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ABSTRACT

The interactions between quinine serutuninergic agents on
the EEG EMc changes and behavi oural sleep induced by
pent obarbi tone were studied in rats. Al drugs were injected
I ntr aper i tonealy.

The sedative-hypnotic effect of pentobarbitone (5-30ny./kg)
was found to be dependent on dose, w th hypnosis being attained
by the higher dose range (15-30ng/kg) . H gh dose (25ng/kg) of
pent obar bi t one synchronised the Fcoc and BSRF of the contro
EEG in the slow wave sleep (SWB) stage wth particular
depression of the RF aid the EMG

When adm nistered singly and in high doses (12-64ng/kg),
5- hydr oxyt r ypt ophan (5-HTP) and qui ni ne (5-50ng/ kg)
respectively showed sedative effects that were dose- dependent.
H gh dose (20ng/kg) of Quinine sychronised the resting EEG and
Initially briefly stinulated, though eventually predom nantly
depressed the EM5 suggesting a nmechanism simlar to that of
the general CNS depressants. Low dose (0. 1ng/kg) of quinine
did not sedate but activated the entire resting state or
control EEG and EMa These were evident as faster, |ower
anpl i t ude, asynchr onous, m xed frequencies voltages and

slightly increased nultiple notor-unit voltages respectively.
O sleep induced by pentobarbitone, 5- Hydr oxytrypt ophan
5-HTP (8-32ng/kg) and high doses (20-50ng/kg) of quinine

respectively caused a potentiation that was nmarked by prol onged
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duration uT pentobarbitone-induced bleep. On the EEG and EMG
patterns under pentobarbitone (25ng/kg), quinine 20ny/kg
Increased the wave anplitude of the FC and OC w th profound
slowing of the BSRF and further reduction of nuscle activity
(rmuscle relaxation). Low doses (0.05 and 0.1rug/kg) of quinine
del ayed the onset of sleep induced by pentobarbitone by 64% and
36% and shortened the duration respectively by 23%and 20% the
EEG aid EM5 activities were also activited.

A high dose (25ng/kg) of quinine potentiated 5-HTP-i nduced
prol ongati on of pentobarbitone sleep by 23% while |ow dose
(0.05nmg/ kg) of quinine decreased it by 40%

P- Chl or ophenyl al anine ((PCPA), 300ng/ky) reduced the
duration of pentobarbitone sleep and antagonised the
potenti ati on of pentobarbitone sleep by quinine.

Ketanserin (2.5ng/ kg) not only potentiated pentobarbitone
sleep but enhanced significantly the potentiation of
pent obar bitone sleep by 5-HIP (16ng/ kg) as well as by quinine
(25my/ kg) .

Met hyser gi de (8ng/ kg), an antagoni st of both 5-HI;, and 5-
HT. receptors and a partial agonist of 5-HI, receptor partially
ant agoni sed the potentiating effect of high dose of quinine on
pent obar bi t one sl eep.

The present data show that depending on the dose, quinine
has both excitatory and inhibitory effects on the state of
condousness and that serotoninergic nechani snm(s) nay under the

its effect on the state of sleep in rats.
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CHAPTER 1

REVIEW OF LITERATURE

1.1 General Introduction

Sleep 1s tha. indispensable complement of the whole
homeostatic system by which the living organism including man
is sustained. As an aspect of resL, il is recuperative ahd
necessary for ensuring the needed stabilily f‘ur the execution
of Lthe entire organism's physiology. Over the century, and for
max imum benefit, hypnogenic and hypnolLic agents have been
relied upon to infuence sleep either directly or indirectly.
Also for purposes of investigations about central nervous
system functions such as sleep, behavioural and
electruphysiological studies of the normal and drug induced
sLales have often been relied upon. Such studies take diverse
forms,

The electroencephalogram (EEG) 1s the resultant of slow
electric changes in many thousands of neurons recorded by
electrodes and serve as a convenient record of differences in
the wlectric potential between different points on the surface
of the brain (Iver-en and Iversen, 1981). Though the EEG may
vary with species and age of the animal, its important features
are Lhe alpha (8-13 HZ) and beta (14-30) Hz) rhythms, seen
respectively during undistracted and distracted wakefulness,
the theta (4-7Hz) and delta (0.3-3.5Hz) rhythms, seen in the

sleep of adults and children, but also in the waking state of
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the young up until adolescence, The EEG is.interpreted by
consideration of the freguency or wave Lype either occuring
singly vr in volleys, the amplitude and phase of the waves or
FluctualLions. It is said to be synchrunized when these
parameters appear regular and corresponding at all recording
sites and desynchrunized when very irregular (Schmidt, 1978).
The electromyogram (EMG) on the other hand is an extracellular
recording of the potential oscillations of the muscle and {s
seen as a 9group of individual motor wunit .discharges. Lhe
density of Lhe sp kes or voltages for which depend on the
strength or intensiLy of stimulation as well as on the rate of
gtimulation, In otherwards the muscle tLension developed
(evident by the spike density and amplitude) depend on the
extent of recruitment of motor units by spatial and temporal
facilitation and summation (Dudel, 1978).

Endogenous mechanisms that ate responsible for initiating
and maintaining sleep include amoung other processes, the
reciprocal interaction between the activities of central
monoaminergic (serctoninergic and adrenergic) and cholinergic
neurons (Hobson, 1383). While the role of the aminergic
neurons in sleep - wakefulness is inhibitory, the role of the
cholinergic is excitatory. Wang et al (1976) reported that
activity in the pontine reticular formation's cholinergic
neurons strongly supresses that in the dorsal raphe nuclei's
serotoninergic neurons, They demonstrated and suggested that

the 1link between this neuronal populations is probably
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maintained by inLterconnecting pathway of inhibitory GABA
secreting neuron(s). Furthermore, apart from their suppression
of the release of excitatory Lransmitblers (Johnston and Wi1]ow,
1982), barbiturates are said to enhance sume of GABA mediated
svhaptic transmission (Johnston and willow, 1982). As one of
their central mechanisms of action, the barbiturates aéa said
to inhibit both presynaptically (in the spinal cord)- and
postsynaptically (in the brainstem, thalamus, cerebral and
cerebellar cortices) at those synaptic sites of inhibition by
GABA (Harvey, 1985, Johnston, 1978) to produce a potentiation
of GABA effect (Joinston and Willow, 1982). Wwambebe, (1985)
suggested that enhanced GABA receptor activation may underlie
the facilitation of transmission at central 5~
hydruxvtryptaminefgic synapses to induce sleep. However in the
light of Harvey (1985)'s report that slycinergic or
monoaminerqic synapses were not amonyg the sites of inhibition
by GABA., 1L appears that the exact mechanism for such a
facilitation is yetl to be discovered in the light of Harvey
(1985)"s report that glycinergic or monoaminergic synapses were
not among Lhe sites of inhibition by GABA.

Quinine, the drug once famed fur the treatment of malaria
fever, has remained in use for the treatment of nocturnal leg
cramps, myotonia congenita and cerebral malar ia (Webster Jr.,
1885). Recently, however quinine has made a re-entrance into
medical practice for the chemotherapy of chloroquine- and

multidrug - resistant strains of Plasmodium falciparum malaria




infection (Webster Jr., 1985).

quinine is reported to have a stabilizing and
hyperpolarizing effect on both the skeletal musclie membrane and
peripheral nerve terminals (Bowman and Rand, 1880), making the
respeclLive cell membranes less excitable, In this regard it
identifies with the action of the general CNS depressants like
barbiturate on neuronal membrane at all levels of the CNS
(Bloom, 13885). Amabeoku (1983) reported a seizure comb#ting
effect for quinine thereby suggesting a central action for
auinine,

IL would therefore be necessary Lo establish a sedative -
hypnotic effect for quinine and investigate central
serotoninergic mechanisms for quinine - sedation and for

guinine in pentobarbitone sleep,

1.2 Sleep
1.2.1 Definition

Physiclogically, sleep is the state of reversible
hyperstriatal deptession during which the cerebral cortex
exper iences a relat ive and partial release from all activating
(sensory) inputs from the reticular activating system (Guyton,
1976€). Due also to this reduction in input, the cortical
output from the motor cortex is also reduced, inhibited or not
executed, As part of the body's control system for

homeostasis, sleap functions to restore and maintain normal

sensitivities and balance between the brain centtres upon which
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its prolunged absence produces delelerious effdcts such as the
progress ive malfunctioning of the mind and behavioural

activities of the nervous system (Guyton, 1976).

te2a2 Components and function

Sleep consislts of an initial phase of slow wave or non
rapid eye movement sleep (SWS or NREM) alternating with a %inai
phase of paradoxical or rapid eye movement sleep (PS or REM).
While SWS is anabolic, allowing tissue regeneration to occur
{Har tmann, 1973, Crossland, 1980), PS functions in the
maturation of the brain (Schmidt, 1978, Hartmann, 1973, 1978)

and memory processing Maurizi, 1969: Maurizi, 1987).

1.2:3 Theor ies

Theor ies advanced to explain sleep have ranged from
"passive', through 'active' to a biochemical one. While the
earlier two theories describe neural processes controlling
sleep, Lhe biochemical theory postulates that secretions from
the raphe and locus caeruleus i.e, serotonin and noradrenaline
(Guyton, 1976), secretions of small polypeptides (Inoue et al.,
1928) and secretion from the pontine giganto-celilular tegmental
Field (FTG) or pontine reticular formation (PRF) into the
reticular system i.,e, acetylcholine (Hobson et al., 1975,

McCar ley and Hobson., 1975) all interact to give sleep,
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1.3 Endogenous Mechanisms in Sleep

1.3.1 Neurotransmitters
Acetyicholine (ACh)

According to Hernandez-Peon (1965), the mechanism of {apid
eye movement (REM) sleep may be due Lo acetylcholine.
Acetylcholine for the control of sleep-wake state is released
by the cells of the pontine reticular formation (PRF) (Wang et
al., 1976) otherwise known as Lhe reticular giant cells
(Hobson, 1983) or the autoexcitatory cholinergic and
cholinovceptlive REM-on population (Hobson el al., 1975, McCarley
and Hobson, 1975). The activity of these neurons is highest
throughout the paradoxical sleep(PS) period (Hobson et al.,
1974, 1974, 1975; McCarley and Hobsun, 1975) and suppresses the
activities of the aminergic neuruvns of the dorsal raphe nucleus
(DRN) and locus caeruleus (LC) Wang et al, 1976 which as a
result are minimal or withdrawn over this period (McGinty and
Harper, 1376). wWang et al. (1976) suggested that the
connection between these two populations of cells is maintained
by a GABA-ergic pathway that is either mono - or poly synaptic.
Still, in accordance with the reciprocal interaction model of
sleep state control (Hobson et al., 1975), cholinergic activity
Is Towest In wakefulness, moderate in SWS and highest in REM

sleep.

Nor-adrenaline (NA)

Among the findings of his exper iments of the 60's, Jouvet
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(1969) repor ted that rapid eye movement sleep was
preferentially modulated by noradrenaline, Noradrenaline is
connected with central nervous mechanisms controlling various
aspects of vigilance (Jones, 1972, Jouvet, 1972, Putkonen,
1974), and is secreted by Lhe noradrenergic cells of the locus
caeruleus. As an aminergic component, NA is secreted highest
in wakefulness, moderate in slow wave sleep and lowest or
withdrawn in paradoxical sleep (H obson, 1983?. Noradrenaline
may be involved in the operation of systems that inhibit or
supbress paradoxical sleep so much so that agents like a-
methyl-p-tyrosine, -hydroxydopamine and reserpine that induce
catecholamine deficiency result in increased paradoxical sleep
(Crossland, 1980).

Following th; administration of fusaric acid (causes NA
deficiency by inhibiting dopamine-B-hydroxylase enzyme), the
emergent sleap is predominantly the paradoxical Lype
(Crussland, 1980). This is an indication that low or withdran

level of NA is prerequisite for the emergence of PS,

Dopamine

Dopamine is releases by the dopaminergic system, which is
primarily concerned with the control of muscle tone as it
affects the extrapyramidal system of the basal ganglia. Also
atlr ibutable to the system is the role of inhibiting slow wave
sleep and maintaining behavioural arousal, Betwean the

dopaminergic neurons (e.g. of Lhe nigrostriatal inhibitory
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connection has been descr ibed such that either érouo of neurons
usually are alternately and reciprocally engaged (Crossland,
1980). As evidence for the relationship Jjust described,
inhibition of 5-HT synthesis results in hyperactuvutf of
dopaminergic mechanism (Tanner, 1978; Dray et al., 1978): also
amphetamine induced release of dopamine results in

sleeplessness (Crossland, 1980).

Serotonin (5-HT)

Serotonin is the transmitter released by the raphe group
of neurons, There are altogether nine group of nuclei in the
raphe with the rostral and dorsal raphe group being
particularly implicated for sleep. Serotonin is formed by the
hydroxylation of L= Tryptophan to 5-hydroxytryptophan by the
specific enzyme tryptophan hydroxylase and by the
decarbouxylation of this Lo S-hydruxytryptamine by the
nonspeci Tic enzyme decarboxylase. These precursors have less
activity and are more penetrable than 5-HT across the blood-
brain barrier. For this reason precursor leoading with L=
Lryotophan (Hartmann el al, 13971, 1974) and 5-hydroxytryptophan
(Crussland, 1980) are in practice for clinical and exper imental
purposes, The function of 5-HT is with Lhe initiation and
maintenance of sleep and with the initiation or "priming’' of
paradoxical sleep (Jouvet, 1969). Evidence for this is
available from results of experiments in which lesion of the

raphe or p-chlorophehylalanine (PCPA) - induced inhibition of



g
serotonin synthesis results in behéviuural and
electroencephalographic signs of insomnia (Jouvet, 1969, 1972,
1974; Kouella et _al., 1968: Pujol et al., 1971) Jouvet (1969)
also der ived that the control of the sleep-waking cycle by é—HT
neurons of the raphe system is in  turn regulated by
noradrenergic neurons, an observation that seem to explain for
why PS usually preceds SWS. His evidence for this is that
hypersomnia resulting from bilateral Tlesion of the dorsal
noradrenergic bundle at the level of the isthmus was prevented
by prelLreatment with PCPA and marked 24 hours later by an
increased conversion of exogenous [3H]—tryutouhan to [SH]'5-HT
by which time the PCPA effect nad worn out and new synthesis of
tryptophan hydroxylase reconvened, According to the
classification by Bradley et al (1986) the and modification by
Humohrey and Feniuk (1887), the serovtonin receptive site are
character ised respective as 5-HT, with subtypes A-D, 5-HT; and
5-HT, receptors. In Gaddum (1957)'s older classification, the
D and M receptors are identical with the 5-HT, and 5-HT,
receptors respectively. In the CNS, the inhibitory effect of

5-HT is mediated by 5-HT, receptors on the presynaplic terminal

(5-HT,; auuu) and somadendrites of the 5-HT neuron or
autoreceotor (5-HT, ..., ) where they are otherwise called
autoreceptors (Gothert 1978). The same effect has been

descr ibed for presynaptic 5-HT hete}ureceutors in the brain and
on per ipheral neurones (Gothert, 1978).

