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ABSTRACT

Healthy adult albino rats (Wistar strain,
inbred) were used to study the neurophysiological
and neuropharmacological factors in the effects of
ascorbic acid on grass behaviour.

Varying doses of ascorbic acid, ranging from
5 to 320mg/kg, were administered separately to rats
(i/p) to monitor any changes in gross behaviour.
Behaviocural excitatory effects were noticed at
low doses of ascorbic acid (5 - 80mg/kg), while
at higher doses (160 - 320mg.kyg) the rats were
sedated. The peak effect in the observed
behavioural excitatory effécts of ascorbic acid
was noticed at 80Omg/kyg dose. Two doses of
ascorbic acid (10 and 80mg/kg, i/p) were
saparately administered chronically to rats for 30
days to study gross behavioural patterns during
the period of the administration. in the lower
dose {(10mg/kg), behavioural excitatory effects
waere consistently observed. Howaver, following
the withdrawal of administration, depression in
gross behaviour was noticed in these rats. In the
&0mg/kyg dose treated rats, behavioural

depression, which followed after an initial
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excitatory effect, was observed throughout the
period of the chronic administration. These
results indicate that ascorbic acid may have both
caentral nervous system activation and sedative
properties. It was assumed that these effects may
have been produced through mechanisms linked with
the neurotransmitter systems that traditionally
regulate various forms of behaviocur in the brain.

Ascorbic acid (80 - 300mg/kg, i/p)
antagonized pentobarbitone-induced sleep in rats.
The duration of the induced sleep was effectively
shortened while also the onset of the sleep was
significantly delayed at the 80mg/ky dose of
ascorbic acid.

Some electrophysiological studies were
undertaken in rats in various treatments with
ascorbic acid. The EEG and EMG did not reveal
any ochvious changes 10min. after the i/p
administration of 80myg/kg dose of ascorbic acid.
At 25min. however, there was desynchronization of
the frontal cortex and optic cortex which was
associated with slight increase in amplitudes of
the EMG activity. These changes in the EEG and
EMG were no longer noticed at about 60min.

later. Ten minutes after the i/p



administration of 300mg/kg dose of ascorbic acid,
there was no noticeable change in the EEG and EMG.
However, at 25min., desynchronization of the EEG
of the frontal cortex and optic cortex associated
with increased EMG activity was observed and these
changes persisted for up to 60min. after.

EEG studies in chronic administration of
ascorbic acid (80mg/kg), i/p) revealed definite
desynchronization associated with mildly increased
EMG activity 1-3 days at the start of the
administration. However, these changes were no
longer observed in the subsequent pariod during
the chronic administration. The EEG of the
frontal cortex, optic cortex and brain stem
reticular formation were desynchronized 10 min.
after intracerebroventricular administration of
10 micrograms of ascorbic acid in the rat. At 25
min., the EEG of the opti¢ cortex then showed high
amplitudes and irregular sgpikes. On the other
hand, no appreciable changes in the EEG was
observed 10min. after the intracerebroventricular
administration of 40 micrograms dose of ascorbic
acid. However, at 25 min. the EEG of the three
cortical regions - the frontal cortex, optic

cortex and brain stem reticular formation, were
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desynchronized.

Intracerebroventricularly administered
ascorbic acid apparently had no noticeable effects
on EMG activity. These effects on ihe EEG further
indicate that ascorbic acid probably has definite
and definable modulating influences on some
systems in the CNS.

Ascorbic acid modified the normal sleeap of
rat. The sleeping period was significantly
shortened in the administered ascorbic acid (80
and 320mg/kg, i/p). On the o¢ther hand, DOPS
(10mg/kg, i/p) promoted normal sleep in rats.
The effect of ascorbic acid on the normal sleep of
ratt was further examined using observational EEG
techniques. The EEG studies revealed prominent
sleep presence in the rat after i/p administration
of DOPS (10mg/kg). Sleep was alsc prominently
detacted in the EEG of the rat after the
pretreatment of 320mg/kyg dose of ascorbic acid
with DOPS (10mg/ky, i/p). However, after the
DOPS-pretreatment of 80mg/kg dose of ascorbic
acid as well as during chronic administration of
80mg/kg dose of ascorbic acid, normal sleep was
not detected in the EEG of the rat. These results

indicate that ascorbic acid probably has
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modulating influences on sleep mechanism in the
brain. Specifically, the major import of these
results was the c¢lear indication that, at least,
some of the neurotransmitter systems in the
central regulatory mwechanism of sleep, notably,
the noradrenergic system in particular, must be
linked with the mechanism of action of ascorbic

acid for the observed behavioural effects.
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CHAPTER ONE



1 REVIEW OF LITERATURE

1.1 GENERAL INTRODUCTION

Thaere is great interest in the physioclogy of
behaviour, especially in relation to the
neurotransmitter systems in the central nervous
system (CNS). Far example; neurosdcientists have
known for sowae CLime that a sudden change in
behaviour was always coincident with a change in
the concentration of some Lraunsmibter substance in
the brain. On the other hand, a sudden uneven
distribution of a transmitier substance in Lhe CNS
was always accompanied by a modification of the
physiclogical processes in that part of the brain.
Such agbservations have always arpgused great
curiosity in the nature and properties of Lhe
transmitter substance involved as well as the

characteristics of the transmission process.

One of Lhe long term objectives and major
reasons for the increasing interest in the central
naurotransmittear systems is the quest for greate:

understanding of the mechanism underlying the



actions of drugs that modify behaviour,

especially the agents that produce varicus forms
of behavioural aberrations such as hallucinations,
delusions, changes in mood and cther
manifestations of psychosis. For example, 1L has
been noted that druygs that modify human behaviour
(e.g. psychotomimel ic agents and tranguilizers)
appear Lo achieve this by modulating Lransmission
across synapses in the brain {(Ganong, 1987).
Therefore, the fact that transmission at synapses
in the nervous system is chemical in nature s of

great physioclogical and pharmacological impaortance.

1.2 SYNOPSIS OF THE MAJOK NEUROTRANSMITTER

SYSTEMS IN THE CENTRAL NERVOUS SYSTEM.

1.2.1 GENERAL

The nature of most chemical mediation at many
sites in the CNS is not understood. In addition,
the number of identified synaptic mediators are
increasing and so0 are the locations in which
given substances are slrongly suspected Lo be

transmitiers, Amecng the neurctransmitiers that



= & =
have been studied, Acetylcholine (ACH), Dopamine
(bA), Norepinephrine (NE} and Gamma-aminobutyric
acid (GABA) have been more prominently
investigatad. dGanong (1987) documented the major
neurotransmitler systems o Lthe central nervous

system and identified Lhe pathways.

1.2.2 ACETYLCHOLINE (ACh).

The development of antibodies specific for
choline acetyltransferase has permitlted mapping of
cholinergic pathways in the brain by
itmmunocytochemical techniques. Acetylcholine has
been shown to be distributed throughout the CNS
with high concentraticns in the cerebral cortex,
thalamus, various nuclei in the basal forebrain,
hippocampus and related areas. 1t has also been
specified that cholinergic neurons are not found
everywhere in the brain, but the ascending
reticular activating system consists mainly of
cholinergic nedrons (Burn, 1975). T™hisg
specification is supported by Lthe evidence that

antichol inesterases cause arcusal, as shown by
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fast waves and asynchrony in the EEG. Atropine
abolishes the effect and causes slow waves. ACh
is generally accepted as an e@xXcitatory
neurotransmitter in the CNS. One of the notable
excitatory roles of ACh is in Lthe basal gyanglia
where its importance lies with the production of
Parkinson's disease. There is overwhelming
evidence that enhanced ACh produces convulsions.
However, there are reports that ACh has some
inhibitory roles in the cerebral cortex (Krynjeric
and Philips, 1963). Celesia and Jasper {1966)
also noted that ACh concentration is decreased
during convulsive activity induced by
electroshock. The hydrolysis of ACh at
cholinergic receptors duting periods of excitation
was also reported by the same workers. ACh 1is
thus, linked both directly and indirectly to a
variety of brain functions. Same workers
demonstrated that injection of ACh derivatives
into the hypothalamus and in other parts of the
limbiec system induces drinking behavicur in the

experimental animal.
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The distribution of choline acetyltransferase
and acetylcholinesterase paralleis Lhat of
acetylcholine throughout Lhe CNS .
Pseudocholinesterase is also found in many parts

of the brain.

1.2.3 NOREPINEPHRINE (NE)

Fluorescence microscopy revealed that
norepinephrine is praeseal in neurons thal have
origin in the c¢ells of the midbrain, and many of

the neurons terminate in Che hypothalamus.

Distribution studies revealed that the
hypothalamus has the highest content of
norepinephrine and that concentration is slightly
lower in the midbrain, medulla and other brain

regions.

It has been speculated that mood may be
related to the amount of free nocrepinephrine
available at synapses in the brain. In this
consideration, depression result when too little

norepinephrine is available, while drugs such as
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monoamine oxidasa inhibitors and amphetamine

which increase free noreplneghrine, elevalte mood.

1.2.4 FEPINFPHRINE

It is known that a systam of
phenylethanolamine-N-methyltransferase { PNMT )
containing neurons with cell bodies in the medulla
and projecling to the hypothalamus, secrete
epinaphrine. There dre also apinepht ine
secreting neurons which are known Lo project Lo
the thalamus, periaqueductal grey and to the

spinal cord.

The function of epinephrine in the CNS is
uncertain. Epinephrine has been less studied in
the brain than the other catecholamines, and 1ts

role, if any, in the braia function is not clear.

1.2.5 DOPAMINE (DA}

Accumuliated evidence, many of which are
histochemical, bilochemical and pharmacolagical

from the work of many researchers supporl Lhe



existence of seperate dopamine (DA) secreting
neurons in the CNS (Carlsson, 1959; Anden et al.,
1964). 1t was noted rthat dopamine was present in
high concentrabion in Che corpus striatum (Burn,
1975) and in the substantia nigra (Bertler,

Carlsson and Rosengren, 1958).

