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SUMMARY.,

This thesis describes experiments designed to investigate the
actions of psychotherapeutic substances on the release of S-hydroxy=-
tryptemine from nerve terminals in the rat forebrain,

Measurement of the brain concentrations of S-hydroxytryptamine
and of S-hydroxyindoleacetic acid (the major identifiable metabolite
of S-hydroxytryptamine), have been made after different experimental
manoeuvres.

The elevation of forebrain S~hydroxyindoleacetic acid concentration
following the dectrical stimulation of the nucleus raphe medianus was
significantly reduced by treatment with chlorimipramine, whereas that
seen following the administration of a high dose of L-tryptophan was
not. fince chlorimipramine at the dose used is known to inhibit the
transport of S-hydroxytryptamine from the synaptic cleft to the intre-
cellular environment, these findings would suggest that the elevation
of forebrain S-hydroxyindoleacetic acid concentration, following the
electrical stimulation of the nucleus raphe medianus, arises primarily
as a consequence of the extra-neuronal release of S-hydroxytryptamine
followed by transportation from the synaptic cleft to the intracellular
enviroment where it is metabolised by intraneuronal monocamine oxidase.
In contrast, the extraneuronal release of S-hydroxytryptamine anpears
to be involved only to a limited extent in the conversion of L-trypto-
phan to S-hydroxyindoleacetic acid.

The use of the technique as a model for the investigation of the
action of drugs on the extraneuronal release of S-hydroxytryptamine is
proposed.

The elevation of S-hydroxytryptamine concentration following
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L~tryptophan aduinistration was reduced by 10 day Li' pretreatment, but
not by 6 day 1i' pretreatuent, and the concentration of S-hydroxyindo=
leacetic acid was simultaneously increased. This increase in the
deanination of S~hydroxytryptophan has been interpreted as a decrease
in the ability of the storage coupartment to accumulate synthesised 5-
hydroxytryptamine,

Further studies have provided evidence to supgest that the extra-
neuronal release of S~hydroxytryptamine from the nerve terminals in the
rat forebrain following the electrical stimmlation of the rucleus raphe
medianus is inhibited by 10 day Li’ pretreatment.

The results of these studies also indicate that the effect of 1i'
on the releasse of S-hydroxytryptamine may not occur as a direct conse-
quence of an effect on storage. This would suggest that the proposed
effects of Ii" on the storage and release of 5-HT may be exerted by two
independent actions.
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This thesis describes experiuents designed to investigate the
the effects of psychotherapeutic substances upon the presynaptic
pharmacology of forebrain Sehydroxytryptamine (L-HT). In particu-
lar, studies were made of the effects of psychotherapeutic agents upon
the release of 6-17 fros nerve teruinals in the rat forebrain following
the electrical stimulation of neural pathways known to contain 5-1T,

Before introducing the experiuents theuselves it is necessary to
wention briefly why S-HT was studied. A more detailed introduction
to these aspects of the pharmacology of 5-HT which have direct rele-
vance to the studies will be presented later,

There is now considerable evidence that 5-il has a transudtter
role in the masnnalian central nervous system. The presence of S5-I
in vammalian brein was dexonstrated by Twarog and Page (19868), and
subsequently found to be distributed unevenly throughout various brain
regions (Andn. et. al. 1954). The fluorescent histochemical tech-
rique of Falek (1962), or a modification of it (Jonsson et. al. 1969),
dexonstrated that the 5-IT present in the brain was located within
neuronal cell bodies (Dahlstrom and Fuxe 1964), axons (lahlstrom and
Fuxe 1984, Fuxe 1965), and terminal varicosities (Fuxe 1965, Jonsson
et. al. 1969), Within the nerve terminal, 5-/iT has been located in
synaptic vesicles (Maynert et. al., 1664), and shown to be actively
accumulated by them (laynert and Xuriyame 1964). However, in con~
trast to the findings in acetylcholine terudnals, O-iT does not seem to
be concentrated in these organelles to the same extent as s_ootyldmline
is by acetylcholine terminals (Ziegher and De Robertis 1965, laynert
et. al. 1964, De Robertis and Rodriguez de Lores Arnaiz 19G9).

I=tryptophan, the amino acid from which 5-HT is synthesiged,
am te be uniformally distributed throughout the brain (Peters et.
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al. 1968, Noir 1971), although active processes exist for the transpore
tation of this amino acid into nerve cells (Grahame-‘mith and Parfitt
1970, Xiely end ‘ourkes 1972, Belin and Pujol 1975). The synthesis
of S5«HI from IL-tryptophan is shown in Fig. 1. (p.d). Tryptophan is
first hydroxylated to form Sehydroxy-L-tryptophan (5-1TP) which is
subsequently decarboxylated to 5-HT. The enzyme responsible for the
hydroxylation is tryptophan-S-hydroxylase, and for decarboxylation,
aromatic-l-amino acid decarboxylase (5-1TP decarboxylase). Two
forms of tryptophan-5-hydroxylase are present in mammalian brain, a
particulate found form which has a regional distribution similar to
that of 5-HT which is contained in nerve terminals, and a soluble form
of the enzyme which appears to be associated with brain regions which
contain 5-HT cell bodies (Knapp and iandell 1972). 5«HTP decarboxy-
lase has been shown to be present in brain tissue (Lovenberg et. al.
1962) , and to have a regional distribution similar to that of 5-HT
(kuntzoan et. al. 1961, Sims et. al. 1973).

The major route of O-HT catabolism involves the oxidative deanmina-
tion of 5-HT to the aldehyde, S-hydroxyindoleacetaldehyde, the enzyme
responsible being uonoasine oxidase (MAQ). The unstable aldehyde is
rapidly oxidised to S-hydroxyindoleacetic acid (5-HIAA) by aldehyde
dehydrogenase. MAO seems to be uniformally distributed throughout
the brain (Hogdanski et. al. 1957, Weiner 1960, la liotte et. al. 1969).
Brain tissue is able to oxidise 5~ hydroxyindoleacetaldehyde to S~HIAA
(Pietrich 1966), which is then probably removed from the brain by active
transport processes situated at the choroid nlexus (Asherof't et. al.
1968, Cgerr and Van DIyke 1972, Forn 1972, Sampath and Neff 1974) and
elsewhere (Wolfson et. al. 1974).

The release of 5~HT from nerve teruinals in mammalian brain has



FIG.1.

THE MAJOR ROUIE OF 5-HT CYNTHESIS AND CATABOLISH IN RAT BRAIN.

L4

The major route of 5-HT synthesis involves the stages 1 a.nd':a,
and the major route of catabolism stages 5 and 4. The production
of 5-HTOL appears to play only a minor role in 5-HT catabolism.

Abbreviations =

5-HIP - 5-hydroxytryptophan.
5-HT = Sehydroxytryptasine.

5-1IAld - S-hydroxyindoleacetaldehyde.
5-1T0L = S-hydroxytryptophol.

5-HIAA = S-hydroxyindoleacetic acid.

The enzymes involved are :~

i. Tryptophan-5-hydroxylase.
2., 5S«-HTP decarboxylase,
d. lonoamine oxidase.

4, Aldehyde dehydrogenase.
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been demonstrated using a variety of techniques, (Feldberg and iyers
1966, Eccleston et. al. 1969a, 1969b, PFortig and Vogt 1969, Holman and
Vogt 1972, Ashkenagi et. al., 1973), and a mechanizm exists for the
rapid removal of teleased H-HT from the synaptic cleft (see review by
Iversen 1971). Finally, the microicntophoretic epplication of 5-HI
has been found to alter the activity of single neurones in every brain
region in which it has been studied (see Hloom et. al, 1972). '

As a general conclusion therefore, it seems that the S5-I of brain
tissue posesses many of the properties one would expect of a substance
with possible transmitter function.

If one accepts that normal brain function relies upon the trans-
mission of correct information from neurone to neurone, it could be
considered that the relaying of such information is impaired in a mal-
functioning brain. fdmilarly, if disorders of mood arise as a conse-
quence of the brain not functioning normally, one could postulate an
iupairment of one or more of the brain transuitter systems in these
illnesses. The brief introduction to 5~HI ocutlines the basic evidence
in support of the concept that 5-IT is a transmitter in maimalian brain.
The first indication that disorders in brain 5-!T may play a role in
mental illness was reported by Woolley and Shaw (1954). later,
Gchildkraut (1965) and Bunney and Davis (1965) reviewed the current
evidence and proposed the catecholarine hypothesis of affective dis-
orders, In brief this stated "Some if not all depressions are
associated with an absclute or relative deficiency of catecholamines,
particularly noradrenaline, at functionally important receptor sites in
the brain. Elation conversely may be associated with an excess of
such amines" (Schildkraut 1965). In general, most of the evidence

used to implicate noradrenaline in the aetiology of the effective dis-
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orders is indirect in nature and can be applied to other biogenic
arines especially 5-HT (Himwich and Alpers 1970).

Sowe of the more recent experinental findings supporting the con-
tention that disorders of mood may alsc be related to disorders in
brain 5-HT can be sumsarised as follows. Indirect evidence is avail-
able suggesting that the production of 5-iHT from IL-tryptophan may be
reduced in depressed patients (Cagzulla et. al. 1986, Curgon and Fridges
1970) . The concentration of 5-HT, and the major metabolite 5-HIAA
was found to be significantly lower in the hindbrains of depressed
suicides, than in the hindbrains of non depressed subjects (‘haw et. al.
1967, Bourne et. al. 1969). Plasma monocauine oxidase activity has
been reported to be higher in premenopausal depressed women than in
normal subjects. Treatuent of the depressed women with oestrogen
resulted in a lowering of the activity of the engzyme and an improvement
in the mood of the treated women (Klaiber et. al. 1972). In a simi-
lar study, ‘urphy and Weiss (1972) fioted that the activity of platelet
monoamine oxidase was slightly higher in depressed patients than in con-
trols, and was significantly lower in manic-depressive patients,

Drugs which 1nhibit the enzyme monoamine oxidase are effective antide-
pressant agents, and have been shown to elevate the concentration of
5-HT in the brain of animals (lacon et. al. 1971, Hauon et. al. 1972)
and man (laclean et. al. 1965).

“ome of the wost interesting findings relating mania, depression
and brain 5-IT have arisen fron studies of the alkaloid reserpine.

This drug had been used for its sedative properties in the treatuent of
uania (Watt 1958). Its clinical use now is restricted to the treate
ment of hypertension. A swuall but consistant number of patients re-

ceiving reserpine developed severe depressive reactions wiich in soue
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cases required psychiatric hospitalisation and antidepressive therapy.
Patients receiving other antihypertensive agents had no depressive
epiéodes (Lemiux et. al. 1965). Results of animal studies have
dmﬁmstmted that reserpine markedly reduces the concentration of both
5-5T and noredrenaline in the brein (Kuntzmen et. al. 1965), and that
this effect i= probably exerted by inhibiting the storage of the
amines within neurones (laynert snd Kuriyama 1964, Ross and Renyi 1967,
Plackburn et. al. 1967, lorn and Shore 1971, thore 1972). Further,
it has been suggested that the sedation produced by reserpine is due
to the loss of 5-HI in the brain rather than to a loss of noradrenaline
(Kuntzman et. al. 1961).

It can be suggested from this very brief introduction that 5-IT
way well be a central transmitter, and that disorders in the function-
ing of this transmitter unay play & role in the aetiology of the aff'ec-
tive disorders.

There are many reports describing the effects of psychotherepeu-
tic substances on the synthesis, uptake and cetabolisn of 5eiT,
However, there has been very little work carried out on the effecte of
drugs on the physiological release of S5-HT from nerve terminals (Irodie
et. al. 1961, Himwich and Alpers 1970, Sulser and Sanders-iush 1971).
That 1ittle work that has been reported, has, in general been carried
out on isolated brain slices in vitro (XKatz et. al. 1968, Chase et. al.
1969) ., There seemed therefore, to be a distinct lack of information
concerning the effects of these drugs on the release of 5-HT in brain
tissue, The work described in this thesis was underteken in order
to try to increase our understanding of the mode of action of some
psychotherapeutic substances, through an investigation into the action
of these substences upon the release of 5-HT in the rat brein following
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stimmlation of a known neurecnal patiway.

The first tasks confronting such an investigation were the iden-
tification of the neuronal puthway to be investigated, and the finding
of a suitable method for the neasurement of the release of 5-HI.

The cell bedies of the neurcnes which contain §«HT are situated
predominantly in the raphe region of the widbrain ‘(Ddalatrcm and Puxe
1964). Nine groups of cell bodies have been identified in the
medulla, pons and mesencephalon of rat brain. Theose that give rise
to axons ascending to the forebrain are mainly located in the nucleus
raphe dorsalis and nucleus raphe mediamue of the mesencephalon.

liany studies have shown that axons arising from these cell bodies
ascend to the forebrain through the medial forebrain bundle (Heller et.
al. 1962, Farvey et. al. 1965, Anden et. al., 1965a, 1966b, Parent 1969).
More detailed mapring of the ascending 5-HT pathways demonstrated that
the cell bodies of the dorsal and medial raphe nuclei gave rise to axcns
which ascend in the ventral part of the medial forebrain bundle

(Ungerstedt 1971). The axons could be divided into a medial and a
lateral couponent. Those axons situated medially ascend in the
septum. Some turn caudally in the cingulus where & proportion lie

along the dorsal surface of the corpus callosum and innervate the cortex
(Puxe et, al. 1968, Jonsson et. al. 1969). The more lateral come
ponent of the medial forebrain bundle enters the hypothalamms, the brein
region most densely innervated by §-HI teruinals (Fuxe 1965), and the
anygdaloid complex.

While mapping of the ascending neuronal systems is by no means
camplete, it is apparent from the studies outlined above that there
exist neurones containing 6-IT which arise from cell bodies in the
medial and dorsal raphe muclei and ascend through the medial forebrain
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bundle to innervate a muber of forebrain structures. The raphe
ruclei are anatomically well defined, and using the stereotaxic
technique, it is relatively simple to iuplant electrodes into these
nuclei and to activate the ascending pethways by electrical stimula-
tion (Eccleston et. al. 1969a). It was therefore anticipated that
the release of S5«HT in the rat forebrain following the stimulation of
the midbrain raphe could be the model to be used in these studies.
It remained now to identify a method by which the release of S-IT
following raphe stimulation could be monitored. The therapeutic
response to many of the drugs used in the treatment of mania and
depression often takes days or weeks to develop. Because of this
any technique designed to investigate the effect of these drugs on the
release of 5-HT must be applicable to the study of both acute and
chronic drug treatment.

The release of 5-HT from nerve terminals in vivo has been inves-
tigated in a nuuber of ways. Three techniques have been employed
in order to collect and measure the. concentration of 5-HT and its prin-
cipal metabolite 5-HIAA in fluid that has been brought into contact
with brain tissue. These are the cortical cup technique, the Push-
pull cannula, and ventricular perfusion. Following the success of
the Mmlmtmquemmmtipgtheml&se of Ach from
the surface of the cortex (litchell 1663, Collier and lurray-Etrown
1968) , attempts were made to employ the technique in the measurement
of the release of 5-HT. fecleston et. al. (1969a) demonstrated
that 5-HT was released spontaneously into fluid contained in perspesx
~ cups applied to the sigmoid cortex of cats. The anoynt released
was very small, but could be doubled by pretreating the cats for two
days with an inhibitor of iAO, because of the low rate of release
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(0.08 ng/an“'j/min) it was necessary to pool sasples for accurate esti-
mation, and even then the release was not constant. In seven out

of eight experiuments conducted by the group, stimulaticn of the mid-
brain raphe for 15 minute periods, caused the appearance after a short
latency (2-5 msec) of a positive evoked potential in the post sigmoid
cortex and a three fold increase in the release of 5-HT into the cup
fluid. The effect either coincided with or followed the period of
stimilation, and recovery tended to be prolonged over the next few
collection periods. The spontaneous release of 5~HIAA was unaffected
by raphe stimulation. However, in a later report, Iccleston et. al.
(1969b) demonstrated that stimulation of the widbrain raphe of rats
produced a significant increase in the forebrain concentration of 5-HI/A
which was accompanied by an increase in the release of 5=HIAA into the
cortical cup fluid. The elevation of S~HIAA both in the brain and
cortical cups was believed to arise from the metabolism of released
5-HT (see later),

The push-pull cannula consists of two concentric cannulae; perflusion
fluid is passed through the inner barrel and recovered by syphoning
through the outer barrel. This device allowed the possible perfusion
of small regions of brain tissue even at considerable depth in the brain.

Eccleston et. al. (1969a) attempted to measure the release of
5-HT in the ra,t caudate nucleus using thil technique. The spontan-
Mreleaae of S5-I was found to be of theordwoprg(nﬁn, and
this was found to be little changed by the stimulation of various
afferent pathways. Prelabelling of the 5-!7 stores with 146 or SH-
5-HT facilitated the measurement of S-HT. However, the increased
efflux of labelled 5-HT following stimulation of the afferent pathways

was neither constant nor repeatable with an experiment. In a pre-
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vious study, Chase and Kopin (1968), demonstrated an increase in the
ef{lux of labelled noradrenaline and 5-HT in the olfactery bulb follow-
ing stimulation of the olfactory tract in rats whose stores of noradren=-
aline and 5-HT had been previously labelled with the tritiated amine.
The problems of using the push-pull cannula became apparent whén the
efflux of a nmumber of metabolically inert 140—1&@110& compounds
(inulin, urea and ¥ -amincisobutyric acid) injected with the tritiated
monocamines were examined, On odourous stimulation, a substantial
rise in the efflux of the ‘C-labelled compound invariably accompanied
the augmented anine efflux, Stirulus intensity studies demonstrated
that there was no difference in threshold between moncamine and inulin
efflux. Inulin injected into the cerebrospinal fluid remains largely
in the extracellular space, thus odour induced alterations in its efflux
suggest that local changes within this compartment may attend neural
stimilation, Thus, while there is evidence that labelled 5-HT in-
Jjected into cerebrospinal fluid is rapidly accwmlated by intraneuronal
stores (Aghejanian and Eloom 1967) it was impossible to determine whether
the stimulus induced alterations in 6-HT efflux reflected physiological
release from intracellular stores or merely extracellular shifts of
residual exogenous amine,

In addition to the artificial perfusion of brain regions, a widely
used and successful method for studying the release of transmitters is
that of ventricular perfusion. The basis of the techmnique involves
the perfusion of one or a number of the ventricular sgystems of the brain
followed by the collection and estimation of substances in the perfusate.
The release of transmitters in brain regions immediately adjacent to the
ventricles should, theoretically, be detectable in perfusate from that

region. Using this technique, the spontaneocus release of 5-lT into
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fluid perfusing the lateral and third ventricles has been demonstrated
in the cat (Feldberg and iyers 196¢), (Portig and Vogt 1969). SeHT
released into the lateral ventricles is believed to arise frow the
caudate nucleus, while that entering the third ventricle is believed
to originate in the hypothalamus. The resting output of 5-IT was
increased considerably by stimulation of the midbrain rache nuclei
(Holman and Vogt 1072, Ashkenazi et. al. 1975).

