly (Andén,
Fuxe, Hokfelt & Rubenson, 1967; Corrdi, Fuxe &
Ungerstedt, 1972; Ernst, 1967; Fuxe, 1973; Pijnenburg

& Van Rossum, 1973). According to Miller & lversen,
(1974) the metabolite of piribedil, S58B4, appears to
possess dopaminoceptor agonistic activity. Apomorphine
produces stereotyped behaviour when administered intra-
neostriatally (Ernst & Smelik, 1966), piribedil and
ergometrine are less effective in this respect

(Pijnenburg & Van Rossum, 1973).



Un the other hand, ergometrine produces a long - term
increase in locomotor activity vhen administered into
the nucleus accumbens while apomorphine is less
effective in this respect (Pijnenburg & Van Rossum,
1973). Thus, there are some striking differences
between apamorphine on one hand, and piribedil and
the ergot alkaloids on the other hand. For example,
apomorphine-induced effects are not affected by alpha-
methyl-para-tyrosine whereas the effects of piribedil
and the ergot alkaloids are suppressed by alpha-
methyl-para-tyrosine (Costall & Naylor, 1973b).

In an attempt to explain these apparent
discrepancies, Fuxe, (1973) and Corrodi et al, (1973)
postulated an additional presynaptic action for
piribedil and the ergot alksloids.

The suggestion that the ceudate nucleus contains
two types of DA receplors is supported by behavioural
studies using the cat's csudate nucleus. Local
application of low doses of L-dopa, DA, apomorphine or
amphetamine into the caudate nucleus (the rostromedial
part of the nucleus) produces the characteristic

contralateral turning syndrome which is reversibly
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counteracted by haloperidel cr alpha-methyl-para-
tyrocine. Both piribedil and ergometrine are
completely ineffective when administered into the
caudate nucleus {Cools & Van Rossum, 1970; Cools,
1971). On the other hand, when lov deoses of L-dopa,
DA & asmphetamine are injected into the caudate
nucleus outside the rostromedial area the so-celled
ipsilateral turning syndrome is elicited whereas
piribedil produces contralateral turning syndrome
and apomorphine was totally ineffective when injected
into these intracaudate sites (Cools et al, 1975sa).
Cools, Hendriks & Korten (1975b) reported that
the csudate nucleus of rhesus monkey contains two
types of CA sengitive receptors. One DA receptor
type is involved in the elicitation of skilled
manipulatory movements and spssmodic torticollis
while the other DA receptor type is implicated in the
elicitation of oro-lingual fscial dyskinesias and
dyskinetic activities in the extremeties. Haloperidol
blocks the first DA recepltor type but ineffective an

the second type of DA receptors (Cools et al, 1975b).
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These dats clearly suggest the existence of two
functional types of DA receptors in the rat, cat
and mankeys which are characterised by specific

pharmacological and behavioural features.
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DE 01
Topography Cat-caput nuclei Scattered throughout
caudati restro- the caudate nucleus.
medialis.
Rat-reostriatum Mucleus accuinbens
Amount "Small" "Large"
Localization Presynaptic(?) Postaynaptic(?)
Flucrescence Diffuse green Dotted green
Ontogeny "Late" "Early® postnatal
development developnent.
Biochemisiry "High" DA turnover "Louw" DA turnover
"Sensitive" to AMPT "Insensitive™ to AMPT
"Insensitive" to "Sensitive” reserpine
reserpine{?} (7
Flectro-
physiolagy. Excitatory Inhibitory
Pharmacology
agonists DA, Apomorphine {-
RDopa, Amphetamine. DA, L-dopa, amphetamine.
antagonists Haloperidol, related | Piribedil, ergometrine
butyrophenones unaffected by apomor-
unaffected by phine and haloperidol.
pirivedil, Ergome-
trine,
S 584.

Table 1.l. Charscteristic features of DE ~ and

DI - receptors {(Cools & Van Rossum,
1976).
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1.9, Inhibitory Presynaptic DA Receptors,

Saome workers have reported that both
apomorphine & butyrophenones are capable of
interacting with presynaptic sites indicating that
some of the DE receptors are presynaptically
located (Christisnson % Squires, 1974; Costall &
Naylor, 1973a, Seeman, 1974). Langer (1974)
observed that activation of presynaptic sites would
inhibit release of transmitter stored in that part
of the neuron. According to Feltz (1974) it is
possible that the presynaptic DI receptors are
localized on gabaminergic neurons, which are normally
suppressing the excitalory postsynaptic potential
(EPSP) induced by excitatory substances like Ach.
Infact, GABA is not limited to intracaudate terminal
structures but it is also capable of producing
inhibitory postsynaptic potential in caudate units
wvhich are selectively counteracted by GABA antagonists
{(Feltz, 1974; Robinson & Wells, 1973). 1In a
preliminary report, Cools & Van Rossum (1976) showed
that GABA inhibits the effects induced by local

application of DA inta the DE receptor areas whereas
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picrotoxin (GABA antegonist) suppresses the behaviour
induced by halogperidol in this area. According to
Cools & Van Rossum (1976) most of the intracaudate
units are directly inhibited by GABA and indirectly
influenced by DA while the remaining few intracaudate
neurons are directly inhibited by DA.