Dopaminergic neurons have their cell bodies
in the widbrain from where Chey project Lo areas
including olfactory tubercle, nucleus accumbens,
relataed limbic areas and the frontal, c¢ingulate,
entorhinal and perirhinal cortices and all aof
these projections taogether form the MESOCORTICAL
SYSTEM of the dopaminergic neurohs. A separate
intra-hypothalamic system of dopaminergic neurons
project from ¢ell bodies in the arcualte nucleus to
the external layers of the median eminence of the
hypothalamus forming the TUBEROCINFUNDIBULAR
SEYSTEM. There s the ITNCERTOHYPOTHALAMIC SYSTEM
made up of short dopaminergic neurons around the
third and fourth ventricles. Some dopaminergic
neurons 4lso project from the arcuate nucleus to

the intermediate and pasterior lobes of the



pituitary, forming the TUBEROHYPOPHYSEAL SYSTEM.
Fig. 1.2.5.1 illustrates Lhese dopaminergic

systems.
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Tha nigrostriatal system of the dopaminergic
neurons are believed Lo be relaled to mobLor
functions since it has been observed that
degeneration of this system results into
Parkinson's disease - a motor disorder. In 196G,
Fhringer and Hornykiewicz observed a decreased
dopamine content in the corpus striatum of
patients with Parkinson's disease. These
observations offered enough reasons to believe
that dopamine in the striatum has physiological
functions, and in 1966, Horunyklewicz implied a
patho-physioliogical role for brain dopamine 1in
psychomotor function.

From studies carried out in normal humans, it
was observed that there is a steady loss of
dopamine receptors in the basal ganglia with age

and that the loss is greater in men than in women.

1.2.6 GAMMA - AMINGBUTYRIC ACID (GABA)

GABA is a neutral aming acid and is found to

bhe distributed throughout the CNS. GABA was found
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to be an inhibitory transmitter at the crustacean
neuromuscular junction while glutamate 1is
excitatory at the site {(Burn 1975). This worket
bellieved that the actions of GABA and glutamata at
the crustacean neuromuscular junction take place
in the mammalian central nervous system, where
GABA appears to be Lhe major postsynaptic
inhibitory transmitter in the brain and is
probably also the presynapiic inhibitory
transmitter in the cuneate nucleus and in the

spinal cord.

1.2.7 SEROTONIN (5 - Hydroxytryptamine).

It has been noted that the sgserotonin -
secreting neurons have their cell bodies in Lhe
midline raphe nucleus of the brain stem and they
project to the hypothalamus, Che limbic system,
the neccortex and the spinal cord. There is also
a prominent serotonetgic innervation of the

suprachiasmatic nuclei of the hypothalamus.

A possible correlalion between behaviour and

variations in brain serctonin content s atill
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being examined. However, the relation of

serotenin to mental funchions remains uncartain.,

i3 THE NEURGPHYSICQLOGIC BASIS OF BREHAVIOUR

1.3.1 BACKGROUND THEORKY OF VARIOUS BTRUCTURES IN
THE BRAIN AND 'THEIR BEHAVIOURAL ROLES.

In considaring the behavioural functions of
the brain, i1t is impaortant to note that behaviour
is a function of the enlire nervous system. All
parts of the nervous system are involved.
Therefore behaviour is not a funclbion performned by

spaecific parts of the brain.

The two most common melhods for debetmianing
the behavioural rales of various structures of the
brain have been to study the effect of destroying
or stimulating specific brain areas and observing

the effaects on behaviour .

The limbic system, a group of deep structures
are of primary consideration in cerltain
behaviours. Thus, while learninyg, memory,

judgement, language and related processes are
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grouped into what 1s normally regarded as the
intéllectual functions (or highuer functions) of
the central nervous system {and this involves a
large part of Lhe neocortex}, those instinctual
patterns of behaviour, subconcious motor and
saensory drivas, intrinsic feelinys of pleasure or
pain and other related behaviours are performed
mainly by the structures of the limbic system
while the cerebral hamisphetres also play a part.
In addition to playing a roele in olfaction, Lhe
limbic system is also concerned with motivation,
control of sexual behaviours, expressions of rage
and fear etce. These later behaviours essentially
form the circult for the maintainance of

homeostatic equilibriums,

Behaviour is a complex reaction of higher
function with the environment and is character ised
by two phenomena - PLASTICITY, which is tha
ability to acqguire new modes of responding and
ENERGETICS, which is variability in the intensity

of rasponding.
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Neurophysiologists, in the past lumped the
entire limbic system rogether as a3 unilb, that
conlrols the different amolional and behavioural
patterns of the nervaogs system. However, wilh
increasing knowledye of neutophysniology it has

become kKnown lthal different areas of Lhe system

parform specific functions. Thus, L 15 now
Kknown that Amygdala regulates anger and
aggrassion. Stimulation of amygdala through

implanted electrodes in unanesthetized cats and
monkies elicit responses clearly telated Lo
affective attack and defence. Amygdalectomy
remcves fear and rage and animal would becowme
exceedingly docile. The hippocampus is concerned
wilth mewmory, while the seplum controls pleasurabtle
emol ions. The frontal lobe togethaer with other
limbic astruclures affect the hypothalamic center
for appetiitive bhehaviour, anger and sexual
drives. 1L appears Lhat Lhe later are gsome of rthe
avtonaomic fTunctions belonging to the many
baehaviours available to the animal in the economy

of constant iotaernal environmeant .
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1.3.2 THEORETICAL CONCEPTS IN THE PHYSIOLOGY OF

BEHAVIQUR.

Several theories have been put forward in the
gquest to explain behaviour and most of these have
now become basic conceplbs in the study of

belhaviour. Stellar (1954) primarily attempted to

address the neurophysiologic basis of spontaneous:

behaviour and proposed that the amount of
spontaneocus behaviour is a direct function of the
leval of activity in the excitatory centres in the
hypolhalamus, These hypolhalamic cenltres were
baelieved Lo receive inputs from internal and
extarnal environments, cortical and thalamic
centras and related inhibitory centres for Lhe
integration of varicus negaltive inputs, to depress
the aclivity of the excitatory centre. The
algebraic sum of these 1inputs, he explained,
determine Lthe output along the final comman
pathway for behaviour, This proposal was Lo
become Lhe model on which the theory of
behavioural centres was  based and developed Lo

explain all types of belhaviours.

.
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Morgan (1965) postulated the first theory of
behavioural centres based on Stellar's (1954)
model . According to Morgan (1965), there are
excitatory and inhibitory centres rthroughout the
brain and they all control the pattern of a
response; the magnitude of a response was thought
to be dependent on Lhe balance batwean thea
excitatory and inhibitory influences. Anolher
theory emphasized the outcome of a pattern of
activity in the network of neural units (Morgane,
1964). in sueh neural arrangemaent, Morgane
{(1964) explained, the final output does not depend
on a single pucleus, but that there are multiple
pathways which by interaction, their inputs are
integrated to produce specific behaviocural
patterns, hence, the neural neltwork offers
considerable resistance to disruption by
individual pathways ot units in the brain, and
malfunction or damage to any unil or pathway would
not necessarily impair function. Morgane's {1964)
theory was rooted in the ideas of Flourens (1824).

According to Flourens (1824), despite the fact
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that specific brain regions have certain functions
and properties, there was unity in the CNSE, so
that loss of one unil's function may reduce the

aenergy of the whole, but would nobt necessarily
abolish the overall function or the output of the
system. This theory implies that there is a
specific function Lo each anatomical nucleus in
the sense that 1t enables integration of
information in the system, bul alse there is a

joint function in the output of the network.

As a consequence of these concepts of
functional contrel of behaviour by centres in the
brain, theories of biochemical basis of behaviour
followed with similar views. For example, drugs
were believed to modify behaviour by changing the
levels of excitation and inhibition of specific
sites in Lthe brain. Duffy (1962) stated Lhat
chlorpromazine acts on the hypothalamus to reduce
its leval of activation while amphetamine
activated iL, The basic assumption underlying
Lthese sludies is that the levels of neural

activity at any given site may be diractly or
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indirectly related to the concentration of
cChemical agents within the localily. in
particular, research has focussed on presumed CNS
Lransmitte:r substance which may explain drug-
induced changes in heliaviour . The idea of drugs
modifying Jovels of activity in naural centres was
extendaed to the bhiochemical studies of the brain
and cxtensive work has been done Lo determine the
levaels of neourochamical substances at specific
sites with the attewmpls Lo correlate them with

definite behavicural patterns.

1.4 THE BIGCHEMICAL BASIS OF BEHAVIOUR.

1.4.7 BIOUENIC AMINES IN RKGULATION OF HBEHAVIGUR.

Extensive work in the paslt has focussed on
the possible roles of the biogenic amines in
bahaviour. The present knowledye of the
involvement of catecholamines in the regulation of
behaviour began to emerge through several studies.
The hiogenic amines, as putative
nedrotransmitters, have already been known to play

important roles in the regulation of central
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nervous system functions {Hornykiewicz, 1966;
Chase and Murphy, 1973). It has been noted, for
example, that neuroclogical disturbances caused by
brain damage due to injury or exposure to Loxic
substances are often accompanied by changes in the
endognacus levels of biogenic amines. The levels
of these brain amines have been determined in
various brain regions in rats (Langlais, Huang and

Gabay, 1975).

The principal catecholamines found in Lthe
body are norepinephrine, epinephrine and dopamine
and all three are present in the brain. Cannon
(1915} first noted thal the hormone of Che adrenal
medulla was involved in mammalian resistance to
stress. With the idenlificalion of norepinephrine
and epinephrine in the brain, it was considered
therefore that they too might actualiy be
regilating responses such as fear, anger or rage,
mood, hunger, etc,, within the central nervous

system.

It was initially believed that dopamine was
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present in the nervous system only as the
intermediate precussor in the biosynthesis of
norepinephrine, and this was also considered Lo
be its primary function in the brain. Latear,
evidence accumulated which indicated that dopamine
wWas actually, an its own right, a
neurctransmittbear . its neurotransmitter role has
been prominently studied, euspecially in the
striatum, median eminence, hypolthalamus, the
Timbic lobe and neocorbex. The first suggestion
that dopamineg may have important physiologlical
function came after the work of Blaschko {(1957)
and those of Carlsson,; Lindgvist and Magnosson
(1957). in 1967, Goldstein, Anagnoste, Owen and
Batista showad that certain brain lesions produce
a greaeater loss of caudate Jdopamine than
norepinephrine. This discovery was Lo confirm Lhe
existence of separate dopaminergic and
noradrenergic neuronal syslems in the brain since
the lesion appears Lo primarily affect depamine.
Since then, a number of reports have accumulated

which indicated different functions for



- 22 -

norepinephrine and dopamine in the physiology of

behaviour.

In 1948, Leimdofer produced a deep, but
normal sleep in man by intracisternal injection
of norepinephrine. In 1954, Feldberg and sherwood
reported producing similar effects in cats
through o intraventricular route of
administration. sedation has also been observed
in various spucies of exparimental animals after
administration of norepinephrine into the brain.
Godwin, Murphy, Brody and Bunney {(1970) showed
that dihydroxyphenylalanine (DOPA), a precurscr of
norapinephrine biosynthesis, aelicits both
behavioural and locomolor activation accompanied
by arousal pattern of the FEEG when administered in
largae doseas. Iin an @arlier study, Van Kossum
{1968) showed that cocaine-induced behavioural
ex¢citation which had been antagonized by a
pretreatment with reserpine was restored foilowing
DOPA administration. These reports appeared to
canfirm an earlier observation that dopamine, and

not norepinephrine, is the principal catecholamine
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subserving the arousal functions in the brain
{Everett and Wiegyand, 1962). Secondly, the
teports were further supported by the work of
Crevelling, Daly, Tokuama and Wilkcp (1968) who
usaed dihydroxyphenylserine (DOPS) to demonstrate
that norepinephrine does nol treverse resarpine-

induced sedation.