In addition to the measurement of the outflow of 5-HT into fluid
which has been brought 1n1;o contect with brain tissue, stimulation-
induced changes in the concentration of 5-HI and its najor metebolite
S5=-HIAA in the tissue itself has been studied.

Dahlstrom et. al. (1965) employed the Falck and Hillarp histochem-
ical technique to investigate the fluorescence of moncemine terminals
in the spinal cord in animals receiving prolonged (1-2 hours) tetanic
electrical stisulation in the region of the bulbo-spinal neurones of
the medulla oblongata. In the stimulated animals, there was a re-
duction in the nmuber of fluorescent terminals, and many of the remain-
ing fluorescent terminals showed a marked reduction in the fluorescent
intensity of their varicosities, = The stimulus~induced depletion of
S-1T fluorescence was nmuch greater in the presence of compounds which
inhibit further synthesis of the transmitter. The authors concluded
that the stimulus induced depletion of nerve ending 5-1T was indicative
of the release of the monoamine in the spinal cord following stimulation
of 5-HT containing bulbo-spinal neurones.

Agha janian et. al. (1967) demonstrated thet stimulation of the mid-
brain raphe for 30 or 60 minutes induced a decrease in the concentra-
tion of 5-HT and a large increase in the concentration of 5-HIAA in the

forebrain of rats. ftimulation of the lateral midbrain, an area
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virtually devoid of neurones containing 6-HT, had no significant

effects on the concentration of either substance. These findings
were soon substantiated by a nuzber of workers (Kostowski et. al. 1989,
Cumulka et. al. 1969, Eccleston et. al, 1979, cheard and Zolovic 1971).
It was concluded that the increase in 5-HIAA and accoupenying decrease
in 5-HT concentration indicated a release and subsequent oxidative dea-
mination of 5-HT, (Alternative interpretations are discussed later).

Though, with the exception of the "push-pull" cannulae, all the
techniques outlined above have proved useful in demonstrating the re-
lease of 5-HT frow brain tissue in vivo, few are applicable to the
quentitative study of the actions of drugs on 5-HI release. The
ideal technique requires that it be siuple to use, accurate, consistant
and easily but adequately contrelled. :

The gquantitative determination of the loss of S-HT following stim-
ulation in the presence of a synthesis inhibitor requires combined his-
tochemical and biochemical analyses to be carried out. While the
technique appears adequate for the demonstration of the release of S5-HT
in a particular neuronal pathway, its use in determining the eff'ect of
psychotherapeutic substances upon S-HI release depends upon the ease in
controlling for other effects of the drug. The controls that would
be required to differentiate between the effects of the drugs upon syne
thesis, storage and release would be large, In addition, the tech-
nique has been little used, and as such, optimal conditions for exveri-
mentation would have to be determined.

The measurement of 5-HI and its principle metabolite in fluid
bathing neural tissue is similarly not suitable for the propesed studies.
The work of Feccleston et, al. (1969) demonstrated that the release of

6-HT into the fluid contained in cups applied to the cortex of cats and
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rats was small and incconesistant. The problems of using "push-pull"
cannulae were described previously.

Ventricular perfusion has been widely and successfully used to
exardne the stimulus induced release of & number of transmitter sub-
stances., The technigue is excellent when an animal can be used as
its omn control in exauining the effect of acute drug treatment.
However, because of the very wide between animal variation that has
been noted by the users of the technique (see lolman and Vogt 1972),
the application of the technique to chronie drug treatmentes is
inappropriate.

The technique of measuring the concentration of 5-HIAA in rat
brain tissue following raphe stimulation appears to be accurate and
consistant, providing the animals receive stimlation of similar magni-
tude for a set period of time (Aghajanian et. al. 1967, Kostowski et.
al, 1969, Zccleston et, al, 1970), Because of this, the technique
would lend itself to the examination of both acute and chronic drug
treatments. It has been argued that the stimulus-induced elevation
of 5-HIAA under these circumstances was produced pr:l.mr:lly as a conse=-
quence of the extraneuronal release of 5-HT followed by catabolism to
5-HTIAA (Aghgjam.a,n et. al. 1967, Kostowski et. al. 1969, Gumulka et. al.
1969) . Such an interpretation is based upon the physiological pro-
cesses believed to occur in the synaptic region of a tryptaminergic
neurone. Fig. 2 (p.14) is a schematic representation of a 5-HT
transm tting synapse. The figure shows 5-HT contained in the storage
compartment within the terminal. On arrival of a nerve impulse,
5«HT is believed to be released directly from its storage site into the
synaptic cleft, where it is able to diffuse across the synaptic space

to activate post synaptic receptors. Following release, 5-HT in the



FIG. 2.

A SCHEMATIC REP!ESENTATION OF A 5HT TRANSUITTING SYNAPEE,

The present concepts of the processes occwrring at the 5-IT nerve
terminal are shown in the diagrau.

5«HT is synthesised within the nerve terminal from L-tryptophan
(L~TRY) which is transported across the terminal membrane. Free
cytoplasmic 5~HT iz either incorporated into the storage conpartment
(represented by 5-HT enclosed in circles), or metabolised by mitochon-
drial /AQ to produce S5-HIAA which may be cleared from the neurone.

Stored 5-HT released by stimulation may be actively .tmmported
franm the synaptic cleft into the intracellular miﬂmmnt by the men~
brane transport process (represented by uptake), or may diffuse away
passively. 5=-HT returned to the cell may then be treated as free

5-HT described above.
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synaptic cleft way either diffuse away passively in the extracellular
fluid or be actively transported into the presynaptic terminal by the
high affinity transport process situated in the terminal nenbrane
(Shaskan and Snyder 1970, Kuhar et. al. 1972, Wong et. al. 1975,
Iversen 1971). The §-HT which is actively transported in this way
is believed to be either m;& by the storage wechanism (laynert
and Kuriyema 1564) where it can be re-used in transuission, or it may
remain free in the cytoplasm where it will be converted te S-HIAA by
MAO which is located on the outer meubrane of the witochondria
(Schnaitman et. al. 1967, Tipton 1967).

According to the wodel of synaptic transmission outlined above,
the elevation of forebrain 5-HIAA concentration following stimulation
of the nucleus raphe medianus has been interpreted as follows: The
paszage of nerve iupulses {ram the raphe nucleus to the axon terminals
in the forebrain elicits the velease ¢ S-HT fvem the terminals
into the synaptic cleft. Af'ter activating post synaptic receptors,
the free 5-HI in the extracellular space is actively transported into
the presynaptic terminals where some will be re-stored and some conver-
ted to 5-HIAA by MAO and aldehyde dehydrogenase. The S5-I stores
are also repleted by an increase in the rate of 5-i1 synthesis (Cumlka
et. al. 1969, Iccleston et. al, 1970, Shields and Eecleston 1£73).
If this interpretation is correct, and provided the method can be easily
controlled for alterations in 5-HIAA concentration by other routes, the
elevation of forebrain 5-HIAA following stimulation of the midbrain
raphe may well be the ideal wodel for these studies.

The increase in the concentration of 5-HIAA in the rat forebrain
following raphe stimulation can, however, be interpreted in another way.
Both the putative transmitter, and the enzymes required for its catabol-

dsm are stored in the same newrone. The elevation of farebrain
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S-ITIAA following raphe stimulation has been shown to be accoupanied by
an increase in the rate of synthesis of S-iT (Gumulka et. al. 18969,
Eecleston et. al. 1970). It follows therefore, that if the pre-
dominent effect of stimulation was an incresse in the rate of 5-I7
synthesis, and thet & large proportion of the newly synthesised SeiT
could not be accomnodated by the storage compartuwent, there would be an
increase in the concentration of free cytoplasmic 5-i77, Gince free
=il appears to be susceptable to deandnation, there would occur a pro-
vortionate increase in the concentration of O-HIAA. It seems possible
therefore that the elevation of forebrain S-HIAL following raphe stinue
lation could have arisen from a predominantly intraneuronal phenocwencn
of increased synthesis of 5-H7 involving little or no extranecuronal
release of the transuitter, In the present investigation cone of the
early studies was to attept to discriminate hetl'een the two interpre-

D s s S L

tations of the observed effect of raphe stismlation on the forebrain
concentrations of o-lydroxyindoles. In order to do this, it was
first necessary to identify e mechanisu whereby forebrain S IAA
concentrations could be elevated by an essentially intraneuronal process,
and secondly to select a suitable method to deternine the relative con-
tributions of intre- and extraneuronal processes in the elevation of
forebrain S-11AA,

loir and Fecleston (1968) demonstreted in both rat and dog brain,
that the elevation of 5-HIAA concentration following a single large
dose of the precursor asino acid L-tryptophan (100 wg/Xg i.p.) was far
greater than the elevation of S5-I, When plateau levels for O=7
and S-HIAA were produced by this procedure, the H-11/6-l1AA ratio was
far mmaller than the ratio in contrel brain. the authors suggested
that their findings could be "due to either a progressive filling of the
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5=HT stores towards saturation, with increasing 'overspill' onte
mitochondrial MAQ, or to 5-HIP derived from the extracerebral hydroxyla-
tion of IL-tryptophan bypassing the storage mechanism for 5-HI". Moir
(1971) substantiated these findings and concluded that the effect of L~
tryptophan loading on the concentration of brein 5~HT and 5-HIAA was
brought about by a progressive filling of the S5-Il stores so that the
concentration of free cytoplasmic 5-HT increased. The catabolism of
the increased concentration of free 5-HT would result in the production
of large quantities of S-HIAA. It thus appears that the administra-
tion of large single doses of L~tryptophan should provide a mechanism
whereby forebrain 5-HIAA concentrations could be elevated by a predom-
inantly intracellular process involving little extraneuronal release.
Thus two methods have now been identifiied whereby forebrain S-IHIAA
concentrations may be elevated, Electrical stimulation of the nucleus
raphe medianus elevates 5-HIAA concentration by mechanismns which may or
may not invelve the extraneuronal release of 5-IT, whereas the elevation
of U=-HIAA following L~-tryptophan appears te be orimarily of intraneur-
onal origin involving little extraneuronal release.

It now remains to identify a method which can be used to detenninq
the relative contributions of the described intraneuronsl and extraneur-
. onal processes in producing the effects that have been observed following
electrical stimulation. In order to do this, it would be necessary
to manipulate in some way the processes that appear to be involved extra-
cellularly in the synantic cleft since the intraneurcnal deamination of
of the transmitter would be expected to be similar in both cases. : It
can be seen from Fig. 2 that according to the general concepts of
synaptic transmission, these extracellular processes are the interaction

between 5-HT and the post synaptic receptor, and the removal of the
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transmitter from the synaptic cleft. Iittle is known about the
chemical nature of the interaction between O~-HT and the post synaptic
membrane, whereas there is a considerable amount of information avail-
able concerning the removal of S5«HT from the synaptic cleft, and its
modification by pharmacological agents. There exists a powerful high
affinity active transport process situated at the terminal meuwbrane,
responsible for the transfer of 5-HI from the extraceilular fluid into
the intracellular environment (“haskan and “nyder 1970, Kubhar et. al.
1872, viong et. al. 1975', Iversen 1971). This accumulation process
is therefore responsible for bringing extracellularly located 5-HT into
the environment which contains the major enzymes responsible for its
catabolism, It is thus evident, that if' this transport process is
inhibited to some extent, there should occur a reduction in the amount
of 5-HIAA formed from 5-HT which has been released into the synaptic
clef't, while that which is formed from 5-HT which remains in the intra-
cellular environuent should be unaffected.

Of the substances known to interfere with the accumulation of
5=HT by brain tissue, the most widely investigated are the tricyelic
antidepressive agents. Although these agents have been demonstrated
to exert a number of effects upon brain ST (Corrodi and Fuxe 1968,
1969, leek and Werdinius 1970, Bruinvels 1972, ialaris et. al. 1973)
the most widely documented property of these substances is their ability
to inhibit the accumulation of monocamines by brain tissue (Glackburn et.
al. 1967, Ross and lenyi 1967, Fuxe and Ungerstedt 1968, Carlsson et. al.
1968, 1969a, Chaskan and ‘nyder 1970, leek et. al. 1970a, Lidbrink et,
al. 1871).

Within the group of tricyclic drugs there is a considerable varia-

tion in the potency of their inhibitory actioms with respect to the
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eccumulation of catecholamines and 5-HT, This diff'erence in potency
appears to be related to the chemical structure of the coupounds, and
~ to the terminal amino group in particular. Tertiary amines such as
imipramine and chlorisdpramine (see Fig 5 p.20), preferentially inhibit
S-HT accumuia¥ion by cenbral nguvones, whilst secondary ammes pre)avenbally inhibil
the accumulation of noradrenaline. (Lidbrink et. al. 1971). The most
potent of the tertiary amines studied was found to be chlorimipramine
(Carlsson et. al. 1969b). This compound has been shown to inhibit
the accunulation of exogenous 5=MT by brain tissue in vitro and in vivo
(thaskan and ‘nyder 1970, Lidbrink et. al., 1971), and there is evidgnce
to suggest that the uptake of endogenous 5-HT from the synaptic cleft
may also be inhibited (Carlsson et. al. 1969a, 1968b, (eek et. al.
1970a) .

+dth this information, it was decided to attempt tc differentiate
between the intraneuronal and extraneuronal origins of the stimulus
induced elevation of O6-HIAA by inhibiting the 5-HI transport mechanism
with chlorimipramine. If rephe stimulation does elicit the extra-
neuronal release of 5-IT, it would be expected, in the presence of
chlorimipramine, that a provortion of the 5-i7 released into the
synaptic clef't would be denied access to intraneuronsl MAO, and that
the elevation of forebrain 5-HIAA concentration would be proportionately
reduced. If, on the other hand, electrical stimulation of the nucleus
raphe nedianus elicits little extraneuronal release of O-iiT, the inhibi-
tion of the 5«IT transport process should have little effect, and the
elevation of S-ITAA produced by electrical stimulation and L-tryptophan
administration would be expected to be affected similarly by pretreatment
with chlorimipramine,

The changes in forebrain 5-!IT and 5-HIAA elicited by Le~tryptophan

treatment would provide a second control system whereby any direct efflect



FIG, 3.

THE CHEMICAL STRUCTURE OF THE TWO MAJOR

GROUPS (F TRICYCLIC ANTIPRESCANDS.

Differences in the structure of the two groups of tricyclic
antidepressants with relation to their votency as inhibitors of
noradrenaline and 5-HT accumulation. A typical example of a
tertiary amine is given by chlorimipramine, whilst the secondary
amine is represented by the demethylated derivative
chlordesmethylimipramine.
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of chlorimipramine upon the synthesis (Lruinvels 1972), and catabolism
of 5~HT (Halaris et. al. 1973) may be identified.

In summary, the first major study of the project was an attempt
to examine whether the elevation of forebrain S«HIAA concentrations
induced by raphe stimulation was of predominantly intraneuronal or
extraneuronal origin. By inhibiting the accumulation of extraneur-
onal 5«HT by pretreatment with chlorimipramine, and by comparing the
effects of this treatment upon the elevation of forebrain 5~HIAA induced
by raphe stimulation and by L-tryptophan administration, it should be
possible to ascertain whether or not raphe stimulation elicits the
extraneuronal release of S5~HT.

The second study conducted in this thesis was an investigation
into the effect of Lithium (Li‘) on the release of 5-HT in the rat fore-
brain, 1i" has been used extensively in the treatment of acute mania,
@hronic mania, and menic depressive illnesses (Schou 1968, Davis and
Fann 1971, Coppen 1975). Cade (1948) first observed the dramatic
antimanic action of Ii" in a study of ten manic patients treated with
lithium carbonate or lithium citrate. This observation was soon to
be supported by the findings of Noack and Trautner (1951), and the
'double~blind' clinical trials of lapgs (1968). Wharton and Fieve
(1965) demonstrated that Li” administered to manic-depressive patients
during the manic phase successfully reduced the duration of the episode
in a number of patients. Subsequently it was found that in addition
to the treatment of pure manic episodes, the prolonged administration
of 14" to manic-depressive and recurrent depressive patients led to a
prevention of depressions and transitional states as well (Baastrup
1964, Baastrup and Schou 1967, Schou 1971). These observations were

finally substantiated by the controlled double~blind studies of Haastrup
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et. al. (1970) and Melia (1971). These and other reports of the
effectiveness of Ii' as a prophylactic agent are reviewed by Coppen
(12973) . A recent study (liendels et. al., 1972) demonstrated that

14" was as effective as desipramine in treating selected depressed
patients. However, Goodwin et. al. (1972) found that depressed
patients with a prior history of mania or hypomania were more likely

to show an antidepressant response to 1i* than were depressed patients
without such a history. Taking this further, Kukopulos and
Reginaldi (1973) observed in recurrent manic-depressive patients that

e depressive episode was generally prevented or attenuated by % only
when a preceeding manic episode had been prevented or attenuated by 1i'.
They suggested that Li' acted directly on mania but only indirectly

on depressions.

To summarise, Ii* is an effective treatment for acute mania,
chronic mania and manic-depressive illnesses. The efficacy of '
as an antidepressive agent appears to be greater if the patient has a
prior history of mania or hypomania, and there is evidence to suguest
that the effectiveness of Ii' in reducing depressive episodes in manice
depressives is dependent upon a primary effect on the previcus manic
phase. From this information it may be suggested that the therapue-
tic response to 1i" administration in these disorders may be related
to a primary antimanic action. Finally it should be noted that Ii"
therapy is the only successful treatment of manic disorders which does
not sedate normal people, or interfere too much with mood between
successive episodes.,

The current moncamine hypothesis of affective disorders proposes
a reduction in the availability of transiitters at monoamine synapses

during depression, and an increase during mania. The publication of
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this theory led to widespread investigations into the effect of 1i" on
the monoamine transmitters in an attempt to identify a possible mode of
action. However, although a large number of investigations have
taken place, the mode of action of 14" remains essentially unresolved.
(chaw 1973, “chou 1975, Tavis and Fann 1971, “emuel and Gotteafeld 1975).
The available information on the effects of Ii" on the presynaptic
physiology of brain 5~HT will be briefly reviewed here.