It is therefore understandable that:
(1) intracaudate micro-iontophoretically applied
DA does not enhance the excitatory response to
nigral stimulation (Feltz, 1970 a-c).
(2) the excitatory responses to nigral stimulation
persist in animals with a DA-denervated neostriatum
(Feltz & De Champlain, 1272a-b).
(3) haloperidel inhibits the excitatory response
to nigral stimulaticn because it blocks the DA-
inhibiting action upon GABA release (Feltz, 1971b).

Recent studies suggest that certain DA-loaded
structures wvithin the mammalian brain, especially
the caudate nucleus, putamen and nucleus accumbens
contain at least two distinct types of DA receptors
i.e. presynaptic DE receptors and postsynaptic DI

receptors (Cools & Ven Rossum, 1976).
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From the foregoing account it is obvious that
the impsirment of the DE-DI balance can disrupt the
normal functions of structures containing both types
of receptors since the cells in such structures
receive afferent fibres from the caudate nucleus
vhich are excited by electrical stimulation of some
intracaudate units and inhihited by electrical
stimulation of other intracaudate units (Krawthamer,
Feltz & Albe-Fessard, 1967; Rogers xMcKenzie, 1973).
It therefore appears that distinct caudate units are
canverging on similar ocultput systems. This assumption
is compatible with the outcome of several functional
studies using different techniques varying from
electrical stimulation te lesioning (Buchwsld, Pakic,
Wyers, Hull & Henser, 19623 Liles & Davis, 1969;

Winocur, 1974).

1.10 Pathological Implications.
The data summarized above judiciously suggest
that DA may be a neurotransmitter in the brain which
can act on two functional types of receptors (i.e.

DE & DI receptors). It is therefore conceivable
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that an imbalance in the DE~Dl receptors in the brain
may be significant in the aetiology of certain
psychomotor disorders (parkinsonism, torticolliis,
tsrdive dyskinesias, huntington's chorea) and

schizaophrenia.

1.11. Pathophysiology of Parkinsonism.

Parkinson's disease is one of the major
neurological disabilities, especially in patients
over 60 years of age. James Parkinson first described
the "Shaky Palsy" in 1817. The exirapyramidal
symptomatology of human parkinsonism (idiopatic
parkinsonism & postencepnalitic parkinsoniam) is
dominated by rigidity, tremor and bradykinesia. The
neurophysiclogical mechanism underlying these symptons
have not yet heen fully understood but it seems safe
to state that both rigidity and tremor are positive
symptoms, caused by an over-sctivity of certain brain
areas (Hornykiewicz, 1966). Parkinson's disease and
postencephalitic parkirsonism are chronic and
degenerative nervous disorders. It follows therefore,

that the symptomatology of parkinsonism
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is due to the destruction of certain extrapyramidal
areas. Thus, both rigidity and tremor might be
reqgarded as "release" symptoms due to lack of
inhibition normally controlling an excess of specific
motor function.

The most consistent neuropathelogical finding
in human parkinsonism is the degeneration of the
melanin~containing nerve cells of the pars compacta
of the substantia nigra (l/lassler, 1938). The cell
loss is moset prominent and diffuse in postencephalitic
parkinsonism, whereas it is significantly milder in
idiopathic parkinsonism (Hassler, 1938). 1In 1953,
Hassler postulated that the degenerative changes in
other extrapyramidal regions (striatum, pallidum) are
probably irrelevant to the parkinesonian symptomatology.

According to Cooper (1965), surgical destruction
of the pallidum or its thalamic projections abolishes
rigidity, and to a lesser extent, tremor. From this
report, it is conceivable that the substantia nigra
(SN) through its nigro-pallidal fibre connections,
inhibits pellidal activity. Thus, the degeneration

of SN (as occurs in parkinsonism) will lead to an
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unchecked pallidal activity resulting in rigidity
(Hassler, 1953; Martin, 1959).

With respect to the sympton of akinesie in
parkinsaonism, it can be assumed that the normal
physiological funetion of SN is te enhance
spontanenus motor activity. Two mechanisms have
been proposed to explain the excitatory influence
of the SN on spontaneous motor activity. In 1953,
Hassler proposed that some of the facilitatory
motor impulses originating from the cortex are
relayed by way of the SN to reach the motor neurons
thus enhancing spontaneous movements, According to
Hornykiewicz (1966), the SN may medify the influence
exerted on motor performance by the other extra-
pyramidal regions, particularly the striatum and
pallidum. The modification is such that the
destruction of SN would lead to a decreased ability
of the individual to perform spontaneous voluntary
movements. Most workers assumed that the striatum
is concerned with elaboration cof inhibitory impulses
which modify the primitive motor pattern of the
pallidum in such a way as to permit the performance

of purposeful motor activity of the cortex (Hoff &



32

Osler, 1957). The inhibition of cortical activity

by the striatum seems to be an cssential conditien

for the individual to be sble to concentrate on
gpecific motor activities (Jung & Hassler, 1960).
However, some authors reposrted that prolonged chemical
stimulation of the caudate nucleus of the cat reduced
spontaneous movements and reactivity to external
stimuli (Spiegel, 1964; Spievel & Szekely, 1961).
These investigators therefore assumed that the striatum
normally exerts an inhibitory influence on spoentaneocus
movements. In suppart of this hypothesis is the
finding that extensive lesion of the striatum induced
hyperkinesia in animazls and man {Spiegel, 1964).