Many eXparimental obsarvations amd reportis
finally led to Lhe agreement that BDopamine and
Norepinaephrine mediate different behavioural
roles. Norepinephrine was associated with gross
spontanceous behavioural activity while Dopamine
was associated with stereotyped behaviour (Randrup
and Jonas, 1967). Other workers who worked
seperalely, also independently demonustrated that
direct injection of dopamine into the corpus
striatum induced gnawing behaviour in the
experimental animal (Ernst, 1967); Randrup and

Munkvad, 1967).
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1.5 THE NEUROPHYSIOLOGIC BASIS OF SLEEP AND

WARKEFULNESS.

1.5.1 SLEEP AND WAKEFULNESS.

Sleep is a behavioural state, and can be
defined as the produclt of activities in the
neural systawms in the phylogenatically old
reticular cora of the brain. A fact that has now
been fully established is Lhat the preoplic area
(POA} in the hypothalamus is deeply involved in
the central regulatory mechaniswms of slaep. TE
was shown that stimulation of this area produces
cartical electroencephalogram {ERG)
synchronization and leads to sleep. On the other
hand, lesions of the preoptic area suppressed
sleep (Nauta, 1936). Chemical stimulation
experiments also confirmed the importance of the
preoplic areaa in sleep wmechanism; thus,
introduction of various sleep inducing substances
into Lthe preoptic area through microinjectioa was
shown Lo produce sleep in the experimental animal,

while a similar introduction of acetylcholine
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into the area eliciled wakefulness. Similar to
the preoplic area, workers have also found one
other "sleep centre" which appears to lie in Lhe
thalamus itself. Stimulation of this area

produces sleep in concious unrestrained animals.

The posterior hypothalamic area was also
linked with sleap regulation. Nauta (1946) showed
that lesions of the posterior hypothalamic area
disturbed wakefulness, while it was also shown
that high fregquency stimulation of the area
induces persistent EEG desynchronization, an
indigation of arousal of the cerebral cortex for
alertnass and wakefulness. However, whether
posterior hypothalamus per se 1s raesponsible for
waking or stimulation of the fibers travelling
through it is still guestionable and unsettled.
Hess (1955) applied the term “dynamogenic zone' to
posterior hypothalamus when he first noted that
its atimulation elicits an active display of
autonomic and somatic behaviours accompanied by EEG
desynchronization. Therefore, the posterior

hypothalamus was earlier refered to as the
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"waking”" area in the brain. Olher regions Known
to similarly produce wakefulness upon stimulation
include the lateral hypothalamic area, Lthe
mammilary bodies Including the mammilothalamic
tract. It is suspectaed that the mammilary bodies
may be of greater importance than the lateral
hypothalamic area in producing alertness or

wakefulness.

Counsiderable evidence suggest that the neural
systems concernaed with sleep and waking stataes are
in the brain stem, and are associated wilh
specific neuro-humours. Since the classical
hypnotoxin experiments of Legendre and Pieron
(1910) the existence of scme sleap-regulating
substances have been proposed and a number of
endogenous factors have actually been listed
{Inoue, 1985). Most of the endogenous substances
listed were prastaglandins. Other substances also
mentioned o have regulatory influences on sleap
were diclofenac sodium and indomethacin (both of
which are prostaglandin synthaesis inhibitors),

aspirin, melatonine and uridine, It is thus
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believed that sleep 1s regulated by multiple
endogenous factors present in the cerebrospinal
fluid. Thaese humoral faclors are believed to be
functionally linked such that sleep regulation
invoives a caomplicated mutual interference
mechanism among them,

The reticular formation lies in the medulla
and pons, extending slightly into the midbrain.
From present knowledge, activity in the so-called
maedullary "sleep zones" lead to production of
synchrony and sleep, and it 1s known that such
activity is transmitted to the thalamus via the

ascending reticular system.

An awake human responds Lo stimuli because
the Raticular Activating System (RAS) is in
contact with the environment to alert the cortex
in maintaining wakefulness by bursts of electrical
activity.

The reticular formation has extansive
intaerconnections with the sensory, motor and
integrative nuclei throughout the brain stem and
receives collateral inputs from a variety of these

pathways. Activity in the reticular activating
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system produces a widespread activation of the
caerabral cortex resulting into arousal and
heightened states of attentiveness. The grealat
the stimulation of Lhe reticular activating
system, the more alert and attentive the
individual will be to the incoming sensory
information. After a proluonged period of
activity, the reticular formation becomes less
responsive to stimulation. Evidence 1is
accumulating that regulaticn of the awake/sleep
cycle involves an interplay between the brain stem
nuclei. When the reticular activaling system
becomes inactive, so will the cerebral cortex in
whalt is then sleep. The state of sleep will be
terminated by any stimulus sufficient to activale

the reticular activating system.

1..ha2 NEUROTRANSMITTERS IN SLEEE.

1.5.2.1 NON-RAPID-EYE MOVEMENT SLEEP (NREM).

The non-rapid-eye movenment sleep (or slow-
wave sleep) is the first staygye upon falling
asleap. NREM sleep is thought to be produced by

the absence of desynchronizing activity in the
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ascending reticular system. The synchronizing
activity of the thalamus is believed Lo bhe
augnented by the ascending activity from the pons
and hindbrain in the production of this first
stage of sleep.

it has been noted that serotonin is involved
in the production of NREM sleep; the discharge of
the serctonin secreting neurons was linked with
the onset of NREM sleep. This observation was
also further supported by the report that drugs
that deplete brain saratonin such as
patrachlorophyenylalanine caused insomnia in cats
while administration of S5-hydroxylryptophan which
restores the serotoninh content of the brain,

abolished the effect {(Ganong, 1987).

1.5.2.2 RAPID-EYE-MOVEMENT SLEKF (REM].

The mechanism which Lrigyers rapid-eve
movement sleep (or paradoxical sleep) is believed
ta be in the pontine reticular formation, but no
single transmitter is yerb known to be responsible
for its production. It is not vet certain what

initiates the discharge in the pons that heralds
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the onset of REM slecp, but it is thought that the
locus coeruleus and the norepinephrine-secreting
neurons emanating from it play important role in
the phenomanon.

in the effort to explain the production of
REM sleep, Begley {(14989) suggested the existence
of two kinds of neuronal systems that control
sleep in the brain stem, each using a different
chemical to communicalbe. One of the neuronal
systems use acetylcholine and they are "On"
during REM sleep, while the other system uses
norepinaphrine and serotonin and they are "Off"
when the acetylcholine neurons turn on. Pagley
(1989) explained that acetycholine neurons send
rapid bursts of electrical signals to the cortex,
the seat of higher thought and vision, and
suggested that acetylcheline may be the very stuff
that REM sleep 1s made of. There has also been
some evidence noted from the findings of other
warkers which seem to support these claiwms. It
has been noted that when drugs that mimic
acetylchol ine were injected inte the brain stems

of cats, thay were seaen bto undergo REM sleep; and
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in humans, brain stem lesions that deplete the
forebrain of norepineplrine, suppressed RKEM sleep,
while drugs that increase the availability of
acetylcholine in the brain, hastened the onset of
REM sleep and dreams. From these accounts, it
could be seen that the neurctransmitter agent
involved in the production of REM sleep is still
an unresolved issue as no particular transmitter
has been earmarked with certainty. Howaver , most
workers believe that the serotonin mechanism for
NREM sleep and whatever mechanism that may be
involvaed in the REM sleep must be functionailly
linked. Thus, it is balieved thalt in NREM sleep,
it is the rate of turnover of serctonin or of its
catabolic¢ products that is monitored by a clock
like mechanism in the brain such that provides the
signal for the transition from one sleep stage Lo

another.
1.6 ASCORBIC ACID.

Ascorbic acid was discovered as a substance

with the chemical formula CEHSOE from the adrenal
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cortex of guinea - pig by Szent-Gyorgi and Haworty
(1933). The substance was later found to cure
scurvy and was subsegquently given the name

Ascorbic Acid.

Ascorbic acid is now known to be a water
soluble vitamin (Vitamin ). Since its
identification, numerous, mainly chemical
investigations have been carried out on ir.
However, in spite of several invastigative
studies, the mechanism underlying the actions of
ascorbic acid in subserving its many attributed

affects is not yet known.

A variety of functions were first suggestad
by Haker {1967). A daeficiency of ascorbic acid in
man, guinea-pig and monkey has been found to lead
to conditions like scurvy, intramuscular and
subcutaneous haemorrhage, tenderness in joints,
general weakness and weakening of the connective
tissues of the skin, tendons and walls of blood
vaessels; letherdy, loss of appetite, anaemia and
slow healing of wounds., Thus, there has been

abronyg suggestions that the daily taking of large
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doses of vitamin € may decrease the 1likelihood
of contracting a wide range of human disorders.

A lot of werk has been done on the sources
of this vitamin. From all the animals studied so
far, it was shown that ascorbic acid i3 not
synthesized anywhere in the brain (Vitler, Sebraell
and Harris, 1987). Of all the animals studied so
far, wan and other primates are dependent onh food
sourcaes for tha vitamin {(Roy and Guha, 1958).
Most people, even primitive people in many parts
of the world know of the necessity for fraesh
foods, particularly from plant sourcas {(especially
fruits and vedgetables). The recommended daily
dose of vitamin € ig 75 mg for an adult male and
70 mg for a female (Food and Nutrition HKeard of
U.8. National Research Couhcil). Various popular
books (Pauling, 1970; Webstar, 1971} even

recommended doses well in excess of these figures.

The nature of the reactions which ascorbic
acid undergoes in the body has been ascertained.
Thuaus, 1L is pow known that when utilized, ascorbic

acid is ovxidized Lo dehydroascorbic acid which is
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rapidly reduced again, regeneralting ascorbic acid;
and when dehydroascorbic acid is oxidized, 2, 3 -
Diketogulonic acid is formed (Martin and Mecca,
1961 : Schneider and Staudinger, 1%964; Dayton,
sSnell and Perel, 1966; Hammarstrom, 1966; Heath
and Fiddick, 1986}, The reaction is illustrated
in Fig. 1.8.1. It has been suggested that
dehydroascorbic acid is the form for transport of
ascorbic acid across cellular barriers {Patterson
and Mastin 1951; Martin, 1%961; Martin and Mecca,

1961).