Schildkraut et, al. (1969) demonstrated that the turnover of 5-HT
was reduced in rat brain following acute Ii* treatment. Ho et. al,
(1970) noted a 12% reduction in whole brain 5-HT turnover following
prolonged Ii™ treatment. Turnover in the hypothalamus wes reduced
by 51%; in the brainstem by 28%; énd in the cortex by 157, Turnover
in the cerebellum was increased however by 37%. thaw et. al, (1972)
using multicompartmental analysis, desonstrated s shift in the partition
of tryptophan in favous of the extracellular phase at the expense of
the intracellular phase in peripheral tissues of the rabbit. They
sugrested that if this could be extrapolated tc the ClS, it could re-
sult in a decrease in 5-HT synthesis in the brain. Tagliamonte et,
al, (1971) however, demonstrated an increase in total brain L-tryptophan
following Ii’ treatment. According to presently held views on the
control of 5-HT synthesis, (Taglieuonte et. al. 1971, 1975) this might
be expected to lead to an increase in 6~HT synthesis. ~ C‘heard and
Aghajenian (1970) noted an increase in 5-HT synthesis following acute
administration of high doses of Ii” and this was supported by the find-
ings of Perez-Cruet et. al. (1971), tchubert (1973) and Poitou et. al,
(1974) . Bliss and Adlion (1970) were unable to detect any changes
in 5-HT turnover following 14 days treatment with low doses of LiCl.
Similerly Corrodi et. al. (1967) also failed to detect any changes in
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5-HT turnover following acute Ii” administration.

“nepp and landell (1973) in a well controlled study, compered the
effects of acute end chronic Ii’ edministration on brain 5-HI synthesis
in rats. They found that short term Ii' administration increased
the uptake of I~tryptophan and its conversion to 5-IT by striatal syne
aptosomes, while at the same time cell body tryptophan-5-hydroxylase
activity was reduced, Hy 10 days, the conversion of Letryptophan
to 5-HT in nerve endings became a Jjoint function of a maintained ine
crease in the uptake of L-tryptophan, and a decreased level of tryp-
tovhan-S-hydroxylase activity. The end result at 10 days was a near
normal rate of 5-HT synthesis in nerve endings. The time course of
these observed events was found to correlate well with the time course
described Por the axoplasmic flow of tryptophan-S-hydroxylase from the
cell body to the terminal. As yet there are no renorts of any effects
of 7' on the storage of 5-HT in the presynaptic terminal.

The release of 51T from field stimulated rat brain slices in
vitro wes found to be inhibited by acute Ii* pretreatment (Katz et. al.
1968) , and by the addition of Ii* to the incubation medium (Katz et. al.
1968, Chase et. al. 1969). Both acute and prolonged Ii" treatment
has been shown to slow the depletion of brain -l following trypto-
phan-5=hydroxylase inhibition. This finding was interpreted to be
a result of either a lower impulse frequency in the §-/T neurones or
en inhibition of the impulse stimulated release of 6~1'T (Corrodi et. al.
1969, Schubert 1973),

The accumulation of 5-HT by synaptosomes fron mouse brain was
found to be unchanged following acute Ii' pretreatment (Xuriyama and
Speken 1970), and the accumlation of 5-HT by rat platelets was cimilar-
1y unaffected by both acute and chronic Ii' pretreatment. (Cenefke 1972).
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However, when incubated in a medium conteining Ii*, 5-HT uptake into
ret platelets and into platelets obtained from untreated human subjects
was found to be inhibited (Genfke 1972). lurphy et. al. (1969),
(1970) , studied the upteke of 5~HT into platelets before, during and
after 14" therapy in recurrent manic-depressive and @epressive patients.
They cbserved a 40 - 60% increase in 5-HT uptake during I4* therapy.
In contrast, when Ii” was added in vitro to platelets cbtained from
control subjects, there occured no change in 5-HT uptake. Ore report
demonstrated no effect of Ii" on the major catabolic enzyme VAO (Murphy
and Welss 1972).

The results of these studies are summarised in table 1 p. 26.
It can be seen that it is difficult to relate the data obtained to any
specific hyoothesis. The most probable reasons for the veried and
sametines contradictory findings of previous studies are the vast
differences in the doses of Ii% administered, and the variation in the
periods of time for which the aninals were treated. It is alweys
very dirficult to relate the results of clinical studies with those
conducted upon smell laboratory animals, However, it would seem
sensible to consider the therapeutic usage of the drug when designing
animal experirents. The dose of Ii' sdministered therapeutically is
eritical. Following an initial high dose of Ii*, patients suffering
from recuwrrent affective disorders are usually maintained on a 14"
dosage which produces o serum Ii" concentration of between C.8nfg/1
and 1.5 mEq/1, although effective therapeutic responses are recorded
with serun 14" concentrations maintained at 0.5 - 0.5 mBq/1 (Schlagen~
hauf et. al. 1966), The oral dose of Ii_CO

25
these serun levels ranges from 500 to 1800 mg/day. If the serum

required to maintain

14" concentration mises above 1.5 mBg/1, side effects invariably appear.
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Table 1,

Ly
s fuppositions frou indirect data.
xx Human platelets obtained during Ii' therapy.
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These include anorexia, nausea, vomiting, diarrhcea; and with high
doses of 1i' tremor, drowsiness and scuetimes coua. The narrow
lizdts between the effective and toxic doses demonstrates the extreme
caution required in deternining doses of ' for experimental study.
The normal oral meintainance dose in man is 560 - 18CC mg/day.
Pased on a 70 Kg. nan this would be 7.1 - 25.7 mg/Kg per day of 1.12005
or 0,02 - 0.7 uEg of 14i'/Kg/day. It can be seen from table 1 that
the majority of studies have used doses of Ii' vastly in excess of
those used therapeutically in man. Although one can never directly
relate findings in experimental animals to possible effects in man, it
is more likely that experimental findings will be of sane relevance if
the dosage used is similar to that used in man., Consequently, it is
difficult to determine whether the observed effecis are relevant to the
therapeutic or to the toxic effects of 14" seen in man. In addition,
very few studies have monitored the concentration of Li' in either plasma
or brain tissue.

The second problem in the interpretation of the results of previous
studies is the relevance of the period of IA' dosage. In man, the
therapeutic effect of 14" is inveriably never seen until at leest § - 7
days after treatment commenced, Therefore it is unlikely that the
results of acute studies are of significant importance in identifying
the mode of acticn of therapcoutic 7. It would seen reasonable
therefore to study the effects of chromic IA’ treatment rather than
those arising from short term administrations of the drug.

Finally, it can be seen from table 1 that very little work has been
conducted uvon the effect of Li* pretreatment on the release of 5-HT in
brain tissue, The study of Katz et. 2l. (1968) was conducted in

vitro using brain slices, and the suggestion fron Corredi et. al. (1969)
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was based on indirect neasurements. There do not appear to be any
reports of studies conducted upon tne release of 5-1T in vivo.
Using the techniques developed as a resudt of uy early investigations,
and neving identified the problems involved with designing the dosage
regime, 1 entered into an investigation of the effect of < g pre-
treatment on the release of 6-il in {the rat forebrain in vivo. The
uwajor i’ study investigated the effect of 10 day administration of 7
at a dose resembling that used therapeutically in man. in au attempt
to clarify the differences between short and longer term li" adminis-
tration, I carried out a second study where rats received the same total
amount of Li" administered over a § day period.

The final studies carried out in the course of this thesis were
designed in order to attempt to clarify the interpretations of some
of the findings observed during the major Li study. Using
synavtoscmes isoclated from the forebrains of rats treated and not
treated with Li' I studied the accumulation and retention of L C-5-HT

by these isolated nerve endings.
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The experimentsl techniques have been developed, in the main, as
a result of a series of investigations into the effect of verying the
conditions of the experiment in a controlled mammer. In some cases,
considerable exnerience of narticular methods were available in our
research group. Where such a method apneared to be suitable for the

pronosed studies it was adopted.

(i) Estimation of 5-HI and 5-HIAA.

The routine estination of the concentrations of O-iT and S-HIAA
in a single brain sample had been carried out in this group previously
using the method of Hecleston et. al. (1969c). Since the method
appeared to be suitable for the purposes of measuring brain concentra-
tions of S-hydroxyindoles following electrical stimulation (Eccleston
et. al. 1970), it was considered the method of choice in these studies.
The method basicallyconsists of the extraction of 5-iiT and L-HIAA from
homogenised brain tissue, the separation of the two S-lhydroxyindoles by
cation exchange chromatography, the further extraction of 5-HIAA from
the effluent and the fluormetric dotexmimtim of both 5~HT and 5-IHIAA
in a spectroflucrimeter.

In detail, the method adopted in these studies is as follows:=

Each forebrain was weighed and homogenised in four volumes of
0.4N perchloric acid (PCA) and centrifuged at 16,000 x g. for 15 minutes.
4.0 ml. of the supernatant was adjusted to pl 7.5 with KOH and the
precipitated K0104_ was removed by centrifugation. The extract was
then passed over a 70 x 7 mm. column of Amberlite CC 50 resin (100 -
200 mesh M{; form) followed by a 2,0 ml. wash with 0,024 ammonium
acetate buffer pH 7.5, The ef'fluent containing 5-1iIAA was collected.
5-HIAA was extracted from the effluent into diethyl ether, and was

extracted from it inte 5.0 ml. of 0.1l phosphate buffer pH 7.5,
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2.0 ml. of this were removed for the fluorametric estimation of 5-HIAA.
The columns were washed with 15.0 ml., of 0,02l amuonium acetate buffer
PH 7.5, followed by 5.0 ml. of 0.1N H S0,, and the 5-HI was eluted with
6,0 ml. of 1.0N }!25304. 2.0 ml. of the elutant were removed for the
fluoronetric estimation of 5-HI,

1,0 ml. of concentrated HCl (Aristar) containing ascorbic acid
(50 mg/100 ml,) was added to each 2.0 ml. sample of separated Sehydroxy-
indole immediately before estimation in a Farrand Epectrofluorimeter.
Imission at 550 nm. was recorded as a function of activation wavelength
over the range 290 -~ 400 nn., and the emission corresponding to activa-
tion at 510 rm was read off (see fig. 4 p.51). Standard sauples
containing 300 ng. 5-HIAA, and 500 ng 5-HT in PCA were carried through
the whole procedure with each bateh of samples, and the percentage
recovery dcﬁemnimd for calculatkon of final proportions. The mean
percentage recovery over all estimmtions carried out were for S5-iT -
61,9 2.2., and for 5-HIAA - 59.5- 2.5,

(ii) Choice of enimals.

There is some evidence that activity in hyoothalamie neurones
which contain 5-HT may play a role in the regulation of ovulation
(Yemberi et. al. 1970, 1971).

Kamberi et. al. (1970) discovered that 5-HT injected into the
third ventricle in doses of 2.5 - 5.0 ug suppressed the release of
luteinising hormone (ILH). When given by the stalk portal vessel or
the basilar artery, at these concentrations, 5-HT had no effect on LH
release. From this it was concluded that the effect may be nervous-
1y mediated in structures surrounding the third ventricle, probably the

hypothalamus, Purther work (Xamberi et. al. 1571) showed that 5-HT
injected by the same route (intraventricularly) suppressed the release



FIG, 4.
ACTIVATION SPECTRA OF A BLANK SAMPLE AND OF A SAMPLE OF
5«HIAA, TC DEMONSTRATE THE METHOD EXPLOYED IN MFASURING THE

RELATIVE FLUORESCENCE OF S-HYDROXYTINDOLE HAUPLES,

The figure shows two spectra recorded over activation wave-
lengths of 570 and 280 rm, The first spectrum shows the non
specific fluorescence observed in a blank sample containing
distilled water, 'l and ascorbic acid. The second spectrum
shows the fluorescence observed in a sample containing S-HIAA,
distilled water, HCl and ascorbic scid. In this case, the
non specific fluorescence, peaking at about 550 nm. is followed
by the fluorescence of the S-hydroxyindole which peaks at 510 mnm.

The decline in the fluorescence of the blank sample between
wave-lengths of 350 and 500 nm. can be seen to follow an approx-
imate linear path. This decline can be fitted tc the spectrum
of a S-hydroxyindole sample, as represented in the diagram by the
spectrunm of a sample of 5-HTAA, A perpendicular dropped from
the apex of the S-hydroxyindole fluorescence (510 nm.) to the
projected decline of the blank fluorescence (h) provides the measure
of the relative fluorescence arising from S-hydroxyindole.

In extracts of brain tissue, the size of the blank has been
seen to vary between samples. Because of this, the method
employed in measuring the sanples provides a more accurate measure
of S-hydroxyindole fluorescence since small chanyes in the
amplitude of the blank fluorescence can be accouuodated more
accurately using this technique than hy measuring the height of the

fluorescence from a zero baseline and deducting from it the height

of a single blank reading.
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of follicle stimulating hornone (FEH), and decreased the concentration
of prolactin inhibitory fector (PIF). Tt was suggested from these
studies that hypothalamic neurones which contein 5-HT may be invelved
in the control of the release of hypothalamic releasing factors which
in turn control the release of the pituitary and overiean hormones FSH
and I,

The hyvothalamus contains possibly the highest concentration of
nerve terminale which contain 6-HT and which originate from cell bodies
in the ranhe nuclei of the brainstem, “ince these peurones mz2y play
a role in the control of ovulation, it was decided thst the studies
should be undertaken using male animels. The atlas on vhich the
implantation of electrodes into the rarhe was based, (Konig and !Clippel
1965) , was develoved using rats weighing 150g, Tt was therefore
decided to conduct the experiments on male Albino Wistar rats weighing

between 150 - 250 g,

(1ii) ANAESTHESIA.

Depression of synaptic transcission is probably the principel
action of anaesthetic drugs (¥Wall 1967), and different ansesthetics
have different effects or differing degrees of effect on nervous trans-
mission in the Cnc, It is thus important before investigating the
pharmacology of central transmission to ascertsin whether the proposed
study can be carried out on unsnaesthetised animals, and if not, to
identifly the anaesthetic agent which has least eff'ect on the physiology
of brain 5-HT. Electrical stimilation of the medial raphe nucleus
has been carried out on unanaesthetised rats (Gumulka et. al. 1969),
however, during such a procedure, it was necessary to place the animals
in a "special container" to restrict movement of the head during

stimulation (Kostowski et. al, 1989). These head movements and the
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restraint of such movements (of the head during stimulation) are likely
to be stressful to the animals, and since stress has been shown to
affect 5-HT metabolism (Thierry et. al., 1988, Rosecrans and theard
1968, Bliss et. al., 1972), it was thought reesomable to investigate
the possibility of using anaesthetised rats in experiuents involving
the electrical stimlation of the raphe, ovrovided an anaesthetic with
the properties designated above was available.

A good deal of work has been carried out on the effects of various
enacathetics on CNC activity both in generasl and with relation to
gnecific putative transmitiers, The esnaesthetics in comon use in
aninal studies are ot-chloralose, urethane, the barbiturates, the
volatile anzesthetics halothane, methoxyflurane and to a lesser extent
ether, The general depressant effects of anaesthetics upon spon=-
taneously ective neurcnes in the CNE was well demonstrated by Iloom
et. al. (1965). In the unansesthetised decerebrate cat, continuous
spontaneous activity was readily recordable in the ceudate nucleus.
“arenteral adwinistration of ansesthetics was found to affect this
activity markedly. Turing relatively light chloralese or barbiturate
anaesthesia, the spontanecus activity of the caudate neurones was
considerably less, and during deep chloralcse anaesthesia, almost all
spentaneous unit activity was absent.

Purther investigations by Crawford (1970) demonstrated that
anaesthetice adndnistered to cerveau isole cats had essentially simdlar
effects on both spontanecus synaptic firing of cortical neurones and on
the responses to the microelactrophoretid apolication of acetylcholine
and the excitent auino acids. Darbiturates depressed the chemical
sensitivity of cortical neurones in desez well below those necessary

for surglcal araesthesia. Subanaesthetic doses of' urethane depressed
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elightly the chemdcal sensitivity of the neurones, while full
anaesthetic doses of -chloralose markedly reduced the chemical
senslitivity of these cells for long periods,

Low to moderate concentrations of 1‘330 and trichloroetiylene nad
1ittle direct effect on the cortical neurcnes, while higher concentra-
tions of Nzi‘i induced hypoxia in the animals. Methoxyflurane at
full anaesthetic doses had 1ittle effect on the sensitivity of cortical
neurones. : talothane at concentrations of 0.5 - 1,0% in oxygen or air
had little effect upon the spontaneous or chemically evoked firing levels
despite a slow Mall in systemic blood prescure. Concentrations of
1.5 = 2,07 acceleruted the fall in bloed pressure and reduced both the
spontaneous ané chemlcally evoked firing in these neurones.

It would thus appear from these studi.ea that the spontaneous
activity of cortical neurones is less affected by the inhalation
eraesthetics than by ansesthetics administered by the intravenous route.

The use of the microiontophoretic technique made possible the
investigation of the effects of anaesthetics upon the post synaptie
sensitivity to o-if, Curtis et. al. (1961) found no effect of H-HT
when avplied iontophoretically to spinal neurones of barbiturate
anaeszthetised cats. However, a nunber o spinal interneurones were
found to be sensitive to J=IT7 in unanaesthetised preparations (Jeight
and Selmoiraghi 1968, Enguerg and Ryall 1966) sugcesting that barbiturate
anacsthesia may effect neuronal sensitivity to 5-HT. In addition,
Curtis and Tavis (1262) noted only depressant effects of 5-HT in the
lateral geniculate nucleus of barbiturate anaesthetised cats, while
f-‘atifxsﬁq (12€7) using unanaesthetised cats, observed an additional
neurenal population ﬂthin the lateral geniculate nucleus that is

facilitated by 5-HT suggesting that barbiturate anacsthesia may alter
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the proportion of neurones found sensitive to H-HT, Roberts and
Straughan (1967), investigating the responses of cortical neurcnes to
the microiontophoretic application of o-HI in unansesthetised catis,
found that swall doses of sodium tniopentone (0.6 = 0.0 mg/lyg),
adidnistered parenterally, selectively and reversioly reduced the
sensitivity of same units to excitation induced by o-il. In addition,
they found that the responses of cortical neurones to iontophoretically
applied o~iil did not vary signiflicantly between unanaesthctised
preparations and cats anaestlietised with 40 myg/Kg e« chloralose or
N,0 - balothane (Cud = 1.0% halothane in 78§jc 1,0 in 02)‘ (Jonnson,
loberts and Straughan 1969). it would appear, tuerefore, that the
neurcnal sensitivity to iontophoretically epplied S5-I is susceptible
tc modif'ication by anaesthetics, particularly the barbiturates.