According to Fozard (1987), the excitatory effects of 5-HT
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are mediated by 5-HT, receptors on central neurons and by 5-HT,
receptors on peripheral neurons; Lhat these receptors are

located on poust synaptic membrane have also been implied,

Gamma (y) - aminobutyric acid (GABA)

A role has been suggested for the inhibitory transmitter
of Lhe brain and dorsal horn substantia gelatinosa, GABA (Kruk
and Pycock, 1979) in sleep., The GABA level in Lhe brain is
said to be particularly increased when the EEG show signs of
slow wave sleep (Ganong, 1979). In addition to occuring all
over the brain (Thomas, 1986), where Lheir contacts are mostly
postsynaptic, GABA-ergic interneuron(s) are said to constitute
the mono or” polysynaptic pathway by which the PRF's cholinergic
neurons maintain -Ltheir control of the DRN's sarotnionergiﬁ
neurons (Wang et al., 1976).Their suppression of the activity
of Lhe latter neurons would explain for the cobservation that
chulinergic excitatory and gaba-ergic inhibitory Lransmissions
are highest during sleep while the serotoninerygic is at
moderate Lo low level over the SW5 and REM sleep states
(McGinty and Harper 1976, Trulson and Jacobs 1979, Cespuglio et
ai 1381, Hobson 1983), See Fig.2.

The GABA recepltor unit or supramolecular complex bear on
L, recevlors respectively for benzodiazepines and barbiturates
and a chloride (C17) ionophore (Mohler 1982, Olsen, 1981). By
permiting an increase in the selective influx of CV iéns

through the ionophore, the voltage across the membrane increase



and temnorar{Ty inactivates the.éé11é!(1ve;sén; 1979) by a
corresponding hyperpcilarizing action. Mostly in the CNS, 5-HT~-
erygi¢ Lransmission in sleep is inhibitory (Hobson, 1983) and
the hyuérbu1arizing effect of this and Gaba mediated
facititation on the postsynaptic wmembrane would both up to
enhance sleep. In the same light, Wambebe (1985) suggested
that enhanced activation of the GABA receptor may faciiitate
central 5-HT-ergic synaplic transmission tu induce S]eep;

The involvement of GABA mechanisms in sleep may indeed be
true counsider ing as following that;¥ o

1) Sleep is the result of the prevalence of reticular
deactivating mechanisms over the activating ones.

2) GABA antayunises all excitalory neuronal activities
é:g.Lhe chalinerglic via pre- and post synaptic inhibition
leading to increase C1° conductance arnd hyparpolarization of the
same nerves (Harvey, 1985). I_ _ | | :.. B

3 The barbiturate iwypndtics act by potentiating GABA-
induced increase 1in chloride conductance and reducing
glutamate~induced depolarization at the same concentration
(Harvey, 1985).

4) The ability of the benzodiazepines to release
suuprgssed behaviours while ab the same time producing sedation
'fé ih part due to Lthe potentiation of GABA-~argic pathways that .
serve to regulate the firing of meurons containing various
mongamines (Harvey, 1985). This further Jjustifies tﬁe

suggestion (Wang et al., 1978) about a GABA-ergic pathway
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between the cholinergic and serotoninergic sleep neuruns uf Lhe

PRF and DRN respectively,

Interaction of the transmitters

The timing of the sleep-wake aclivily cycle 1s uunLruleu
in the pontine brain stem (Jouvel, 1972) DLy Lwu neurvial
(aminergic and cholinerygic) populations whose aclivilies are
connected reciprocally and vut of phase with wach olher (Hubsoun
et al., 1975, McCarley and Hobson, 1975), The raphe dursal
nucleus and the central nucleus of the lucus cagruivus yYlve
rise respectively Lu Lhe serotoninerygic and nouradtenerdlo
fibres that make up the aminergic pupulation of ¢ellis Lhal have
been connected with slev. AL particular phases of Lhe sieep -
wake cycle, 1L could be eilLher or both of Lhe 1nhibitory
aminergic poupulations oscillating out of phase wilh Lhe
excilaltury cholingrgic neurons. The exciltatury cholineryice
neurons of Lhe reticular giant cells or punbime recticular
formation actively intiibit Lthe amineryilc pupuial run
particu?ér1y the DRN's sercvluninergic neuruns (Wanyg el al 176,
Hobson, 1983) resulting in Lthe suppressiuvn of  amitgryic
activities Lo reduced levels in sleep. A muludai allernabion of
duLivitius also exisl Delween aminergic y4roups such as would
permit sercvtoninergic discharges Lo pruceed and inibLiale or
Lrigyer and preceed the adrenergic. AL pontinhe level Lhe Tocus
coeruleus extend ipto the reticular furmatiun (Gray, 1930 Lo

become a reticular element (Russell, 1955, Webster, 13785, The
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waves (Grav, '980) that feature during REM sleep-. With regards
Lo Lhe generation of paradoxical sleep, the PRF appear to be
mre AacLively involved than the L,.C., and with regards to the
PAN's a.Livity, probably establishes a far more inhibitory
influence Lhe via GABA-ergic connection, than it does on the
L.C (Wang et al 1976). The cells of the PRF increase their
firing just before PS commences and remain increased throughout
Lhe same per lod, suppressing aminergic activity and interaciiné
with Lhe resultant Tow level of noradrenalin in order to
iniLiate and sustain PS, (Hobson et al., 1975, 1974). On the
other hand Lhe dorsal raphe’s serotoninergic cellis’ firing and
At vity are withdrawn and remain low throughout PS (McGinty
and Harper, 1976). While stimulation of Lhe PRF suppressed the
ravhe 5-HT neuron discharge (Wang et al 1976), the release of
5-HT Ly Lthe raphe is thought Lo impuse some Lype of gating on
Lhe sccurrence of pontodeniculooccipital (PGO) wave (Brooks and
Gershbon, 19371, Simon et al., 1973) thereby 1limiting the
vccuraence ol PGO waves to PS, These eleclruphysiolougical
denonstralions of Lhe mechianisms involved in sleep find basis
i Lhe recipreocal interaction model of sleep state control
(Hobson et al., 1975, McCarley and Hobson, 1975). The model
eeploins Lhat the shifts in the sleep-wake cycle is due to
t1ternalina and ovposing activities in two groups of nuclei.
Pe cholinergic group medialted by acetylcholine is excitatory

and Lhe v aclions suvpresses and alternate with those of Lhe

aminer y grouos  (of Lhe raphe and locus caeruleus) Lhe
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activities of which are inhibitory and uvpposed by the
cholineraic agroup. They are mediated by serotoninergic and
noradrenalin (Hobson, 1383).

Dur ing wak ing, cholinergic excitatory activity is minimal,
being probably so regqulated by interneurons., They are
therefore Teast  antagonistic the aminergic inhibitory
aclivities which as a result are unsuppressed and highest.
Duminatbt ion and suppression by cholinergic activity begins with
Lhe onset of sleep and persists through sleep as follows: NREM
or  SWS  phase 18 marked by progressive interautign between
moereasing cholinergic and decreasing aminerygic activities,
with a balance of buth aclivities being attained at some point
after midway of the phase. REM or PS onset is brought about
heralded by inLeraclion between decreased or lTow level of
aminerygic and increased or high level of cholinergic activity

(Hobson, 1323), See Fig.2 for illustration.

2 Humoral Faclors
There are factors with some amount of hypnodgenic activity
Lhat are secreted into or produced within the extracellular
fFluid., Sweveral chemical agents of endoyenous origin that are
more often of pept i de than they are of lipid nature have been
Found to possess somnogenic properties (Inoue et al,, 1988).
Tro as much as neurons cannot release their transmitters or
gqerers qle impulses continuously, the whole of Lhe c¢ircadian

physiology of sleep and the fact that a perijod of depr ivation
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Fig. Reciprocal Interaction Model of State Control,

Adapted from Hobson (1333), shows the relative levels
of aminergic inhibitory and cholinergic excitatory
influences on the states of sleep-wakefulness,

1s followed by a proionged or slow time of recovery,

compensation or rebound cannot be fully explain for by the
gntire neural model. Rather, the smooth operation of the
entire system involved in the generation and maintenance of
sle=p can only be fully explained for by the added involvement
of numoral factors. Mountcastie (1374) was also of the opinion
that the long course of the sleep cycle and prolonged recovery
time after sleep deprivation is evidence for the humnoral

control of sliezp.

If sleep were an active naural process, transmission by
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the same neuron groups cannot go on indefinitely for the whole
of the sleep period. Rather, the maintenance of sleep
necessitates persistent availability of sleep inducing humora1
agents in Lhe extracellular fluid of the brain after the neural
mechanisms initiating sleep might have fatigued or become
accommodated., The actions and effects of these agents should
persist Tong after the neurons that probably generated Lhem
have ceased their activity. As a matter of fact, the active
theory of sleep considers that hypnogenic factors that
accumulate dur ing wakefulness actually trigger the neurons that
initiate slow wave sleep (Crossland, 1980). According to Inoue
et al (1988), an endogenous sleep factor is one which, under
high physiclogical demand for sleep by the organism, is
produced and circulated within the brain via the body filuid,
namely CSF, Lo induce or maintain sleep (Inoue, 1983). Once
this physiological demand is satisfied, it is expected that no
extra unnatural sleep can be produced by exogenously supplied
sleep substance (Inoue et al 1984).

On  the other hand, if sleep, as a passive process
resulting from the fatigue or withdrawal of neuronal wakeful
mechanisms is restorative in function (Hartmann, 1978), then
the 'passivity' about sleep must be relative, as sleep must
involve using up or getting rid of those humoral factors that
accumulated (as product of activit; and exhaustion during the
previous wakeful hours), to bring it about, before another

awakeful stale can resume,
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1.4  The Influence of Druys on Sleep

Sleep can be influenced by two classes of drugs nameily,
those drugs that act by structurally specific mechanisms and
these Jdrugs tha act by non structurally specific mechanisﬁ.-
The first class of drugs affect some stage(s) of the
biosynthesis, storage, release and uptake ur the receptors of
the transmitters involved in sleep processes, Drugs that
affwuct sleepn by the non structurally specific mechanisms
produce a depression of the reticular activating system by
mechanisms  that are mostly unrelated to the structurally
specific ones.

R

1.4,1 Dfugs that éct by the structurally specific

These may be further classificad based on whether they
affect the trasmited, 5-HT's bicsynthesis, storage and uptake
or ars agonists or  antagonists of the aminergic and

cholinergic systems,

- Drugs that affect 5-HT biosynthesis, storage and uptake

These inflyence sleep through agent-mediated manipulation
of the related transmitters mechanisms as under listed and
discussed, : . L

L-Tryptophan (1LTrp). This has beent used successfully to

improve the quality of sleep in insumniacs (Hartmann et at.,
1971, 1974, The efficacy of converting L-trp. to 5-HT
depands largely omnv the plasma levels of other neutral aming

we
.
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acids that compete with this amino acid for binding site on the
same carrier system, While this conversion and hence SWS is
favoured by carbohydrate based diets offering a minimum of
these competing amino acids, it is inhibited by protein diet
(Wurtman, 1982) which favour PS instead (Danguir, 1988), The
adverse effecls of administering L-trp. (associated 'usuaﬂy
with elevated 5-HT function at central and peripheral sijites)
are sedation, prolongation of sleeping time, nausea, blurring
of vision, diarheoa. The first two of Lhese effects are
however beneficial to the purpose of its therapeutic
administration., When used along with a MAO inhibitor, tremor,
hyperreflexia, flushing, orthostatic hypotension and nystagmus
are the reported risks. In the controul of some of the unwanted
per ipheral effecﬁs. the 5-HT Ublockers cyproheptadine and
meLhysergide are beneficial (Kruk and Pycock, 1979).

5~-Hydroxytryptophan (5-HTP) is readily permeable through
Lhe blood brain barrier. When given as a drug, it is taken up
by Lthe nerve terminals of all monoaminergic neurons and there
conver Led to 5-HT by the non-specific enzyme aromatic l-amino
acid decarboxylase that is common to these neurons. This stage
of Lhe synthesis as such is non-rate limiting. Owing to the
nonspecific and widespread nature of the decarboxylation stage,
5-HTP may nolL be a very useful therapeutic or experimental
agent (Cooper et al., 1978, Kruk and Pycock, 1979), especially
when interuption of decarboxylation is desired. 5 -

Hydroxytryptophan 35 a 5-HT receptor agonist in the sense of



beindliﬁé.fmmeaiéte ﬁfédursor from which 5-HT is synthesised.
Its uptake, like that of other monvamines, induces negative
feadback inhibition or autoregulation of transmitter release
(Galzin et _al, 1885) to induce sleep. Evidence for this can be
found in Lthe sugygestion made by Galzin et al (1985) of a
functional Tink between the sodium dependent 5-HT transparter
responsible four 5-HT or pregursor agonist reuptake anq the
presynaptic 5-HT autareceptor. The presynaptic inhibitory
autoreceptors for 5-HT as with all other monoamines are said to
be invoulved in negative feedback mechanisms that moduilate the
release of 5-HT {(Cerrito and Raiteri 1979; Langer and Moret
1982). In effect., it was observed Lhat their stimulation by
agonisis decreased transmitter release while their inhibition
by antagonists enhanced neurotrasnilted release during nerve
stimuiation (Langer et al.., 1987). This seemn to support the
garlier repurt by Gothert (1387) that B-HT and other 5-HT
receptor agonists inhibited the electr ically or klevoked release
of ‘H-5-HT in slices and syhaptosomes prepared from the CNS.
If indeed according to the reciprocal interaction model of
state control, sleep onset (SWS) was marked by reduced level of
5-HT, 5-HTP will seem to cause sedation 1in rats via
autoreceptor-induced decrease in the amount of 5~HT that can be
released by.the passage of nerve impulse,

P-Chlorophenylalanine {PCPA) creates a defficiency of 5-HT

angdd  results in insomnia by a mechanism which entails
irreversible binding and depletion of the enzyme tryptophan

)
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hydroxylase until new enzyme synthesis 0CCUr's. One cannot
however deny the possibility of the occurence in the brain of
a built-in feedback of synthesis regulation. Ils response may
be such that following an initial druy-induced arrest of the
synthesis of the enzyme tryptophan hydroxylase, there is a
compensatory increase of synthesis of the same enzyme and its
transport to the nerve terminals (Cooper et al., 1978). PCPA-
insumnia has been found demounstrable only in animals (Ganong,
1979, Crossland, 1980) such as rals in which recovery period
following new enzyme synthesis is Lwo weeks (Cooper et al.,

1978).

Alpha-methylparatyrosine (a MPT) inhibits synthesis of
catechulamines (CA) through blockade of the enzyme Lyrosine
hydroxylase, The resultant decrease in wakefulness is
temporar ily reversed by microinjections of noradrenalin into
the preoptic area or reticular activating systems (Torda 1968).

6—HydrOuydopamige_gﬁ:gﬂggl produces neurotoxic lesions of
CA neurons, thereby preventing synthesis and resulting in a
decrease of EEG waking (Lidbrink 1974).

Reserpine produces a general depletion of catecholamine
and 5-HT stores in many organs, including the brain. This
results in PS suppression (Stern and Morgane 1973).

P-Chloroamphetamine (PCA) is a drug which produces lasting
depression of 5-HT stores,

Fluoxetine, Citalopram and some other antidepressant drugs

increase the synaptic availability of 5-HT by inhibiting. its
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uptake, They favour 5-HT ergic tranamissibn and thereby
produce antidepressant effect.
Desipramine inhibit uptake of noradrenalin at

noradrensergic Lerminal.