Borth ascorbic acid and dehyvdroascorbic acid
are said to have affinity for the sites of
catecholamine synthesis in the CNS (Sjostrand,
1970; Subramanian, 1977), and that injected
ascorbic acid and dehvdroascorbic acid are both
distributed falirly egually 1in the body

{Hammarston, 1966).

It is now known that ascorbic acid is highly
concentrated in the brain (Shimizu, Matsunami and
Onishi, 1960; Subramanian, 1977; Kuo, Hata,

Yeshida, Yamatodani and Wada, 1979; Lelland et
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al., 1979), and that it is preferentially
distributed in the brain (Subramanian, 1977).
Subramanian {1977) clearly mapped out the regional
variation in the distribution of ascorbic acid in
the brain. He reported that in magnitude of Lhe
content in various reglions, the order is
hypothalamus, hippocampus, cerebral cortex,
cerebaellum, striatum, medulla and pons, and Lhe
midbrain, respectively. It was also observed that
there is regional differences wilth regards to the
active transport of ascorbic acid in the brain,
with the hypothalamus being able to accumulate
morae than any other tragtion and that the rate of
accumulation roughly parallels the content in that

region.,

1.6.1 PROFILE OF BRAIN ASCOREIC ACID.

The Lransport of ascorbic acid from body
fluids into the brain, has been studied. 1t has
been noted that ascorbic acid has a blood-brain
barrier, being first transported to tLhe
caerebrospinal fluid (CSF) by a saturable

transport. Transport is said to be stereospecific
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and the probable locus of transfer from blood Lo
Lhe CSF appears to be the choroild plexus (Spector
and Lorenzo, 1974). From the CSF ascorbic acid
appears to diffuse in the extracellular
compar tment , and then actively transported into
the intracellular compartwment (Spector and

Lorenzo, 1974).

Existing knowledge of the pharmacological
properties of ascorbic acid in the CNS is still
vary hazy. In view of the prowminence and
praeferential distribution in the CNS and
presumably assuming the homogeneity of ascorbic
acid, it is strongly believed that i1t may be

involved in some central physiological functions.

A deficlency of ascorbic acid has been
reporlted to cause symploms of depression in man
and impairment of nervous activity (Lyhs, 1961},
while high amounts of ascorbic acid may cause
insomnia, irritability and anxiety (Glatzel, 1966;
Pitt and Pollit, 1971). Ascorbic acid has also

bean implicated in Lhe pathophysiology of anxiety
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{(slater, 1962} and of Schizophrenia (Pitt and
Pollit, 1971). Inspite of all Lhese reports and
tha increasing evidence of the effects in the
central and peripheral nervous system, there is
still no cledar understanding of Lhe mechanism of
action or the actual physiological role of
ascorbic acid in the brain. Pfeiffer, Goldstein,
Murphreae and Nicols (1%968) showed that 1 - 3y
ascorbic acid depressed the electroencephalogram
(EEG) in man, while Benton (1981) on the othe:
hand, observed that ascorbic acid (1 - 2g orally)
reduced complex reaclion time, while psychomotor
co-ordination was disrupted in man. in some
recent experiments with rats, it was observed that
ascorbic acid desynchronized the EEG of the
frontal and optic cortices, while it dose-
dependently activated their gross behaviour
(Wambebe and Sokomba, 1936). 8Similarly, Erube
{1982) reported gross behavioural and EEG
activation in young chicks after Ctreatment. wilh

ascorbic acid.

Parkinsonism is a dopamine deficiency disease
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which is known to result from a decrease or an
injury to the dopaminergic neural system in the
basal ganglia. It was reported in levodopa
therapy, that a combination of levodopa and
ascorbic acid was highly rewarding in patients
with Parkinson's disease (Sacks and Simpson,
1975). These wWworkers found that when the dose of
ascorbic acid was increased while reducing that of
levodopa, there was a faster improvement and the

side effects were minimal.

These reports clearly indicate that ascorbic
acid may play a fundamental physiological role in
the normal functioning of the brain and the CNS in

ganeral.

In another report, an interruption of the
intake of ascorbic acid resulted in acute onset of
migraine in patients who have had this attack
chronically (RBali and Callaway, 1978)}. fThere are
strong suggestions thal ascorbic acid may work by
close links with neurotransmitters and the

synaptic transmission processes in the CNS, but nao



- 40 -~

definite conclusions have been drawn yet. Many
workers have identical opinions that it would be
difficult to suggest that a substance not
synthesized in the brain but exhibits several
prominent unexplained characteristics of
distribution and retention, is devoid of any

important function in the brain.

1.6.2 STUDIES OF THE POSSTIBLE INVOLVEMENT OF
ASCORBIC ACID IN CENTRAL NEUROTRANSHITYTER

SYSTEMS.

Various neurotransmitter systems in the CHS
have been implicated in the possible mechanism of
action of ascorbic acid. In addition, ascorbic
acid has been linked either directiy or indirectly
with the metabolism of almost all the important
putrative neurotransmitters in Lhe CNS
(Subramanian, 1977). Amonyg the neuroltransmitter
systems postulated for the mechanism of action of
ascorbic acid include:

1. Inhibition of cholinesterase enzyme and

ralease of acetylchoeline ({Sjostrand, 19670;
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Kuo et al., 1979),

2. FKelease of norepinephrine from its storage

sites (Sjostrand, 1970; Kuc ebL al., 1979), and

3. Modulation of dopaminergic activity (Tolbert,
Thomas, Middaugh and Zem, 1979). Tolberl et
al. {1979) reported of the specific
neurochemical, physioclogical and behavicural
alterations in dopaminergyic systems producad

by ascorbic acid.

Obviously, their focus of attention was on the
stereotyped behavicur which is believed to be
mediated by dopaminergic neural system. Many
workers also believe thal ascorblc acid play an
indirect role in the hydroxylation of tryptophan
which is the rate limiting step in the synthesis

of 5-hydroxytryptamine (Serotoninj.

In the wetabolism of catecholamines, it has
been observed that ascorbic acid may act as a
cofactor in the beta hydroxylation of dopamine by

Dopamine - B - hydroxylase which is a rate
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limiting step in the synthesis of norepinephrine,
and it iIs thought to be indirectly involved as a
madiator in tyrosine hydroxylase having a control
in the synthesis of L-dihydroxyphenylalanine
{DOPA) . Apart from this, it has alsc been
mentioned that ascorbic¢ acid appears to be a
compeltitive inhibitor in the methylation of
norepinephrine to normetanephrine which could play
a role in the regulation of catecholamine

catabolism.

1.6.3 EXAMINING POSSIBLE ROLE OF VITAMIN € IN

MENTAL STATES,

Ascorbiec acid has been implicated in the
pathophysioclogy of deprassion, schizophrenia,
stress and anxiety. Bepression may be seen as a
feeling of gloom which may be due to a failure in
an endeavour or a disappointment in expectation or
hope. Daepression can even be induced by
administration of some agents. Depression has
many phases: In reactive depressicon, the patient

does not lose touch with reality and is usually
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due to stress. In severe depression which is a
psycholic state, there 1s usually a predisposition
to it in the person's make-up; he Lhen louses touch
with reality. 1In all types of depression, aven in
the depression that occasionally occur after
menopause, there is a risk of suicide. Depression
was obtained when a part of the brain was blocked
by 25% potassium chloride which caused a decrease
in ascorbic acid level as compared to other parls
of the brain that were nobt blocked (Lyhs and
Rvidiger, 1963). In another development, ascorbic
acid has been found to relieve depression syndrome
associated with adrenocorticotropic hormaone
(ACTH). Cocehi, Silenzi, Calabri and Salvi
{(1980), reported successfully tLreating depression
in ACTH therapy as well as patients suffering from

idiopathic depression, with ascorbic acid.

The subject of the possible involvement of
ascorbic acid in schizophrenia has been one of
caontroversy. Schizophrenia is the ganeric term
used for a group of disorders characterized by a

progressive loss of emotional stability,
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judgement. and contact with reality. In 1971, Pitrc
and Pollitt reported Lhat schizophrenics have high
amounts of ascorbic acid in the brain when
compared to controls in the same ward receiving
the same food. Some workers also found that
schizophrenics required a higher amount of
ascorbic acid than controls. Binette, Ferron and
Granel {(1965) had earlier reportad that contrary
to previous reports, low levels of ascorbic acid
was not characteristic of the cerebraspinal fluid
and blocd of schizophrenics whether or not Lhey
ware receiving tranquilizers. Howaever, Lhese
reports clearly indicate that the role (if any) of
ascorbic acid in the aetivlogy and management of

schizophrenia is still far from clear.

Kubala and Katz {1966 ) found that
administration of ascorbic acid to children
increasaed Ltheir intelligence gquotient by 5 per
cent. compared to controls nut receiving the
treatment. Also human subjects receiving high
amounts of ascorbic acid were reported to have

shown great alertness {(Masek, Hruba and Novakova,
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1976). These reports have lead to the belief that

ascorbic acid might improve mentasl functions.

1.7 THE OBJECTIVES OF THIS STUDY

1.7.1 EXPECTATIONS.

Presently in the society, there is Lhis
problam of increasing use of drugs by people to
madify mood or behaviour Lo suilb an occasion or
for some olther purpose. This is usually done
either individually or in groups. The praclice
has been referred to as drug abuse. While the
gaovernment organiZes various social anlightbenment
programmes to dissuade people from engyaging in
this dangerous habit, what has been of primary
concetrhh to blomedical research is understanding
the mechanisms by whiceh such drugs modify
behavicur or mood. There is no doubt that it will
be of immaense benefit to mankind 1If through such
knowledye, measures could be developed to counter
the effects of the druys in the brain. This
praoject is intended ta study the

neurophysiclogical factors underlying any



behavioural effects of ascorbic acid, with the aim
of ascertaining the mechanism of action by which
this is achieved in Lha CNS. in the light of
this, expectation is that the data obtained from
this study would shed more light into the actions
of these cenltral nervous systewm drugs in general,
and this is the justification and lonyg Lerm

objectives of this project.

1.7.2 A SURVEY OF CENTRAL PROCESSES.

In earlier reports, the catecholamines were
associated with various roles in regulation of
behaviour . Servtoenin, norepinephrine and
acetylcholine were also variously linked with
sleep regulation. Among the catecholamines,
norepinephrine was associated with gross
spontaneous behavioural activity in addition to
its supposed involvement in sleep. Norepinephrine
is also thouyhl. Lo mediate sedation in the brain
{Leimdofer, 1948; Feldbery and Sherwocod, 1954).
bopamine was associated with stereotypaed behaviecur

(Randrup and Jonas, 1% 87} in addition te itLs
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supposed arousal functions in the brain (Everett
and Wiegand, 1962}, while DOPA was linked with
locomotor and other behavioural activation

(Bunney, 1970).