The proposal that the symptons of parkinsoniam
are due to DA deficiency in the basal ganglia is
substantiated by:-

(a) the observation that parkinsonian patients
excrete leas DA in the urine than ncrmal subjects
(Barbeau, Murphy & Sourkes, 1961).

(b) demonstration of DA deficiency in the extra-
pyramidal centres of parkinsonian patients (Lhringer

& Hornykiewicz, 1960).
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(c} demonstration that drug-induced parkinsonism
in experimental animals invelve DA depletion.
(d) clinical observaltion that L-dopaz (precursor
of DA) is beneficisl to parkinsonian patients
(Barbeau et al, 1961; Birkmayer & Hornykiewicz, 1961).
DA was virtually absent in the striatum while NA and
5-hydroxytryptamine (5-HT) levels in the brain of
parkinsonian patients were significantly reduced
(Bernheimer, Birkmayer & Hornykiewicz, 1961). These
neurochemical findings suggest that there is a marked
decrease in the ability of the affected brain tissues
to form DA as well as a disturbasnce in DA storage
mechanisms in the striatum of parkinsonian patients.
It should be noted that the metabolism of DA in
parkinsonian patients differs from that of 5-HT and
NA in thal monoamine oxidase inhibitors elevate the
levels of NA and 5-HT to normal while DA concentration
was unaffected {Bernheimer et &1, 1962).

In the light of the foreqpoing, parkinsonism may
be defined as a DA deficiency state resuliing From
disease or injury to the DA neuronal system, The

physiological recle of this system appears to be that



34

of an inhibitory modulation of the striatum, which it
produces by counter balancing the excitatory cholinergic
activity in this region. The level aof acetylcholine
{Ach) is very high in the stristum and its concentration
is unaltered in parkinsonism (Yarh, 1972). The
Physiological balance which exists between DA and Ach &n
a normal individual is disturbed in parkinsonian patient.
With loss of DA in the striatum, the cholinergic
activity predominates. The basis of present day treatment
of parkinsonism is to restore striated DA deficiency
by the use of its immediate precurser (L-dopa) ar/and
reduce cholinergic activily by using anticholinergic
agents.

It should be noted that the treatment of
parkinsonism is symptomatic and palliative and relies
upon & pharmacclogical manipulation of a pathophysiclogical

gtate.

1.12. Clinical Management of Parkinsonism
The use of L-dopa by parkinsonian patients is
beset with side effects emanating mainly from the

peripheral actions of L-~dopa metabolites. Some of
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the side effects include nausea, anorexia, vomiting,
nervousness, tension, niqght mares, etec. The
transmission in DA neurons can be enhanced by the
following agents: -

(a) DA receptors.

(b) DA eatabolic inhibitors,

(c) DA storage & reuptake blockers.

(d) Stimulants at DA receptors.

Both L-tyrosine and L-dopa have been investigated
as DA precursors. L-tyrosine was ineffective in
parkinsonism possibly because the substrates subserving
tyrosine hydroxylase are fully gaturated so that the
reactive process cannct go in the direction of dopa
(Yahr, 1972). On the other hand, most parkinsonian
patients benefit greatly from [-dopa. The effective
dose range is 2 to 10 G daily by cral administration.
Although L-dopa is a highly effective antiparkinsonian
agent, it has some limitations, The large daily dose
(5-8 G), the delayed onset of therapeutic benefits (in
some instances as long as 3 months) and the numerous
side effects which keep the daily dose below the

amount necessary to alleviate the symptons, are among
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the shortcomings of L-depa. As a conseguence of
these side effects, peripheral dops decarboxylase
inhibiteore are administered cconcurrently with dopa,
so as to accumulste DA in the brain from the
exogenous L-~dopa. Such & practice drastically
quickencd the onset of action, reduced the daily
dose of L-dopa {(a reduction of B80% has been reported)
and suppressed most of the side effects of L-dcpa to
the minimum (Yahr, 1272). Examples of the
cxtracerebral dopa decarboxvliase inhibitors include
seryl-tri-hydraxyl benzyl-hydrazine (RJO4-4602) and
alpha-methyldopa-hydrazine (MK486).

Attempts to mobilize endogenous brain DA using
drugs which retard its cataboliam have met with
limited success., The meagre amount of DA in the
striatum of parkinsonian palient as well as the
availability of alternative enzymatic pethuays for
ite metaboliem might explain the poor clinical results
with monoamine oxidase inhibitors,

Amphetamine has been knouwn to be beneficial in

the treatment of parkinsonism, esperially
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postencephalitic perkinsonism with associsted
somnolence. It enhance DA neurctransmission-
directly or indirectly or both.

Another dopaminoceptor agenist which has been
investigated clinically is apomorphine. Accaording
to Ernst (1967), apomorphine stimulates DA recepltors
directly. It has only a transient relief on
parkinsonian patients. Duby, Cotzias, Papesvasilion &
Lawrence (1972) reported that L-dopa entagonized
apomarphine~induced nausea and sedation while
apomaorphine antagonised the awakening effect, the
involuntary movements and nausea induced by l-dopa.
However, since apomorphine has a short duration of
action and orally ineffective, it has no practical
clinical application in parkinsonism al present.