Antagonists of the aminergic and cholinergic systems

Antagonists of presynaptic inhibitory 5-HT (auto)
recevlors decrease the usual sensitivities of these receptors
tu reduce the electrically (Langer and Moret, 1982, Galzin et
al., 1935) or nerve stimulation (Langer et al., 1987) evoked
release of 'H-5-HT or 5-HT. This results in increased 5-HT
release or increased 5-HT-ergic transmission and excitation, in
a manner similar to antidepressant stimulation. Owing also
Lo an apparent functional relationship between the presynaptic
5-HT autoreceptors and the Na'- dependent 5-HT neuronal uptake
or transporter mechanism, antagonism of neronal uptake is
Tikely to result in the ineffecLiveness of the 5-HT
autureceptor to regulate or decrease transmitter release.
After administering the 5-HT uptake inhibitors, paroxetine and
citalopram, the 5-HT autoreceptor agonists become less
effu_live at reducing Lhe electrically evoked release of *H-5-HT
(Langer and Moret, 19382, Galzin et _al., 1985), The 5-HT also
accumulated at the synaptic cleft as a result of the inhibition
of 5-HT uptake by uptake 1inhibitors can also enhance
seroLloninergic neurotransmission in a manner similar to

ant idepressant mechanism (Langer et al., 1987). It appears
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logical, therefore, to speculate that since antagonists of 5-HT
autureceptors and inhibitors of neuronal 5-HT uptake both
enhance 5-HT-ergic transmission (or post synaptic receptor, 5-
HT, activation), both agents may be potentially useful in the
treatment of depression (Langer et al., 1987) or for sustaining
wakefulness. However for the simpie reason that the ;ventual
central effects of a drug may be the result of several
pharmacological interactions and receptor hu1tipiicity. the
resultant effect of a psychoactive drug may not always be
predictable (Mamelak, 1984), Folluwing a 2-day duse of 8mg/day
of methysergide, Lhe amount of SWS increased (Mendelson et al.,
1975). Douglas (1985) intimated that the sleep so obtained
could not have been specifically due to 5-HT receptor blockade
but to other eff;cLs of methyseryide. Metitepine, a potent
antagounist of central 5-HT autoreceptors (Monachon et al.,
1972), probably also induced behavioural sleep and potentiated
nitrazepam sleep in mice (Wambebe, 1985) for the same reason.
As would be expected of cyprohepladine for its central 5-HT
receptor blocking activity, it weakly antagonised nitrazepam
sleep, Ils sedative effect has however been related to its
nonspecific enhancement of 5-HT neurotransmission (Jacoby et
al., 1978). Antagonist at central 5-HT, receptor block the
ercilalory actions of 5-HT or the excitatory responses to 5-HT
thereby potentiating the inhibitory actions of 5-HT at 5-HT,
receplors Lo decrease 5-HT release and so induce sleep. The 5-

HT, receptor antaqgonists ketanserin and ritanserin are
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antipsychotic agents with important potential effects on sleep
(Tricklebank, 1987). Ritanserin was found to increase SWS in
humans  (Dugovic and Wauquier, 1887) and antagonised the
disruption of SWS induced in the rat by the 5-HTz agonist
dimethoxymethylphenylaminopropane (Idzikowski et al., 1986).
These also indicate that stimulation of 5-HT, and bToékade of
§~-HT, promote sleep.

Some role has also been indicated for a adrenergic
receptors in wakefulness and PS. Since they were found
(Mamelak 1984) to be more closely related than the B-adrenergic
receptors, with the regulation of the sleep-wake cycle. Oswald
et al (1975) and Putkonen et al (1877) reported for the a-
adrenergic receptor antagonists, thymoxamine and yohimbine, an
increase of wak{ng and a transient increase of PSS, that
according to Putkonen (1978) was more often marked by the
former effect., He described as rather inconsistent, the effect
of fB-adrenoceptor blockade on sleep and suyggested that this was
probably only apparent during some latent fragility of sleep.
(Putkonen 1978).

The B-blockers pindolol and propanolol decreased deep SWS
and increased drowsy waking (Hilakivi et al 1978) while
provanul also decreased PS (Putkonen 1978).

Agenlts that are active at muscar inic cholinergic receptors
produce significant changes in sleep parameters in man (Mamelak
1ara), Atropine, the muscarinic receptor antagonist, when used

(75ug/kg) in combination with the a-adrenocceptor blocker
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phentolamine, effectively suppressed the PS enhancing effect of
phentolamine below control levels in the cat (Putkonen and

Leppavuor i 1978,

Agonists of the aminergic and cholinergic systems

Althoughh not all druygs may strictly conform, from
avallable evidences, 1t is generally expected that all agonists
of 5-HT auto 5-HT, receptors will inhibit, reduce or modulate
5-HT release and transmission or inhibit at 5-HT, receptors to
promote sleep. This expectation conforms with the expectations
uof the reciprocal interaction model of state control (Hobson
et al,, 1375, McCarley and Hobsson, 1975) that monoaminergic (or
cerotoninergic influence is low in sleep. Cerrito and Raiteri,
(1279 Gothert, (13887) observed the inhibition or electrically
of K- evoked release of ‘H-5HT by 5-HT and 5-HT receptor
agonists. The mechanism for such agonistl induced reduction of
E-HT and transmission by the presynaptic autoreceptor is
thoughtl Lo be a negative feedback inhibition that modulates the
release of the same Lransmitter and is operative also for
noradrenalin and dopamine (Langer, 1981). The 5-HT receptor
aqunisls B-OH-DPAT and Ipsapirone inhibit the spontanecus
Firing of raphe cells when iontophuretically applied to their
somadendritic autoureceptor region (De Montigny and Aghajanian,
1877, Sprouse and Aghajanian, 1986) and by so doing confirm
auturecepLor control of transmitter release., it is expected

that agonists at the postsynaptic S—HTz agonist
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dimethoxymethlphenlaminopropane induced the distruption of SWS
in the rat (Idzikowski et al., 1986). Often however, the
significance of the effects of many sleep agents may be
difficult to interprete in view of the multiplicity of receptor
Lype and subtype, location, action and dominant side effect .

Ayonists of a-adrenergic receptours, clonidine and xylazine
produce dose~dependent suppression of PS with a parhT1§1
increase in drowsy waking (Leppavuor i et al, {978; Putkonen et
al, 1972) and markedly decreased deep slow wave sleep;
essenlLially they are a-adrenergic stimulants (Putkonen 1978),
Arecoline, a muscarinic receptor ayonist reduced REM sleep
latency (Siteram et al, 1978) and increased the number of REM
sleep periouds. These effects were opposed and blocked by

scopolamine, a muscarinic receptor antagonist (Mamelak, 1984).

1.4.2 Non structurally specific druys

These wusually are druygs wilh sedative-hypnolic and
anaesthelic potencies, They act to depress the ygeneral nerve
membir ane excitability. This effect is achieved by their
abiiity to permeate the cell membrane and occupy its 1lipid
phase, affecting fundamental membrane processes like receptor
identification, ion transport and enzyme activity. However
such non structural specificity of action by barbiturate and
Lerzodiazepines may be described as relative, in view of the
facl Lhat Lhey have been recognized to inhibit specifically at

GARA-mediated synapses (Harvey, 1985), Besides it is
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cons idered (Johnston and Willow, 1982) that Lhe major action of
barbiturates may well be the inhibition of excitatory

transmilLters,

Barbilurates
Pharmacology:

Barbiturates vary from short acting through intermediate
to long acting forms,. On a functional .basis. they are
classified as anticonvulsants, anxiolytics (tranguilisers and
sedalives), hypnotics, premedicants in surgery and anaesthetics
(Kruk and Pycock, 19879).

Low doses of barbiturate produce activation of the
electroencephalogram (EEG) but high doses deactivate it,
cons iderably radu;ing the slow wave sleep per iod and having an
effect that is variable with the barbiturate activity on REM
sleep, For all these, the EEG pattern under barbiturate
hypnosis sLill is similar to that in slow wave sleep (Iversen

and Iversen, 1981).

Mechanisms of central action:

Barbiturates cause a depression of the whole brain by
inhibiting impulse transmission through GABA-ergic synapses, in
the entire CNS but especially in_the mesencephalic reticular
aclivaling system upon which they particularly act to give the
characteristic sedative-hypnotic effect (Crossland. 1980,

Harvey, 1985), In general barbiturates cause a reversible
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depression of the activity of all excitable tissues. In all
cerebral and cerebellar centres, their synaptic site of
inhibition is postsynaptic while it is presynaptlic in_ the
spinal cord. Although barbiturates inhibit exclusively at
sites where inhibition is physioloyically by GABA to the total
exemption of the glycinergic and monoaminergic synapsés. the
mediation of other transmitter system(s) is not impossible
(Harvey 1985), Barbiturates act (i) to potentiate GABA induced
increases in cloride (C17) conductance. (ii) at higher
concentrations to depress Ca’- dependent action potentials,
reduce ca’’- dependent release of neurotransmitters and enhance
C1” conductance in the absence of GABA, a GABA-mimetic action
(Harvey, 1985),

Moreover, it has been suggested that 5-HT-ergic
Lransmission facilitated by GABA activation may wunderlie
thought to underlie the overall process for the induction of
sleep Ly pentobarbitone (Wambebe, 1985). 1In the induction of
natural sleep, especially SWS, tLhe release of 5-HT is said to
be accompanied by the withdrawal of dopamine from the system
(Crossland, 1980). This may apply also to pentobarbitone
sleep, which in chicks and rats was antagonised by a dopamine
receptor agonist (Wambebe and Osuide, 1983), confirming the
reciprocal relationship between the 5-HT-ergic and dopaminergic
systems in sleep. Already, the CL—{unophore and receplors sites
for barbiturates and benzodiazepines have been located on the

GABA receptor or supramolecular complex (Olsen, 1981). Besides
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Lhe observation that increased amount of GABA a;e released from
the brain when the EEG pattern shows signs of slow wave sleep
(Ganony, 1979) furthermore points Lo some role for GABA in
sleep,

wang et al. (1976) suggested the intermediary of at least
a monosynaptic GABA-ergic pathway for Lhe suppression of the
DRNs' activity by the PRF nuclei's discharges. This too
implies the mediation of GABA-ergic mechanisms in sleep and
suggyests the occurrence of the GABA receptor molecular complex
postsynaptically on the dendrosomatic field of the 5-HT-ergic
nuclei of the DRN, The GABA receptor complex in addition to
having receptive sites for barbiturates, may have similar sites
For other “drugs that would similarly promote GABA receptor
activation and as suggested by Wambebe (1985), faciliate

Lransmission at central 5-HT synapses Lo induce sleep).

Baenzodiazepines
Pharmacology:

The benzodiazepines affect all levels of the neuroaxis
where tLhey potentiate synaptic inhibition by GABA. They
produce the suppression of REM sleep to some extent and inhibit
ur vhorten stages 3 and 4 of SWS while prolonging stage 2 sleep
(Crossland, 1980: Harvey, 1985)., They decrease alpha activity
often increasing low voltage fést activity such as beta
activity., Owing to the fact that benzodiazepines do not induce

microsomal enzymes, there is a lower risk of drug tolerance and
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dependence. Adverse drug interactions are therefore unlikely

to ovccur.

Mechanism of central action:

Benzodiazepines are thought to affect normal 5-HT
mechanism in sleep through the intermediary of GABA and the
GABA receptur macromolecular complex, Evidences for this-are:
) The potentiation of nitrazepam sleep by 5-HT and
metitepine. (ii) The antagonism of nitrazepam sieep by R, 15-

1788, 4 benzodiazepine receptor antayonist (wWambebe, 1985).

Y.5 QUININE

Quinine is one of the alkaloids of the Cinchona bark that
belongs Lo a grodu of alkaluids known as guinolines. It is
levorotatory and vne of the members of a pair of two important
pairs of optical isomers of the cinchona, - quinine and D -
aquinidine,

L - cinchonidine and D - cinchonine.
Indigenous to South Amer ica where It was addressed by the names
Jesuils, Peruvian or cardinal’s bark, the cinchona bark was
known to have curative potential. However, its use was not
openly embraced by all groups because of a controversy that
bordered on religious and medica?_prejudice. that its use did
not conform to the teachings of Galen. Although first reported
In 1642 by the Belgian, Herman van der Hayden in the European

medical lTiterature, its real official recognition only came in
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1677 after it appeared in the London Pharmacopouei under "Cortex
Peruanus” (Webster Jr. 1985)., Afterwards in South America, it
soon became much exploited almost Lo the point of extinction.
Following the spread of its usage into Spain and Europe, the
Dutch East Indies emerged the worid supplier (Swan, 1967). In
1742, tLhe name cinchona was coined by Linne. Quinine and
cinchunine were isolated in 1820 by Pelletier and Caventou and
on the whole, over twenty alkaloids have been extracted.from
the cinchona bark. After the turn of the century, synthetic
der ivatives came on the scene bubL could not substitute as a

practical sovurce owing Lo the complexity and expensive nature

of their production (Webster Jr., 1985).
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Therapeﬁtic uses:

Quinine is used for the trealment of malaria fever, a
major infection of the tropics that contfnues to  evade
eradication (WHO, 1874) and pose a threat to the productivity
and economy of nations of the tropics. On the basis of the
disadvantages confronting its use, quinine, for somé time,
bacame obsoulete for the treatment of malaria use and was
replaced by its synthetic analogue that are more potent and
less tuxic as antimalarials (Bowman and Rand, 1980). However,
.1n reéent times guinine has become the drug of preference for
the treatment of chloroquine-and multidrug-resistant strains of

Plasmodium falciparum infection (Hall, 1975, 1976; Merkus and

Smil, 1988). Guinine has also been useful as antipyretic,
though not potent one, in all forms of febrile illnesses, and
for the treatments of myotonia congenita and cerebral malaria

(Schild, 1900 Webster Jr. 1985).

Pharmacotuygy: ' o : i
Par ipheral acbion ‘ _

On the peripheral nerve ending and skeletal muscle,
guinine stabilizes the nerve terminal and skaletal muscle fibre
mambr anas (Bowman and Rand, 1980) by decreasing the
excitability of the motor end plate region so0 that responses to
acetylcholine and to repetitive nerve stimulation are reduced

(Webster Jr, 19858). For this reason, quinine is effective in

T !



33

the relieve of muscle cramps and other manifestations of
hyperexcitability of the skeletal neuromuscular system. Above
Lherapeutic doses, qQuinine auguments muscle contractility by
acling on the sarcoplasmic reticulum (Bowman and Rand, 1980).
While it can increase the tension response to single maximum
stimulus, it can also increase the refractory nariod‘of the
muscle Lo tetanic stimulation so as to decrease the response
(Webster Jr., 1985), |

On the Cardiouvascular system therapeutic doses of guinine
have little or no effect, Wwhen given by intravenous route,
hypotension that vary in severity with the rate of infusion may
result (Webster Jr,, 1985). At toxic doses, hypotension,
depression of the R-T segment, depression and abolition of the
T wave do occur (éuhi1d. 1980).

On the smooth muscle of the pregnant uterus and bronchi,
Quinine causes contraction, Vascular smooth muscles are
relaxed Ly Quinine to cause hypotension with the exception of
retinal vessels which are constricted (Crossland, 1980).

Clinical doses of gquinine do not stimulate the intestinal tract
smooth muscle (Webster Jr.

1385).