There ate increasing reports on the
behiavioural or central nervous system effects of
ascorbic acid. It is the consideration of this
study that such effects could be achieved by some
mechanisms either physiologically,
pharmacologically or both. This may thus, explain
the usually obvious assumption that a change in
baehavicural output of a normal animal must result
from alteration in the central nervous system
activity. In a variety of such applications,
stereotyped behaviour is widely used as an index
of dopaminergic stimulation {(Costal, Naylor and
Piner, 1974). In this regard thervefore, the
magnitude of change in stereotyped behaviour could
be indicative of an involvement with dopaminargic
neural systems and transmission. The objective of
this project is to study the physioloyical

processes and factors underlying any behavioural
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changes manifested in the course of ascorbic acid
treatmenl in experimental aniwmals. The study
shall compute all behaviocural activities seen
during the various ascorbic acid treatments with
the hope that the results when analysed may offer
the starting point for further investigaltions to
ascertain what neural system or systems CLhat may
be involved in the central mechanism of action of

ascorbic acid.

One way it may be possible to study the
neural procasses involved in the mechanism of
arousal in the brain is by examining sleep. Thea
arousal mechanisms of the CNS is implicit in sleep
physiology. In this study, it is intended (o
produce sleap using a short acting barbiturate.
Different doses of ascorbic acid shall be used to
examine pentobarbitone-induced sleep in the rats,
Thus, the possible rcecle of the various
neurotransmitters in the reported arcusal effects
of ascorbic acid c¢an be assessad or evaluated.
The second aspect ¢f this would be to evaluale

possible links between ascorbice acid - induced



- 49 -

changes and the system that traditionally mediate
tha arcusal functions of the brain for alertness
and maintenance of wakefulness (e.y. the
cholinergic neural system which forms the

raticular activating system).

The prominence of ascorbic acid in the brain
as found by workers {Lyhs and kvidiger, 1983;
Sjostrand, 1970) has offered enough indication
that 1t may be involved in some central
physiological functions. FElectrical activities of
the brain has often been observed by EEG and has
also been employed to mohitor neudrotransmitters in
the brain especially in animals that are in
resting state or sleep. One of the objectives of
this study therefore is to employ this technigue
for an over-all assessment of possible states of
arousal or sedation during different tCreatments
with ascorbic acid. It may be possible to
quantify and evaluate dose-response relationships
to examnine the degree of an observed EEG response

and corraelate these with other resulls.
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CHAPFTER TWO



2.0 MATERIALS AND METHODS

2:1 EXPERIMENTAL ANIMALS.

Adult albino rats (Wistar strain, inbred)
obtained from the animal house of the Department
of Pharmacoloyy and Clinical Phavmacy, Faculty of
Pharmaceut ical Sciences, Ahmadu Bello University,
waere used in this study. Animals were aged
between 7 - 9 months and weighing between 200 -

295 g.

2.2 DRUG SOLUTIONS
2.2.1 PREPARATION OF DRUG SOLUTIONS
{a) Sodium pentobatrbitone. BP, 60mg/ml

(Abbalt laboratories Ltd., Watford, England).

Volume of the stock solution required to
deliver the appropriate dose to the animal was
determinad from the relationship:

Volume (ml) = b X w X 1
60

wWhere, D = The required dose in myg/kg

W

The waight of the animal in Kilograms
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60 = The concentration of the stock
solution {(Sodium pentobarbitone, myg/ml).
{b) Ascorbic acid {(BDH Chemicals Ltd., Poole,
Fngland}.

The ascorbic acid used in this study was
obtained commercially in pure crystalline form.
Waighed guantitiaes of the druyg were dissolved in
appriopriate volumes of saline. The doses of
ascorbic acid used in this study were calculated
from the stock solutions which were prepared as

given in appendix 3.

{c) Preparation of ascorbic aclid solution for

intracerebroventricular (ICV) administratiion.

Thae stock solutions for the doses of ascorbic
acid used in the ICV administration were prepared,

employing the procedure given in appendix 3.
2.2.2 STORAGE AND PRESERVATION OF DRUG SOLUTIONS.

A fresh drug solution was prepared for each
day's experiment in order to ensure that the

stability of the drug used was maintained. In the
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course of each day's experiments, care was taken
to keep each drug solution in a cool place and
inside air-tight amber-coloured containers and

away from light.

2.3 ROUTES OF ADMINISTRATION.

Ascorbic acid and sodium pentobarbitone were
administered intraperitoneally (1/pj. However
intracerabroventricular administration of ascorbic

acid was enployved for some EEG studies.

2.4 CONTROLS.

The control animals were administered with
the solvent vehicle {(ie. physiological saline)
used in preparing the ascourbic acid solutions.
The volume of physiclogical saline administered to
the control animal were determined as 0.2% of its
body weight in grams. For the control recordings
in the ICV experiments, volume of physiological
saline administered by the intracerebroventricular
route was 10 microlitres, being Lhe dsame volume as
used for delivering the required ascorbic acid

doses in the TCV administration.
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In the control experiments for sleep, the
animals were Ltreated with sodium pentobarbitone
only. Pentobarbitone doses were determined as

desceribed in section 2.2.1 (a).

2.5 PREPARATION OF MATERIALS AND CALIBRATION
OF EQUIPMENTS FOR EEG STUDIES.
2.5.1 TIMPLANTATION GF ELECTROCORTICAL AND

FLECTROMYOGRAM ELECTRCDES.

The rats used were anaesthetised with sodium
paentobarbitone {40 myg/kg) intraperitoneailly,
before Lhey were implanted with electrodes made
from the pointed ends of stainless steel insect
pins No. 00 according to the methods of Spooner
(1965). Stainless steel screws (obtained from
Grass) were mainly used to prepare the monopolar
electrodes as wera amployed by Wambebe and Sckomba
(1988 . After sufficient depth of anaesthesia,
the rats were held firmly with ear plugs in a
stareataxic apparatus. The sagittal sutures were
exposed by cutting and removing the skin over the

skull with a sterile surgical blade. The brain
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sites implanted were frontal cortex (FC), optic
cortex {(QOC), and brain stem rveticular formation
(BSRF) with the help of stereotaxic instrument
using the c¢o-ordinates as given balow. The
monopolar electrodes were drilled in place and
secured chronically to the skull overlying the
brain site. The bipolar eleclrodes for the brain
stem reticular formation were implanted by
lowaering the electrade to the appropriate dapth
from the top of Lhe skull, The monopolar
raference electrodes were drilled in place at the
uppar surface of the mouth. The electrodes were
then held firmly in place with dental cement and
acrylic fluid.

The electromyogram (EMG) elactrodes were made
from stainless steel insect pins Na. 00, bent at
the ends Lo form hooks. The eleclirodes were
positioned in the proximity of the head and
inserted in the dorso-lateral aspect of the nack.
The electrodes were then secured chronically to
the neck with dental cement and acrylic fluid.

The stereotaxic co-ordinates for the
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implantation of the brain sites in the rat were:

Ft:: anterior-postaricr = ¢ 1. %mm
lataral = t 1.5mm
0C: Anterior-postarior = 9. 2mm
Jateral = 2. Bmm
BSRF:anterior-posterior = 3. Smm
lateral = ¢ 2. Omm
vartical = - 8. 210

These brain siltes ware located with referenca to

thae bregma, using the stereotaxic o ordinates.

2.5.2 ARRANGEMENT GF ELFECTRODES IN THE MALE

CONNFCTOR .

Thae elactredas of the implanted rat ware
dgit.tached to tha male connactor in the ordar as

given below:



ELECTROLE POBITION 1IN MALE
IMPLANTED CONNECTOR
Reference {(manopolar) No. 1

Frontal coriax (monopalar) Ho. 2

Optic cortex {(monopolar) No,. 3

BERF (Bipoliar ) Noes. 4 04 8

Twis BMUO alectrodes Nos, & & 7

After the lmplantation proacess has bBoan
campletued, Lhe animals wore Kepltb watm wilth an
anglepoised 1amp and allowed 24 hours for full
recovaery and for the lwplanted glectrades Lo

antabilizae befora the recording of the HEG.

2.6 RECORDING OF THE ELECPROENCHPHALOGRAM (EEG)
AND FLECTROMYOGRAM (FMG).

Tha implanted anitwals ware put inside a
sereenad vage in a guiet room and werae allowed one
hour bo acelimatize to the envirenment., Thoe Grass
Palyygraph machine, Model 790 {(Grass Madical
Tnatruments, Quiney Mass, UUE ALY was dsad to
record both The BEEG and F#G.  Before the lwmplantod

animals ware connectad o the polvagraph machine,
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it was calibrated for sensitivity., voltage and
peak frequency and was also standardized for slow

and fast paper speed recording.

The male connector carrying Lhe electrodes of
the implanted animal was then hooked into the
faemale connector. In 1ts ohannels far the
monitoring of incoming alactrophysioclogical
signals, the polygraph machking then monitors the
EEG and EMG of the different brain sites in the

rat as raprasented balow: -

Grasi Plect rode Electrophysiolagical

Selecior Panel Signal Monitored

=2 FC
1-3 oc
4-5 BERF
6-7 EMG

2.6.1 RECGRDING.

Animals waerea, first, administered
physilogical saline and a control recording was

made for one hour. Thay were then administered
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with the appropriate dose of ascorbic acid and
racording of the EFEG and EMG was repeated for

another one hour.

The chart speed during normal racording was
2.5mm per second. However, for every, 10 minutes
during the normal recording, the speed was changed
ta 25mm per second to factlitate analysis of

voltage and peak frequency.

2.7 THFE ELECTROPHYSIOLOGICAL STUDIES
2.7.1 EEG STUDIES IN ACUTE ADMINISTRATION OF
ASCORBIC ACID.

Ascorbic acid doses used in this study were
80 and 300myg/kg. Animals were implanted with the
electrocortical and electromyogram electrodes as
described in sectiocn 2.5.1. Thie EEG and the EMG
warag recorded, first, after administration of
phvsiological saline for the control, and after
the administration of the appropriate dose of
ascorbic acid applying the procedures described

under section Z.6.1.
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2.8 TECHNIQUES FOR THE INTRACEREBROVENTRICULAR

(ICV) ADMINISTRATION IN EEG STUBRLES.