In order to assess further the sites of action of ihe anaesthetics,
uﬂéndo \1969) investigated the effecis of procaine, pentobarbitone
(& = 50 mg/Kg) and halothnane (1 - 2%) on pre- and poste-synaptic
structures in the cuneate mucleus of unanaestietised decerebrate cats,
The anaesthetics were applied perenterally (in the doses stated above),
or microiontophoretically to neurones of the cuneate nucleus whilst
recording simulteneously the activity of the sane neurones. Jynaptic
transmission through the cuneate nucleus was investigated by delivering
_varying stimuli to peripheral nerves (wovement of hair, weights apvlied
to the skin, and movement of joints). The effect on the posi-synaptic
membrane was studied by observing the actions of the three anaesthetics
on the firing of' cuneate neurones being stimulated by the iontoplioretic
application of giutamate. The presynaptic element was studied by
recoraing in the superficial radial nerve and stinuleling antidromically

the cuneate nucleus or the dorsal colunms. Lhe resulis of the study
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indicated that procaine, pentobarbital and helothane all differed from
one snother in their site of action. Procaine wes found to be equally
efrective in blocking antidromic, transynaptic, and dirvect post-synaptic
stimulation of cuneate cells. Pentobarbital was more effective in
blocking transynaptic and direct post-synaptic excitetion, than in
blocking antidromic invasion. Halothane depressed synaptic trans-
mission through the cuneate nucleus but had no significant effects on
either pre- or post-synaptic structures, suggesting that this may have
been 'broﬁght about by a facilitation of the inhibitory input to the
system. The studles of Weakly (1969) failed to confirm the post-
synaptic site of action of the barbiturates. He found that the ac~
tions of the barbiturates thiopentone and pentcbarbital upon transe
mission in spinal motoneurcnes was confined to the presynaptic terminal
where they reduced the amount of transmitter released by afferent
impulses. It would thus appear that the barbiturate anaesthetics
would be unsultable for the study of 5-HT release,

Of the other anaesthetics that have undergone investigation, those
least likely to have effects upon neural excitability are methoxyflurane,
and low doses (0.5 - 1.07) of halothane (Crawford 1970), while those
having least effects upon the sensitivity of neurones to 5~HT are like=-
1y to be halothane and-c-chloralose (Jonnson et. al. 1969). Since
o chloralose anaesthesia has been found to have prefound effects on
spontanecusly active neurones in the cortex (Crawford 1970), it was
decided that the two inhalation anaesthetics methoxyflurane and
halothane may be the most suitable for the intended studies. When
used alone, induction of anaesthesia with methoxyflurane is very
sluggish (Penthrane handbook, Abbot laboratories), and far human

surgery, the use of a short acting barbiturate during induction is
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recomnended. Faperience in this departuent of the use of methoxy-
flurane ag an anaesthetio for animal studies confirmed the sluggish
nature of induction, and further deucnstrated that changes in the depth
of anaesthenia induced by changing the concentration of methoxyflurane
admirdstered sre equally slow (C.if. Dredshaw persenal comminication).
Oinee anaesthesia under halcthane is easily controllable, and at low
concentrations haa 1ittle effect on spontanecus activity (Crawford 1970),
or on the pre~synaptic and poste-synaptic neural activity in the brain
regions studisd (Callindo 1980), it sesmed reasorable to investigate
the use of this anaesthetic for these studiea.
Concentrations of halothane between @.5 ~ 1.D7 in oxygen or air

haéd been demonstrated to have little effect on both the spontanecus

ené drug induced firing of corticel nourones, whereas concentrations
of 1.5 - 2,07 depressed this activity (Crawford 1970). The depth
of amaesthesia mintained by 1.07 halothane in oxygen has been found

to be perfectly adequate for stlmulation studies of the iype mtendtd‘
(Beclestor et. al. 1970). I4 was therefore decided to investigate
the effects of halothane at this concentration upon the forebrain
concentrations of 5-HT and S5-HTAA. Two atudies were conducted.

The first study examined the effect of halothane ansesthesia (1.0%

in oxygen) upon the concentretion of 5-HT and 5-ITAA in the rat fore-
brain at various times of exposure to the anaeathetic. The second
study examined the cumilative effects of anaesthesia and surgery upon
forebrain S-hydroxyindoles.

Study 1.
fingle rats were placed in an induction chamber. Anaesthesia

was rapidly induced by passing a high concentration (4.0% in oxygen)
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of halothane through the cha:ber using a temperature compensated
halothane vaporiser (the Fluotec 3). The rat was removed from the
chamber, and anaesthesia maintained at 1.0 - 2.0/ halothane in oxygen
administered through a nose mask whilst the trachea was cannulated.
Following tracheal intubation, the animel was transferred to a water
bath at 57°C to maintain body temperature. (see section on body
temperature) . Anaesthesia was maintained at a halothane concentrae
tion of 1.0% in oxygen for 50, 45 or 90 minutes, after which time the
animal was removed from the water bath and decanitated. ®he fore-
brain was removed by precollicular section, ranidly frozen on solid
C0,, weighed and stored at -20°C overnight for S-hydroxyindole estima-
tions to be carried out the next day.

At the same time that an amaesthetised animal was sacrificed, a
control rat was also killed by cervical dislocation and the effect of
anaesthesia was analysed by a paired comparison and t test (see
statistical anslyses). The forebrain concentrations of 5-HT and
S5=HIAA were estimated by the method previously described.

The results of the study are shown in table 2 p.38. It can be
seen that exposure to 1.07 halothane for &Ominutes had no significant
effect upon the forebrain concentrations of either 6-HT or S<HIAA.

The 5=-HIAA concentrations were significantly elevated by 45 and S0
minutes exposure to halothane whilst the -1 concentration was only
significantly elevated at the longer time of exposure. It thus
appears that the effects of halothane anaesthesia upon forebrasin concen-
trations of 5-HT and 5-HIAA are greater the longer the animal is exj:osed
to the anaesthetic. It is also apparent that in experiments using
halothane ansesthesia, the period of exposure must be kept constant.

In these experiments it was intended that the raphe nucleus be stimlated
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The effects of halothane anaesthesia (1% halothane in oxygen)

upon the forebrain concentrations of 5-HT and 5-HIAA (ng/g wet wt.)

recorded after 30, 45 or 90 minutes exposure to the anaesthetic.

Results are expressed as the mean 2 S.E.M. of four pairs of animals

and analysed by the paired t test.

Period of
anasesthesia

30 min,
45 min.

90 min.

30 min,
45 min,
90 min.

5-HT (ng/g wet weight).

Control. Anaesth.
4876 46826
457229 502=19
545217 65227

5-HIAA (ng/g wet weight).

- +

2768 29524
306216 414232
28916 421714

Anaesth, minus P

control.
-19%9 N.S.
45216 NeSe
+109218 0.01>P>0,001
17211 N, S.
+108221 0.02>P>0,01
+132218 0.01>P>0,001
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for 50 minutes. Preliminary investigations dewsonstrated that the
surgical procedures and the implantation of' the electrode could be
corfortably accomplished within 50 minutes. The total time that the
animal requires to be anaesthetised is therefore 60 minutes. In
order to exauine the cumilative effects of surgery, electrode iumplanta-
tion and araesthesia upon the florebrain mm:-atiom of 5-IIT and

S=HIAA, a second study was conducted.

£

2

In this study, in order to complete a reasonable number of animals
per day, it was necessary to use two halothane vaporisers. This
ellowed animals to be maintained on 1.0 halothane whilst indueing
other aniuzels at higher halothane concentrations, Anaesthesia was
raintained with 1,07 halothane in oxygen using a Fluotec & temperature
campensated vaporiser, whilst induction was eff'ected using an earlier
model vaporiser (BOC No. 510400) wi thout this refinement. Whilst
the calibration of the instrument is reasonably accurate, changes in
the temperature of the halothane would result in changes in the concen-
tration of halothane delivered. ¥or this reason, the temperature
of the laboratory was meintained at a reasonably constant 20°C (the
temperature at which the vaporiser was calibrated)! , and animals were
transferred to the Fluotec 5 as quickly as possible,

Anaesthesia was induced as in the previous study. The trachea
was cannulated and the animal transferred to the Fluotec 5 vaporiser,
where anasesthesia was maintained with 1,07 fluothane in oxygen. The
head of the animal was secured in a Tavid Xapf lo. 900 stereotaxic
frame, and the cmnim; exposed, The fine tissue on the cranium was
scraped off and any bleeding through the bone was arrested using

plasticine. This was prefeerred to bone wax since the latter affected
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the adhesion of the dental acrylic which was used to secure the elec-
trode to the cranium. A hole was drilled according to the stereo-
taxic co-ordinates for the nmucleus raphe medianus (see later), and this
vas plugred with plasticine. The electrode was then driven through
the plasticine to enter the nucleus raphe medianus at the following co-
ordinates. lateral Omu., anterio-posterior + 0.4 mun., vertical
- 2.6 mm, (Konig and Klippel 1963). The electrode was secured
to the skull using dental acrylic omnt; ihen the electrode was
securely held in position, the animal was re.oved from the stereotaxic
frame and placed in a water bath at 57°% to maintain body temperature.
After a total of 60 minutes anaesthesia, the aniuals were killed by
decapitation and the forebrains removed, frozen, and stored for assay
of 5-IT and 5-IIAA the followirg day. Control rats were treated as
in the previous study and the results were analysed by a paired
conparison.

It can be seen from table 3 p. 42, that the cunulative effect of
60 zinutes exposure to halothane (1.0 in 02) and surgery had no effect
on the concentration of 5-HT in the forebrain, but significantly ele-
vated the 5-HIAA concentration. The elevation of forebrain S-HIAA
may indicate either an increase in the production of 5-HIAA or a de-
crease in its clearance. The recent report of Fourgoin et. al.,
(1973) demonstrated that short term ether anaesthesia increased the
turnover of 5-HI, and it is generally accepted that an increase in brain
S=HIAA with or without an ircrease in J-HT may indicate an increase in
turnover through the S5~!T pathway. Whether fluothane increases 5-!iI
turnover in a similar marmmer to that seen during ether amaesthesia
cannot be ascertained from this study. Pentobarbital ma.eatheeiau

(55 mg/Kg) has been shown to reduce the accumilation of 5-HIAA by



Table 5.

The cumulative effect of fluothane anaesthesia (15 halothane
in oxygen for 60 mins.) and surgery upon the forebrain concentration
of 5-HT and 5<HIAA (ng/g wet weight). Results are expressed as
the mean and S.E.l. of 10 pairs of animals and analysed by the
paired t test.

Concentrations (ng/g wet weight).

Control Anaesthetised. Anaesthetised P
minus control.

SeHT 488224 527-54 +39255 N.S.

5-HIAA 519218 409321 490228 P4£0,01
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isolated choroid plexuses (Cserr ard Van Iyke 1971). A similar
effect of fluothane anaesthesia would account for the elevation of
O~HIAA noted in these experiments. However, there is no direct
evidence of this.

In an ideal experimental situation, it would be desirable that
the anaesthetic should have no effect upon the system under investiga-
tion, Even though the results of the above studies demonstrated
that fluothane anaesthesia affected 5-HIAL concentration, it was
decided (with the knowledge of the problems associated with the use of
other anaesthetics) that fluothane anaesthesia, though not ideal, would
be suitable, provided the known effect was adequately controlled.
A11 animals in the stisulation studies undergo the same surgery and are
anaesthetised for the same period. They differ only in that half
receive electrical stimulation, whilst the controls do not. Thus
all animals will be affected to the same extent by anaesthesia and
surgery, and the eff'ects should therefore be controlled by the experi-

mental design.

(iv) The control of body temperature.

Two factors may grossly alter the body temperature of the experi-
mental rats. - Firstly, the halothane anaesthesia will impair their
ability to maintain their temperature, and secondly, experizental inter-
ference with S5-HT metabolism may affect centres in the preoptic area
of the hypothalamus and possibly other forebrain sites as well (Simmonds
1970) which are involved in the control of body temperature (see Chase
and Murphy 1973). It is therefore important that any studies in-
velving measurement of forebrain Sehydroxyindoles in fluothane
anaesthetised rats should be carried ocut using adequate temperature

contrel. Body temperature must be kept constant throughout the
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experiment and the use of a thermostatically controlled water bath for
this purpose was investigated.

The investigation wes conducted upon 6 male Albino iistar Pats.
Each rat was anaesthetised as described previously and the trachea was
cannulated. The rats were then placed in a vater bath at 55°C and
rectal teuperature was recorfed every ten minutes until three consecu-
tive readings agreed. This was then recorded as the body temperature
maintained by ismersion in the water bath at 35%. The procedure
was repeated at water bath temperatures of 36, 57, 52 and 39°C, The
results of the study are shown in table 4 p. 45. It can be seen
that there is good correlation between water bath temperature and body
terperature in the higher range of temperatures studied. However,
body temperature never falls below 56,58°C, even when the animals are
inmersed in water at 55°C.

The swall £.E2.Ms recorded indicate that body temperature can be
maintained at a reasonably constant levell using this method, and at the
higher temperature ranges studied, body temperature is maintained very
near to the temperature of the water bath. It is therefore aoparent
that a thermostatically controlled water bath is very effective in
maintaining body temperature at a constant level in halothane anaesthe-
tised rats.

This method was employed in all studies in order to maintain the

body temperature of ansesthetised animals at 37°C,

(v) Electrodes.
In previous studies, stimulation has been applied to the raphe

nucleus through bipolar electrodes (Aghajanian et. al. 1967, Kostowski
et. al. 1968, Gumulka et. al. 1969, Eccleston et. al. 1970, ‘heard and
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Body temperature of halothane anaesthetised rats attained by
imnersion of the animal in a water bath at temperatures of 55, 36,
57, 58 and 59%. Results are cxpressed as the mean 2 8.E.M. of

8 rats.

Water bath temperature (°C).

86, 56, 57. o8, 59,
Body temoer- 56,58 56,64 37,12 58,06 59.06
ature (' C). b 5 F = ¥
~0,15 «~0,04¢ 0,04 <0.,02 0,02
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Zolovie 1971). The advantage gained in the use of bipolar electrodes
rather than unipolar electrodes is based on the restricted current
spread between the two poles. This allows the activation of' more
discrete regions of brain tissue.

Two types of stainless steel bivnolar stimulating electrodes were
investigated, concentric bipclar electrodes, and a type of electrode
referred tc as the lateral bipolar electrodes. The concentric bipolar
electrodes were constructed of an outer pole of stainless steel tubing
with an externel dismeter of between 400 - 450 m, with an inner pole
of 150 au Diamel coated stainless steel wire further insulated with a
coat of Araldite PZ 985 varnish. The outside of the steel tubing
was insulated with six coets of Araldite PZ 985 wvarnish. The tips
of the electrodes were finely ground on a miniature grindstone to pro-
duce a pole separation of about 1.0 mm., with a tip diameter of avout
50 pm (Fig. 5b). The lateral bipolar electrodes were constructed of
two strands of Diamel coated stainless steel wire 150 u in diameter,
wound in & helical fashion using a hand drill, The electrodes were
 further insulated with six coats of Araldite P7 985 varnish.  The
electrode tip was formed by obliquely cutting the wire to produce two
poles separated by ebout 1.0 mu. (Fig. 5a).

The insulation of all electrodes was checked using an Avometer,
and the resistance between the two poles when immersed in a solution
of 0,15 I saline was measured. The resistance between the two poles
was usually of the order of 30 - 60 K o, Electrodes with higher
resistance were rejected,

A preliminary study investigated the suitability of the two types
of electrode, Rats were anaesthetised and an electrode was sterko-

taxically positioned in the nucleus ranhe medianus as described pre-



FIG- 5‘

TYPES OF STIMULATING ELECTROPDES EXAKINED IN THE PRELI.INARY
STUDIES,

See text for detailed description of the two types of electrode.
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TYPES OF ELECTRODE EXAMINED
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viously. The animels were placed in a water bath at 3??1and
stimulation was applied at a frequency of 10 Hz, a pulse width of 2.0
msec., and a voltage of 4 - 5 V (see next section) for 30 minutes.
After stimulation, the animal was killed by decapitation and the fore-
brain was removed, rapidly frozen, weighed and stored at -20°C for the
estimation of S5-HT and S5-HIAA to be carried out the following day.
The midbrain was placed in 10% formol saline for histological examin-
ation of electrode placements (see histology). Control rats hed
electrodes implanted, but received no stimulation.

The results of the study are shown in table 5 p. 49, it can be seen
that stimulation applied through the lateral bipolar electrodes had
little effect upon the forebrain concentration of 5<HT and 5-HIAA,
whereas stimulation at the same intensity applied through the concentric
bipolar electrode produced a significant increase in the forebrain
S5-HIALA concentrations without affecting the S5-HT level.

For these experiments, the stimulus current wes not monitored
through an oscilloscope, a technical refinement used in later studies.
Stimulus intensity was therefore calculated from the known resistance
of the electrode in saline and the voltage applied. Thus with an
electrode of 40 K .. resistance and a voltage of 4 V, the stimulus
current should be of the order of 100 ke This intensity of stimula-
tion applied to the raphe was sufficient to induce considerable whisker
twitching, and occasionally some movement of the eyelids and ears. It
was noted during the study that in three of the six animals receiving
stimulation applied through the lateral bipolar electrodes, no motor
activity was visible. Exemination of the electrode following removal
from the brain demonstrated that some of the plasticine used to plug the

hole in the skull had adhered to the tip of the electrode, and that this
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Table 5.