Cenlral action

Quinine readily penetrates the blood brain barrier. In
Lhe central nervous system, therapeutic doses of gquinine have
analgesic and mild antipyretic effect (Popov et al., 1961,

Webster | 1985) that is independent of its antimalarial action
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and may be used to lower body temperature in all types of fever
{Buowman and Rand, 1980), Based on the dose used, the effects
of guinine un Lhe nerve membrane and central nervous sxstem
Lransmission may be said to be conflicting and dual: At
0.1mg/.kg and below, quinine is repourted to be excitatory. At
highaer doses its effect is inhibitory in a dose dﬁpendant
manner (Amabeoku, 1989), This is evident as the potentiation of
the duration of pentobarbitone-induced sleep resulting from the
inhibition of the metabolism of pentobarbitone by microsomal
enzymes (Boulus et al., 1870) and synchronisation of the
Electrouencephalogram (EEG). At the dose range 25 - 100mg/kg,
auinine demonstrates on the neurovnal membrane a stabilizing
effect that protects against leptazol induced seizures in the
mice (Amabeoku, i989). On the sensory herves quinine has a
local anaesthetic effect that is characlerised by a brief
stimulation followed by paralysis (Rollo, 1990, Webster Jr.,
fans ), Parhaps a mechanism which is similar to what obtains in
Lthe peripheral nerves for quinine is also operative centrally
i.e., the inhibition or paralysis of Chose central nervous
patbwavs implicated in wakefulness and the enhancing of those
implicated for sleep. This probably is the reason for its
reported central effect in potentiating pentobarbitone sleep
(Amabeoku, 19839), The aclivities of noradrenalin and serotonin
have nol been with sleep a!oﬁe. but also with central
thermorequlation, Feldberg and Myers (1964, 1965), Feldberg

(1870) theor ised that the reyulatury mechanism in the control
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of body temperature consisted in a balance of the release of 5-
HT and noradrenalin from the neurons in the anterior
hypothalamus. It has been reported also (Johannsen et al,
1987; krueger et al 1988, Toth and Krueger (1988) that during
immune responses to infectious diseases, some products of the
digestion of pathogens, muramy peptides, are released which
have semnogenic activity and particularly induce SWS. For non-
infectious malaria, documented literature on sleep is
uncertain, although it is conceivable that the ensuing febrile
hyperthermic response is hardly ever compatible with good
sleep. Fever 1is reputed the oldest and most universally
acclaimed hallmark of disease (Ganong, 1979), as with malaria
infection, During fever in  homeothermic  animals,
thermorequlatory mechanisms behave as though they have been
adjusted or reset to maintain body temperature at a higher than
normal level (Ganong, 1979). There is therefore always the
need to use exogetious agenl(s) or antipyretic(s) tu restore the
sysLem to normalcy and so forestall the brain getting convulsed
and damaged.

By way of speculating, it could be that the relative
Tevels of the 'sleep transmitters' are influenced during
febr i1e responses to infections, in such a way as to leave an
alftermath of insomnia and the discomfort of the experience. If
this is su, Lhen some role may exiét for quinine, on account of
ILs cenlrally-mediated antipyretic, anaesthetic and antiseizure

effect, (Amabeoku, 1373), to augument process(es) that provide
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«tability via maintaining a balance of sleep transmitters and
alleviate insomnias that may result from possible discomforts

of malaria fever and other febrile infections of the tropics.

Aims and objectives

This study is designed to
(1) establish a central sedalLive-hypnotic role for guinine,

(2) investigate the mediabtion of central serotoninergic

mechanism(s) for such role,
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CHAPTER 2 '

MATERTALS AND METHOD
Pagk Experr irm-_ﬂn_Ea_T .-‘».:_s_i mg}s

The male adult wister rats used for the study were
purchased from the animal house of Lhe Department of Biological
Sciences, Ahmadu Bello University and Iatgr inbred iﬁ the
animal house of the Department of Pharmacology and Clinical
Phatmacy of the same University. They were fed on mouse cubes
purchased from Pfizer Nig. Ltd. and drank bLap water.

-

2,2 Drugs and Drug “oiutions

"y

.2.1 Preparalion
A1l solutions were weighed cul and prepared fresh into
appropr late sample bottles within an hour of their uses.
Physiolugical saline. (Sigma Chemical Cu., U.K.

N.%g ouf sodium chloride was dJdissolved in 100mls. of
distilled water Lo make 0.9%w/v of Lhe sulution. Fresh saline
was prepared every two weeks. Of this, 4mls., was used to
dissolve Lhe reguired dose of all druys per kg body weight with
the exception of pentobarbitone.

Pentobarbitone sodium (SAGATAL, May and Baker Ltd.)
The injectable solution of- sodium pentobarbitone was
prevared from the stock concentration of 60mg mi™' by diluting

the required volume of stock per wt. of the animal to six times
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wikth physiological saline,

5-Mydroxy 1=-tryptoohan (5-HTP, Sigma Chemical Co., U.K.).

BE-HTP was weighed out and dissolved fresh in physiological
saline. 5-HTP has limited solubility up to 8mg m1™ in
solutiun. Its solution was stabilised with 0.1% w/w sodium
melabisulphite and stored in screened sample bottle,

Sudium maelabisulphite (BDH Chemical Ltd. Pooule, Eng1and)

As a stabilising agent, 0.1% w/w ol Lhis was‘édded Lo the dry
5~HTP before normatl saline was added as solvent. In absence of
a suitably sengitive balance, a wonvenient weight of sodium
metabisulphite was adequately diluled and its volume in saline
corresponding to 0.1% w/w added up to the weighed out 5-HTP
before the later was appropriately constituted in solublion with
normal saline, .

Quinine hydrochloride {Sigma Chemic¢al Co., U.K.). Al

reguired doses were dissolved in physiological saline based on
CLhe observation that the weight of Lhe druyg that corrusponded
with 1kg buody weiyht was dissolved in 4mls of saline,

'legzghIoropheny1a1an1ne|nethy1 aster hydrochloride PCPA.

Sigma Chemical Co., U.K.}. The reyuired amount of the drug was
we iyhed out as the amount of the salt that will contain the
'reouired dose of the base'pak kg body weight., 1 molecular wt.
of iLhe sall, 125.33mg, contain 100my of PCPA base. This was
then suspended in the appropriate volume of saline (PCPA base
catnol be suspended in saline but is soluble in 0.5m1 of 3% v/v

of Tween B2 to 3,5 mls of physi01ogica1 saline),
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Maethysergide hydrogen maleate (Sandox Ltd, Switzerland).
This was administered as 8my/kg body weight in physioclogical
saline,

Ketanser in (RH468, Janssen Research Laboratories, Belgium)
This was weighed out and suspended fresh in physiological

saline,

2.2.2 Storagye

A1) drugs were kept refrigerated (4°C) in their stock forms
when Lhey were nobl in use. For each day's work, the drugs were
weiaghed out and their solutions prepared freshly in the
relevant solvents, Where such solutions were cold, Lhey were
allowed to equilibrate with room Lemperature before use. The
unstable solution of 5-Hydroxytryptophan (5-HTP) was stabilised
by Lthe addition of 0.1% w/w of sodium metabisulphite and
precetved in amber coloured and stuppered bottle until the time
uf iLs use,

2.2.32 Volumes of drug solution injected

The volumes ofthe solutions of druygs administered to all
rats was maintained constant throughout the experimenl. Based
on Lhe allowance of 4 mls of physiological saline as the
solvent vehicle for 1000y (1 kKilogram) of body weight,
teguired dosages of drugs, with the exception of Pentobarbitone
sod um, were dissolved in their eguivalent volumes of saline.
To prepare solutions of pentobarbitone sodium, the reauifad

doses in omls, wera diluted to six times their stock volumes
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wiLH physio10§ica1 saline., This was hecessary to facilitate
both circulation and activity times of the drugs before their
metabolism QéQQﬁ sfnce the ruegquired stock vofumes were qften
Loo sma1l and as such Tess rapidly diffused to their target
Lissuas before they were beinyg dedtaded Ly Lhe 1iver .

2.2.4 Route of administration

A11 drugs were injected Ly intraperitoneal (IP) 1oute for
poth «f Lhe behavioural and electrophysiclegical studies to
curtail varialtion in the peripheral passage times of drugs.

2.3.1-'-' R DBrug Pretreatment Period BN

This is the time interval ailowed between two or more
.ééhsecutivé drﬁg injections, that gygives the moust desirable
response (onset, duration of action and the relative number of
respuniwes) after the drugs might have interacted in vivo.
Where Lhe additivé response to Lwo our more drugs or the
influence of a test drug on the knowh effect of the oLhér(sJ is
desired, the druyg whuse abilities to influence the known
responselw} of the other drug(s) is heing investigated (i.e.
Lhe druyg with the unknown response), is adiministered first.
The sanz pretreatment time is observed for the test groups and
their controls, Pretreatment times of drugs were usually
gstablished in Lrial runs before the beyginning of each
evperiment, The pratreatment timés for 5-HTP, aquinine, PCPA,
ketanserin and methysergide before injecting pentobarbilone

sodium  were 20mins, 15mins, 5 days, . 30mins, 30mins.
e S A o B

o . . DL
i . . S e v, S



41

respeclively,

2.4 Control Exper iments

Control rats were, as appropriate, either injected with
physiological saline,3% v/v uf Tween 80 diluted to seven times
its volume in saline, pentobarbitone sodium diluted in saline
or  as necessary with more than one of the control solutions in
Lhe riyht sequence,

Funtobarbitone-induced sleep served as the standard of
slewp against which the effects of other drugs could be
asswuased, The medium acting anaesthetic effect of sodium
pentobarbitone was utilised for the purpuse of implanting
electrodes for electrophysiolugical study. 1t was necessary to
use UEutobarbiLoné hypnosis and not physiological sleep as the
slesp standard because
(i) ol the handicap of monitoring behavioural sleep in the

Jihr sleep-wake cycle of a Tower mammal ian specie like the

ral. in the absence of teleguided eguipment.

{i1) «f the need later to anaesthesise the animal with the same
drug during the fairly long and pain inflicting task of
lmplanting electrodes by Lhe stereotaxic approach in
animals for Lhe purpose of EEG/EMG monitoring. The effect
of the Lest drug can then be observed against the animal's
rormal or control drug - induced EEG and EMG pattern..

(iii) the EEG pattern in barbiturate-induced hypnosis is

similar to that seen in normal slow wave slaep

versen and: Iversen, 1981)
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w3 Analysis of Resultls

(3%

«5:1 Statistical analysis of behavioural study

The means and standard etror of means were detarm{nad for
all axper imental groups. One-way analysis of variance (ANOVA,
{(Snedecor and Cochiran, 1976) was conducted to determine thﬂ
significance of the differences in Lhe Ieffects between
Lreatments, Duncan's MulbLiple Range Test (Duncan, 1955,
wWalpole, 1922) was used Lo Jocate correlations in  the
differences and Lheir Tevels of significance, P<0.05 1is

regarded ag statistically significant.

2.5.2 Analysis of electrophysiovlougical recording

The electroencephalograms werte analysed visually by melric
rule, yuided by the classification scheme of Dement and
Fleitman (1287), The elactrumyoyrams were analysed according
Lo Bell, Da.idson & Scarborough (1568) as culled from Dudel

(1378),

% ]
.
s

Sleep Studies

These were conducted in two modalities viz behavioural and
electrophysiological (EEG/EMG) studies using EEG/Polygraph
Model 79D, Behav oural study was done to determine the onset,
duralion and relative number of responses to the sedative and
hypnot ic effects of the drugs used., Electrouphysiological study

i Lhe Form of Lthe elecltroencephalogram and electromyoyram were
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done afterwards to confirm previous behaviuura1-observation(s).
2.6.1 General precaution

Lean male adult rats weighing between 100 and 200gm were
used., The choice of this sex was in order to avoid behavioural
effects resulting from natural fluctuations and possible
disturbarces of normal ovarian patlern in female rats and also
Lo vafeyuard against working with pregnant rat(s). Rats. were
tandomly picked inLto each of the tests and experimental cages.
The ages of Lhe rats varied between eight and sixteen months.
Rat . were used in the post absurptive state by not feeding them
on Lhe morning of the experiment (Ritschel, 1974). The rats
enjoyed normal diurnal Tighting. The exper iments were carried
cut between 3a.m., and 8p.m. of the same day. This served to
avoid circadian fluctuation. Water was given ad libitum until
an hour before Lhe exper iment, which coincided with the period
Lthe rals were lefl to acclimatise in separate observation cages
tu the Taboratory condition. The ambient temperalure was
alwavs about 20 + 2°C, The rats were weivhed on the same day
one Lu Ltwo hours before the commencement of the experiment.
The Lest drugs were weighed out on the same morning based on
the weights of the rats. Solutions of the drugs were prepared
fresh within an hour of administration, by which time they
were  at  room temperature, Pretreatment times and the
effective doses for all drugs werg determined from preliminary
exper iments. According to the criteria of Wambebe (1985),

the ornet of sedation in rats is the time marking the start of
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a per iod of at least 5 minutes, during which, except for the
retention of righting reflex, the animal remained calm,
immobile and engaged in no behavioural activity. On Lhe other
hand the onset, of sleep is indicated by the time of 1oés of
right ing reflex, The delay in ounset is the time interval
Letween the Lime of injection of drug and the onset of effect,
while Lhe duration of effect is Lhe period of time between the
onszt and the Lermination of effect. For these experiments,
pentobarbitone was regarded as effective when it produced
sleep within 30 minutes of its administration, In all
Lreatment groups the total number of observations considered
were sweyven, A1l experimental rats were either fresh or were
tecycled once  or twice after four to eight weeks of the time
of Lheir previuvus use, This was necessary Lo prevent their

develuping tolerance to drugs like pentobarbitone.

2.6.2. Behavioural Sleep Study

For each day of experiment, Lhere was a pair of rats to
each Jdrud or Lreabment regimen, The pairs of rats for the
different drug regimen of an exper iment were of approximately
Lthe same nel weights, Each exper imentl was repeated four to
five Limes giving a total of eight Lo ten animals or trials to
et drug  regimen, out of which the result of the best seven
wer e  averaged,

AL Lhe start of each experiment, the rats were eﬁch

placed in weparale Lransparent perspex cages in a quiet
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laburalory with a controlled ambient temperature of 20+2°C in
which they were allowed to acclimatise and observed, The
exper iment were done between 9 a.m and 8 p.m under normal
diurnal lighting in the daylime and fTuorescent lighting in

Lhe evening.,

2. 853 Electrophysiological study

This was doune by EEG and EMG monitur§ng of implanted
rats folluwing druy administration.

The implanLted rabt was connected via its own male
ampheno! connector plugged into the female amphenol connector
and handging from the roof of a wooden cage onlLo the
EEG/Polygraph Model 79D, The rat was allowed une hour to
acclimatise in tﬁe screened wooden cage before the start of
recordonyg, wiLthout food or water. Chart speeds were
respectively Summ/seclor slow, spikes recording and 25mm/sec
For Fast recording that facilitate the analysis of wave

frequency, voltaye and phase,

2.6.4, Preparation and implantation of electrodes for the

electroencephalogram (EEG) and ejectromyogram (EMG)
ol the rat

These were done by the method of Wambebe and Sokomba
(19:26) and Ly modifying the method of Spooner (1965).