Agents which block the reuptake and storage of
catecholamines presynaptically can be expected to
increase the transmitter levels at the receptive
sites. The most potent inhibitors of the reuplake

of catecholamines are the tricyelic antidepressants,
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Unfortunately, they preferentially act on the
hypothalamus, thus ineffective in controlling the
symptons of parkinsonism (Yahr, 1972).

Amantadine, an antiviral agent, has also been
thought te inhibit DA reuptake. When amantadine is
administered in a daily dosage of 200 - 300 mg, a
rapid modification of parkinsonian symptons accurred.
Unfortunately, its effects are not sustained and
unwanted side effects (cedema, seizures, visual

disturbances, mental confusion) accompany its use.

1.13. Schizophrenia and Hypertension.

Apart from parkinsonism, some investigators
have suggested that defecte in DA turnover and
dissipation may play some role in depression
(Barbeau, 1969), Schizophrenia (Stevens, Wilson &
Foote, 1974; Horn & Snyder, 1971; fFog, Randrup &
Parkkenterg, 1966; Sathananthen, Angrist, & Gershon,
1973) and the aetiology of essential hypertension
(Barbeau, 1972).
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1.14. DA and Seizures.

In addition to the foregoing pathophysioclogical
implications of DA, electrophysiological and
biochemical significance of DA in the body, many
vorkers have implicated DA in seizure mechanisms {(De
Scheepdryver, Piette & Delaunois, 1962; Jobe, Geiger
& Stull, 1974; McKenzie & Scoroko, 1972, 1973; Stull,
Jobe, Geiger & Ferguson, 19733 Meldrum, Anlezark &
Trimble, 1975; Anlezark & iMeldrum, 1975; Cox & Lomax,
1975). These workers used mammale to study the
influence of DA precursor (L-dopa) and other
dopaminoceptor agonists on seizures cince the
mammalian blood-brain barrier is impermeable to
catecholamines. These suthors produced confliclting
reports on the role of dopamine in seizure mechanisms.,
Thus, the role of dopamine in seizure mechanisms is

still & debated issue.

1,15. DA and Sleep Mechenisms.
There are conflicting reports on the role of
dopamine in the mechanisms of sleep in various animal

species, For example, Key & Marley (1962) abserved
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EEG synchronization and behavioural sleep when

dopamine was injected into young chicks. Similarly,
Wahlstrom (1967) reported that levodopa reduced the
threshold hypnotic dose of hexobarbitone in male rats,.
On the other hand, Spooner & Winters (1965) reported
that injected DA produced EEG and behavioural

activation in young chicks. 1In addition, Holtz, Balzer,
Westermann & Wezler (1957) observed that L-dopa
abolished hexobartitone-induced sleep in iproniazid-
pretreated mice. It is therefore obvious that the

role of DA in sleep mechanisms is not yet settled.

1.16. DA and Temperature regulation.

In 1972, Fuxe & Sjoquvist proposed that apomorphine-
induced hypothermia in mice might be due to direct
activetion of DA receptors, Similarly, Lal, Puri &
Karkalas (1971) attributed withdrawal hypothermia in
apomorphine-dependent rats to increased DA neurotrans-
mission. On the other hand, Borbeley & Huston-(1972)
associated gammabutyrolactone-induced hyperthermia with
increased DA neurotransmission. Also, Marley & Stephen

son (1969) obtained hyperthermia when DA was infused



into the hypothalamus of young chicks. These

conflicting reports indicate that further

investigations are necessary in this field.

1.17. My Objectives.

(1)

I intend to study the influence of
injected DA on chemically and
electrically-induced seizures, body
temperature, gruss behaviour, barbiturate-
induced sleep and EEG using young chicks.
According to Waelsch (1955) and Key &
Marley (1962), the young chick (1 day old
to five weeks old) lacks a functional
bloed-brain barrier to catecholamines. It
is pertinent to mention that although the
chicks blood-brain barrier is immature at
birth, its central nervous system has
reached a level of functiaonal organization
that allows it to be self-sufficient as a
pharmacological preparation (Spooner &%
Winters, 1966). The results will con-

tribute to a more comprehensive grasp of
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the physiological role of DA in the chick.
It is assumed that some of the pharmacological
actions of injected DA are mainly
exagerations of its physiclogical effects.
(2) According to Spocner (1964), the CNS of
chicks responds to neuropharmacological
agents in a manner similar to most mammals.
Many workers hzve used L-dope (precursor of
DA) and other drugs which influence DA
metebolism to implicate DA in regulatory
mechanisms in mammals. In this project, it
is intended tc study some central effects
of some dopaminoceptor agents. Such a
data may further our knowledge on the
possible role/s of dopamine in the brain.
(3) It is also anticipaled that the study of
the influence of DA on neurcphysiological
parameters might implicate (or othervise)
the possible role of DA in the aetiology
and/maintenance of diseases involving

these functions.
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1t seems approprisie te study the

pharmacology of the agents which ere used

to modify DA metabolism for the following

reagonsi-

(a)

(b)

(c)

It is possible that some of the DA
agents may possess latent actions

which are independent of their effects
on DA metabolism.