The effect of electrical stimulation of the nucleus raphe (10 Hx,

2 msec. pulse width, 4 - 5V for 30 mins.) upon the forebrain concentra-

tion of 5-HT and 5-HIAA (ng/g wet wt.).

3a showe the effect of

stimulation applied through lateral bipoclar electrodes, and 3b the

effect of stimulation applied through concentric bipolar electrodes.

Results are expressed as the mean I 8.E.M, of six pairs and analysed

by & paired t test.

%a Lateral bipolar electrodes.

Control. Stimulation.

5-HT (ng/g) 555-21 595~ 41
5-HIAA (ng/g) 267%12 276239

%b Concentric bipolar electrodes.

Control. Stimulation.

5-HT (ng/g) 479294 402162
5-HIAA (ng/g)  366=15 521218

Stimulation
minus control.

+h0:57

+9=27

Stimulation
minus control.

772118

+155212

P

N.Se

P <0,001
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had increased the resistance between the two poles considersbly.

Thus the current applied to the raphe in these animalz was considerably
less than calculeted which may well have been responsible for the lack
of motor activity and the small change in 5-HIAA concentration. The
finer points of the concentric bipolar electrodes allowed these to pass
through the plasticine with little effect on the resistance between the
two poles.

In addition to the above problems, the lateral bipolar electrodes
were more flexible than the quite pigid concentric electrodes. This
resulted occasionally in slight bending when being manipulated in the
stereotaxic frame. This, it was anticipated, could lead to un-
reliable implantations intc the raphe region. The concentric bipolar
electrodes could be effectively re-used by carefully removing the dental
acrylic cement used to fix this to the skull. This procedure proved
impossible with the more flexible laterzl bipolar electrodes.

The preliminary study therefore demonstrated that concentric bipolar
steel electrodes gave greater and more reliable elevations of 5-HIAA
concentrations than the lateral bipolar electrodes, and it was decided
that the former should be used in all studies involving the stimulation
of the raphe nucleus.

(vi) Stimulation Parameters.

The studies of Kostowski et. al. (1969) demonstrated that
electrical pulgaa applied to the nucleus raphe medianus at a rate of
10/sec produced greater elevations of forebrain S5-HIAA concentration
than did stimulation at 2 or 60 pulses/sec. Currents of over 200
pA passed through nervous tissue can produce considerable damage to
tﬁe cells surrounding the tip of the electrode. It was therefore

necessary to keep the stimulus intensity below this level. In
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early studies, stimulus current was not monitored through an oscilloe
scope, but was calculated from the known resistance of the electrode
in saline, and the voltage applied. Thus by applying Chus law, an
eleclrode with a resistance of 40 Ko carrying 4V would give a current
of 100 i, In these early studies therefore, the stimulus intensity
was meintained at about 100 4 by caleulation. In later studies,
the stimulus intensity was maintained by 100 uA by measuring the vol-
tage drop across a 40 Ko resistor in the electrode circuit, and monitored
through a colartron CD 1400 ono;llmope.

The stimulation parameters used throughout the study were pulses
of 2.0 usec duration, applied at a rate of 10/sec and at an intensity
of 100 k.

(viI) Statistical Analyeis.

The concentration of 5-HT in rat brain is known to follow a
circadian rhytim (Quay 1968, Okada 1971, Hery et. al. 1972). It is
theref'ore probable that there would be considerable variation in the
forebrain concentration of 5-!IT measured at various times during the
day. In order to assess this variation, I measured the forebrain
concentration of both 5-HT and 5-HIAA at varicus times throughout the
day. Rats used in all studies conducted in this thesis were
maintained in a constent cycle of 12 hours light followed by 12 hours
darkness. The period of light was from 0800 hrs. - 2000 hrs. and
experiments were usually conducted between 0890C hrs, and 1700 hrs.

This lighting schedule was identical to that maintained in the breeding
rooms of our animal house, and by the suppliers of the rats used when
our breeding programme was unable to maintain adequate supplies.

The same strain of rats was used in our breeding rooms and by the

suppliers.
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Using rats maintained on the above lighting schedule, the fore-
brain concentrations of 5~HT and S5-HIAA were measured in three groups
of 6 rats killed at 0940, 1420 and 1850 hrs. These tives were chosen
to cover the time period during which it was enticipated that experi-
mente would be conducted., The result of the study is shown in Fig.
6 p.5&. It cen be seen that the concentration of both S-hydroxyine
doles veried with the time of day. The 5-HT eoncentration appears
tc be higher at 1850 hrs. than at the other two times studied, and the
concentration of 5-HIAA measured at 0940 hrs. is much lower then that
measured later in the day. Comparison of this date with that ob-
tained by previous workers is difficult since no measurements were made
during the periods of darkmness, lowever, previous work has shown
that the concentration of 5-17 in most brain regions reaches a peak
during the latter half of the period of 12 hours light, and falls to a
minimun level during the early half of the davk period. The study
conducted here shous that the level of both S-hydroxyindoles was higher
at 1850 hrs. than at the earlier times studied, suggesting o trend to-
wards the circadian rhythme observed in Quay (1968) and Ckada (1971).

This study, though conducted on & few animels only, confirmed
that within day chenges in forebrain S-hydroxyindoles could be & con-
siderable scource of variation in future studies. It was considered
that this variation could be most eflectively reduced by using a paired
experimental design, and by applying the paired t test to differences
between treatments. In order to ensure that all animals were
anaesthetised for a constant period of time, it was impossible tv run
stimilated and control animels together, so there was always a short
tine lag between sacrifice of pairs of animals. However, control

animals were prepared as scon as a stimulated animal was set up, and



FIG. 6.

THE CONCENIRATION OF 5-HT AND 5-HIAA IN THE RAT FOREBRAIN
MEASURED AT THREE TIMES DURING THE 12 HOUR PERICD OF LIGHT.

Filled circles show the 5«HT concentration (ng/g wet weight),
and the open circles show the 5-HIAA concentration (ng/g wet weight),
Fach point represents the mean of 6 animals, and the vertical bars
represent the S.E.M,'s. The shaded areas on the x axis represent
the end and beginning of the 12 hour period of darkness.
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the effect of stimulation was analysed by a paired comparison between
treatuwents. The time lag between sacrifice of two animals in such
en experimental design was of the order of 50 minutes. When the
effect of a drug upon stimulus-induced changes in forebrain 5-H7 end
O-HIAA was investigated, the experiment wes designed so that pairs
(stiumlated and control) of animals receiving and not receiving the
drug were set up alternately. The effect of the drug upon stimulus
induced changes was sizilarly analysed by a paired comparison applied
to the difference between stimulated and unstimulated animals from drug
treated and saline treated groups (see Fig. 7 p.bb). The maximum
time between sacrifice of anluals treated and not treated with the drug
wag GO minutes.

Histological examination of electrode tracts was carried out in
all animals receiving stimulation, Whenever an electrode was ob-
served to be outside the raphe, that result eand its pair were rejected.
They were however used to ascertain the effects of stiwulation of non
raphe regions of the midbrain upon forebrain 5-HT and S-iIAA concentrae
tions.

Although no studies were conducted with the specific aim of asmess-
ing day to day variations in forebrain S-hydroxyindole concentration,
data obtained from animsls studied in experiment III (c) (The effect
of chlorimipramine on iI~tryptophan induced changes in florebrain Sehy-
droxyindoles. p. ). can be utilised to demonstrate this problem,
During the course of experiment I1I(b), one group of three animels was
killed at approximately the same time on four diff'erent days. All
the animals received a similar injection of saline one hour before death.
$he foarebrain omcmtmﬁms of J=HT and 5-HIA.A measured on the four days

is shown in table Sa p.56. It can be seen that the concentration of
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FIG.7

BASIC EXPERIMENTAL DESIGN EMPLOYED IN THE STIMULATION EXPERIMENTS

SALINE TREATED ANIMALS DRUG TREATED ANIMALS

STIMULATED UNSTIMULATED STIMULATED UNSTIMULATED

Difference e paired t test Gm————Djfference
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(a) The concentration of 5-HI and 5-HIAA in the rat forebrain

measured at approximately the save time (1500 - 1550 hrs.), but on

four different days.

of three animals.,

Tate.

25/10/72
2/11/72
3/11/72
9/11/72

5-HT econcentration
(ng/z wet weight).

58556

B3

524-47

S=HIA/L concentration
(ng/g wet weight).

305215
23411
500=4

-+

244358

Results are expressed as the mean - S.E.M.

(b) The analysis of variance applied to the data of table 6(a).

The variance ratio refers to the ratio of the mean square deviation

arising Letween animals or days tc the residual mean square deviation.

(i) Se-HT.
Origin of

Cfums of squares

variance. of deviation
from the mean,

Total 225170

Fetween _

animals, 12421

Detween

days. 1783594

Residual. 34365

(i) b5~HIAA.

Origin of fums of squares

variance. of deviation
from the mean.

Total 22441

Letween

animals. 4345

Between

days. 12411

hesidual. 5685

Degrees of
freedom.

11

Degrees of
freedom.

i1

[ ol

kean square

deviation.

4140

«aBld

o726

‘ean square

deviation.

[+
B
&

3

Variance
ratio.

0.72

7.47

Variance
r&tio.

P

Haa

< 0,05

1

N.s.

<0.,05
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both S~nhydroxyindoles showed considerable day to day variation.

In order to assess tnis variation more guantitatively an analysis
of variance was conducted on the date of table 6a p.oG. The result
of this analysis is shown in table b p,56. It can be seen that the
between aniual variation in Sehydroxyindole concentration is not signi-
ficantly different from the residual variance. However, the between
day variance is significantly greater than the residual variance both
for the brain concentration of 5-iI and O-HIAL (0.06> P> 0.02), It
is unlikely that the day to day variation in S5-HT and O5-HIAA concentra-
tions arose as a result of variations in the extrantion and estimation
of the i~hydroxyindoles since this was always controlled by the use of
both intermnal and extermal stendards. What is certain however, is
thet the day to day variaetion in forebrain S-hydroxyindeole concentrations
could be a considerable scource of error unless compensated for in the
experimental design,

1t was therefore considered that the use of a paired experimental
design, as outlined above, would be the wost eff'ective way in which
both the within dey and day to day variations in forebrain S-hydroxyin-
dole concentrations could be reduced.

(viii) Histology.

After stimulation, the forebrain was separated from the midbrain
by precollicular section. The former was frozen and stored for 5-
hydroxyindole estimations, while the latter was fixed in a solution of
10 formol saline in preparation for the histological examination of
electrode tracts.

After about & weeks fixation in 107 formol saline, the tissue was
removed and wounted in gelatine on a freezing microtoue. The

gelatine and tissue were frozen by passing a stream of 002 through a
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chanber surrounding the tissue chuck of the microtome. 40 n
transverse sections were cut and mounted on gelatine coated slides.
These were then eir dried and placed over formaldehyde vapour in a
desiccator for 24 hours.

The sections were stained by the Thionin blue method for Missl
substance as follows :- .

The sections were placed in 1.07 acid alcohol (25C =l methanol +
5 érops cone. HCL) for 5 winutes, followed by & thorough rinse in dise
tilled water. The secticns were then stained in 0,027 Thionin
golution for 30 minutes at 50°C. After staining, the sections
were washed in distilled water and 707 ethanol before being differen-
tiated in o solution containing 5/ aniline in absolute aleohol. The
sections were then washed in a methanocl/xylel mixture (867/55% by
volume) and further differentisted in a eolution containing 15 parts
aniline, 5 parts cajeput oil gnd 80 parts 707 ethanol. Sections
were then washed in 95% ethancl and xylol/methancl mixture (867/357%
by volume) before heing dehydrated in sbsolute ethanel. The sections
were then cleared in xylol end mounted in Depex. .'

In sectiors cut and stained in this menner, the nucleus raphe
medianus is olearly vieible as a well defined group of cells occupying
a position in the midline of the secticn. The electrode track is
visible as a small lesion (Fig. & p.58). The position of the elec-
trode in relation to the nucleus raphe medianus can be clearly aseer-
tained by exawination of the midbrain sections urder a low power
mieroscone.

(ix) Swwery of the techniques used in the stiumlation study.

As a result of the comtrolled investigations cutlined in sections

i - viii, the following technique was adopted in all studies involving



FIG 8,

HISTOLOGICAL LOCATION OF ELECTRODE PLACEMENT,

The figure shows two photographs of secticns through the
midbrain of rats. The position of the tips of the stimulating
electrode is visible as a small lesion (arrowed).

Photograph (a) shows two sections from the same animal in which
the tip of the stimulating electrode is correctly positicned in the
midline raphe nucleus.

Photograph (b) shows a section from an animal in which the
electrode tip was misplaced dorsolaterally.
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stimulation of. the nucleus raphe medianus,

Andmals were anaesthetised with 1,07 halcthane in oxygen and a
cannmule was iuplanted into the trachea. A stainless steel bipolar
electrode (500 p diameter, tip separation 1 um.) was stercotaxically
positioned in the mucleus rephe medianus asccording to the following
co~ordinstes, lateral 0, anterio-posterior + 0.4 mu., vertical -2,6 mm,
(Kenig and Klippel 1963) using a lavid Kopf No $00 sterectaxic {rame.
Following electrode implantation, body temperature was maintained at
57°C by immersing the ardmal in a water bath. Half of the animals
in each Igroup were stimulated by monopolar pulses of 2 msec duration,
i0 Iz, 4 - 5 V, producing a stimulation current of about 100 ):A delivered
from a Grass SD & stimulator. The other half of the group remained
&8 unstirmulated controls. Ctimulation was applied for S0 minutes.
4%t the end of this period, all animals were killed by decapitation and
each forebrain was removed Ly precollicular section, rapidly froszen,
then weighed. carples were stored overnight at -20°C and 5-I7 and
O-HTAA estimations carried out the following day.

The histological location of electrode placements was identified
in all enimels receiving stimulation, ihenever an clectrode was
obgerved to be outside the nucleus raphe, that result and its pair

were rejected,

(x) ZIryptophan.
I~tryptophan was obtained from Eritish Drug Houses Ltd.

(a) liethod of aduinistration.

Being a very insoluble auino acid, L-tryptophan was administered
as a 10 mg/ml suspension in saline containing 0.1 ml/20 ad
polyoxyethylene sorbitan mono oleate (Tween £0) as an emulsifying

agent, Control animels were given saline containing the same cone



centration of Tween 80.

(b) Iasic experimental design.

In these studies the animals were not anzesthetised. Following
edrdnistration of L-tryptophen by intraperitoneal injection, the animals
were maintained for the relevant period of time in a gqulet cavironment
before being sacrificed by cervical dislocation. The foredbrain was
removed by precollicular section, frogen on solig 002, welghed and
stored at -20%C for estimation of 5-HT and S-HIAA as described previous-
ly. Pairs of animals receiving and not receiving L~tryptophan were
sacrificed at the same tiwe and differences in brain concentrations of
S-HD and b-~HIAA analysed by a paired couwparison of the differences be=
tween treatuments.

(¢) Xeesurement of tryptophan in brain and plasma.
(i) Extraption of tryptopban from brain tissue :~

Hats were sacrificed by carvical dislocation and decapitation.
Flood was collected from the neck into glass tubes containing 500 I.U.
sodium heparin, The brain was rapidly excised and the forebrain was
removed by precollicular section and weighed.

Tryptophan sas extracted from the forebrain by a modified method
of Ashoreft et. al. (1965). The tissue was homogenised in a 1.0
volume of 407 v/v acetic acid using an all glass homogenisers A
further 1.0 volume of 205 v/v acetic acid was added to the hamogenate,
and the tissue vas re-homogenised. The honogenate was then diluted
1:10 with distilled water. ‘1,0 ml of %07 w/v trichloracetic acid
(7CA) was added to 6,0 ml seuples of diluted homogenate, and the pre-
cipitated proteins removed by centrifugation at 2,500 x g. 5.0 nl of
supernatant were removed for the fluorcmetric deternination of' trypto-

phan (see later).



«82~
(1i) Fxtraction of tryptophan from plasma :=

lcHenamy and co-workers investigated the disiribution of trypto-
phan in hunan plasma and found that normally about 80% of the I~ trype
tophan is not dialysable but is bound to serum albumen in a specific
manner (liclienamy and Oneley 1958). The proportion of dialysable
tryptophan in plasma can be reliably estimated in the plasma ultrafil-
trate (Mcllenamy et. al. 1961). “ince that proportion of plasma
tryptophan available for 5-HT synthesis in the brain must be in the
free form, the cancentra_ti.on of tryptophan in both whole plasma dnd
ultrafiltrate was measured,

Blood semmles were treated as described by licir (1971). Blood
was centrifuged at 2,500 x g. for & minutes. 0.1 ml. of plasma waes
diluted 1:50 with distilled water and the proteins were precipitated
by the addition of 1,0 ml of 307 w/v TCA. Precipitated proteins
were removed by centrifugation at 2,500 x g. for 7 minutes, and 5.0 ml.
of supernatant was removed flor tryptophan determination.

The plasma ultrafiltrate was prepared accerding to the method of
licllenamy et. al, (1961) as modified by loir (1971). line inch
lengths of Visking dialysis tubing 8/52 (Scientific Instrument Centre
Ltd.) were soaked in distilled water. A glass rod inserted along
the whole length to ensure patency and the tubing was dried. A
perforated PIFE disc was placed in a centrifuge tube to fit just above
the taper (See Fig. 9 p.63). The dry dialysis tubing was bent into
a U shape and placed in the tube with the bend of the U resting on the
PIFE disc. 1.0 ml of plasma was placed in the tubing, and the ends
of which were then secured to the outside of the tube with adhesive
tape. The top of the tubes were covered with sealing {issue. The

fubes were centrifuged at 5,000 g. for 60 minutes at 57°C, after which



FIG, S,

SLAGHAK 10 SIOK TiZ BASIC MEXICC BIPLOYED IN ©HE PREFPARATICHN

Ci' THE PLASUA ULTRAFILTRALL,

See text for details.
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METHOD USED IN THE PREPARATION OF

THE PLASMA ULTRAFILTRATE

3.000 x g. W

460 mins, 37°C
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Plasma

Perforated P.T.FE. disc
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time the clear ultrafiltrate was visible in the tip of the centri-
fuge tube. Oel ml. of ultrafilirate was diluted 1:40 with distilled
water and 9.0 uls were rauoved for tiyptopinn determination.
(4ii) Fluorcmetric estimation of tryptophan in brain and plasua
extracis:=

The concentration of L-tryptophan in brain, and plaema extiracts
was measured by the fluorcuetric nethod of Hess and Udenfriend (1959).