The electrodes for the EEG cunsisted of three of écm
Tengths of insulated copper cables/wires that had 0.5cm of

Lheir Lwo ends exposed. One of the ends of these wires were
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either soldered to the sandpapered underneath of the heads of
size 10RA screws or to hooks made out of insect pins that had
Lewsn  sandpaper ad., This made the animal ends of the
electrodes. The other ends were soldered separately onto
female amphenol pins to make the recording ends of the
electrodes, The bipolar electrode consisted of two fine
coated (insulated) tunysten wires of 8cm length with their
proeximal ends near the tip of a non insulated st&inTasa.stee1
insect pin size no,00 of about 3cm length. One end of one of
Lthe T@ine cuated wires was sandpapered to a 1¢m length to
remove the insulator coating. This also made for good
wlaectrical contact with the polished (to remove rust and dirt)
0.5 Lo 1im length of the pointed end of Lhe insect pin,
around which it was wound and soldered to fix. The proximal
Lip of Lthe second fine wire that would be placed in the wound
and soldered end of the bipolar electrode was not sandpapered
in urder Lo provide an indifferent or reference electrode.
Rather, it was placed with its proximal stem close, parallel
to the proximal third of the stem of the insect pin and with
its Lip the same level as that of the insect pin so that they
could both penetrate to the same level in the brain. Both
pro«imal ends of the insect pin and fine wire were then firmly
secured together except at their tips with a thin coating of
Tiquid resin this has a glue-like effect when evaporated or
dried in hot air/oven, or in the atmosphere) The free distal

ends of both rine wires were sandpapered to about 0.5cm
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lengths in order to expose the conductors..Thesa were each
solderad onto female amphenol pins. The rounded insulated
head of the insect pin was cut Lo expose a distal conducting
Lip. The intearity of the bipolar elecltrode thus madg was
Lested on the avometer for full scale deflection. The animal
end of the 2 EMG electrodes were each bent around and soldered
ontou hooks made out of insect pins and resin coated over the
soldered joint for insulation, To complete the preparation of
all electrodes, the recording ends of each were inserted and
suldered into the cavities of female amphenol pins,

Before the start of the operation, all coordinates on
the stereotaxic apparatus i.e. the antero-posterior (A.P.)
Tateral(L) and vertical (V) with the exception of the radial
are adjusted to their zero positions using their respective
dr ivers, The iﬁseut pin end of the bipolar electrode was
mounted and clamped firmly on the central groove of the common
guide attached to the radial driver. Except when it is being
used to locate the sites for drilling and implanting, this
common guide is wusually Jleft rotated laterally and out of the
way, during the procedures of mounting, drilling and
implanting the animal,

Lean male adult rats weighing between 150 and 200 grams
were used for this study. The rats were anaesthetised with
28mg/kg portions of sodium pentobarbitone diluted to six times
their stock volumes and given by intraperitoneal route. In

the event of the anaesthesia wearing off during surgery, it
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was maintained by allowing the animal to inhale halothane in
controlled amounts from cotton wool.

Under good illumination, the anaesthetised animal was
mounted on Lhe stereotaxic apparatus. It was suspended on the
apparatus by the front teeth and held down at the snout in
frunl, The head was balanced level at Lhe sides by ear guides
moved centrally and equidistantly to (about the 0.6cm mark
depending on the size of the rat) into the ear on either sides
just to suspend the head, but not any farther inside so as not
to damage the vestibular apparati. The animal's head was
clean shaven, sterilising the area with methylated spirit as
required, The scalp was incised longitudinally up the vertex
from the neck region. The underlying fascia was freed and the
skin reflected sideways. The fascia and tissue fluid on the
skuil were cleared to reveal the sutures. The radial driver
of the apparatus was then npow rotated medially to set the
radial coordinate at zero, The second bregma position was
lecated and marked moving the drivers of the other three
courdinates inwards. The A.P, L and V coordinates so obtained
fur Lhe second bregma served as fixed distances/coordinates to
and from which certain given constants for the AP, L and V
axes of each of specific brain loci were either added or and
cubtracted in order to dbtain standard coordinates. The
standard coordinates represent Lhe sites on the skull to be
dr illed in order to gain access to those loci on the surface

uf the brain representing the frontal cortex, optic cortex and
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brain stem reticular formation. The constants as employed for

-

Lhese differant loci were as follows:-

Frontal cortex (FC): AP + 1.,.9mm
L + 1. 5mm
Optic Cortex (OC): AP - 9.2mm
L - 2.8mm

Brain stem rebticular formation

AP - 3.8mm
L - 2.0mm
v - 8.2mm . .
Standard coordinates = fixed distance of the

coordinate as measured from 2nd bregma+given constlant.

No coordinates were needed for the reference electrode which
was placed in a hole drilled in the nasal bone. There were in
all seven e1ectr§des. five of which, including the bipolar
electrode, were for the brain loci indicated above; Lhe
unipolar type of electrodes were for the reference (nasion) FC
and OC; the bipolar for the BSRF. The other two electrodes
ware for recording the EMG of semispinalis capitis muscle one
on either sides of the animal’'s neck. These were inserted
prtoximal Lo the head. AfLter the animal ends of the electrodes
had been inserted in their respective places, they were
secured in place with dental cement and fluid (acrylic polymer
and monomer i.e, rapid or cold cure). The female amphenol
pins that had been soldered to the recording ends  of

electrodes were Firmly inserted into their respective numbered
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sockels in the male amphenol connector. The stems of these
electroudes and male amphenol connector were firmly held
Logether above the animal’s head with masking tape.
The order of arrangement of electrodes in the sockets of

Lthe male amphenol connector is as follows:

Electrode designation Socket No.
Reference electrode (Nasion) 1

FC 2

oC 3
BSRF (Bipolar) 4 & 5
EMG 6 & 7

Soon ‘after surgery, the implanted rats were kept warmed
up with an angle poise lamp (with the glare directed away from
the animal) in a spacious cage and provided with food and
water until ready for recording. The rats were normally
recovered from the anaesthesia, and were active and ready for
FEG recording by twelve Lo Lwent? four hours post surgery,
The post surgical  recording time were usually not extended
beyond 24hrs, In order to minimise the incidence of post
surgical strain and infection in the rats,

The implanted animal was prepared for recording by
ple g L 0 a screened wooden cage in the roof of which had
beon permanently installed the companion Electrode Board of
the EfTG/Polygraph (Model 79D, (Grass Medical Instruments),

contected by Fine cables Lo one end of a female amphenol
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connector, The male amphenol connector above the animal's
head was plugged into the sockets of the female amphenol
connector hanging from the roof of the cage. With the cage
covered up with dark cloth (to keep out light), the animal was
left to aclimatise in this condition for an hour before
recording commenced, without food and water. These
depr ivations were maintained throughout the recording perijod,
Through Lhe linking up with female amphenol connector aﬁd by
depressing relevant pushbutton numbers on the Position
Pushibolton Electrode Selector Panel of the EEG/Polygraph, the
animal's implanted electrodes were connected onto the four
active channels of the same recording machine. These
channels on the EEG/Polygraph machine were as follows:

Order of electrode selection

Oon the channel selector panel. Channels
t and 2 (2 relative to 1) 1
1 and 3 (2 relative to 1) 2
4 and 5 3

6 and 7 4
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CHAPTER 3

RESULTS

31 Sedative-hypnotic Effect of Pentobarbitone

Low doses ( 5 and 10 mg/kg i.p.) of pentobarbitone did
not produce hypnosis in rats. Higher doses (15- 30mg/kg i.p.)
induced behavioural sleep in a dose- dependent manner (Table

2.1). Normal saline (control) did not induce.any behavioural

changes.,

The EEG pattern of the control rat with normal saline
show mixed alpha and theta waves for the frontal cortex (FC),
sleep spindles mixed with theta and delta waves for the optic
cortex (OC) and beta rhythm for the brain stem reticular
formation (BSRF). fhis indicates for the initial part of show
wave sleep stage, EMG is a mixture of single and multiple
motor unit discharges. Some 15mins. afler 25mg/kg{i.p) of
pentobarbitone had been given intraperitoneally,the EEG is
still in SWS but with increased number of sleep spindle mixed
with thelta and delta activities that are more obviocus in the
FC and OC, There is some synchronization of the EEG and clear
deaclivation of the brain stem reticular formation (BSRF) as
Tow voltaae sleep spindlies and theta waves replace the initial
beta activity showing a deepening of siow wave sleep. The
frequency and amplitude of the motor unit discharges in the

EMG is also suppressed by this dose of pentobarbitone (fig.



Table 3.1: Hypnotic effect of pentobarbitone in rats

—— e ——— i ———————————————————— T ————— i ——— . ———

Pento. No asleep/ Onset of sleep duration of sleep
(ma/kg i.0) No Used (Min) Mean +SEM (min) Mean + SEM

5 0/8 = =

10 Q/8 - B _

15 3/8 12,0+42.5 39.0+6.2

20 6/8 8.0+1.5 67.0+12.6

25 8/8 5.4%1,2 85.0+3,2

30 8/8 5.0+0.8 115 + 7.0

Pentu = Pentobarbitone

3.2 Sedative Effect of S-Hydroxytryptophan (5-HTP)

5-HTP (8mg/kg i.p.) had no sedative effect in rats but
12 - 64my/kg i.u..sedatad them in a dose dependent manner,
All rats were sedated by 32 and 64 mg/kg of 5- HTP (Table

3.2).

Table 3.2: Sedative effect of S5-hydroxylryplophan (5-HTP) in

rats,
5-HTP No sedated/ Onset of sed. Duration
(ma/ky) No. Used (min) Mean +  Sed. (min)
. SEM Mean + SEM
3 o/s - -
12 2/8 38.2+4.1 57.0+2.8
16 5/8 35,0+1.3 90.0+6.5
37z B/8 30.4+2.9 110.4+19.6
64 R/8 28.0+1.0 127+2.4
Pento = Pentoubarbitone

Sed = Sedation
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3.3 Effect of 5-HTP on Pentobarbitone-induced Sleep

Analysis of variance (ANOVA) showed that between
different doses (8-32mg/kg, i.p.) of B5-HTP, Lhere was no
significant difference in effect on the onset of pentobarbitone
sleep (Tables 3.3 & Appendix 1,) but dose effects on the
duration of sleep differed significantly (P<0.01), Table 3.3

and appendix Tables 1a),.

Table 3.2: Fffect of B-HTP on sleep induced by
pentobarbitone

e —— i —— T ——— T ——————— o —— i —— -

Onset of Ouration of

sleep(min) sleep (min)

Dosesima/kg,i.p No.asleep/ oMeant+ SEM *Mean+ SEM
Pento 5-HTP No. used

e ——— i ——— ———— T ———————————————————— o ———

25 - 7/7 9.9+32.9 80,1°41.9
- 8 © 0/7 - -

- 12 0/7 - =

- 16 /7 - -

- 32 0/7 - -

25 8 7/17 13.1+42.9 103.4'+6.3
25 12 /7 10.0+2.4 114.1%36.2
25 16 7/7 8.1+41.6 115,3%%45.3
25 32 7/7 8.0+1.4 125.6%+6. 1

oMean represent means for which analysis of variance show no
significant difference among the doses, (See F Value in
abpendix tables 1b).

#Moean represent means for which analyses of var iance show
siygnificant (P<0.01) difference among the doses. (See F
value in appendix tables 1a).

Means  with  common  superscripts (in alphabet) are not
significantly (P>0.05) different, means with uncommon
superscript are significantly (P<0.05) different - Dunhcan's
Multiple Panue Test.

Evaluation of the differences by Duncan's Multiple Range
Test showed that the durations of pentobarbitone sleep was not

significantly (P>0.05) different between 8, 12 and 16mg>kg
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5-HTP and between 12,16 and 32mg/kg 5-HTP. These were however
diffared significantly (P<0-05) between 8 and 32my/ky 5-HTP
(Table 3.3 and appendix tables 1l1a). Fig 3.2 shows the
percentage changes in the duration of sleep caused by 8 - 32

ma/kg of 5-HTP,

< Sedative Effect of Quinine

Rats remained awake with low doses (0.05 and 0.1mg/kg,
i.p) of gquinine but were behaviourally sedated by high doses

(5-50mg/kg,i.p.) in a dose - related manner (table 3.4)

Table 2.4: Sedative effect of quinine in rats

NQ aedated/' Onsel of sed, Duration of sed

Quinine
mg/ kg, 1.p No. Used (min) (min)
Mean+SEM
0.05 - 0 - -
0.10 - - ~
5.0 2/17 27.8+4.9 10.0+2.2
15.0 5/7 1Bt Ya 29,3+3.2
25.0 7/7 16.3+0.3 57.6+6.7
50.0 /7 10.2+1.4 78,1+5,2
Sed = sedaltion,

The control EEG is a mixture of theta and delta
activities in the FC, predominant delta rhythm in the OC
challow theta waves in the BSRF and an EMG that is devoid of
promisent cpikes and shows a state of muscle relaxation or
reduced Lonhus, These suggest a - control state Lhat is
Lransitional between slow wave sleep and the tonic phase

ofpar adoxical vr deep sleep.
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Low dose (0.01mg/kg i.p.) of Qquinine appeared Lo have
activated the control EEG as more sleep spindles appeared in
the FC, OC so that their beta and delta activities became
fewer than they were in the control. In the BSRf, the belLa
rhythm became faster as the freguency increased and voltage
amplitude decreased, some grouped spindles also became
super lmposed on the beta activity. The EMG was also slightly
and Lransiently activated by this dose of quinine,even thdugh
its overall activily remained attenuated as in the control,
Clearly then, low dose of quinine produced some activation,in
both of the EEG and EMG that tended to reduce the depth of
Lthe slow wave sleep in which the animal had been but did not
abolish it,(fig.3.38).

In the exper iment with high dose (20mg/kg.i1.p) of quinine
(fig. 3.4), the control rat showed Lo have been 1n the slow
wave sleep stage with a tracing that showed mixed alpha and
shallow theta activities with regular spindling in the FC,
delba rhythm in the OC, beta activity in Lhe BSRF and reduced
Tevel of muscle activity in Lhe EMG. By 15 minute after the
administration of 20mg/kg of quinine, the EEG experienced
some sTowing of frequency and of the wave amplitude in the FC
and 0C, further attenuation of the EMG, By 30 minutes of the
adminisiralion, Lthe depth of the animal's sleep had clearly
increased to paradoxical sleep stage. This can be seen as
hiah theta waves in the FC, high delta waves in the 0OC, and

high voltage isolated and grouped spikes or volleys (described
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by Jouvet (1967) as a principal phenomenon of the phasic phase
of paradoxical sleep often Lo be seen over the pons and visual
cortex of the cat) appear in the BSRF, interspersed by high
theta waves. The EMG show further reduction of activity and

Lonus beyond the Tlevel indicated for the control., (Fig. 3.4).

3.5 Effect of Quinine on Sleep Induced by Pentobarbitone

Analysis of variance showed that the effecls on ‘the
onsets of pentobarbitone-induced sleep were not significantly
different between all doses (0.05 - 50mg/kg) of aquinine.
However , for the same doses of qguinine, the effects on the
durations of pentobarbitone-induced sleep were significantly
(p<n.0t1) different,

Duncan's mu1tjp1e range test (DMRT) revealed that the
differences between treatments were not significant
(p»0.05) between the control 0.05 and 0.1; 0.1, 0.5 and 2.5;
and between 20, 25 and 50mg/ky dose randges of quinine. They
however diffared significantly (P<0.05) in belLween these
ranges of doses, Low doses( 0.05, 0.1mg/kg, 1.p) of quinine
delayed (by 64% and 36% respectively) the the onset and
shortened (by 22% and 20% respectively) The duration of sleep
induced by pentobarbitone even though these delays were not
significant on Lthe DMRT., On tLhe other hand, high doses
(20-50mgq/kg, i.p.) of guinine shortened the onset and
prolonged significantly (P<0.05, DMRT) the duration of

pentobarbitone-induced sleep by > 17% and > 41%) respectively
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(Table 2.5). Fia. 3.5 shows the percentage change in
pentobarbitone sleeping time due to auinine.