Since the most potent DA antagonists
(i.e. neuroleptics) are used as
antipsychotics, it is essential to

know their pharmacology very intimately
go that their side effects mey be
better understood and controlled,

Such a pharmacological data may
contribute towards s better underetanding
of the physiological role of DA in the
chick. Since the DA sgents will only
alter endogencus DA levels, the results
will portray more clesely the

physiologicsal role of DA in the chick.
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CHAPTER 11

2.1. MATERIALS AND METHODS.

2.2. Test Animals,
White ranger cockerels and adult cocks
(obtained locally from Arewa Agricultural
Enterprises Nigerian Ltd., Zaria) and albino
rats (inbred in our Animal House) were used

for this project.

2.3, Drug Selutions.

2.3.1. Preparation of Drug Solutions.

(a) Levadopa (Sigma Chemical Co.).
Levodopa was dissclved in 0.05 M
hydrochloric acid solution with the aid of
gentle heating over a water-bath. The

solution was diluted with normal saline



(b)

(c)

4¢

before injection,

Apamorphine hydrochloride. (British Drug
Houses Ltd.).

Apomorphine hydrochloride solution
decompases readily when exposed to air or
light, The reaction is accelerated in
alkaline medium but retarded by the addition
of sodium metabisulphite. Thus, the
solutions of apomorphine hydrochloride were
prepared with air-free water (i.e. recently
boiled and cooled water) and kept in an
amber-coloured sir-tight container, Also,
0.1% w/w sodium metabisulphite was added to the
sample of apomorphine hydrochloride before the

preparation of each solutian.

Dopamine hydrochloride, (DA, Koech Light and
Sigma Chemical Co.), noradrenaline
hydrochloride (NA, Sigma Chemical Co.) and
6-hydroxydopamine hydrobromide (Sigma Chemical

Co:ds



(d)

(e)

(f)
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The solutions of DA, NA and 6-0OMDA are
very susceptible to alkaline hydralysis, 1In
order to retard the hydrolysis, 0.1% w/v of
sodium metabisulphite was added to the
solutions. The vehicle (normal saline) was

recently boiled and cooled.

FLA-63 (Labkemi AB).

FLA-63 was dissolved in 0.05 M hydrochloric
acid solution with the aid of gentle heating
over a water bath. The solution was diluted

appropriately with normal saline before use.

Pimozide (Janssen Pharmaceutica).
Pimozide wvas suspended in 0.3% v/v Tween
80 and adjusted to the appropriate volume with

normal saline.

Haloperidol (Janssen Pharmaceutica) and
Reserpine (Ciba),
Both haloperidol and reserpine wvere

supplied in 5 mg ampoules. Appropriate
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dilutions were wade with normal saline to
give reasonable concentrations for parenteral

administration.

(g) DL~ threo -3, 4 - dihydroxyphenylserine (DOPS,
AB Biotec), Nialamid (Pfizer), Strychnine
hydrochloride (British Drug Houses Ltd),
Leptazol (Sigma Chemical Co), D-amphetamine
hydrochloride (British Drug Houses Ltd),
Pargyline hydrochloride (Abbott Labs),
Amantadine hydrochloride (Ciba - Geigy) and
Pentobarbitone Sodium (Abbott Laboratories).
Normal saline wvas used for the preparation
of the solutions of the chemical agents

mentioned above,.

2.3.2. Storage of Drug Solutions.

Due to the instability of some of the
drugs I used in this project, fresh drug
solutions were prepared for each day's work,
The solutions wvere kept in air-tight, amber-
coloured containers and stored in the

refrigerator until ready for use.
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2.3.3. Volume of Injected Drhg Solutinn;

2.6.

The volume of drug solution sdministered
to each chick was maintained &t a constant
proportion (i.e. the weight of the chick in
grammes X 10" %cc) throughout 2ll the
experiments, the dose notwithstanding., The
doses administered were in the form of the

above salts.

Routes of Administration.

Apart from spomorphine and strychnine
wvhich were administered subcutaneously, all
the other drﬁgs used in this project wvere

injected intraperitoneally.

Controls.
The centrol chicks were injected with
the appropriate'ﬁehicles used in diasolﬁing the

test chemical agents;

Electroshock Procedure;

The duration of drug pretreatment before
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electroshock was 10 minutes for DA, NA and
apomorphine, 30 minutes for amphetamine, 1
hour for haloperidol, 3 hours for pargyline,
4 hours for pimozide, 6 hours for FLA-63, 12
hours for nialamid and 21 hours for reserpine.
In addition, various pretreatment times (ranging
from 10 minutes to hours, days and months)
were used for some of the drugs to investigate
the influence of duration of drug pretreatment
on seizure threshold. Ugo Basile congtant
current electroshock machine model 7800 with
corneal electrodes was used in this project,
The shock duration, frequency and pulse
width were maintained at 0.8 second, 100
pulses/second and 0.4 ms respectively throughout
the experiments involving chicks. For the rat
experiments, the shock duration, frequency and
pulse width vere 0.2 second, 150 pulses/second
and 0.4 ms respectively when testing for
anticonvulsant property. On the other hand,
vhen testing for the seizure-potentiating

effect of a drug, the shock duration,
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frequency and pulse width were 0.2 second,
100 pulses/second and 0.4 ms respectively.
The current used for rat's experiments
varied between 70 and 100 mA.