“tandard solutions against which the L-trxyptophan concentrations
were estimated were préparod by adding known concentrations of I~
tryptophan to brain homogenates, plasma and plsama ultrafiltrates.
These were then carried through the assay procedure with each batch of
samples. The fluorescence due to tryptophan was calculated by de-
ducting the fluorescence of the blanks (no tryptophan added) frow that
obtained in the paired samples containing added I~iryptophan. The
tryptophan concentrations of the standards used were for brain 1.0
m.mol/ml, diluted homogenate, for plasua 60 n.mol/ml. undiluted plasma,
and for the ultrafiltrate 500 p.mol/ml. undiluted ultrafiltrate.
The percentage recovery froo the extraction procedures was calculated
by conparing the fluorescence of IL~-tryptophan added to the tissue samples
with that obtained from external standards conteining equivalent concen-
trations of I~-tryptophan in distilled water. The tryptophan concen=-
tration of the tissues was then corrected according to the 7 recovery,

The mean perecentage recoveries over all estimations carried out
were for brain - 75.8622,3, plasma - 76.526.4, and for ultra filtrate -
84.928.1,

. The 5.0 ml., samples of the final extracts and standards were

added to 0.1 ml. of 209 v/v forualdehyde solution and placed in a
boiling water bath for 20 minutes. The tubes were then removed {rom
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the water bath and 0.1 ml. of 57 aqueous Hz(:v2 added. The samples
were replaced in the boiling water bath for a further 20 minutes after
which time they were removed and allowed to cool to room temperature.
The fluorescence intensity of the samples was measured at 3566 nm.
(excitation) and 440 rm. (emission).
(xi) Drugs.
(a) Chlorimipramine:-

Chlorimipramine (Ceigy) wae prepared as a O mg/ml solution in
saline. The dosage used throughout the study was 5 mg/Kg.
(b) Lithium:=

The lithium salt used in all studies was LiCl. Isotonic

(0e15M) LiCl was administered by the intraperitoneal route in doses of
1.5 nig/Kg/day for 5 days, or 0.75 miq/Kg/day for 10 days.

The concentration of Ii* in brain and plasma following the i.p.
administration of 0.15M LiCl in doses of 1.5 mEq/Kg/day for 5 days or
0.75 mEg/Kg/day for 10 days was estimated according to the method of
Schou (1958).

Animals pretreated with 1LiCl as described above were killed by
cervicael dislocation and decapitation. Blood sammles were collected
from the neck as described previously and the brain was removed. Fore=-
brains were removed by precocllicular section, weighed and placed in cen-
trifuge tubes. An equal volume of concentrated HNO'S was added, and
the tubes were placed in a boiling water bath for 60 minutes. The tubes
were then removed from the water bath and allowed to cool to room temper-
ature, whereupon the contents of the tubes were thoroughly mixed with 5
volumes of 107 v/v isopropanol in distilled water. The tubes were

centrifuged at 1,500 x g. and the supernatant removed for estimation.
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Blocd samples were centrifuged at 1,500 x g. for 15 minutes. The
plasma was removed, diluted 1:2 with 1077 v/v isopropancl, and recentri-
fuged at 1,500 g. for 50 minutes. The supernatant was removed for

estimation,
Lithium concentrations were ueasured by flame euission spectropho-

tometry using an EEL 240 Mark II Atomic Absorption Spectrophotometer.
BEmission was recorded at a wavelength of 670.5 nm using a 10,0 flame and
slit width no. 4., GStandard Ii' samples were made up in mock plasma or
brain extracts. The ionic composition of the solutions was for brain,
Na*50 mEq/1, K'100 mEq/1, Ca>’s mEq/1, and Mg’ '8 mEq/1; and for plasma
Na*152 mEg/1, K'5 mEq/1, Ca’'5 mEq/1, and Mg*'s mBq/l. The mock solutions
were diluted with distilled water according to the dilutions of the brain
and plasme extracts, and standard 14" added to produce final concentra~
tions of 0,02 - 0.10 mig/1l. The Ii* standard was prepered by dissolving

dried Ii_CO,. in 1N HC1l end diluted to volume with distilled water (ILittle

28
et. al, 1968). The Ii' concentration in each sample of brain and plasma
was estimated by comparing the percentage luminance of the samples with

the prepared standard curves.
In order to evaluate the effect of other cations on the emission of

4% at 670.5 nm, two studies were undertaken, The first study investiga=
ted the effect of cations in general on the luminance recorded from stan-

dard 14" sclutions at the parameters outlined previously, Standard 14"
solutions containing 0,2 - 0,8 mig/l were made up in distilled water,

mock plasma extract, and mock brain extract. The luminance recorded for
each concentration of Ii" in the three fluids is presented in table 7

Pe67. It can be seen from the table that the ma jor physiologic cations
Na*, k*, Ca*, and 1g°* in the concentratioms likely to be present in the
brain and plasma extracts had little effect upon luminance recorded from
1i" standards made up in glass-distilled water.

Amdisen (1971) pointed ocut that the background emission from la'



Table 7.

The luminance recorded for standard 1i' solutions made up in
glass distilled water, wock brain extract (#ia' 50 mEg/1, K' 100
mEq/1, Ca’ 5 mEq/1, Mg>* 8 mEq/l, and mock plasma extract
(va* 152 mBq/1, K* 5 mEq/1, Ca”’ 5 mig/1, Mg“ 5 mBq/1).  The
results are expressed as the mean = S.i.M, of 5 estimations.

14" concentration Luninance (arbitrary units)

(mEq/1) Dist K0 libck brain liock plasma
extract extract
0,02 11.520,5 12,120,1 11,7-042
0.04 22445045 22.120,5 22,7205
0406 52472048 55,1%0,6 55.620,6
0.08 | 45.8%1,0 44.120,8 44.1%0,7
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end X' are of very minor importance when recording Ii' emission at
671 nm. However, it was pointed out that unless very small slit
widths are used, the background emission for Ca®' can be considersble,
and could lead to errcneously high Li* estimations. In order to
evaluate the interference from Ca’* more directly, the effect of adding
high concentrations of Ce°' to standard Ii* solutions made up in dis-
tilled water wes investigated. The emission recorded from standard
1i" solutions (0.1 miZg/l) at the parameters outlined previously was
compared with that recorde'dlfor 1i" sclutions conteining 118.5 or
257 miq Ca” /1.  The result of the study is shown in table & p.69.
Tt can be seen that the addition of Ca"' to i’ standards had no signi-
ficant effect on the emission recorded at the Li' wavelength (670.5 nm).
Only at the higher Ca’' concentration (257 mig/l) was the emission
. elevated, and that not significantly. ‘

It was concluded from the two studies, that the interference from
the ma jor physiologic cations Ca®’, :g“*, K*, end Na't in the eatimation
of Ii" by flame exission spectrophotometry using the techniques outiined
previously was insignificant. The eff'ect of the major interfering
cation Ca“" was only just evident at concenirations vastly in excess of
that expected in brain or plasma. Thus it can be assumed that the
technique x;aed in these studies for the estimation of Ii' was perfectly
velid and produced accurate measurenments of the cation in the tissues
studied.

(xiii) Studies using radicactive 5-HT,

The last part of the results section describes soue preliminary
4
studies into the effect of Li' on the uptake and retention of l*G—SHT
by & crude preparation of isolated nerve endings (synaptosomes). The

techniques employed in the study are discussed below.
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Table 8,
The effect of -’.‘a3+ on Ii" emission recorded at 670.5 nu,, using

a 10 cm, flave and no, 4 slit width, Emisaion is expressed as the

percent luminsnce recorded with or without added Ca®'.,  Results are

o

expressed as the mean X 8,81, of four pairs and analysed by the

paired t test.

Concentration ' Luninence (arbitrary units)

of Ca®* paded 1% (0.1 w/mg/1) 1t* plus, ~Difference & P
alone. added Ca

118,5 mEg/1 80.0821,96 60.1521.38 0,0720.15 0.49 N.S,

257.0 mEq/1 59.9030,94 57.2521,08 2.6731,11 2,41 N,.S.
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(1) Preparation of the crude synsptosomal fraction.

Crude synaptosomal fractions were prevared according to the method
of Gray and Whittaker (1982). ihole forebreins were homogenised in
10 volumes of ice cold 0.52K sucrose using a teflon pestle and glass
tube. The clearance between pestle and tube was 0,50 mm, The
hemogenate was centrifuged at 1,000 x g. for 10 minmutes at 4%. The
pellet containing nuelel and large cell debris was discarded, and the
supernatant was further centrifuged at 17,000 x g. for 50 minutes.

The resulting supernatant containing mostly microsomes was discarded,
and the pellet containing synsptosames, myelin fragments and mito-
chondria was resuspended in 26 ml. of ice cold HKrebs sclution containe
ing 2g/1 glucose. This suspension conatituted the crude synaptosomal

suspension used in all incubation studies.
(2) Incubation procedures.

Two typas of experiment were conducted. The first investigated
the accumlation of 5=HT by the crude synaptosamal fraction, aﬁd the
second examined the retention of the accumulated 5-IT at 37°C,

(1) Accumulation study,

540 ml samples of the synaptosomal suspension were placed in incu-
bation flasks conteining the necessary volure of Krebs solution to. bring
the final volume to 6,0 mls. on addition of “VC-5HI,  This procedure
brought the final volume of synaptosomes to the order of 1 ug protein/ml
of suspension. The flasks were placed in a water bath and preincuba=
ted far 10 minutes at 57°C.  The -Cu5HT was then.added to the suspen-
sion, and incubated for varying periods of time from 0 « 10 minutes.
Following incubation, the flasks were removed from the water bath and
cooled rapidly in an ice bath. The incubation mixtures were then
centrifuged at 9,000 x g. for 5 minutes at 4°C, The supernatant was

discarded and the pellet washed by resuspending in 5.0 mls of ice cold
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Krebs solution, The vemupeilio paliet wan Sl further ssntritiges
at 9,000 x g. for 5 minutes at 4°C. The resulting supernatant was
discarded, and the pellet resuspended in 1.0 ml. of 0.4 N PCA. The
suspension in PCA was then centrifuged at 10,000 x g. for 5 minutes at
4°C ana the supernatant removed for counting (see later). The pellet
of precipitated protein was stored for estimation of protein concentra-
tion by a modified method of Lowry et. al. (1953) (see later).

(ii) Retention study.

The initial procedwres of the retention study were identical to
those used in the accumilation study outlined above. Pollowing
incubation with “¥o-5HT for 10 minutes at 37°C, the flasks were removed
from the water bath and rapidly cooled, The incubation mixture was
centrifuged at 9,000 x g. for 5 minutes at 4°C, and the syneptoscmal
pellet washed in 5.0 ml of ice cold Krebs as described above. | The
washed pellet was resuspended in €,0 ml of ice cold Krebs solution and
re-incubated for O - 50 minutes. The {lasks were then removed from
the water bath and rapidly cooled in an ice bath, The incubation
mixture was then treated as in the first study. The PCA extract
was removed for counting while the precipitated protein was stored for
estimation by the modified Lowry method,

The specific activity of the 5~ used in the studies involving
incubation with low concentrations of 65-HT (0.1 AP was 10.5 m Ci/
m.mole, and for those involving incubation at the high concentration
of 5-HT (1.0 rb) it was 9.65 m.Ci/mmole. 1 C-5HI creatinine sul-
phate was obtained from the Radiochemical Centre Amersham,

(8) leasurement of 5-HI and 5-HT metabolites.
The major aim of these studies was to determine that proportion
of the accumulated 5-HT that can be retained by the synaptosame in its
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original form, and how much is metabolised. In the absence of the
availability of 140-51{{AA from commercial scources, the concentration
of labelled metabolites of 5-HT was calculated by measuring the total
radicactivity of the PCA extract and deducting from it the radio-
activity of authentic 5«HT separated by ion exchange chromatography.

(1) Total radiocactivity:=-

0.1 ml of the PCA extract was added to 10 ml of scintillation
fluid (see later) and counted in a Packard Tricarb 526 Liquid Scine
tillation Counter. Blank samples containing O.1 ml of PCA in 10 ml
of scintillation fluid were used for background counting.

(ii) Authentic 5-HT:=

0.8 ml of the PCA extract was added to 1.0 ml of 0.2 M ammonium i
acetate buffer pH 7.5. The pH of the sample was adjusted to 7.5
with KOH, and the precipitated KC.‘LO4 was removed by centrifugation.

The sample was then passed over a S5.x 50 mm. column of Auberlite CG 50
(100 - 200 mesh NH, form), amd the effluent discarded. The columns
were washed with 5.0 ml 0,02 M ammnonium acetate buffer, followed by

3.0 ml of 0,1 N ]-12804. The washings were discarded and the 5-HT
eluted in 4,0 ml of 1.0 N H2504. 1.0 ml samples .of the elutant were
added to 10.0 mls of scintillation fluid (see below) and counted in the
Packard Tricarb 526 lLiquid Scintillation Counter. 1.0 nl samples of
60 nM 140-51*5’.‘ in PCA were carried through the separation procedure with
each batch of samples, and the percentage recovery determined for
calculation of final proportions. Blank samples containing 1.0 ml of

blank columm elutant in 10.0 ml of seintillation flyid were used for

counting background activity.

(4) Quench Correction.

Sample quenching was monitored by the channels ratio method.
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Standard samples of 14C-Tolum were quenched by the addition of
varying amounts of carbon tetrachloride. The resulting plots of
percentage efficiency versus chamnnel ratio were used to calculate the
efficiency of the counting of each sample. Sample counts were then
corrected according to the recorded efficiency.

(6) Seintillation Fluid.
The scintillation fluid used in the studies was coumposed of 5.2 g.
2,5 = Diphenyloxazole (PPC) and 80 mg. 1,4 Bis - (S-phenyloxazol = 2 -

¥1) bengene (POPOP) dissolved in 400 ml Triton X-100 and 800 ml toluene.

(6) Protein Estimation.

The precipitated protein was redissolved in 5,0 ml of 2 N NaOH.
This was then diluted 1:4 and 0.4 ml samples taken for estinma tion.accor-
ding to the method of Lowry et. al. (1952). Stendard sauples cone
taining 50, 100 and 200 ug bovine serum albumin in O.4 ml of distilled
water were prepered. 1.0 ml of 0.4 I PCA was added to each tube and
the denatured protein was precipitated by centrifugation. The super-
natant was removed and the precipitated protein was redisaolve@ in 0.2
ml of 1N NaOH. 0.2 ml of distilled water was then added to each tube
to raise the volume to 0.4 ml and reduce the NaOH concentration to 0.5 Ii.
Blank samples contained 0,2 ml of 1,0 N NaOH and 0,2 =zl of distilled
water.

Lowrys' sclution D was prepared by adding 1.0 ml of a solution of

a
ml of solution I were then added to each of the blanks, standards and

0.5% Cuf‘-0451'120 in 1,07 sodium citrate to 50 ml of 2.07 Na, 005. 2.0

samples. Ten minutes later, 0.2 ml of Folins reagent were added to
each tube and the colour was allowed to develop far 50 minutes. The

absorbance at 750 nm. was recorded in a Pye Unicam &P 800 spectrdp’%to—
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meter, and the protein concentration was deterained from the standard :

curves by linear regression.
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on the forebrain concent S= O-HIAA.
(1) Adm.

The aim of this experiment was to examine the changes in the cone
centration of 5-HT and S5-HIAA following electrical stismulation of the
nucleus raphe medianus, and to see how the results obtained in this
laboratory compared with those of previous workers.

(ii) Plan of experiment.

The techniques employed in this study have been fully described in
the previous section. The experiment was conducted upon 28 male
Albino Wistar rats weighing between 150 and 200 g. All animals were
anaesthetised, and all had electrodes iuplanted into the nucleus raphe
medianus. Body temperature was maintained around 57% using the
water bath technique.

Fourteen of the animals received raphe stimulation, while the others
remaired as unstimulated controls. Following stiamulation, the animals

were killed by decanitation and the forebrains were removed, rapidly

frogen and stored at -20°C overnight. The estimation of 5-HT and 5-HIAA

was carried out the next day. fistological examination of the midbrain

revealed misplaced electrodes (see legend Fig. 8) in 5 animals receiving
stimalation. These were rejected and the paired t test was applied
 to data derived from 11 pairs of enimals only.
(1ii) Results.

The results of the study are shown in table 9 p, 76. It can be
seen that electrical stimulation of the nucleus raphe medianus signifie
cantly elevated the forebrain concentration of 5-iIAA (P<0.001), and did

not affect significantly the 5-HT concentration.
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Tablc 9-
The effect of electrical stimulation of nucleus raphe medianus

(2 msec. duration, 10Hz, 4=5V., for 50 minutes) upon the forebrain
concentration of 5-HT and 5-HIAA (ng/g. wet weight). Results
are expressed as the mean 2 S.E.l, of 11 matched pairs, and analysed

Control Stimulated Stimulated minus P
Control.

5-HT (ng/g) 479258  426-50 55274 N, S.
5-HIAA (ng/g) 528-168 447225 +119217 P<0,001



(1) Aim.

It was mentioned in the previous section that whenever a stimulae
ting electrode was identified to be outside the nucleus raphe medianus,
that result and its pair were not included in the analysis of the data
from that particular experiment. The results of such misplacements
were however retained, together with the next pair of animals which had
electrodes correctly positioned in the nucleus raphe mediamus. The
data derived fram the groups of animals which had received stimulation
of non-raphe regions, and those which had received raphe stimulation was
then used to evaluate the selectivity of raphe stimulation in eliciting
changes in forebrain concentrations of 5-HT and S-~HIAA,

(11) PFlan of experiment.

Only animals which had received no other treatuwent than electrical
stimulation were used in this evaluation. Because of the diversity
of accidental nisplacements, only those animals in which the electrode
was scen to be of the order of 0,5 mm. outside the anatomical borders
of the nucleus raphe medianus were included. Pate derived from ©
pairs of animels in each group were analysed. Of the 9 misplaced
electrodes, O were misplaced laterally, 5 dorsally, and 1 dorso-laterally.
The effect of stimilation on forebrain S-hydroxyindole concentrations in
each proup was analvsed by a paired t test applied to the diff'erence be-
tween stimulated and non-stimulated pairs of animals. The differ-
ence between stinulation of raphe and pon-raphe regions of the midbrain

was analysed by a paired comparison of the differences between the two
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treatments, (See Appendix I fection (a).
(i11) Results.