In the electrophysiological study of the effect of low duse
of guinine on sleep induced by pentobarbitone, the EEG of the
control  with pentobarbitone (fig 3.6B) show typical
paradoxical sleep characteristics with high amplitude theta
waves, isolated spikes and occasional spindie in the FC, high
amplititude theta waves K complex and occasional sleep sniﬁdTe
in the OC, high amplitude delta rhythm in the BSRF and reduced
level of the EMG. When 0.1mg/kg of quinine and 25mg/kg of
pentobarbitone were interacted, the onset of the pentobarbitone
el fect was delayed so that at 5 minutes (fig. 3.6C) only
drows iness was evident in the FC, OC, and BSRF as they showed
slow alpha rhythms and the EMG, showed more activity than was
recorded  for pentobarbitone alone (fig.3.6B), although not
aquite as activated as the EMG of the control with normal
saline (fig 3.6A). By 15 minutes (fig.3.6D), the slow wave
sleap stacge had emerged with the EEG showing low voltage theta
rhythm in the FC, low voltage theta and delita waves in the 0C,
beta activity in the BSRF and an EMG that 1is activated
relat ive to the control with pentobarbitone (fi19,.3.6B) but
still deactivated with regards Lo the control with norma)l
saline (FTig 3,.6A). On the EEG the effect of high dose (20mg/kg
i.p) ol auinine on pentobarbitone sleep was Lhe slight
synchronization of the control with pentobarbitone alone

(compare figs 3.7C and D with 3.7B) In the FC and RF, this .is
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apparent as the regular occurrence in phase of sleep spindles
in the midst of theta waves. The OC show admixture of theta
and delta waves with minimal spindling. The EMG at 15 and 60
minutes show progressive deactivation of all motor units,

{Figs 2,.7C and D).

Table 3.5: Effect of quinine on sleep induced by
pentobarbitone :
Doses(ma/kqg) No., asieep/ Onset of Duration of sleep
No. Used Sleep(min) {min)

Pentu  Quinine OMean+SEM *Mean+SEM

28 - 7/1 4.7+1.0 93"%+6.6

25 0.05 7/17 7.7+1.5 71,9%+1.3

25 0.10 7/7 6.4+2.3 74,447,585

25 0.5 7/7 5.6+2.3 34.0%+8.7

25 2.5 7/7 3.7+0.3 95.0%%3.3

25 10.0 7/7 4.9+1.1 98.3%+7.9

25 20.0 7/7 3.9+0.3 134,4%47.7

25 25.0 7/7 5.1+40.6 131.6%+8.8

25 50.0 7/7 3,4+0.3 148.6%48.2

oMean represent means for which analysis of variance show no
significant (P<0.3538) difference among the doses, (See
F-value in appendix tables 2b).

AMean represent means for which analysis of varijance show
significant (P<0.0000) difference among the doses (See F-value
in appendix tables 2a).
Means with common superscripts (in  alphabet) are not
significantly (P>0.,05) different, means with uncommon
superscript are significantly (P<0.05) different - Duncan's
Multiple Range Test (Appendix Tables 2a).

2.6 Effect of Quinine and 5-HTP on Sleep Induced by

Pentobar bi Lone
Low douse (0,05myg/kyg, i1.p.) of quinine bolh delayed and

reduced significantly (P<0.05, Dunhcan's Multiple Range Test)

the onsel and the duration of sleep induced by the combination
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(25mg/kg) at 5 and 15 mins, respectively, after pentobarbitone.
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(A) an‘d ('B)i Comrols with norfnal saline and pentobarbitone
respectively. i

(C) and (D): Combination of 20mg/kg of quinine and pentobarbitone
(25mg/kg) at 15mins and 60mins, respectively, after pentobarbitone,
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pentobar bicone-induced sieec.
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in the duration of sleep induced by the combination of 25mg/kg

of quinine, E-HTP and pentobarbitone (Table 3.6, Fig 3.8).

This increase amounted to 23% of the control. A 41% increase

ie indicated for the duration of sleep due to the combination

L=

of 25mg/kg of guinine and pentobarbitone.

Table 2,6: Effect of gquinine and 5-HTP on sleep induced
by pentocbarbitone. -

Doses (mg/kg,i.p) No., Asleep/ Onset of puration of

5-HTP Quinine Pento No Used Sleep(min) Sleep (min)
*Mean+SEM *iMean+

. ———— i ———— e i - — - . — - -~ -

- - 25 T/7 4.7+1.0 93.046.6

0.05 25 7/7 7.7%1.5 71.9%1.3
16 - 25 7/7 3.1740. 1 111,0°43.5
16 0.05 25 7/7 4,0'+0.2 66.6°+4.0
16 2.5 ° 25 7/7 3.7%30.4 108.0'+6.5
16 25 25 7/7 4.3'40.3 136.3%4 .4

. ——— T —— - —— ————— . —

¥Mean and **¥Mean represent means for which analysis of

var iance show siynificant (P<0.0336; P<0.01) differences
amunyg Lhe douses,
Means with common superscripts (in  alphabets) are not
siunificantly (P»>0.05) different, while means with wuncommaon
superscr ipt are significantly (P<0.05) different - Duncan's
MulLiple RFange Test. See Appendix Lables 3a and 3b.

Pento = Pentobarbitone

N.B: The first two vailues on the top of table 3.6 were
broughl forward from table 3.5 anhd were not statistically
assessed with the rest of table 3,6, They provide the control
vaues Lo some of Lhe exper imental values in table 3.6.
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3.7 Effect  of P-Chlorophenylalanine (PCPA). on Quinine-

Induced Potentiation of Pentobarbitone Sleep

PCPA  (3200mg/kg, i.p.) reduced significantly (P<0.05,

Duncan's Multiple Ranye TesL(DMRT) tLhe duration of

pentobarbibtone sleep by 31% and reduced quinine- induced
potentiation of pentobarbitone sleep by 42%. This made the
duration of sleep induced by the combination of PCPA

(200my/kg, i.p.), quinine (25mg/kg,i.p.) and pentobarbitbne'
(2fma/kg,i.p.) to be lower than, although not significantly
(P>0.05) different from that induced by pentobarbitone

(2"'1!1(),"‘-q) 1lune - Table b Wiy (A Fig. 3.9.

Table 3.7: Effect of PCPA on guinine-induced
potentiation of pentobarbitone sleep.

Doses({mg/kg,i.p) Onset of Duration

PCPA Quinine Pento No asleep/ Sleep(min) of slieep(min)
No used oMean+SEM *Mean+SEM

B - 25 7/7 5.040.0 81.4°+3,1

300 - 25 7/7 3.7+40.3 56.3°+3.8

- 25 25 7/7 6.1+2.3 131.6°+9.9

300 25 25 /17 7.442. 1 75.7°43. 1

- —————— s ———— i ———————— T — o ————— T ———— T ————— -

oMean represent means for which analyis of variance show-no
significant difference among the doses,

tMean represent means for which analysis of variance show
siunificant (Pc0.01) difference among the doses.
Means  with  common  superscripts (in  alphabets) are not
siynTicanlly (P:0.05) different, means with uncommon

superscr iph are signiTicantly (P<0.05) different - Duncan's
Mulliple RPanue Tesl, See appendix tables 4a and 4b.

- Pentobarbitone, :

P&Jf|f_u|
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2.8 Fffect of Ketanserin on Pentobarbitone -Sleep and on

57HTP:jnduqed_goteﬂpjapiggﬂg[_gygpgggrbitune sleep

Ketanserin (2.5mg/kg, i.p.) significantly shor tened
(P<0.05, Duncan's Multiple Range Test (DMRT) the onset and
wrolonged the duration of pentobarbitone sleep, It also
hat dened significantly (P<0.05, DMRT) the onset and prolonged
the duration of sleep induced by a combination of 5-HTP
(16mg/ka, i.p) and pentobarbitone (25mg/kg,i.p; Table 3.8) and

Lhereby enhanced 5-HTP- induced potentiation of pentobarbitone

sleep (Ffig.3.10). Ketansaerin caused 41% and 8.43% increases
respectively in the durations of sleep induced by the
combination of Ketanser in  and pentobarbitone and the

comb ination” of ketanserin, 5-HTP and pentobarbitone.

Table 3.8; Effect of keLanser in on pentobarbitone sleep and
on 5-HTP-induced potentiation of pentobarbitone
sleap

Doses(myg/ka.i.p) No.asleep/ Onset of Duration of

E=HTP Pento No.Used Sleep(min) Sleep (min)
kMean+SEM *kMean+SEM

~ - 2 7/7 6.6%+0.4 45,1°42.3

. 16 2 7/1 4.9°%0.3 63.6'+3.1

2.5 - 25 1/7 5.3'%0.5 67.6+0.2

2.5 16 25 7/7 3.3%%0.2 73.3%3.5

T ——— i —— T ————— ———— ——— T ———————————

+Mean ad *%  Mean represent means for which analysis of
var rance show siunificant (P<0.01 differences among the doses
(See appendix tables 5a and 5b for F-vValues).

Means  with common superscripbts (in alphabets) are not
significantly (P>0.05) different, means with uncommon

supersct ipl are sighificantly (P<0.05) different - Duncan's
MullLiple Range Test,
Kel - kebtanser in, 5-HTP = 5-hydroxytryptophan,

Pauntu - pentobarbitone,
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2.9 Effect of Ketanserin and Methysergide onQuinine-induced

PotenLiation of Pentobarbitone Sleep

Fetanser in (2.5mg/kg, i.p) enhanced the potentiation of
pentobarbitone sleep by gquinine, This is seen as significant
(P<D.05, Duncan's Multiple Range Test (DMRT) decrease in the
onsel and increase in the duration of sleep induced by a
combination of quinine (25myg/kg, i.p.) and pentobarbitone.
Methysergide on the other hand antagonised the potentiation of
pentobarbitone sleep by quinine to prolong the onset and
shortan the duration of sleep induced by the combination of
auinine (28mg/kg, i.p.) and pentobarbitone (25mg/kg, i.p.) -
Table 2.9 and fig, 3.11. Wwhen compared with the duration of
sleep in the control i.e, of sleep induced by quinine
{(28%mg/kyg) and pentobarbitone (25mg/kg), ketanserin (2.5mg/kg,
i.p.) caused a 49% increase and methysergide caused a 14%

decrease in the duration of sleep.
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Table 2.9: Effect of ketanserin and methysergide on
quinine-induced potentiation ofpentobarbitone
sleep

Onset of Duration of

Doses(mg/kg,i.p.) No,asTeep Sleep(min) Sleep(min)

Fel, MelLlh , Quinine Pentu No Used *Mean+SEM kkMean+SEM:

- - - 25 7/17 6.61+0.4 45.1%2.3
- 25 25 /7 5.0°%0.3 69.6'%3.0
2.5 - 25 25 7/17 3.4°%0.2 104.0%43.4

- 8 25 25 7/7 6.0'+0.0 60.0°+2.2

——— i ——————— T —— T — — i — T ———— — - —— -

*Mean and **Mean represent, means for which analysis of variance

show significant (P<0.01) difference among the

doses (See appendix tables 6a and 6b for F-values),

Means with common superscripts (in alphabets) are not
significantly (P>0,086) different, means with uncommon

superscr ipt are significantly (P<0.05) different -

Duncan's Multiple Range Test.

ket, represent ketanserin, Meth. - represent methysergide

Pentu, represent pentobarbitone.



1o | ‘i
100 b 1
% -
m -
- % '
£ nt
?.E: | ;
o)
& o {
2 I
ok
w s
m -
108
0 —
PN(25) QN(25) KET(25) METH(8)
*« PN(25) *QN 25 +QN(25)
+« PN(25) + PN(25)
DOSES( mgkg-')
1.11:

Effect of ketanserin and methyseryide on auinine-induced
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CHAPTER 4

DISCUSSION

The data presented in Lhis thesis indicate Lthe result of
Lhe var ious interactions of guinine and serotoninergic agents
aqainst a background of pentobarbitone-induced sleep. The
sedat ive-hypnotic effect of pentobarbitone 1s dependent on
dose. While low doses (5-10mg/kg, i.p.) sedated, higher doses
(15~ 20mg/kg, i.p.) hypnotised rats in a dose-dependent
manner . This observation is supported by the report of Harvey
(1325) that the stages (or depths) of sleep are altered in a
dose-dapendent manner by hypnotic doses of barbiturates.
Since evidence exist for GABA mediated synapses in the
modulation of the Qxcitabi1ity levels of excitatory neurons
(Johnson & Willow 1982) and for barbiturate sites on the GABA
receptor (Mohler, 1982), The hypnotic effect of barbiturates
is probably the result of GABA-mediated inhibition of wakeful
mechanisms  in the reticular formalion. As reported by Harvey
(192%), inhibition by barbiturates occur usually at synapses
Lhat are inhibited physiologically by GABA and is evidence of
the enhancement of GABA binding by barbiturates (Johnston and
Willow, 1822), Also as possible evidence of the inhibitory
role of barbiturates in sleeap, thir major action is thought
Lo be that of inhibiting the release of excitatory

Lransmitblers (Johnston and Willow, 1882). In all of the
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electrophysiolougical study in which pentobarbitone served as
control, the FEG and EMG indicated slow wave sleep stage.
This implies that as earlier reported by Iversen and Iversen
(1981), =leep induced by pentobarbitone approximates to Lhe
natural slow wave sleep stage, According to Ganong (1979) the
Lrain level of GABA is usually high when the
'e1ectruenceuhu1uqram show signs of slow wave slieep, This
confirms Wang et.,al (1976)'s submission about a GABA mediated
inhibition of the DRN's serotoninergic neurons by the PRF's
cholinergic neuron, knowing fully well that serotonin is the
transmitter in SWS, As such penlobarbitone may have acted on
Lthe GABA neurcon to enhance it to facilitate decreasing
serotoninergic transmission to induce sleep.

In rats a se@ative eflfect which is dose dependent 18
demonstrated for 5-HTP (8-64mg/kg, i.p.). This is supported
by similar finding by Wambebe (1985) in mice and is
indicaLive of a central somnogenic role for 5-HT in the
central nervous system. The effect is however more pronounced
in chicks under a week old in which 5- HTP (10-40mg/kg, i.m.)
dose-dependently caused sleep (Bodhankar, 1984), The reason
for such differences in effect may be due Lo specie variation
and a ready penebration of the drug into Lhe young avian brain
in which blood brain barrier is not fully developed before 28
days of age (Waelsch 1955), After being administered
systematically, 5-HTP readily penetrates into the brain where

L is converted Lo 5-HT (Iversen and Iversen, 1981), the
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aclive metabolile of 5-HTP is Laken up the presynaptically
mosLly al A-HTergic nerve endings where it is decarboxylated
into B=HT and released as such by the nerve impulse. As has
bean repor tad, (Cerrito and Raiteri, 1979; Langer and Moret
1992), 5-HTP taken up in this way reduces Lhe amount of 5~-HT
Lhat can be released by passaye of nerve impulse or that can
be k' evoked through a negative feedback that augments
autoreceptor sensitivity. The sedative effect observed of 5-HTP
may therefore be the resull of the inhibitory effect
culminating from the activation of the autoreceptor by 5=HTP
itself (Gothert, 1987). It may also not only explain for
the role of 6-HT and in sleep, but probably also for
E-HTP=-induced potentiation of pentobarbitone sleep in rats
(Table 3) and mice (Wambebe, 1885). Hobson (1883) also
stressed Lhe need for lTow level of 5= HT during SwS. A
central action is indicated for quinine by its excitatory and
inhibitory effects when acting alone and when acting in
combination with other drug(s). At low doses, <0.1mg/kg) its
actions are excitatory, tending to increase alertness, AL
biah doses(5-50mg/kg) its actions are inhibitory to alertness,
This is apprecialed behaviouraly as a sedabive effect that
increased with dose between 5 and 50 mg/kg of quinine (Table
3.4)., At Tow doses, quinine showed an excitatory effect that
secem Lo be responsible for reducing. the duration of sleep due
to pentobarbitone acting alone or the combination of §-HTP and

pentobarbitone, (Tables 3.5 & 3.6). by what appears to be an
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antavonist jc action to the sedalive-hypnotic effects of these
drugs.