In chicks, when testing for anticenvulsant
activity the current was chosen which
produced 70 - 90% tonic seizure in control
animals; while the current which produced
10 - 30% tonic seizure in contrel animals
wvas used when testing for the seizure-
potentiating effect of a drug., On the other
hand, when testing for the time~dependent
influence of drugs, a current whieh produced
40 - 60% toniec seizure in the controls was
used,

Maximal electroshock seizure was
recorded when tonic extension aof the
forelimbs and hindlimbs was produced. In
this project, an increase in the incidence
of tonus wae regarded as an enhancement of
geizure activity while a decrease in the
incidence of tonus was regarded as a

decrease in seizure activity,



In order to reduce the gircardian
variation in catecholamine levels of the
brain to the minimum, the experiments were
performed between 1 pm and 5 pm. In addition,
controls were shocked immediately before and
after each experiment.

At least 5 chicks were used for each
dose of a given drug at any particular time
while each experiment was repeated, at least,

four times.

Chemically-Induced Seizures.

General.

The chicks were kept singly per compartment
for 1 hour before drug injection. Usually 4
chicks were kept under observation during the
same period (i.e. 2 chicks which vere injected
with the convulsant agent while the remaining
2 chicks were pretreated with DA or any other
agent prior to the administration of the

convulsant ageni)., The experiments were
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performed in a quiet air-conditioned room
(ambient temperature was 22 + 2°9C),

Two doses of leptazol and strychnine
were used in this work which produced
reasonable levels of tonic seizure in the
controls, FEach experiment was repeated, at
least, ten times (i.e. tuenty chicks per
dose). Lack of toniec extension of the
hindlimbs was regarded ss no convulsion,
After the administration of the convulsant

agent, the chicks were observed for 1 hour.

Leptazol Experiments.

In order to study the enhancing effect
of drugs on leptazol-induced seizure, 70 -
80 mg/kg. of leptazol was injected into the
chicks which produced tonic convulsions in
about 20% of the control chicka, On the
other hand, a dose of 80 -~ 90 mg/kg. of
leptazol was injected into chicks when
studying the anticonvulsant activity of drugs

influencing brain DA levels. Such a dose of
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leptazoel produced about 60% tonic seizure
in control chicks.

The duration of pretreatment before the
administration of leptazol was 5 minutes for

DA.

Strychnine Experiments,

When studying the potentiating action
of drugs on strychnine-induced seizures,
0.6 mg/kg. of strychnine hydrochloride was
used, When such a dose was administered
into 2 day old chicks about 50% of the
control chicks exhibited tonic convulsion.

On the other hand, 0.8 mg/kg. of
strychnine hydrochloride was injected into

2 day old chicks when investigating the
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anticoanvulsant action of drugs against
strychnine-induced seizures. Such a dose
of strychnine induced tonic seizures in about
55% of control chicks. Generally, a dose of
strychnine which produced a reasonable level
of convulsion in the control chicks was used
for any particular experiment.

The pretreatment times with DA and FLA-63
prior to the injection of strychnine hydrochloride

vere 5 minutes and 5 hours respectively.

Behavioural Studies.

The chicks were kept in a transparent
perspex cage (25cm x 25cm x 32c¢m dimensions)
for 1 hour to acclimatise to the environment
before commencing the experiments. Two chicks
vere observed during the same period (one
contraol, injected with normal saline and the
other was treated with the test drug). The
chicks were supplied vith food and water and

warmed by means of an angle poise lamp. The



ambient temperature of the room was maintained
at 22 + ZGC during the periods of observation.
The experiments were perfeormed in a quiet

room free (rom disturbances. Each experiment
wvas repeated ten times.

the chicks for a particular experiment were
of the same age snd approximately the same
weight., The experiments were performed within
the same periocd of the day. This precaution
vas necessitated by the possibility that
circardian variation in catecholamine levels
might influence the behavioural response of the
chicks to psychoactive agents.

The chicks were aobserved for & haurs when
the following drugs vere injected:- DA, L-dopa,
pargyline, pimozide, haloperidol, OOP5 and
6~0HDA.

The influence of the drugs on locomotor

activity, gross behaviour, eating and feeding
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habits were carefully studied with the aid

of stop clocks and a recording register
designed for this study. The register has
got different columns for various activities,
(e.qg. eating, drinking, movement, etc), the
appropriate columns were marked when the

chick performed a pasrticular activity.

Sleep Studies.

General.

White ranger cockerels, 2 to 14 day old
and weighing between 37 to 55 grammes, were
used in all the experiments. A difference of
+6 and +10 grammes in weight of chicks was
permitted for experiments involving 2 to 7
day old and 8 to 14 day old chicks respectively,
The set-up for sleep studies (observational
aspect) was the same as described for
behavioural studies.

The criteria for sleep in chicks were

those used by Fugner and Hoefke (1971). The
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chicks were regarded as asleep when with

both eyes closed, the chick vasi~-

either crouching with the beak on the floor;
or standing with the head leaning against the
vall of the cage. A stop clock was used for

timing the onset and duration of sleep.

2.9.2. Implantation of Electrocortical and
Electromyograph Electrodes.

The chick was anaesthetized with halothane
(Fluothane, ICI Ltd.) and implanted with
electrodes made from the pointed ends of
stainless steel insect pins No. 00, according
to the methods of Spooner (1965) and Spooner
% Winters (1967).

The optic tectum, hyperstriatum and
pontine reticular formation were implanted and
gecured chronically to the skull with dental
cement.