The results of this study are shown in table 10 p.79. It can be
seen that stimilation applied to either the raphe or the non-raphe regions
of the midbrain produced nc significent ef'f'ects on the forebrain concen-
tration of 5-HT. On the other hand, stimulation applied to both
sites significantly eleﬁ'ated the forebrain concentration of S=IIAA.

The elevation of 5-HIAA induced by stimulation of non-raphe repgions was,
however, significantly (0.01>P>0.001) lower than that induced by stime

ulation of the mucleus rephe medianus.
Ixperiment TII

This experiment was undertaken to attempt to ascertain what propor-
tion of the 5-IHIAA produced by ranhe stimulation arose as a consequence
of the deamination of extraneuronally released 5-HT, and how much may
be derived from the direct intraneuronal deamination of 5-HT.

The experiment consisted of twe studies. The first examined the
effect of the uptake inhibitor chlerimipramine on the changes in fore-
brain S-hydroxyindoles induced by raphe stirulation; an? the second
examined the effect of chlorimipramine on the changes in forebrain
S=hydroxyindoles induced by a high dose of L-tryptophan. The effect
of chlorimipramine on the resting levels of S-hydroxyindoles was also

determined from data obtained in the course of the above studies.

(a)
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Teble 10.
A compariscon of the effects of electrical stimulation (2 msec.
duration, 10 Hz, 4-5V, for 50 minutes) of raphe and nonsraphe regions
of the rat midbrain upon the forebrain concentrations of 6-11 and S5-HIAA
(ng/g. wet weight). Results are expressed as the mean S.E.M, of 9
pairs of animals, Analysis is by the paired ¢ test. ?

5-HT concentration (ng/g wet weight).

site of Control. Stimlated, Stirmlated P
stimulation minus control.
Raphe 451-62 456=58 +56272 N.S.
Non-raphe 435358 457246 42282 N.S.
Difference  -16-74 +1-56 -17279
between
sites.
P Nc l-“l I". S. Ho SI

5-HIAA concentration (ng/g wet weight). {
site of Control., Stimulated, Stimulated P ¥
stizmulation minus control. f_-'
Raphe 82622 <8822 +162-25 P<0.001 §
Non-raphe 549228 428228 +79227 0405 > P> 0,02
Difference 25227 60-51 83224

between sites.
P Il.s. I‘.Sv 0-01>P>0.001



(1) Plan of experiment.

The effect of chlorimipramine on the resting levels of 5-I'T and
5=HIAA wes determined from animels used in studies (b) end (¢) (outlined
below) which received either an injection of chlorimipramine, or an
injection of saline, but which did not receive tryptophan or electrical
stimlation, The effect of chlorimipramine was analysed by a paired
comparison of the differences between the two treatments (see Appendix
I section b and ¢).

It should be noted that study (b) was conducted on anaesthetised
animals whereas study (¢) used unanaesthetised animals, The effect
of chlorimipramine on the resting levels of 5-HT and 5-HIAA have there-
fore been assessed separately in both anaesthetised and unansesthetised
animals.

(ii) Results.

The results of the study are shown in table 11 p.81. It can be
seen that chlorimipramine had no significant effects on the forebrain
concentration of 5-HT in either the anaesthetised or unanaesthetised
animals. The forebrain concentration of S-iiIAA was, however,
significantly reduced by chlorimipramine treatment in the unacaesthetised

animals (0,06 >P>0,02), but not in those amaesthetised with halothane.

(i) Plan of experiment.

The experiment was conducted upon 76 male Albino Wistar rats weigh-
ing between 150 and 250 g. The animals were divided into two groups
of 58 animals. All animals in one group received an intraperitoneal
(1.p.) injection of chlorimipramdine (5ug/Kg), while those in the control
group received an equivalent volume of saline. Three hours af'ter re-
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Table 11.

The effect of chlorimipramine alone on the concentration of 5-HT
and 5-HIAA (ng/g wet weight) in the rat forebrain measured 4 hours after
the injection of chlorimipramine in anaesthetised and unanaesthetised
animals, Results are expressed as the mean - S.E.M, of 14 and 15
matched pairs respectively. Analysis iz by the paired t test.

5-HT concentration (ng/g wet weight).
Control. Chlorimipramine. Chlorimipramine P

mimis control.
Unanaesthetised 556239 557249 421244 N.S,
(n = 15 pairs).
Ansesthetised  571-31 511136 8051 N.S.
(n = 14 mr.) .

5«~HIAA concentration (ng/p wet weight).
Centrel. Chlorimipremine. Chlorimipramine P

mimus control.
Unanaesthetised 266-14 227212 «59=17 0.05>P>0.02
(n = 13 peirs).
Inaesthetised 522219 505318 -19319 N.S.

(n = 14 pairs).
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ceiving the injection of chlorinipramine or saline, each animal was
anaesthetised and electrodes were inplanted as described previocusly.
talf of the animals in each group received raphe stimulation while the
other half remained as paired unstimulated controls. Animals were
killed following the thirty minute period of stimulation or sham treatment
(4 hours after the injection of chlorimipramine). The forebrains of
all animals were assayed for 5«HT and 5~HIAA as described previously.
The effect of electrical stimulation was analysed by a paired t test,
and the effect of chlorimipramine on stimulus induced changes in fore-
brain S-hydroxyindoles was analysed by a paired t test between adjacent
pairs (stimulated and non-stimulated) of animals receiving and not re-
ceiving chlorimipramine (see Appendix I section B).

Histological examination of the midbrain revealed misplaced elec-
trodes in 5 animals receiving stimulation. These were rejected and
the t test was applied to date derived from 14 pairs of animals.

(i1) Results.

The eff'ect of raphe stimulation on the forebrain concentration of
5-HT and 5-HIAA in saline control animals and animals treated with chlor-
imipramine (Smg/¥g) is shown in table 12 p. 83, It can be seen that
raphe stimulation in saline treated animals induced a small fall in SHT
concentration and a significant increase in 5-HIAA concentration (P<0,001).
In chlorimipramine treated animals stimilation again sisnificantly
increased the 5-HIAA concentration (0.01>P>0,001) and increased slightly
the 5-HT concentration. The differences between the effects of stim-
ulation on groups treated and not treated with chlorduipremine are shown
in table 15 p. 84. It can be seen that the elevation of 5-HI by
stimulation in the chlorimipramine treated animals was significantly
different from the reduction of 5-HT by stimulation in the saline treated
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Table 12.

The effect of raphe stimulation on the 5-HT and 5-HIAA concen-
tration (ng/g. wet weight) in rat forebrain in control animals and in
animals treated with chlorimipramine (5 mg/Kg). Results arec ex-
presced as the mean S.E.M. of 14 matched pairs. Analysis is by

the paired t test.

Unstimulated. Stimulated. Stimulated P

minus
unstimulated.
5-HT (ng/g)
Control 571231 524239 47235 N.S.
Chlorimipra- 511236 552=34 +41225 N.Se
mine
5-HIAA (ng/g)
Control 322219 469233 +147221 P<0,001
Chlorimipra- 303218 344221 +39212 0.01>P>0,001

mine



Table 15

The effect of chlorimipramine (5 mg/Kg i.p.) on stimulus-induced
changes in forebrain 5-HI and 5-HIAA concentrations (ng/g. wet weight).
Results are expressed as the mean 2 S.B.ue of 14 matched pairs and
analysed by the paired t test.

Control. Chlorimipra~ Chlorimipra- P

mine mine minus
control.
Change in 5-HT  -47235  +41%25 +88226 0,01>P>0,001
concentration
(ng/g)
Change in 5-HIAA +147321  +59312 «108226 0,01>P>0,001
corcentration

(ne/g)

~ 2 Ay
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animals {0.01>P>0.001). The elevation of 5-HIAA by stimulation
wes significantly less in the chlorimiprawmine treated animals
(0.01>P20,001) . It can alsc be seen that chlorimipramine reduced

the concentration of S-HIAL in the stimmlated brain and correspondingly

increased the concentration cf 5-HT.

in forebrain S-hydroxyinoles.
(1) Plan of experiment.

The experiment was conducted upon 52 male Albino Wistar rats
weighing between 150 and 580 g. The anirals were divided into two
groupe of 26 animals. All sninals in one group received an i.p.
injection of chlorimipranine (5 mg/Kg) while those in the control group
received an equivalent volume of saline. Three hours later, half of
the animals in each group received an i.p. injection of L~tryptephan
(100 mg/ig) , while the others received an equivalent volume of saline,
One hour later (4 hours after the initial injection of chlorimipramine),
all animals were sacrificed and the forebrain removed for S-hydroxyindole
estimations; The effect of L-tryptophan on forebrain concentrations
of S-hydroxyindoles was analysed by a paired t test between animels
receiving and not receiving L-tryptophan. The effect of chlorimipra-
mine on L-tryptophan-induced changes in forebrain S-hydroxyindoles was
analysed by a paired t test applied betlween adjacent pairs (tryptophan
and control) of aniuals receiving and not receiving chlorimipramine (see
Appendix I section c¢).

(44) Resulis.

Table 14 p.80 shows the change in forebrain levels of -l and S-HIAA

one hour after the i.p. injection of I-tryptophan. L~tryptovhan ine

ducad significant elevaticns of forebrain S5-I and 5-HILA in both the



Table 14.
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The effect of IL~-tryptophan on the 5-HT and 5-HIAA concentrations

(ng/g wet weight) in rat forebrain in controls and in animals treated

with chlorimipreasdne (Smg/%g i.p.).

Results are expressed as the

mean £,E.M, of 15 matched pairs and analysed by the paired t test.

Saline. Tryptephan, Tryptophan P
minus

5-HT (ng/g)

Control 556239

Chlorimipra- 557247
mine

5-HTAA (ng/g)
Control 26614

Chlorimipra- 227212

82174

.ﬂlmo

285272 0.01>P>0,001
206268 P<0,001
209-26 P<0,001
504=16 P<0,001
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chlorimipramine and saline pretreated animals. A comparison of the
effects of tryptophan between animels treated and not treated with
chlorimipramine (teble 15 p,88) demonstrated that chlorimipramine did

not have significant effects upon the elevation of 6-HI by I~tryptophan,

but enhanced the elevation of 5-HIAA by Le-tryptophan (0.01°P>0.001).

This experiment applied the techniques developed in experiment III
to a study of the effect of chronic Li* pretreatment on the release of
S5=HT in vivo. As in experiment III, two studies were conducted.

The first examined the effect of Li pretreatment on changes in fore-
brain S-hydroxyindoles induced by the administration of I-tryptophan,

and the second examined the effect of ii' on changes in forebrain 5=
hydroxyindoles induced by raphe stimuletion.  The effect of 1i* on
reating levels of S-hydroxyindoles was also determined from data obtained

in the course of the above studies.
(a) ZLhe effect of 10 day

O=HT and S5-HIAA in the rat forebrain.
(i) Plan of experiment.

The effect of Ii' on the resting levels of S-HT and 5-HIAA was
deteruined from animels used in studies () and (c) (outlined below)
which received either 10 days treatment with Ii’' (0.75 mig/Kg/day) or
10 days treatment with saline but which did not receive tryptophan or
raphe stimulation. The effect of Ii' was analysed by & paired Com~

parison of the differences between the two treatments (see Appendix I



Table 15.

The effect of chlorimipremine (5 mg/Xg i.p.) on tryptophan-
induced changes in forebrain 5-HT and 5-HIAA concentrations
(ng/g wet weight). Results are expressed as the mean < S.E.M.
of 15 matched pairs ani analysed by the paired t test.

Change in 5~HT concentration (ng/g)

Control. Chlorimipramine. Chlorimipramine P
minus control.

28572 298268 415389 N.S.

Change in 5-iIAA concentration (ng/g)

Control. Chlorimipramine. Chlorimipramine P
minus contrel.

209228 504216 94227 - 0.01>P>0.001
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sections b and ¢). It should be noted that as in experiment III,
study (b) was conducted on unansesthetised animels whereas study (c)
used anaesthetised animals, The effect of Ii' on the resting levels
of 5-HT and 5-HIAA have therefore been assessed separately in both
anaesthetised and unanaesthetised animals,
(ii) Results.

The results of the study are shown in tables 16 and 17 p. 90,
It can be seen that Ii* pretreatment had no significant effects on the
resting O-IT concentration in either anaesthetised or unanaesthetised
animals, but significantly elevated the 5-IIAA concentration in both

The experiment was conducted upon 124 male Albino Wistar rats

weighing between 150 and 2850 g. Animals were divided into two groups
of 62 animals. All animals in one group received an i.p. injection
of isotonie (0,15:) LiCl 0,75 uEq/Kg day for 10 days, while the control
group received an equivalent volume of isotonic (0.15x) NeCl. on
the 11th day of treatment (24 hours after the last dose of Li' or saline),
half of the animals in each group received an i.p. injection of L=
tryptophan (100 mg/Kg), while the others were given an equivalent volume
of saline. Fairs of animals (consisting of one animel which had re-
ceived tryptophan and one vhich had received saline)from both groups of
animals were then sacrificed 50, 60 or 90 minutes after the I~tryptophan
or saline injection. The forebrains were removed for S-hydroxyindole
estimation as described previously.

The effect of L-tryptophan on forebrain S-hydroxyindole concentra-
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Table 16,

The effect of 10 day 7 pretreatment on the resting concentration
of 5-HT and 5-HIAA (ng/g wet weight) in the rat forebrain of unansssthe-
tised animals. Results are expressed as the mean = £.E.1. of 51
matched pairs and analysed by the paired t test.

Contrel. Lithium, ZIithium mimus P

control.
5«HT (ng/g) . 499224 546320 447229 N.S.
S+HTAA (ng/g). 285-11 517513  +35238 P<0,001

Table 17.

The effect of 10 day Ii* pretreatment on the resting concentration
of 5-HT and S5-HTAA in the forebrain of anaesthetised animals,
Results are expressed as the mean - S,E.l. of 9 pairs of animals
and analysed by the paired t test.

Control. Idthium. ILithium minus P
contrel.
5-HT (ng/g) 614767 562242  -5178 N.S.
S5-HIAA (ng/g)  334=17  574=15  +40-10 0,01>P>0,001
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tions, and the effect of ¥ g upon the tryptophan-induced changes in
forebrain 5~hydroxyindole concentrations were analysed as described in
experiment III (c) and shown diagremmatically in Appendix I section (c).
(ii) Results.

The effect of L-tryptophan administration (100 mg/Kg) on the fore-
brain concentrations of 5-HT and 5-HIAA measured 30, 60, and 90 minutes
after the injection of tryptophan is shown in tables 18 (a), (b) and (¢)
p+92, 93 and 94, It can be seen that the forebrain concentrations of
both 5-HT and S5-HIAA were significantly elevated by L-tryptophan adminis-
tration when measured 30 minutes after its injection in both the saline
and lithium pretreated groups (table 18a p.92). However, when measured
60 or 90 minutes after the injection of L-tryptophan, the 5-HT concentra-
tion in the Li* pretreated animals was no longer significantly elevated,
whereas the concentration measured in the control animals was still sig-
nificantly higher than that in animels which had received no tryptophan
(table 18b p. 93) and (table 18¢ p. 94). The forebrain concentration
of S5-HIAA was significantly elevated by L-tryptophan treatment in both the
saline and Li* prctro;ted animals (tables (a), (b) and (¢) pages 92, 93
and 94) From this data, a2 comparison of the effects of L-tryptophan
administration between animals treated and not treated with Li' is shown
in table 19 p. 95. It can be seen that the elevation of 5-HT and 5-
HIAA concentrations seen 30 and 90 minutes after the injection of the amino
acid are not significantly different in the saline and Li* pretreated
groups. However, when measured 60 minutes after the injection, the

elevation of 5-HT concentration in the Ii‘ pretreated group is significant-

less than that in the saline pretreated group (0.05>P>0.02). Accompany=
Footnote: - The term Li' when used in this section of the thesis will

refer to isotonic (0.154) LiCl.
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Table 18(a).

The forebrain concentrations of 5-HT and 5-HIAA (ng/g wet weight)
measured 30 minutes after an i.p. injection of L-tryptophan (100 mg/Kg)
in control animals and in animals which had received 10 day Li* pre-
treatment. Results are expressed as the mean =~ S.E.M. of 8 matched

pairs and analysed by the paired comparison and t test.

5-HT (ng/g)
Saline. Tryptophan. Tryptophan Fe
minus
‘m’.
Control. 49231 637248 +145250 0.05>P>0.02
Lithium. 506=57 6L7E0Y +142252 0.05>P>0.02
S-HIAA (ng/g)
Saline. Tryptophan. Tryptophan Pe
minus
saline.
Control. 28013 355226 +75%19 0.013P>0.001

Lithium. 286314 402217 +117215 P<0,001



Table 18(b).

The forebrain concentration of 5-HT and 5-HIAA (ng/g wet weight)
measured 60 minutes after an i.p. injection of L-tryptophan (100 mg/Kg)
in control animals and in enimals which had received 10 day Li® pre-
treatment. Results are expressed as the mean I 8.E.M, of 13 matched

pairs and analysed by the paired t test.

5-HT (ng/g)
Saline. Tryptophan. Tryptophan P
minus
saline.
Control.  495%43 778184 +283259 P<0,001
Lithium. 56846 700=62 +132271 N.S.
S5-HIAA (ng/g)
Saline. Tryptophan. Tryptophan P
minus
saline.
Control.  287%25 488%51 +201239 P<0,001

Lithium. 336329 616541 +280%23 P<0.001
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Table 18(¢).

The forebrain concentration of 5-HT and 5-HIAA measured 90 minutes
after an i.p. injection of L-tryptophan (100 mg/Kg) in control animels
and in animals which had received 10 day Li' pretreatment. Results
are expressed as the mean Z S.E.M. of 10 matched pairs and analysed by

the paired t test.

S5-HT (ng/g)
Saline. Tryptophan. Tryptophan P
minus
saline.
Control. 508143 711:53 +202:53 0.01*P>0.001
Lithium., 55051 622276 +72%80 NoSe
S-HIAA (ng/g)
Seline. Tryptophan. Tryptophan P
minus
saline.
Control. 28610 540228 +254230 P<0.001

Lithium. 3168 551247 +235249 P<0,001
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Table 19.