On the other hand, high doses of quinine, by prolonging
Lthe durabtion of sleep of the same drugs in in comparison with
their control values, enhance the sedalive-hypnotic effecf of
the druas, When aclting eiLlher alone or in combination with
pentobarbitone, low dose (0.1mg/kg) of quinine produced a
desynchronization and aclivation of the EEG and EMG,
respective controls, (Figs, 3,3 & 3.6). On the other hand, high
dose (20mg/ky) synchronized and deactivated the EEG and EMG
respectively (Figs, 3.4. & 3.7), and by this effect of
increasing Lthe depth of sleep potentiated the hypnotic effect
of pentubarbitone. TJo explain for Lhe excitatory effect of
Tow dose of quinine, it may be that as explained for some
central nervous system depressants, the inhibitory neurons are
readily suppressed, leaving excitatory ones unsuppressed
(Bloom 1985), As has been said of the peripheral effect of
aquinine (Bowman and Rand 1980) and GABA's mediation of some
CNS depressant's effect (MOhler 1982), Lhe central inhibitory
and pentobarbitone sleep potentiation effect of high dose
(20my/kq) of guinine may be the resull of a hyperpolarising or
stabilizing action on the nerve membrane. Also, the
character islic prostrate posture of aquinine-induced sedation
is guite unlike the squat posture of 5-HTP-induced sedation
and may be the effect of the enap1ate or muscle paralysing

action (Rowman and Rand, 1980) by high dose of quinine,
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resulting in the animal's inability to support its weight
clearly of f the ground., The central excitatory and inhibitory
actions of low and high dose of guinine are maintained still
in  the effect of aquinine on pentobarbitone induced sleep.
Hiagh doses (20-50myg/kg, i.p.) of quinine potentiated
pentobarbitone induced sleep by increasing the duration of
sleep induced by pentobarbitone while lTow doses of quinine,
(0.05%, 0.1mg/kyg, i.p) by antagonising the sleep effect of
pentoebarbitone reduced the duration of pentobarbitone sleep
(Table 3,5). Similar findings were reported in mice by
Amabeoku (1982), These and the EEG and EMG evidences of the
central excitatory and inhibitory effects of low and high
doses of quinine all point to a sleep related role for guinine
in central nervous system pharmacology.

while data of previous experiments on Lhe sedative

effects of guinine may not be available, there are reports

about the nerve membrane and nerve terminal stabilising,
central  analgesic (Bowman and Rand, 1980) and local
anaesthetic (Webster <«Jr. 1985) effects of quinine, As

sugaested Tor the excitatory effect of Lhe low doses of some
CNS  depressants(Bloom 1985), it appears that for its
excilatory effect, low dose of auinine may justL have been
suf fic ent to stimulate only more excitable excitatory neuron
but may not have been adequate, to stimulate the less
excitable inhibitory neurons. On the other hand the effect

by high dose of auinine appear Lo result from the central



80

inhibition, probably via hyperpolarization. of neuronal
membr ane, of general or specific synaptic transmission and
Lthe mechanisms for the state of consciousness in  the animal.
Furthermore, the exhibition of oppousing effects by low and
high doses of agquinine in the same animal may suggest the
occurrence of at least two or different types of receptors,
each probably having different stimulus thresholds for these
extreme doses of quinine, On the other hand, the same
receptor types may be initially stimulated by both extreme
doses of quinine but while one type remain stimulated the
other Lype may experience a reversal potential and become
predominantly inhibited so much so that this masks the
initial, brief and transient period of excitation. This would
appear louical in view of the brief period of EMG activation
(Fig.3.7C) that was soon afterward dominated by depression
(Fig.2.7D) when high dose (20mg/kg, i.p) of auinine was
administered against a background of pentobarbitone-induced
cleep (Fig.3.78). This is confirmed by the report (wWebster
Jr., 1985) that for its local anaesthetic action, dquinine
briefly stimulates sensory nerves before paralysing them,
According Lo Wambebe and Osuide (1983), endougenous dopamine
may bLe  involved in the waking process from sleep ih chicks and
rats, IL is also possible that dopamine underlies Lhe
excitatory effect of aquinine, in which case Amabeoku (1989)
may be right Lo have suygested that the dopamine receptor DE

throuch which qguinine expressed its central ef fect was
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activated by low dose but inhibited by high dose of quinine.

As oppused to 1Ls effects oun Lhe wakeful mechanisms,
discussed by Amabeoku (1983), the present findings indicate
that quinine obviously has a far reaching effecl on the sleep
process and on the serotoninergic mechanism of sleep. The
maintenance of a consistent pattern of effect by high and low
duses of quinine when interacted with 5-HTP against a
backuyr vund of  pentobarbitone-induced slieep (Table 3.6)
buttr esses this observation and suggests Lhe existence of
quinine sensitive 5-HT neurons or receptors in the CNS. The
possibiliLies are that either the same type of 5-HT receptor
is activated and inhibited respectively by low and high doses
of ouinine or that these Jifferent doses activate different
E~HT receptor Lypes to give their characteristic responses,
Athough not significant in  comparison with other doses, by
Lhe atalysis of variance (c.f.Tables 3.5 and 3.6; Appendix
Tables 2b and 3b)., Low dose (0.05mg/kyg) of quinine caused less
dJelay in the onset of sleep resulling from its combination
with 5-HTP and pentobarbitoune than it did with its combination
with pentobarbitone alone (i.e, 29% delay in the sleep onset
For the combination of guinine + 5-HTP+ pentobarbitone and 64%
delay Tor Lhal of the combination of guinine+pentobarbitone).
This tmplies that the oppusing effect of low duse of quinine
I =light on the serotoninergic sleep mechanism so much so
Lhat «leen  onseb is much less delayed and more rapid for the

Faar et than Tor the latter combinalion, Also, Tow dose of
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neurobransmission and a depletionh of the sleep effect of 5-HT
by low douse of gquinine,

(i) a facilitation poustsynaptically, of Lhe excitatory
effect of 5-HT at 5-HT, receptor. On the other hand high dose
of auinine (25my/kq, i.p) mncreased the durations of sleep
due Lo the combination of quinine (25myg/kg), 5-HTP (16mg/kg)
and pentobarbitone  (25mg/ky) and that due to the combination
of auinine (25mg/kag) and pentobarbitone (25mg/kg). Thése
shows that high dose of guinine had a sleep potentiating
effect thal was slightly more with the first than with the
second combination.

Py this effecl the hyperpolarising and inhibitory effect
of high dose of quinine seem to enhance the inhibitory
serotoninergic influence that is needed for sleep (Hobson
12922) as provided in Lhis case by Lthe agonist 5-HTP. AL this
dose, guinine may have produced its effect either by
potentialina  "GABA-)inked pentobarbitone mechanism” for
increasing C1 influx to hyperpolarize all neurons (Olsen 1981,
Harvey 1985)  or by specific interaction with the
seroLuninergic sleep mechan ism, By whatever mechanism it
might be, that the puotentiation of 5-HT1, or auto-receptlor
wlffect 1s necessary Tor sleep 1s suggested by the evidence of

noreased slow wave sleep in humans treated with the 5- HT,
receptor antagunist, ritanserin (Dudovic and Wauquier 1987).
The ability of p-Chlorophenylalanine (PCPA) to reduce

sianificantly Lhe duralion of pentobarbitone- induced sleep,
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but not abolish it (Table 3.7), suggest that 5-HT-ergic
mechan ism partly underlie the expression of pentobarbitone
sleep but is not the only or major contributory process. This
is supported by Lthe evidence Lhat barbitlurates generally
depress the excitability of neurons and may act mainly to
inhibit  the release of excitatory transmitters (Johnston and
Willow, 1982), This implies that the low level of inhibitory
monoaminergic neurotransmission that 1s necessary for sleep
(Hobson 1923) will be unhindered but rather facilitated. It
may also explain for why the abolition of serotonin synthesis
and serotoninergic transmission by PCPA could drastically
have reduced the full expression of pentobarbitone sleep and
caused a decrease in the duration of‘51eep. However not all
uof  the pentobarbitone effect is expressed via the 5-HTeargic
mechanism since the whole of sleep induced by pentobarbitone
is nol abolished by PCPA, Even then, the involvement of
E-HTergic mechanism in the expression of pentobarbitone-sleep
may have been recruited via GABAergic connhection. This is
based on evidences already established that (i) pentobarbitone
act only at pre-and post synaplLic sites where GABA is
vhysiologically the inhibitory transmitter and never at those
synapses Lhal are monoaminergic or glycinergic (Harvey, 1985).
(i) barbiturates enhance GABA binding and have their
receplors Tocated on the GABA receptor unit or supramolecular
comples (Johnston and Willow, 1982). However, since PCPA also

abolishes guinine- induced potentiation of pentobarbitone
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lewp, (Tabla 2.7), it sugygests for quinine a- process that
dJireclly or indirectly is solely dependent on or effected
iy oudgh Lhe 5=-HT-ergic slieep mechanism in the potentiation of
penLobarbitone sleep.,

T Table 2.3, ketanserin (2.5ma/kyg, i.p.) enhanced
F-HTP- induced pultentiation of pentobarbitone sleep because of
iLs blocking action at 5-HT, receptors., This wproves that 5-HT,
receptors or autoreceptors are  involved in the sleep effect of
serotonin, Since auLtoreceptors function in Lhe regulated
teleqee of Lransmitters like 5-HT, noradrenalin and dopamine
{Lanaer eb,al, 1987) and since reduced level of mono aminergic
e.y. =erobtoneraic  activity is said to favour sleep (Hobson
and McCarlav, 1975, Hobson, 1983), the potentiation of
pentobuebitone sleep by ketanserin not only confirms the
crepression of pentobarbitone effect via 5-HT-ergic mechanism
bul suggests iLs specific expression by 5-HT, or auto receptor
aclivation, This conforms with the inhibitory role descr ibed
for =-HT. upen activation (Gothert, 1987). Bes ides, S—HTE
tecwubor blockade by ketanserin will serve for emphasis of the
slecn  inducing effect that is the result of 5-HT, receptor
q Livalion, Further evidence is provided for the possibility
"hat acbivalion of 5-HT, receptor may produce sleep while

Pivation of Lhe 5-HT; receptor may lead Lo wakefulness by
{Dugovic and Wauquier, 1887) who ~reported that slow wave
s Teay increased in humans after increased in humans after

they ware administered the 5- HT2 receptor antagonist
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Uvns=seduenices,

Suagestion for further Investigation

For c¢larification on the central expression of
guinine-effect, it may be necessary to investigate further on
(1) tLthe interactions of gquinine with more serotoninergic and
GABAergic (e.g bicuculline, picrotoxin) agents. (ii1) quinine
sensitlive sites on GABAergic, serotoninergic and other cent}al
neurons, (1i1) noradrenergic and cholinergic mechanisms in
the display of Lhe excitatory and inhibitory effects by law
and hiah doses of quinine,

The resulls suggesl that activation of 5-HT, receptor may
partiy be responsible for the observed effects of high dose of
auinine, On the other hand, the observed effect of low dose
o auinine could either have resulted from the nonactivation

of the 5-HT, receptor and the activation of 5-HT, receptor.
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CHAPTER 5§

 SUMMARY AND CONCLUSION

On Lhe central nervous sysbem, low dose of guinine (<
0.1ma/ky i.0) is excitatory, partly antagonising
pentobarbitone - induced sleep and 5-HTP-induced potentiation
of pentobarbitone sleep. High dose (> 20mg/kg i.p) of quiﬁine
is inhibitory, potentiating pentobarbitone sleep and enhancing
E-HTP-induced potentiation of pentobarbitone sleep.

The sedative effect of 5-HTP is expressed centrally via
5-HT. receptor activation. Endogenous serotoninergic
mechanisms =are partly and indirectly involved in tLhe
expression of pentobarbitone sleep, and may have been enhanced
Ly Lhe 5-HT, receptor antagunist action of ketanserin, This
Ltends Lo enhance 5-HTP- induced activation of 5-HT, receptors
in the mediation of pentobarbitone sleep and in 5-HTP- and
quinine= induced potentiation of pentobarbitone sleep. The
involvement of 5-HT-ergic mechanism with pentobarbitone sleep
s furbther shown by the decrease in sleep onset and increase
' Lthe duration of sleep seen with the combination of
betanser in and  pentobarbitone. Although 5-HTP potentiated
pentobarbitone steep, the direct action of pentobarbitone at
E-HT-wruic nerve endinhg is doubtful. This is because of the
foliowing reasons: (i) In Lhis study PCPA did not abolish

sleep induced by pentobarbitone;
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(ii) the evidences that pentobarbitone: inhibits at
synapses where GABA (nhot glycine or serotonin) is the
physiologic inhibitor (Har vey, 1985), to enhance GABA
Lransmission {(Johnston and Willow 1882);

Chitd GABA=rgic neurons probably mediate Lhe antagonism
of the DRN's 5-HTergic neurons by the PRF's cholinergic
neurons  (Wang et al, 1378). These all point to a
GARA-madiated potentiation of 5-HTergic sleep mechanism-by
pentobarbitone,

Melhyserygide, a known antagonist at both 5-HT,-and 5-HT,
receptors caused a significant decrease in the duration of
slesp induced by Lthe combination of high dose of quinine and
pentobarbitone, essentially by its 5-HT, receptor agonist
effecl, The effect may only have been limited by a second,
opposing, antagonist effect of methysergide at the same 5-HT,
teceptor, This makes tLhe duration of sieep induced by the
combiination of methysergide, quinine and pentobarbitone, to be

Tess than that induced by quinine and pentobarbitone,
The wffect of ketanserin and methysergide on 5- HTP and
guinine=induced potentiation of pentobarbitone sleep have so
Far suyyested the activation of the inhibiltory 5-HT, receptor
mechanism  in sleep; and the central mediation of the
nhibitory affect of high dose of quinine, via tLhe same
mechanism, in ensuring the contrulled 1level of 5-HTergic
Lransmission that is  required for sleep. In addition to this

avparently speciflic mechanism of action, high dose of quinine
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may owe part of its sedative effect to mechanism(s) that are
ol specific Lo particular neuronal structure or mechanism.

For iLls excitatory effect, Lwo mechanisms appear possible
for uuinine at, low dose.

(i) one in which 5-HT, auto receptors are either inhibited
or not  activated and 5-HTergic tLransmission consequently
unhindered or increased to the level required either for
aclivity or Lo reduce Lhe pentobarbitone sleep effect.

(ii) another in which excitatory postsynaptic 5- HT,
receplors are more readily activated, than the autoreceptors so
that it slightly antagonised 5-HTP- induced potentiation of
pentobarbitone sleep and caused a 29% delay in the onset of
slecp.  This latter mechanism may be similar Lo the manner in
which antidepressant operate Both mechanisms suggest that low
duses of guinine have the effect of increasing serotonergic
transmission above that required for sleep and rather toward
the level reqguired for wakefulness, On the other hand, high
dose of qguinine, seem to produce sedative effect either by
lacilitation of GABA mediated synapses on 5-HT neurons or by
depression of the excitability of the excitatory or general
neuronal  membrane and terminal, The finding of this study is
Lhall Lhe cedative effect of qgquinine and its influence on
pentobarbitone sleep are served by central mechanisms that
migyhl involve GABAergic and serotuninergic mediation. This
Fimding is similar to those of Wambebe (1985) suggesting

central sertoninargic mediation in the expression of
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nibrarepam sleep, Also from the findings of: the present
study,it appears that activation of central 5-HT, receptor is

respons ble for the sedative effeclts of 5-HTP and quinine in

rats.
APPLICATION OF FINDING(S) OF THE STUDY
TL has beceme clear from this study that apart from its
old time usage, qguinine has an apparent role in .tha

putentiation of central senotoninergic mechanisms in  sleep.
Tts use may therefore be contraindicated in patients that are
Already on barbiturate medication in whom it may have lethal

consequeances .,

SUGGESTION FOR FURTHER INVESTIGATION
For clarification about the central expression of
udinine-effect, it may be necessary to investigale further on
(1) the interactions of quinine with more serotoninergic and

gabaeraic (&,9, bicuculline, picrotoxin) agents

Cii) quinine sensitive sites on GABAergic
seroloninerygic and other central neurons,
Civi) noradrenerygic and cholinergic mechanisms in the

JdiepTay of Lhe excitatory and inhibitory effects by low and

hiah doses of quinipe.
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APPENDIX

Statistical analysis was done onh the computer PC Zenith AT

us ing statistical package MSTAT (4th edition).