2.8.1 PREPARATION OF GUIDE CANRNULAE.

Guide cannulae for intracerebroventricular
administration ware canstrudctead from O,671mm
diameter intramedic polyethylene tubing. With
the aid of flame from bunsen burner, a bulb was
blown in the middle of a piece of tubing. The
length of the end of the tubing to be inserted
into the ventricle was 4d4mm from the bulb, while
the length from the ather end of the bulb on top
of the skull through which lnjection would be made
was lcem. The daead voilume of the cannulae was
approxXximately 2 microlitres. Normal saline was
passed through the guide cannula before insertion

into the skull to ensure that 1t was not blocked.

2.8.2 BSURGERY OF THE INTRACEREBROVENTRICULAR

CANNULAF. TMPLANTATION.

The rats warea anaesthetized with

pentobarbitone sodium {(dose, 40 mg/kg ipl. Thea
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skin over the skull was cut open with a sterile
surgical blade to expose coronal and sagital
sutures, The guide cannula was pasiticnaed Tmm
posterior to bregma and with the help of a hand
drill, it is lowered to a depth of 4w from the
top of the skull into the left ventrricla. In all
animals, some C8F appearod in the guide dcannulae
after insertian, This Wwas an indication of
correct plavewment inte the ventricle as noe CSP
wienn1d have appeared If the insertion was intg
biduues., The guide cannulae was then firmly
sacuraed in place with dental cement and acrylic
fluid along with the alecrtrocortical and
electromyovuram elactrodes which weare also
implanted during the surgery. Injections werea
made fFrom a4 10 microlitre Hamilton syringe over a
period of 5 sec. with the needle remaining in
position for a further 5 sec. before being
withdrawn. The total injection volume was

approximately 8 microlitres.
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2.8.3 ASCORBIC ACID DOSES IN THE ICV ROUTE.

Two doses of ascorbic acid (10 and 40
micrograms) were used to study the EEG effects

following administration by the 1CV route.

2.9 SLEEP STUDIES.

2.9.1 GENERAL PREPARKATION AND TREATMENT OF TEST

ANIMALS.

Adult male albino rats weighing between 2006-
2%90g ware used.
T™Tha sleep experiments werae carried out in a well
ventilated rcom, and in a guiet surrounding.
Ambient temperature of about 24+2% Was
maintained throughout the eaxpariments, and
experimenting pericd was restricted to between
0800 hrs-1800 hrs each time so as to avoid the
effect of circadian variation in brain levels on
behaviour .

After they are removed from the animal
house, the rats were allowed one hour to

deciimatize to the new environment bhefore the
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experiments were Started. Rats were weighed in
ordar to determine drug treatment doses. Ascorbic

acid doses employed in the sleep experments were
5, 10, 20, 40, 80, 200, and 300myg/ kg of body

weight respectiviey, and the pentobarbitone dose
was 20mg/kyg in each axperimant . Ascorbic acid

were first adminstered before pentobarbitone after
the appropriate time interval. In the controls,

animals ware given only pantobarbitone with the
elimination of ascorbic acid treatment. The sleep
axperiments were designed to investigate;

(a) the effect of ascorbic acid on pentobarbitone-

induced sleap, and

(b) the pattern of sleep in different pretreatment
times with a fixed intraperitoneal dose of

ascorbic acid (80mg/kgj.

The pre-treatment times investigated were 5,10,
15,20,25,30,35,40,45,50,585 and 60 wmin.,

respectively.

The rats were regarded as asleep when thein

righting reflexes were lost. Experiment using
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each ascorbic acid dose was repeated five times;
similarly each pre-treatment rime was investigatad
five times. A fresh animal was used sach time of
expaeriment, and each animal was observed
separately at a time for sleep. Animals that did
not sleep within a 30 minute period of observation
wera taken as not asleep. The onset and duration
of sleep ware timed using a stop clock. All the
test expariments ware carried cut concurrently

with the contrals.

2.10 GROSS EEHAVIQURAL STUDIES.
2.10.1 BEHAVIMHIRAL TESTING IN ACUTE ADMINISTRATION
OF ASCORBIC ACLD.

Two tvats aof comparable size, weight and adea
and also of the same sex were kept in a
rransparent perspex cagve of dimensions 25cm x 25cm
X 15em; each pair of rats were cbserved at a time.
The experiments were performed in a guiet room
frae from disturbances and with an ambient
temperature of 24 2% Cn ramoval from the

animal house, the animals were firast weighed and
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allowed two hours to acclimatize to the new
environment before any experiments. All the
behavioural experiments were restricted to the
same seasonal period and between 0900 hrs - 1800
hrs each day so as to avoid behavioural changes

raesulting from seasonal and circadian variation.

The control and test groups were observad
simultanecusly, and observation lasted for one
hour. The control groups were given physiolagical
saline, while the Lest droups were administered
with the appropriate doses of ascorbic acid.
Taechnical assistance was employed in the
observations and recarding of behavioural
activities, but care was taken to ensure that the
technical assistants were nol aware of the Lype
of treatments given to the animals. The doses of
ascorbic acid used for the expariments were
5,10,20,40,80,160 and 320 mg/kg of body weight
raspectivaely and experiment with each dose was
repeatad  five timas using frash pair of
animals each time. Bach behavioural activity

ohserved were redgistered using hand tally counters
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and a recording chart designed for this study.
The behavioural paramelers wmonitored were
¢limbing, scratching, feeding, sniffing, rearing,
grooming, stereotyped movemenls, aggression and

locomotor activity.

2.10.2 BEHAVIOURAL TRESTING IN CHRONIC

ADMINISTRATION OF ASCORBIC ACID.

The beahavioural parameters monitored in this
study were Lhe same as in section 2.10.1. Two
doses of ascorbic acid (10 and 80 mg/kg) were
separately administered to different groups of
animals. Administration was done daily and at the
same pericd in the day, for 30 days. A pair of
male rats of comparable size, weight and age were
kKept in a transparent perspex cage of dimensions
25cm x 25cm x 15cem and received identical
experimental treatment. The chronic
administration experimant was repeatad three timeas

in the following procedural arrangement:-



In each Experimental Group (6 animals),

{1) A pair of animals received 10mg/kg dose for

30 days;

{2) A pair of animals were placed on 80myg/ky dose

for 30 days; and

(3) A pair of animals received physiological saliue
{0.2% their body weight in grams) for 30 days.

Thus, altogether, 3 Experimental groups were
used o Iinvestigate behaviour in chronic
administration of ascorbic acid.

With the help of technical assistants, all
the animals were always observed at the same Cime,
Behavioural acltivities were measured every 3 days
using hand tally counters and a specially designaed
recording chart to record all behavioural
activities for one hour. Thus, a total of 90 days
were used to study the behavioural pattern in

chronic administration of ascorbic acid.

2.11 STATISTICAL ANALYSIS.

All data obtained were compared by the
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statisically significant.

2.12 STUDIES ON THE NORMAL (NATURAL) SLEEP OF
RAT - EXPERIMENTAL PRCCEDURES FOR

CONFIRMATORY TESTS.

2.12.1 THE CONTROLS.

Healthy adult rats wera kapt in a well
vantilated raon in a quiet surrounding. The
animals were allowed a few days Lo acclimatize to
the anvironment, and ware, each, Kept in a separate
cage. A rat was administered with normal saline
(0.4ml . ,i/p) as scon as it was noticed to be
reclining for sleep. The rat was then observed
and monitored for normal sleaep only if it resumed
sleep in less than 25 min. after it has baen
administerad with saline. However, if the rat
avantually did not resume sleep after the
adminstration of saline, the experiment in respect
af that rat is cancellead. To determine whather
ar nat a reclining rat is asleep, a little noise
was made close to it along with touching it very

lightly using cotton wool;: an awake animal usually
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reacted to this disturbance. For each animal, a
routine injection with saline was practiced on it
for a few days =50 as to make the animal gelt used
to being injected before Lthe start of the actual
exper iment . Once sleap was confirmed in the
animal, the duration of the normal sleep was Limed
using a atop clock.

After the timing of sleep, Lhe animal was
still monitored Lo note the number of times it may
sleap again in the accompanying period of two
hours. The experiment was repeated ten Limes
using a fresh animal each time, and Lhey were all

per formaed between 1100 hours-1500 hours each day.

2.12.2 INVESTIGATING THFE NOKMAL, SLEEP OF RAT
AFTER DOSING WITH ASCORBIC ACID.

Thae doses of ascorbic acid used in the
experiments were 5,80 and 320 my/kg of body
weight , respectively, and adminisltration was done
intraperitoneally. The choice of these dosaes,
were based on earlier aobservalblions in the rat from
pravious experiments with ascorbic acid. The rat

was observed for normal sleep after it has been
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administered with the appropriate dose of ascorbic
acid. The procedures for the observation and
monitoring of normal sleep in Lhe rat was done as
in the controls and Lthe experiments were
restricted Lo between 1100 hours - 1500 hours in
the day bLimes only. Experiment with each dosae of
ascorbic acid was repeated ten times using a fresh

animal each time.

2.12.3 INVESTIGATING 'THE NORMAL SLEEP OF RAT
AFTER DOSING WITH 3, 4-DIHYDROXYPHENYIL.-
SERINE (DOFS).

The dose of DOPS used in this study was
1Cmg/kg of body weilght and was aduministered
intraperitoneally. The rat for the experiment was
praepated as in the controls; it was observed and
monitored for normal sleep afler receiving a
single dose of DOPS. The experiments were done in
the day times oanly and were restricted to belween
1100 hours - 1500 hours.

pOPE (10 my/ky, i/p) was also used to
pretreat two doses of ascorbie acid (80 and 320

mg/kyg, i/p) in the rat, and each of the doses was
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separately and independently pretreated. The
pretreatment Lime with DOPS pricr Lo the
administration of ascorbice acid was 15 minutes.
Experiment for each dose was repeated ten times

and each time; a fresh animal was used.

2.12.4 EFG THNVESTIGATION OF THE NORMAL SLEEP OF
KAT AFTER DOSING WITH ASCORBIC ACID, DOPS

AND DOPS-PRETREATED ASCOREIC ACID.

Rats were implanted with electrocortical and
aelectromyogram elaectrodes as described in Section
2.5.1 and 2.5.2, while the recording of the EEG

and EMG was carried out as in Section 2.6.

The implanted rat was, first, lefl Lo stay in
the cage in the recording room for about two days
with normal feeding and this was to allow the
animal yvel used to the environment before the
start of the test experiments.

The dose of DOPS used in this study was 10
mg/kyg and those of ascortbic acid were 830 and 320

mg /Ky, respeclLively. Administration was done
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intraperitoneally. At the specified doses, each
druy was administered to an implanted rat at
exactly 1300 hours in the afternoon when the
expar iment is started. KRecording of the EEG and
FMG were carried out steadily withocut breaking
for 2 hours itmmediately after administration. The
two doses of ascorbice acid (80 and 320 my/Kg) wera
separately administered chronically to different
implanted rats for three days and each day, the
procedure for the EEG recording was carried out.
A clear synchronizing pattern of the EEG, when
observed during the test pariod, was indicarive of
sleep in the animal in addition to the usual
methods for confirming if animal was asleep.