The monopolar electrodes implanted onto

the hyperstriatum and optic tectum used an
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electrode implanted onto the comb of Lhe
chick as reference. The electrodes
implanted on the pontine reticular formation
vere bhipolar. The sites of the implanted
electrodes were located by the sid of
surface markings on the skull in the case

of the optic tectum and hyperstriatum while
the pontine reticular formation was located
histologically.

Electromyograph (EMG) electrodes were
made with stainless steel insect pins bent
at the ends to make hooks., The electrodes
were positioned in the proximity of the
head and inserted into the semispinalis
capitis muscle of one side of the dorsclateral
aspect aof the neck. The electrodes were
secured chronically to the neck with dental
cement,

After the implantation process was
completed, the chicks were kept warm using
an angle-poise lamp and allowed 24 hours for
full recavery from halothane before EEG

recording.
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2.9.4,

2.10.

2.10.1.

EEG Reénrding.

The chick was placed inside a screened
cage and alloved 1 hour to settle down in the
new environment before EEG racording. The

recording of both the EEG and EMG were done

with Grass Polygraph, Model 790D.

Pretreatment Times.

The duration of pretreatment before the
édministration of pentubarbitone aodium vas
5 mindées for dopamine and‘apomorphine,.iﬂ
minutes for levodopa and 4 hours for piuozide;
The pretreatment periods were established

from preliminary astudies in our 1aboratnry;
Temparsture Studies.

Instruments.

The rectal temperatﬁre vas rec;rded with
the aid of Edale thermistor thermometer model
K (Edale instruments, Cambridge Ltd., Toft,

Cémbridge);
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The special thermistor probes were inserted

" into the chick's rectum to a2 distance of about

2;5 cm to giﬁe reproducible temperature
measurements. The experiments were performed
in & quiet, air-conditioned room (22 + 2°c
ambient temperature). 1In view of circadian
rhythms of body tamparatﬁre (Friedman & Walker,
1967), the experiments were conducted between
9 a.m. aﬁd 12 noon daily - contrula.were done

concurrently with the test experimenta;

Animals.

Male rsnger chicka, aged betweén 3 déys
and 20 weeks, were used for the experiments.
Each experiment was repeated 5 times ﬁsing 5
chicks per ekperiment. The temparature recordings
were done at regﬁlar intervala (eQery 10 minutea)
for one heur before drug administration snd .
continued until the temperatdre retﬁ?ned to pre-

ibjection level. The chicks were allowed 1

_hour to acclimatize to the labaratory conditions

before commencing any temperatﬁre meaaﬁrement.
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CHAPTER III

THE EFFECT OF AGE OF CHICKS ON THEIR
SUSCEPTIBILITY 70 ELECTROSHOCK SEIZURE.

Summary.

A current of 40 mA failed to induce tonic
seizure in 1 day old chicks. The same
current induced 20%, 60% and 80% tonic
seizure in 3, 5 and 7 day old chicks

respectively.

The current level required to induce 20%
tonic seizure in 1 - 7 day old chicks
decreased from 60 mA at 1 day old to 32 mA

at 7 day old.

It is concluded that the developing neuronal
system might be responsible for the age-
dependent increase in seizure susceptibility

of young chicks.



3'4-

3.4.1.

63

Introduction.

According Lo Spooner & Winters (1966),
the central nervous system (CNS) of the chieck
at birth has attained a reasonable level that
permits its use as a pharmacological preparation.
However, Osuide (1968, 1972b) reported that
the susceptibility of chicks to some convulsant
drugs decreased with age. Therefore, it is
relevant and important to investigate the
effect of age or otherwise on the susceptibility
of the chicks to maximal electroshock, 1
believe that such a data will be useful in the
proper execution of this project and may also

help future workers in related fields,

Results.

The influence of 40 mA current on seizure
susceptibilities of 1 -~ 14 day old chicks
(fig. 3.1).

This histogram demonstrates the effect of
age on the seizure suceptibilities of 1 - 14

day old chicks.
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Both the current and other parameters for
electroshock were kept constant throughout
these experiments involving various ages of

the chicks. A gradual increase in the
percentage of tonic seizure was record as

the chicks grew older. 1t can be noted
however, that there was no detectable
difference between the seizure susceptibilities

of 7 and 14 day old chicks.

The variation in current levels necessary to
induce 20% seizure in 1 - 7 day old chicks
(PLg. 3240

The current levels required to induce
20% tonic seizure in 1 - 7 day old chicks were
established in our laboratories. The result
suggests that the seizure susceptibility of

young chicks was less than that of elder chicks.

Comparison between the seizure gsusceptibilities
of 7 and 14 day old chicks (fig. 3.3.).
In this case, the seizure susceptibilities

of two age groups of chicks were compared to
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each other using various current levels. At
relatively low current levels, the 7 day old

chicks were apparently less susceptible te electro-
shock seizure than the 14 day old chicks. However,
this difference between the two age groups wvas

not observed at a relatively high current level.
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Discussion.

The results shown in figs. 3.1 - 3.3
demonstrate that the susceptibility of
chicks to maximal electroshoeck seizure
decreased with age within a fortnight
after hatehing.