Tests employed were one way analysis of variance (Snedecor and

Cuchtan, 1976) and Duncan’'s multiple range test (Duncan, 195%),.

Standard error of mean (S.E.M:) was calculated using scientific
alculaLtor, Casio Fx-82L

S.E.M, = Standard deviation = S.D.
V(No, of Cases) in
APPENDIX TABLES 1: Effect of 5-HTP on pentobarbitone-induced
Sleap.,

ia. Duration

E-HTP (ma/ky) Number Sum Average S.E.M,
1 Control 7.00 561.000 80.143 1.88
2 A 7.00 724,000 103,429 6.29
3 12 71.00 799.000 114,143 6.19
4 16 7.00 807.000 115.286 5.28
s 32 7.00 879,000 125.571 6,07

Tolal 35.00 3770.000 107.714 7.81

Within 5.40

Analysis

Degrees of Sum of Mean

freedom Squares square F-value Prob
Paobwaan 4 8372.571 2093.143 10.246 0.0000
WitLthin 20 6128.571 204.286
Total 24 14501.143
Coefficient of variation = 13.27%
ODunican’'s multiple range test

™~

LD value =

15.60
- A.,402 al significance level (alpha) = 0.050

Original Order Ranked order
Maan 1 = 80,14 C Mean 5 = -125.6 a
Mean 2 = 103.4 b Mean 4 = 115.,3 ab
Maan 3 = 1141 ab Mean 3 = 114.1 ab
Mean 4 = 115,23 ab Mean 2 = 103.4 b
Muan & = 125,68 a Mean 1 = 80.14 ¢ -

e e Lk T T T T ——————



11 Onset

5=-HTP

(img/kqg) Number Sum Average S.E.M.
1 Control 7.00 69.000 9,857 2.89
2 8 7.00 92,000 13.143 2.91
3 12 7.00 70.000 10.000 2.35
4 16 7.00 57.000 8.143 1,63
5 32 7.00 56.000 8.000 1.45
Total 35,00 344,000 95.829 2.30
WiLthin 2,33

Analysis of variance table

i —— e S  ———————— —— —— ———— .~ ——— —— - ——

Deqrees Sum of Mean
of Squares square F-Value Prob.
Freedom
Retween 4 120,400 30.100 0.793
Within 30 1138.571 37.952
Tptd] ) ?4 1258.9?1-

Coeflficient of variation = 62.68%
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APPENDTIX TARBLES 2: Effect of quinine on
induced sleep
puration
Quininea
(mg/kyg)  Number Sum Average SEM
ConbLrol 7.00 651,000 93.000 6,64
0.5 7.00 503.000 71.857 1.33
a,1t 7.00 521,000 74.429 78
0.05 7.00 658.000 84.000 8.7
2.5 7.00 665,000 85.000 3.3
10 7.00 688,000 88.286 7.9
20 7.00 841,000 134.429 T T
25 7.00 921.000 131.571 8.8
50 7.00 104G.000 148,571 8.2
1 63,00 6588.000 104.571 11.8
in 7.08
Analysis of variance table
Degrees  Sum of Mean
of- Squares Sguare F-value Prob.
Freedom
een 8 41384 ,.286 5173.036 14,686 0.000
in 54 19021.143 352.243
1 62 60405.429
Coefficient of variation = 17.,95%
Duncan's multiple range test
alue = 20.11
7.094 at significance level (alpha)=0.050
Or iginal order Ranked order
1 = 93.00 bcd Mean 9 = 148.6 a
2 = 71.86 d Mean 7 = 134.4 a
3 = 74,43 cd Mean 8 = 131.6 a
4 -2 394,00 bc Mean 6 = 98.29 b
5 = 95,00 bc Mean 5 = 95.00 bc
6 = 98,29 b Mean 4 = 354,00 bc
7 = 134.,4 a Mean 1 = 93.00 bcd
8 = 131.6¢ a Mean 3 = 74.43 cd
a - 148 .6 a Mean 2 = 71,86 d

Mn‘ 4f)

—— i ———— ——— . — . — N — T — "~ ————— —

pentobarbitone
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e W r et b ke W v AR e e M ey e Ak e et S A A A T A T W e i e e R e e el oy et M W e

Quinine
{(mg/kg) Number Sum Average S.E.M.

1 Control 7.00 33.000 4.714 0.95
2 0.08 7.00 54.000 7.714 1,49
3. 0.1 7.00 45.000 6.429 2.28
4, .05 7.00 39.000 5.571 2.25
5, 2.5 7.00 26.000 3.714 0.29
6. 10.0 7.00 34.000 4,857 1.05
7. 20.0 7.00 27.0Q00 3.857 0.26
g, 25.0 7.00 36.000 5.143 0.63
9. 50.0 7.00 24.000 3.429 0.30
Total 63.00 318.000 5.048 1.31

Within 1.30

Analysis of variance table

Degrees Sum of Mean

of Saquares square F-value Prob,
Freedom
Between 8 106.857 13.357 1.138 0.3538
Within 54 " 634,000 11,741
Tota)l 62 740.857

Coefficient of variation = 67.88%
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APPENDIX TABLES 3: Effect of quinine and 5+HTP on
induced by pentobarbitone

2a. Qural.ion

Quinine

(my/ky) Number Sum Aver age SEM
1 Control  7.00 777.000 111.000 3.53
2 0.05 7.00 466.000 66.571 3.99
3 2.5 7.00 760.000 108,571 6.49
4 25 7.00 954.000 138.286 4,35
Total 28,00 29857.000 105.607 10.61

4.75

Analysis of variance table

Degrees Sum of Mean

of Squares Square F-Value Prob.

Between 3 17519.82 5839.940 37.307 0.0000
Within 24 3756.857 156.536

- —— - - ——

Total 27 21276.679
Cuefficient of variation = 11.85%
Duncan's multiple range test

LSD value = 13.80
5, - 4.729 at significance level (alpha) = 0.050

Original Order Ranked Order
Mean 1 - 111.0 b Mean 4 = 136.3 a
Mean 2 = 66.57 C Mean 1 = 1110 b
Mean 2 = 108,0 b Mean 3 = 108.0 b
Moan 4 = 36,3 a Mean 2 = 66.57 o1

sleep
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“h, (v ¥
uainine
(mgy/ ko) Number Sum Average S.E.M.
1. Control 7 .00 22.000 Z.143 0.14
Ze U,05 7 .00 28.000 4,000 © R
e oD 7 .00 26.000 SeT1% 0.36
a, 225 7 .00 Z0.000 4 _.28B6 Q.Z?
Tontal 28.00 106 .000 T 3.786 0.30
within 0.27
Amalvers nf variance table
n"'lr} e D'f Ql.lm Gf "Ean
freodom sguares sgquare F-value Prob.
Tetwesn R 5.000 1.6467 Z.415 0.0336
Wy ihgn 24 11.714 9.488
T-“?‘;‘x] 2>7 16-714
Coeffirient of variation = 18.45%
Mmecan’'s multiple range test
LN value = 0O, 7707
S = 0, 744D 3t significance level (alpbha) = 0.050
Cri1ginal order Ranked order
Mo an 1 = F.143 b Mean 4 = 4,286 a
Moan o= 4,000 a Mean 2 = 4,000 a
M= an T = 3,714 ah Mean 3I = 3.714 ab
M an 4 = A, DPRA a Mean 1 = 2,143 b
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APPENDIX TABLES 4: Effect of p-Chloro-phenylalanine (PCPA) on
quinine-induced sleep.

da. Duration

e e e e

e e ————— i —— o —————————————————————

1 NS.+PN 7.00 570.000 81.429 311
2. PCPA+PN 7.00 294,000 56,286 3.8

3. HNS.,+QN+PN 7,00 921.000 131.571 9.88
4 PCFA+QN+PN 7.00 530.000 75.714 3.1

i —— i ———————————— e T o i i i . o

Total 28.00 2415,000 86.250 11.98

Analyis of variance table

o —— i ———————— T ——— ————— — —— T —————

Degrees Sum of Mean
of Squares square F-value Prob,
Freaedom
Raetween 3 21602,.964 7200.988 31.250 0.0000
WiLthin 24 5530, 286 230.429

L S ——————

ctal 27 27133.250
Coafficient of variation = 17.60%

Duncan’'s multiple range test
LSD value = 16.75

S, = 5.7370 at significance level (alpha) 0 0.050
Original order Ranked Order
Mean 1 = 81.43 b Mean 3 = 131.6 a
Medr 2 — 58,29 c Mean 1 - B81.43 b
Mean 23 = 131.6 a Mean 4 = 75.71 b
Mearan 4 = 5.71 B Mean 2 = 56.29 <c¢
ON, - Quinine, NS = Normal saline, PN = pentobarbitone.

PCPA p-Chlourophenylalinine



4ab. Onset,
Druugs Number Sum Average SEM

1. NE,.+FN 7.00 35.000 5.000 0.00
2. PCPA+PN 7.00 26,000 3.714 0.29
3, NS,+QN+PN 7.00 5K7.,000 8.143 2.29
4. PCPA+ON+PN 7.00 52,000 7.429 2.10
Total 28,00 170,000 6,071 1.63
WiLthin 1.56

Analysis of variance table

e e e —— i ————————————————————— . 1 .

of Sum of Mean i
Freedom Sguares  sguare F-value Prob

Retween 3 89.857 29.952 1.753 0.1830
Within 24 410,000 17,083
Total 27 499.857

Cuefficient of variation = 68.08%

NS = Normal saline, PN = Pentobarbitone
aM = Quinine PCPA = p-Chlorophenylalanine
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APPINNTX TARLES 5: Effect of ketanserin on ‘pentobarbitone
sleep and on 5-HTP~ induced potentiation of
pentobarbitone sleep.

Ra. Durat ion

- — T ——————————————— ——

1. NS,.+NS.+PN 7.00 316.000 45.143 2.3

2. NS, +5-HTP+PN 7.00 445,000 63.571 3.13
3. Kel,¥NS, 4PN 7.00 473,000 67.571 0.20
4, bebt +5-HTP+PN 7.00 513.000 73.286 3.51
Total 28.00 1747.000 62.393 4.75%
WiLthiin 2.24

Analvsis of variance table
Degrees
ol Sum of Mean
Freedom squares Square F-value Prob.
Belwean 2 2110.9864 1036.988 21.572 0.0000
Within 24 ° 1153.714 48.071

S — o — o .t o T

-

rutal 27 4264 ,679
Coafficient of variation = 11,11%

Duncan's multiple range test
L30 value = 7.649

5. = 2,621 at significance level (alpha) = 0.050

Criginal order Ranked order
Maan 1 = 45.14 ¢ Mean 4 = 73.29 a
Meany 2 = 63,57 b Maan 3 = 67.57 ab
Mwan 3 = B67.57 ab Mean 2 = 63.57 b
Mears 4 = 73.29 a Mean 1 = 45,14 G
NS - MNormal saline, PN = Pentcbarbitone,

ToHTP o S-hiydroxytryplophan, Ket. = Ketanserin



e ——— i — . S T S, T

—— i ————— i ——— - T — T — o —

1. NS,+NS.+PN 7.00 46.000 6.571 0.37
2 NS.+5-HTP+PN 7,00 34,000 4.857 0.34
3. KeL+NS,+PN 7.00 23.000 5.286 0.52
4. Kal,+5~HTP+PN 7.00 23.000 3.286 0.19

o —— T —— i —— ——

i —— T — T — S  —————

Degrees
uf Sum of Mean
Freedom Sauares square F-Value Prob.

o —— o — T — g i o o,

Relween 3 38.571 12.857 13.171 0.0000
Within 24 23.429 0.976
Total 27 62.000

Cuoefficient of. variation = 19.76%

Duncan's multiple range test
LSD value = 7,649
5, - 0.37234 at significance level (alpha) =0,050

Original order Ranked order
Maan 1 = 6,571 a Mean 1 = 6.571 a
Mean 2 = 4,857 ¥ Mean 3 = 5.286 b
Mean 2 = 5,288 b Mean 2 = 4.857 b
Mean 4 = 3,288 o Mean 4 = 3.286 ¢
NS, - Normal saline, PN = Pentobarbitone
Fet = Kebtanserin, 5-HTP = 5-hydroxytryptophan
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APPENNTX TARLFES 6: Effect of ketanserin and Methysergide on
quinine-induced potentiation of
pentobarbitone sleep.

RaA. Durat ion
Drugs Number Sum Average SEM
1. NS.,+NS,+PN 7.00 3186.000 45,143 2:3
2. NT.+QN+PN 7.00 487,000 69.571 3.02
3. Kel,+QN+PN 7.00 728,000 104,000 3.40
4, MoelLh,+CN4PN  T7.00 420.000 60.000 2:18
Tulal 28,00 1951,000 69.679 8.73
2577
Analvsis of variance table

JBQr ees
ofl Sum of Mean
Freedom Squares Square F-value Prob,.
felween 3 13115.536 4371.845 81.553 0.0000
Within 2 " 1286.571 53,607

Total 27 14402.107

Coefficient of variation = 10.51%

Duncan's muitiple range test
LSD value = 8,077

S, - 2.767 at significance level (alpha)=0.050.
Original order Ranked order

Mean 1 = 45,14 d Mean 3 = 104.0 a

Mo 2 = 69,57 b Mean 2 = 69.57 b

Me 41 3 = 104.0 a Mean 4 = 60.00 C

Mesat) 4 = 60.00 ¢ Mean 1 = 45,14 d

NS, = Normal saline, PN Pentobarbitone

"N

bol = Felanserin, Meth Methysergide



e — e —— s —— ] — = o S .

s ————— e

Al Ornisel

Druas Number
1. NS.+NS5.+PN 7.00
2. NS.+ON+PN 7.00
3. Kel,+QN+PN 7.00
4, Meth, +QN+PN 7.00
Total 28.00

—— i ——— —— T —— T — T — — T —— — - ——

o —— o — i — o . e o o i o o o i e e i e e o

13.274 27.875 0.0000 -

e ——— s e e —— i e e T T — i S e S T e S . . i S st i

Degrees

of
freadom
PFolween 3 39.821
Within 24 11.429
Total 27 51,250

Sum of Mean
Squares Square F-value FProb.

0.476

Coefficient of variation =

13.14%

Duncan's multiple range test

LSD value = G,7611

5, = 0.2608 at significance level (alpha) = 0.050
Original Order Ranked Order
Mean 1 = 6.571 a Mean 1 = 6.571 a
Mean 2 = 5,000 b Mean 4 = 6.000 a
Mean 3 = 3.429% C Mean 2 5.000 b
Mean 4 = 6,000 a Mean 3 = 3.429 c
NS. = Normal saline, PN = pentobarbitone
kel, = ketanserin, Meth. = Methysergide