The choice of thaese doses (80 and 320mg/kyg)

was based on observations from previous
experiments. Al these doses, the observed dual
behavioural effects of ascorbic acid - Activation
and Sedatiaon ware mostl pronounced; the peak

excitatory effects were noticed at Simg/ky dose,
while sedative effects were most significant at

320mg/ky.



CHAPTEE THREE



- 74 -

3.0 THE PATTERN OF GROSS BEHAVIQURAL
ACTIVITIES IN ACUTE ADMINISTRATION OF
ASCORBIC ACID.

3.1 SUMMARY

3.1.1 The effect of ascorbic acid on gross
behaviour was studied in rats.

3.1.2 Different doses of ascorbic acid were
administered to rthe animals to monitor
various behavioural activities.

3.1.3 Changes in ygross behaviocural activities
ware observed.

3.1.4 Behavioural excitation was noticed at low
doses of ascorbic acid (5-80 mg/ky i/p),
while the animals were behaviourally
sedated at higher doses (160-320 mg/kg i/p).

3.1.5 The peak effectt of the behavioural
activation was noticed at 80 myg/kg dose of
ascarbic acid.

3.1.8 Agyressive behaviour was not seen during
any of the test experiments.

3.1.7 The raesults indicate that ascorbic acid may

have both behavioural excitatory and
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sedative effects and it was assumed that
these effeclts in Lhe brain may have been
produced through mechantisms linked Lo
neurotransmitter systems that traditionally

regulate various forms of behaviour.

3.2 INTRODUCTION

When the behaviour output of a normal animal
changes in magnitude, it is generally taken that
the change must have resulted from alterations of
central nervous system aclivity. Ruch and Pattern
(1966 noted that =such alteration in central
pervous system activity could be influenced by
humoral mechanism or by intrinsic activity.
Chamical agents modify levels of neural activity
in the brain to induce behavioural changes. Much
infermation is available on the interaction of
biogenic amines with a wide varielty of chemical
and endogenous substances elsewhere in the body
except in the brain where very little is Knowh.
For example, <calcium ions have been shown to
influence the release of acetylcholine at the

nerve terminal (Miledi, 1973). Much work has been
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done on the cellular and subcellular distribution
of the bivgenic amines, their enzymatic furmation
and cvatabolism peripherally. However, little is
known about these amines in the brain, especially
with regard to their postulated behavioural
modulatory roles. Vogael, Orfel and Century (1969)
notaed thal dopamine, norepinephrine and serotonin
for ecxample, were Important modulators of mood
and behaviaour.
it is paossible that substances which have
pharmaco-behaviocural properties in the central
nervous system operate through interaction with
brain amines which are curraently thought to act as
modulators of wmood and behaviour. Serotonin
(5-HT) for axample, 18 believed to regulate
lacomotar activity and consumatory behaviour
{8alles and Salles, 1979), while dopamine 1is
believed to mediate stereoctyped behaviour (Costall

et al., 1974; Tolbert et al., 1979).

Ascorbic acid may be analogous to amphetamine
judging from the several raeports of the symptoms

such as anxiety, irritability, depression,
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impairment of nervous activity ete., which have
been observed either due to high levels ot
deficiency of the vitamin (Lyhs, 1961; Slater,
1962; Pitt and Pollit, 1971). Amphetamine is
thought to exert its actions mainly 6n the
noradranergic and dopaminergic neural systems Lo
induce central effects (Trulson and Jacobs,
1979). Thus a prebable caentral nervous system
activity attributable to ascorbic acid may be
viaewed againsl rhis background. The aim of the
present study is to ascertain, first, if injected
ascorbic acid would catuse any behavioural effect
in the rat; and if so, secondly, to determine the
pattern of behavicural activiries manifested at
diffaerant ascorbic acid doses and Lo compare these
wilh previous reports. Since various brain amines
have been postulated to either directly or
indirectly regulate various forms of behaviour, it
is hoped that the data obtained from this study
would sarve for a screening of various
naurotransmitter dystems in the central nervous

system to ascertain the neural mechanism (if any)
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involved in the actions of ascorbic acid.

3.3 MATERIALS AND METHODS

Raefer to Scction 2.10.1

3.4  RESULTS
3.4.1 FEFFECT OF ACUTE ADMINISTRATION OF ASCOERIC

ACID ON GROSS BEHAVIOUR.

The pattern of gross behavioural activities
ware studied in acute administration of different
doses of ascorbic acid {i/p). Definite changes in

gross behaviour were observed.

Low to moderate doses of ascorbic acid (5-80
mg/Kg) induced behavioural excitation with
attendant increases in gross activities in various
behavioural parameters, while high doses (180 -
320 my/ky) produced behavioural sedation in Lthe
animals (Tables 3.2; 3.3 F & G, Appendix 1; Figs.

3.0.1 and 3.0.2).

The excitatory effects were most significant
at 80 mg/kg dose (Tables 3.1, 3.2 and 3.3 R,

Appendix T; Fig. 3.0.1). The magnitude of change
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in activities were most notable and significant in
the scratcehing and locomotor activities in all
test doses {Table 3.1; Figs. 3.0.1 & 3.0.2).
Stereotyped behaviour was increased at higher
dose {Table 3.2).

Agygressive behaviour was not seen throughout

the aexpariments (Tables 3.1; 3.3 A - H, Appendix T).



- 80 -

TABLE 3.1

Mean values of gross behavioural activities in acute administration

o 1 = 1

_
q
“mwrm4w0cqu “
{ Parameters !

- CLIMBING t 9.8 # 1.15}11

.2 + 0.96!10.6

- SCRATCHING |39 + 2.36 | 0.8 + 3.16 |47 1
- FEEDING m 0.2 4 c.mmw 0 w 24
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I
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3.5 DISCUSSICN

The present data support the suygestion that
ascorbic acid probably has some clearly definable
roles in the central nervous system and hence
behaviour. in this study, ascaorbic acid produced
siynificant behavioural changes dose-dependently,
with peak excitatory effects at 80 mg/kyg {(see Fig.
3.0:-%)- Low doses (5-80 mg/Kg)} had behavioural
arousal effects, while in high doses (160-320
mg/kg) there was significant sedative effects 1In
behavioural activity. A similar obgervation had
been made in young chicks where low ascorbic acid
doses ware reported Lo induce excitatory effects
in the chicks, while high doses sedaltaed them
{(Erube, 1982). However , Wambebe and Sokomba
(1986) reported observing only excitatory effeaects
in rats with ascorbic acid (50 - 200 mu/kg i/p).

The present observations essentially disagree
witlh the report of Wambebe and Sokomba (1986).
The discrepancy may have been due to species
variation in the animals used. On the other hand,

it is possible that the discrepancy was due Lo
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differences in the dose level of ascorbic acid
used by the different workers; in this study,
doses as much as 320mg/Ky were used and at which
the unedative effectis on gross behaviour ware
generally observed

The behavioural regulatory roles of the
central amines have been extagnsively reported
{Blaschka, 1957; Everell and Wiegand, 1962;
Randrup and Jonas, 1947; Van Rossum, 19638; Godwin
et al, 1970). Present results indicate that
stereotyped movements increased markedly when the
doses were high, eg. al 320 wg/kg {Table 3.2, Fig.
3.0.1) Meanwhile at this level of dose also,
Lhere secmed to be depression in most of other
behavioural activities (Figs. 3.0.1 & 3.0.2). L & &
is now generally accepted that dopamine mediates
stereotyped behaviour ({(Kandrup and Jonas, 1967;
Mighot and Savini, 1981). Furthermore, it has
bean noted that stimulation of central dopamine
raceplors increase locowmoltor aclivity {(Van Rossum
and Hurkmans, 1964). in the present resultbts,
locomotion was the only activity slightly present

at 320 my/kyg dose (Fig. 3.0.2). in the light of
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the present data, 1t seams suggestive therefore
that the central actions of ascorbic acid might
be linked with dopaminecrgic mechanism. Thesa
results also raise tLthe guestion that mode of
action c¢ould either be pharmacoclogical ot
physiological, possibly, as a function of the
amounl of ascorbic acid available at site in the
brain. Parliar workers have alsc noted that
dopaminergic mechanism may contribute indirectly
or directly to the observed behavioural effects of

ascorbic acid (Wambeba and Sokomba, 1986).

Dihydroxyphanylalanine (DOPA} and Dopawine
{intermediate precursotrs of norepinephrine
biosynthesis) are bolh believed Lo mediale Lhe
aratusal functions in Lthe central nervous syslem
(Bvarett and Wiegand, 1962; Godwin et al., 1970),
while norepinephrine i1s tLhought Lo maediate
sedation (Leimdofer, 1948; Feldbery and sSherwood,
1654). Alsc, it has been notaed that serctonin
regulates locomotor and consumatory behaviour
(Salles and Salles, 1979). Considering the
present results, it 1is possible that the

noradrenergic neural mechanism way readily explain



the observed dual behavigural effects aof ascorbic
acid in this study. Therefore it is possible that
in the noradrenergic neural system, Dopa and
Dopamine were utilized by ascorbic acid in
inducing the excitatory effects, while the
observed sedation was produced via norepinephrine
mediation. A group of workers have noted that low
doses of ascorbic acid enhanced release of
norepinephrine from synapiic vesicles in rat brain
{Kuo et al., 1979), and the involvement of
ascorbic acid in the metabolism of norepinephrine
at. the noradrenergic nerve terminals was earlier
reported (Subramanian, 1977). Thus, iL is
possible that ascorbic acid may interfere
physiologically or pharmacologically at the
noradrenergic neural processes (o produce the
observed behavicurally opposing effects -

exclitation and sedation.



- RBH -

CHAPTER FOUE



- 89 -

4.0 THE EFFECT OF CHRONIC ADMINISTRATION OCF

ASCORBIC ACID ON GROSS BEHAVICQUR

4.1 SUMMARY
4.1.1 Adult male rats were used to study
behavicural patterns in chronic

administration of ascorbic acid.

4.1.2 Two doses (10 and 80 my/kyg i/p) of ascorbic
acid waere each, separately administered Lo

diffaerent sets of animals for 30 days.

4.1.3 Hehavioural excitatory effects was observed
in Lhe lower ascorbic acid dese (10 myg/kyg
i/p), and this was consistently present
throughout Lhe period of the chronic

administration.

4.1.4 Sedative effects was observed in the 80
myg/ky dose Lreated rats after anm initial
behavioural wexcitation; Lhe observed
depression in gross behavioural activities
featured consistently throughout the chronic

administration.