In 1965, Vernadakis & Burkhalter
reported that the duretion of flexion
elicited during electroshock seizures
in chicks decreased with age indicating
an increase in the severity of the
gseizures, It is known that myelination
confers upon a nerve fibre the properties
of lowered threshold, increased
conduction velocity and greater ability

to carry
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'repetitive impulses (Vernadakis & Burkhalter, 1965).
These authors concluded that the particular pattern
and intensity of seizure 1is relatgd to central
nervous system development and may be influenced by
the degree of myelination of the neuronal pathways
involved in seizure responses. Thu&, the results
shown 1In filgs. 3.1 and 3.2 might be explained on
the basis of a developing neurcnal pathway which
apparently favdured an enhanced conduction velocity
of impulses. | _. _ | o

Fig. 3.3 shows thé results;ohtalﬁed with 7
and 14 day old chicks, uslng three current levels.
.It appears that the difference between the results
obééined with 7 and ¥4 day old chicks became
negligible at hligher current levels., It can he
caustiously suggested that the components of the
neuronal development involved in seizure mechanisms
of the chick attain a peék stagye at about the age of
7 days. After this age, any further neuronal
maturity (up to the age of 14 days) did not influence

the seizure threshold in any significant manner.



CHAPTER 1V

4.1. THE INFLUENCE OF SOME DOPAMINOCEPTOR AGONISTS

ON MAXIMAL ELECTROCONVULSIVE SEIZURE IN CHICKS.

4.2, Summary.

4.2,1. DA, levodopa and apomorphine were wsed in this

study as dopaminoceptor agonists.

4,2,2. The chicks were significantly protected against
electroshock seizure when low to moderate doses

of DA, levodopa and apomorphine were used.

4.2,3. The anticonvulsant effect of DA, levodopa and
apomorphine was dose-dependent and increased

with age of chicks,

4.2,4., High doses of DA, levodopa and apomorphine
apparently enhanced electroshock seizure in
1 - 8 day old chicks. However, when 14 day

old chicks were used, the seizure-enhancement
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by these high doses was absent.

4.2,5. Both pimozide and haloperidol antagonised the
effects of DA, levodopa and apomorphine on

electroshock seilzure.

4.2.6, The seizure threshold of rats to electroshock
was not altered by an intraperitoneal injection

of DA.

4.2.7. MNoradrenaline slightly enhanced seizure activity

in young chicks,

+2.8. The results suggest that stimulation of central

F <]

DA receptors (directly or indirectly) might be
involved in the anticonvulsant activity of the

dopaminoceptor agonists used in this project.

' Introduction.
According to Curtis (1969), abnormalities
in transmitter function are characteristic to

epilepsy.



Thus, disturbances at both presynaptic and
postsynaptic sites of central neurons might
be responsible for the initiastion of an
abnormally excessive neuronal asctivity within
the epilepltic focus. On the other hand,
subsequent development and spread of
paroxysmal activity might involve synaptic
processes in non-epileptic sites., Genperally,
electrical stimulation has ueen used for
generating seizures to mimick attacks of
epilepsy in man.

It has been suaggested by many workers that
most of the actions of levodopa are due to
dopamine produced from it in vive (Scheel-
Krucer & Randrup, 1967; Everett & Borcherding,
197C; Constantinidis, Bartholini, Tissot &
Plestcher, 1963; Friedman & Gershon, 1970).

It is now generally accepted that apomorphine
stimulates central dopamine receptors directly

(Ernst, 1967; Ernst % Smelik, 1965).



Recent investigations indicate that
dopamine or noradrenaline or both are
significant in seizure mechanisms in mammals
(5tull et al, 1973). For example, Jobe,
Picchoni % Chin (1973a) suqgested that
noradrenaline may be the modulator of
audiogenic seizures. In 1974, Jobe and his
covorkers, using rats,suqgested that
endogenous brain dopamine and noradrenaline
may play an attenuating role in electroshock.
Also, the anticonvulsant activity of L-dopa
in rats has been explained as due to the
enhancement of central dopaminergic mechanisms
(McKenzie & Sorcko, 1972).

The mammalian blood-brain barrier is
impermeable to monoamines and direct effects
of dopamine can only be produced by injection
into discrete brain areas, for example, the
corpus striatum (Ernst & Smelik, 1966). The
blood-brain barrier of young chicks 1s
permeable to catecholamines (Waelsch, 1955;

Key & Marley, 1962). In this study, the
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-“effects of dopaminoceptdr agqnista on meximal
electroshock eeizure have been. teated daing

1 - 14 day old chicks.
d.4.  Results.

4;0.1;_ Dusa-raaponaa;Relationship;
The anticonvulsant effect of DA (6;25 -
150 mg/kg.), apomorphine (0.1 - 0.5 mg/kg.)
and levndoﬁa (6.25 - 25 mg/kg.) increased
with dose. However, the aeizure;protoctiﬁe
~effect of these agente became reduced when

higher doses were used {(fig. 4.1 - 4.4).

6.4.2.  Varistion With Age.

The protecti&e actiﬁity of bA, apomorphino. -
and lsvodopa became more prohounced vhen older eﬁickc
vere used. In high doses these dopa&inocsptur agents
indﬁcad an increasﬁ in the seizure acﬁifity
of 1 - 8 day old chicks but-lﬁckad such .gn
effect in 14 day old chicks (fig. 8.5 - 4.7).
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