- 90 -

4.1.5 Following the withdrawal of the chronic
administration, depression in gross
behaviour was noticaed in the 10 my/ky

treated rats.

4.1.68 Aggressive behaviour was not seen in any of

the chronic administralion experiments.

4.1.7 There was no appreciable change in body
waight in the rats both during and after Lhe

c¢hronic treatments with ascorbic acid.

4.1.8 1t was concluded that ascorbic acid ts

probably, a centrally active substance.

4.1.9 It was assumed thal Lhe noradrenerdic neutal
mechanism may be the ganesis of Lhe
physiclogic modulation of behaviour of

ascorbice acid.

4.2 INTRODUCTION

Tolbert, Thomas, Lawrence, Mididaugh and Zemp
{1979) studied the possible effects of ascorbic

acid on the central dopaminergic systems in the
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mice, and observed that pharmacological dases of
ascorbic acid (i/p) produced significant elevation
of brain ascorbate concentration which blocked the
amphatamine - induced increase in stereotyped
Lehaviour. From this reporl, it c¢an be deduced
that there was a kind of mutual interference
batween ascorbic acid and amphetamine at sites in
the behavioural systems in the brain, hence the
blockade. The other impourtant import of this
report is that which by ilmplication, asscciated or
specified that dopaminergic systems may be linked
with the mechanism of action of ascorbice acid in

the coentral nervous system.

A lob of work have been expended on the brain
momoamines in the guest to ascertain the nature
ar the physiology underlying their interactions
with centrally active agents or drugs, bul very
scanlty progress has been made in this direction.
A concept in biocchemical basis of behaviour is
that drugs modify behaviour by altering levels of
neural aclbivity at specific sites in the brain.

This concept could alsco be taken to imply the
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modifying of levels of neural transmission
processes at specific sites, A number of
publications (Steinberg, 1%964; Chen, 1964;
Jacobsen, 1964) highlighted Lhe problems in tha
study of psychoactive agents, one of which, they
observed, was the inability Lo correlate brain
levels of a substance with its behavioural
effects {ie. aeffects on behavioural systems in the
brain). The praesent project was designed to study
the pattern of behaviour in adult rats in chronic
administration of two separale doses of ascorbic
acid - 10 wmy/kyg and 80 mg/kg i/p, respectively.
As was noted from the wotk of Tolbert et al.
{197%), expectaticn from this study is that
different brain levels of ascorbic acid would be
produced in the course of administering the
different doses; in other words, the higher dose
{80 mg/kg}, is expected Lo produce higher brain
level of ascorbic acid during the c¢hronic

administrat ion.

The objective of this study therefore, was to

measure gross behavioural activities in the rats
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both during and aflter chronic CLreatment wilh
ascorbic acid. Such data will be used for

comparative analysis with the acute aeffects.

4.3 MATERIALS AND METHGD

Refer to Section 2.10.2.

4.4 KRESULTS

4.4.1 Gross Behavioural pattern during chronic

administration of ascorbic acid.

4.4.1.1 The 80 mg/ky dose Lreated.

Hyperactivity, denoting behavioural
excitation was noticed at the initial
administration, the first day (P<.05); Table

4.4.1).

From the 3rd day, animals were sedated
(BP<.05); these were noted as marked decrease in
gross behavioural activities, denoling depression

in gross activities {(Table 4.4.1; Fig. 4.0.1).

Dapression in gross activities persistently
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featured in the 80 my/kyg Lreated rats throughout
the chroni¢c administration (Fig. 4.0.1). This was
significant, particularly on the 9th (P<.01), 12th
(P<.01), 21st (P<.02), 24th (P <.062) and 30th (P

<.05) days, respectively {(Table 4.4.1).

4.4.1.2 'The 10 my/ky dose Lreated rals

No significant behavioural changes were
noticed in the first threse days of the chronic

administration.

Hyperaclivily was nollced from the sth day of
the administration and as compared to the control,
the observed behavioural axcitation was
significant on the 15th (P <.058), 18th (P <.01},
24th (P <.01) and 30th (P <.01) days, respectively

(Table 4.4.1).

4.4.2 Pattern of gross behaviour after withdrawal

of chronie administration of ascorbic acid.

The animals treated with the 10 my/kg dose,
waere behaviovurally depressed following the

withdrawal of administration; significant decrease



{P <.01) in gross activilies were observed on Lhe
third post-administration day (Table 4.4.2). The
observaed depression in dross behavioural
acbtivities consistently featured in the 10 mg/kg
duse Lreated rats throughout Lthe post-
administration period, as was significant on the
9th (P <.01) and 12th (P <.02) days, respectivaly

(Table 4.4.2; Fig. 4.0.2).

Depression in behavioural ac¢tivities
persisted in the 80 wmg/kg treated animals up to
the Lthird day afler the wilhdrawal of
adwinistration (P <.001); Table 4.4.2, Fig.

4.0.2).

Aggressive behaviomr was not seen after the

wilhdrawal of chronic administration.

4.4.3 The pattarn of body weight during and
after the <chronice adwinistration of

ascorbic acid.

There was no definite or appreciable

changa in body weight of the rats during
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and after the chronie administration of
ascorbic acid in both the 10 and 30 wmy/ky

treated groups (Table 4.4.1.2).



TABLE 4.4.1:

administration of ascorbic acid in rats {i/p}. Period
of administration: 30 days in each group

Gross behavioural activities were measured in chronig

|DOSE {mg/kg) {Cont., 10 80)Cont. 10 80|Cont. 10 80G]Cont 10 80|Cont. 10 80
|

- - S - - -

|GROSS 1st Group

i
i

i : i |

{ACTI- 2nd Group | 96 182 208) 99 109 64|15 172 57,164 177 42
i i
1 i

I
1
i
| I |
L]
!
i

141 124 199153 135 86,177 260 154122 159 81) 93 163 20,
]

1
i i

IVITIES 3rd Group, 151 111 280121 89 &8 161 216 116)142 191 24
'

1 ]
" MEAN TOTAL ! ) h “ ! “
” GROSS “ 4 “ a “ : -u-“ ..-“
“ ACTIVITIES | 130 132 2211124.3 111 T¢1164.86 216 122.31142.6 175.86 52.3]95.3 135.3 35.3)
“ ” “ | | | :
| " | h | | "
. +8SEM 116.2 15.3 19.2; 15.6 13.3 6.7) 6.3 25.4 16.7 “ 121 g.2 S5.5] 5.6 21.5 8.4/}
\ i

Number of activities. Each figure is the count per 60min. each day.
AP <0.05, ***P <0.01 compared to physioclogical saline control, Student's t - test.



TABLE 4.4.1 Cont'd.
Days 13 - 30
i5 18 21 24 27 30

\DOSE {mg/kg) {Cont. 10 &0 |Cont. 18 80;Cont. 10 80| Cont 10 gU Cont. 10 80| Cont. 10 86

T L A e

89 187 &3, 123 118 66, 85 195 19; 59 i3 271101 139 ol

| ' I

I ' 1
i i i t i ' i 1
VACTI- Znd Group |} 56 101 48 |} 58 172 39, 94 187 24) o1 162 44, &4 &6 60) 70 174 37}
1 [} | ' ¥ i ] ]
1 i 1 ] I i 1 ]
{VITIES 3rd Group] 58 $3 53 | 68 156 51 105 15% 39) 78 148 32} 87 79 39} 83 159 48|
R i s i i i it 5 s A S A S e i e R e e e e e e e e e R PRy |
1 I
\MEAN TOTAL i “ i \ " | v
| GRUSS H * ! wa ! o pia vl ! dhe o4
{ACTIVITIES 162.3 109.3 55.3]71.6 171.6 51] 107.3 148 43 |74.86 168.6 31.6) 71.3 8Y.3 42'44.6 157.3 48.6|
| i ; i | t | "
" i 1 " i | “ "
| +SEM t 5.3 2.97 5.05} 9.1 8.98.9) 8.415.1 12.3} 7.1 13.7 7.2} 8.2 17.2 9.8! 8.9 10.1 6.9}
e e /

Number of activities. Each figure is the count per é6Umin. each day.
*P U.05, **P <0.0Z, ***P< 0.01 compared to physiological saline control, Student's t - test.
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TABLE 4.4.2

The pattern of gross behavicural activities atter
withdrawal of chronic administration of ascorbic acid

Post administration days:-

Days
3 & § 12 15
R e e S e L LR T LTt S e 1 e e S O 8 5 S M e e \
{DGSE (mg/kg) iCont. 10 80|Cont. 10 &D|Cont. 10 80 )Cont 10 8d{Cont. 10 80
| e~ = P = = = Y~ o |
] 1
{GROSS 1st Group (157 49  45) 54 33 95| 84 16 145133 95 671121 103 73,
1 I ! ] | 3 ]
i ] i I i 1 ]
{ACTI- 2nd Group ;122 88 81, 78 80 48| 98 32 96161 64 102]1%58 142 39|
] ] § ] L] [} []
] ] I ] i I []
\VITIES 3RD Group)135 50 70| 83 S4 89! 8 22 110155 111 791129 114 76!
[ e et e S ey L e e e e e B e e - e e~ . |
1 L}
| MEAN TOTAL " \ “ " | "
| GROSS ! Ak :." “ o ” b “ e
\ACTIVITIES 1138 55.6 58.6) 65 55.6 700 79.3 23.3 118 |149.6 90 82.8;135.3 119 32.6}
i i | | | “ '
" " “ " " “ .
“ +5EM 110.2 6.1 7.3) 7.0 13.6 14.1! 9.2 4.6 15.5 | 8.5 13.8 10.2! 10.6 11.6 8.2
e e e e L L P e SRS L e A S e A e A !

Number of activities. FEach figure is the count per 60min. each day.
AP < 0,02, **'P < 0.01 compared to physiological saline control, Student's t - test.
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4.5 DISCUSSION

It is obvious from the present data, that
marked behaviocural changes were present in the
course of chronic¢ adwinistration of ascorbic acid.
Depressiocn in gross behavicural activities was
observed in the 80 wg/kg treated animals and this
has similarly been noticed during acute test
administration of large doses of ascorbic acid
{Chapter 3, Section 3.4.1). Talbert, Thomas,
Lawrence, Middaugh and Zemp (1979) reported that
acute administration of large doses of ascorbic
acid (i/p) produced significant increase in brain
ascorbate caoncentrations. Considering Lhe
biochemical basis of behaviour, it i3 believed
that the level of neural activity at any site in
the CNS, is directly or indirectly related to the
concantration of thae chemical agent within the
locality, thus, to explain drug-induced changes in
behaviour . From the present study, it is likely
that at the 80 mg/kg dose, higher brain level or
cancentration of ascaorbic acid was produced in the

course of the clironic administration, than at the