The effect of 10 day Li+ pretreatment on L-tryptophan-induced
changes in forebrain S5-hydroxyindoles measured 30, 60 and 90 minutes
after the injection of L-tryptophan. Results are expressed as the
mean = S.E.M. of 8, 13 and 10 matched pairs respectively.

Statistical analysis is by the paired t test.

Change in 5-HT concentration (ng/g)

Time after Control. Lithium. Lithium P
L=tryptophan. minus

control.
30 min. +145250  +q42is2  o3ien NS,
60 min. 4283259 4132371 <151ien 0.05>P> 0,02
90 min. +202353 472180 -130296 N.S.

Change in S5~HIAA concentration (ng/g)

Time after Control. Lithium. Lithium P
L-tryptophan. minus
control.
30 min. +75219 +117%15  ab2tay N.S.
60 min. +201239 4280223  +79-35 0.055P5 0,02

90 min. +254530 4235249 20239 NeSe
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ing this change is a significant increase in the elevation of 5-HIAA
in the Ii' pretreated animals (0.05:P>0,02), Thus it has been demon=
strated that 1i' reduces the maxisum elevation in forebrain 5-iT concen-
tration that can be obtained following a single i.p. injection of L~
tryptophan (100 mg/Kg), and increases the elevation of 5-HEAA measured

60 minutes after the injection.

(1) Plan of experiment.

The experiment was conducted upon 104 male Albino Wistar rats
weighing between 150 and 250 g. The animals were divided into two
groups of 52 animals. One group received 10 day administration of
1iCl (as described in experiment IV b), while the others received an
equivalent volume of saline. On the 11th day, each group was further
divided into two sub-groups. Animals in one sub-group were given
chlorimipramine (5 mg/Kg i.p.), while the others were given an equiva-
lent volume of saline. (n each day of the experiment, 8 animals
were used, one pair from each sub-group. Three and a half hours
after the injection of chlorimipremine or saline, one animal in each
pair received raphe stimulation for 50 minutes, while the other animal
received a similar but sham operation. Animals were killed immediate-
ly following the 30 minute period of stimulation or sham treatment (4
hours after chlorisipramine). The forebrain of each animal was re-
moved, frozen, and stored at -20°C for estimation of 5-1T and 5-HIAA
carried out the next day.

The benefits of using a paired design for reducing the within day
variation in forebrain S-hydroxyindole concentration are lessened some-
what when conducting an experiment of complex design such as this.



57 =
However, because the day to day variation in S-hydroxyindole concentra-
tions are significant (table 6 p. 56), the paired analysis was applied
to this study. The effect of electrical stimlation was analysed by
a paired t test applied between animals of the same sub-group receiving
and not receiving electrical stimulation. The effect of Li' on
stimulus~induced changes in forebrain S~hydroxyindoles was analysed by
applying the paired t test to changes induced in pairs (stimulated and
control) of animals treated and not treated with Ii”, Similarly,
the effect of chlorimipramine on stimulus-induced changes in farebrain
S5-hydroxyindoles was analysed by applying the paired t test to changes
observed in pairs (stimulated and control) of animals treated and not
treated with chlorimipramine (see Appendix I section d). Histologi-
cal examination revealed 4 misplaced electrodes, consequently data de-
rived from only 9 pairs of animals in each sub-group was used in the
final analysis.
(ii) Results.

The effect of raphe stimulation on the forebrain concentration of
5«HT and 5-HIAA in control animals and in animels which had received 10
day Ii" pretreatment is shown in table 20 p. 98. Raphe stimulation
had ho significant effects on the forebrain concentration of 5-HT in
either group of animals. However, the concentration of 5-HIAA was
elevated by rephe stimulation in both the saline pretreated (P<0,001),
and Ii* pretreated animals (0.01>P>0,001). A comparison of the
effects of stimulation between animals treated and not treated with Ii®
is shown in table 21 p. 99. It can be seen that the changes in fore-
brain Sehydroxyindoles produced by raphe stimulation are not significant-
ly affected by 7 8 pretreatment.

Table 22 v. 100, shows the effect of chlorimipramine (5 mg/Kg i.p.)
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Table 20.

The effect of raphe stimulation on the 5-HT and 5-HTAA
concentration (ng/g wet weight) in rat forebrain in control
animals and in animels which had received 10 day IA' pretrest-
ment., Results are expressed as the mean 2 S.E.M, of 9

matched pairs and analysed by the paired t test.

Unstimalated. Stimulated. Stimulated P

minus une
stimula ted.
5-ET  Control. 614=87 85853 #4255 N.S.
(ng/g) + + +
Lithium, 562242 654253 71250 N,S.
5«HIAA Control,  5354=17 427316 495212 P<20,001
(58/8) *

Lithium,  574<15 472314 498221 0.01>P>0,001
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Zable 21.
The effect of 10 day Ii' pretreatment on stimulus-induced changes
in forebrain 5-HT and 5-HIAA concentration (ng/g wet weight).
Results are expressed as the mean - S.5.M. of © matched pairs and
analysed by the paired t test.

Control. Lithium, Iithiun minus P

control.
Change in 5-HT con~ 44285 171350  +27393 N.S.
centration (ng/g)
Change in 5-HIAA 493312 498221 45217 N.S.
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Table 22.

The effect of chlorimipramine (5 mg/Kg i.p.) on the stimulus~
induced changes in forebrain S-hydroxyindoles in control animsls and
in animals which had received 10 day 7 pretreatment. Results are
expressed as the mean 2 S.E0i. of 9 pairs of animls, and analysed by

the paired t test,

Change in 5-HT concentration (ng/g)
saline., Chloricipramine, Chlorimipramine P

minus saline.
Control, 444253 +116259 472299 N.S.
Idthium. +71350  -42351 -115%48 0.05>P>0,02

Change in 5-HIAA concenmtration (ng/g)

Saline. Chlorimipramine, Chlorimipramine P
minus saline.

Control. 493212  «16=15 -109320 P<0,001

Iithium, 498321  +78214 20422 N.S.
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ocn the changes in forebrain 5-HI and S5-HIAA induced by raphe stimulation
in saline and 1i  pretreated anizals, The change in 5-HI induced by
.mphe stimulation in the saline pretreated animals is unaffected by
chlerimipramine treatment; however, chlarimipramine gignificantly re-
duced the concentration of 5~HI in the stimulated animals which had
received Li pretreatment (0.05>7>0.02). The elevation of 5-HIAA
induced by raphe stimulation was significantly reduced by chlorimipra-
mine in the saline treated animals (P<0.001), but was unchanged in the
7 g pretreated animals.

In swary, raphe stimulation had no significant effect on the
forebrain 5-HT concentration in either the saline or Ii” pretreated
groups, however, the forebrain 5-HIAA concentration was significantly
elevated by this procedure in both groups of animals. The elevation
of 5-HIAA produced by raphe stimulation was significantly reduced by
chlorimipramine treatment in the saline pretreated animals, but not in
those receiving 14", Chlorimipremine significantly reduced the
forebrain 5-HT concentration following raphe stimulation in the Ii”
pretreated animals but had no effect in the saline pretreated group.

Experiment V

Yion or I~tryptophan edministration.
This experiment was conducted to determine whether treatment with

14Y (1.5 nEg/Kg/day) for 5 days exerted similsr effects to those observed
following treatment with Ii' (0.75 mEq/Ke/day) for 10 days (experiment
V). As in the previous experiments, two studies were undertaken.

The first examined the effect of Ii” on changes in forebrain Sehydroxy-
indoles induced by a dose of L~tryptophan, while the second exmmined
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the effect of Ii" on changes in forebrain 5-hydroxyindoles induced by
raphe stimulation, The effect of Li" on the resting levels of 5=
hydroxyindoles was also determined from data obtained in the course of

the above two studies,

(a) The effect of 5 day Li' pretreatment on the resting levels of 5HT
and S5- the € o

(i) FPlan of experiment.

The effect of Li" on the resting levels of 5-HT and S5~HIAA was
determined from animals used in studies (b) and (c) (outlined below)
which received either 5 days treatment with Li’ or 5 days treatment with
saline, but which did not receive tryptophan or raphe stimulation.

The effect of Ii' was analysed by a paired comparison of the
differences between the two treatments (see Appendix I sections b and
c). It should be noted that as in the previous two experiments, study
(b) was conducted on unanaesthetised animals, whereas study (c) used
anaesthetised animals, The effect of Ii' on the resting levels of
S5«HT and 5-HIAA have therefore been assessed separately in both anaesthe~
tised and unanaesthetised animals,

(i1) Results,

The results of this study are shown in table 25 p. 103. 1t can
be seen that Li* pretreatment had no significant effect on the 5~HT
concentration in either the anaesthetised or unanaesthetised groups.

On the other hand, the O-~iHIAA concentration was significantly increased
by Li* pretreatment in the unanaesthstised group (0.01>%0,001), but

not in the anaesthetised group.

(b) The effect of 5 day Ii' pretreatment on I-tryptophan-induced
changes in forebrain Sehydroxyindoles.

(i) Plan of experiment.
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Table 4.

The effect of 5 day Ii pretreatment alone on the forebrain
concentrations of 5-HT and 5-HIAA (ng/g wet weight) in anaesthetised
and unanaesthetised animals. Results are expressed as the mean
2 8.E.i. of 19 (unamamesthetised) and 11 (anaesthetised) pairs of
anizals. “tatistical amalysis is by the paired t test.

S«HT concentration (ng/g wet weight).
Control. ILithium, ILithiun minus P

control.
Unanaesthetised 545235 547259 +2:55 N: 8.
(n= 19 pairs).
Ansesthetised 452536 408355 27445 N.S.
(n= 11 pairs).

S-HIAA concentration (ng/g wet weight).
Control. Lithium, Idithium mimus P

control.
Unanaesthetised 286212 527222 41711 0.01> 20,001
(n= 19 pairs).
Anaesthetised 208217  524- 19 26514 N.S.

(n= 11 pairs).
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The experiment was conducted upon 76 male Albino Vistar rats
weighing between 150 and 250 g. Anivals were divided into two groups
of 48 animals. All animals in one group received an i.,p. injection
of isotonic (0.15M) LiCl (1.6 mEg/Kg/day) for & days, while the control
group received an equivalent volume of isotonic (0.15K) NaCl. On the
6th day of treatment (24 hours after the last dose of 1i'), half of the
animals in each group received an injection of I~tryptophan (100 mg/Kg
i.ps) while the others received an equivalent volume of saline. Pairs
of animals (tryptophan treated and control) from both groups were then
sacrificed 50 or 60 minutes after the L-tryptophan or saline injection.
the forebrein was removed from each animal and the S-hydroxyindole
concentrations measured as described previously. The efiecct of I~
tryptophan on forebrain S-hydroxyindole concentrations, and the effect
of 1i’ on the tryptophan-induced changes in forebrain S-hydroxyindole
concentrations was analysed as described in expericent III(c) and shown
in Appendix I section c.
(ii) Results

The effect of I~tryptophan administration (100 mg/Kg i.p.) on the
forebrain concentrations of 5-HT and S-HIAA measured 50 and €0 minutes
after the injection of tryptophan is shown in table 24 p., 105.
Table 24(a) v. 105, shows that the farebrain concentration of 5-HI
measured 50 minutes after the injection of tryptophan was significantly
increesed in the Ii" pretreated group only. However, L~tryptophan
treatment significantly elevated the S-HIAL concentration in botn saline
and Li" pretreated animals. Teble 24(b) p. 106 shows that the fore-
brain concentrations of S~HI and S-HIAA were significently elevated by
L-tryptophan treatment in both the saline ani Li’ pretreated groups

when ugasured 0 minutes after the injection. The coamparison of the



Table 24 ‘ a).
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The forebrein concentration of 5-HT and 3-HIAA (ug/g wet weight)

meesured 50 ninutes after an i.p. injection of Letryptophan (100 mg/Kg)

in control animals and in animals which had received & day Li'

pretreataent.

watched pairs and analysed by the paired ¢ test.

5-HT Contrel.

(ng/g)
Lithium,

S«lTAA Control.

(ng/g)
Lithiun,

Saline,

584260

25527
28735

Hesults are expressed as the mean < S.E.. of 8

Tryptophan. Tryptophan P
minus

870295
754281

54615
451221

N. s.

0C05 >P"0002

P<0.001
P<0,001



Table 24(b).

The forebrain concentration of S«HT and S-HIAA measured 60 mdnutes
after an i.p. injection of L-tryptophan (100 mg/Kg) in contrcl animals
and in animels which had received § day 1a* pretreatment. Results
ave expressed as the mean + S.E.M. of 11 matched peirs and analysed
by the paired t test.

faline. Tryptophen, Tryptophan P

minus
mﬁ.
5-HF Control. 553255 717374 +184269 0.05>P>0.02
(w 8) - + -+
Lithium, 520-55 76226 424259 P<0.001
5-FIAA Control. 309218 541717 4252240 F<0,001
(ng/g)

Iithium, 358217 655388 +209226 P<0,001

o
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effects of L-tryptophan between enimals treated and not treated with
14" (table 25 ».108) demonstrated that the chonges in forebrain 54T
and 5-HIAA concentrations induced by I-tryptophan administration were
not significantly affected by 5 day T4’ pretreatment,
(¢) The effect of 5 day Ii" pretreatment on stimietion-induced changes
in forebrain S-hydroxvindoles.
(1) Plan of experiment.

The experiment was conducted on 56 male Albino Wistar rats weigh-
ing between 150 and 250 g. Animales were divided into two groups of
28 aninals. One groun received Ii' pretrestment (aduinistered as
described in exveriment Vb), while the other received an equivalent
volume of saline. On the 6th day of treatment (24 hours aftcr the
last dose of Ii') half of the animals in esch group received electrical
stimulation (at the parameters described previously), while the other
half remained as paired wnstimulated controls. Following the period
of stimulation or sham treatuent, all eninals were secrificed and each
forebrein was removed and stored for the S-hydroxyindole estimations
which were carried out the next day.

The effect of I1i' on stimuluseinduced changes in forebroin 5-
hydroxyindole concentrations wes analysed by the paired ¢ test applied
to changes observed in adjacent peirs (stimulated and control) of
animals receiving and not receiving Ti” pretreatment. (see Appendix
I section b).

(ii) Results.

The effect of rephe stimulation on the ferebrain concentrations of
5«HT and S5-HIAA in control animals end in smimals vhich hed received §
day Ti" pretreatment is shown in table 26 p. 109, Ravhe stinulation

had no significant effect on the 5-HT concentration in either the saline
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Teble 28.

The effect of § day 14t pretrestment on L-tryptophan-induced
changes in forebrein S-hydroxyindoles measured 30 and 60 minmutbes
after the injection of I~tryptophen. Results are expressed as
the nean = S.E.M, of € and 11 metched pairs respectively.

Ctatistical analysis is by the paired ¢t test.

Chenge in 5-HT concentration (ng/g)

ime after Control. Iithium. Tithiwe mdnus P
L=tryptophan. control.

50 min. +108284 4150252 442280 N.S.
60 min., +184269 4242339 4572105 N, S.

Change in 5-HIAA concentration (ng/g)

Time after Control. Lithium. Iithium mirmus P
I~tryptophan, control,.
30 min. 05215 4144219 49794 N.S.

80 min. +232240  s200dpe  .88l4s N.S.
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The effect of vraphe stinmuletion on the 5-'T and 5-HTAA concen-

tration (ng/g wet weight) in rat forebrain in control animals which

had received 5 day 14* pretreatment,

Results are expressed as the

mean = S.E.M. of 11 matched paire and analysed by the peired t test.

5-HT Control.
(ng/g)

Iithium,
S=HIAL  Control.
(ng/)

1ithiwn,

Unstimilated.
452256
405285

208217

524-19

Stimulated.
444-28
406236

417529

461-41

Stimulated P
mdnus un-

stimlated.

4’12:44 NO So

+3232 N.S.

+118-28 0.01>P>0,001
+15823¢ 0.01>P>0,001
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or 14" pretreated group, but significantly elevated the 5-HIAA concen-
tration in both groups of aniuals. A comparison of the effects of
raphe stimulation between animls treated and not treated with Ii* is
shown in table 27 p. 111, It can be seen that the effects of raphe
stimulation on the farebrain concentrations of 5-HT and SelIAA did not
differ significantly between animals which had received 5 day saline or

5 day it pretreatments.

This experiment was conducted for two reasons. Firstly, to
determine whether the brain and plasma concentration of Ii' differed
following treatuent with 1i" for 5 or 10 days, and secondly to examine
whether the differences between 5 and 10 day treatment observed in
experiments IV and V nay be related to differences in the brain concen-
tration of Ii',

(i1) Plan of experiment.

The experiment was conducted upon 16 male Albino Vistar rats weigh-
ing between 150 and 250 g. 8 animals were given an i.p. injection
of isotonic IiCl 0.75 mEq/Kg/day for 10 days, and the other 8 received
1.5 mig/Kg/day for 5 days. The dosage schedules were arranged so
that the animels received their 10th and 5th injection on the same day.
On the next day, 24 hours after the last dose of Ii", all animals were
sacrificed by cervical dislocation and decapitation. The Ii*
concentration in the plasma and forebrain was then measured as described

previously.



Table 27,
The effect of § day Ii' pretreatment on stimulus-induced changes
in forebrain S-hydroxjrindole concentration (ng/g wet weight). Re-

aultsmem:uaeduthamis.mu. of 11 pairs of animals and
analysed by the paired t test.

Change in 5-HT concentration (ng/g)

Control. Iithiunm. Iithium minus P
control.
412244 +5232 9361 N.S.

Change in 5-HIAA concentration (ng/g)

control.

+119228 +158534 +19334 N.S.

L



(14i) Results.

Table 28 p. 115 shows the concentrations of Ii* measured in brain,
and plasma following 5 day (1.5 mEg/Kg/day) or 10 day (0.75 mRg/Kg/day)
14’ pretreatment. It can be seen that the concentration of the
cation measured in both tissues after § days treatment with 1.5 mig/Kg/
day was approximately double that measured after 10 days treatment with

0.75 ﬂwwwc

Ixperiment VII

(1) Adm,

This experiment was conducted to determine whether treatment with
14" for 10 days exerted significant effects on the gross distribution
of tryptophan between plasma and brain tissue,

(ii) Plan of experiment.

The experiment was conducted upon 72 male Albino Wistar rats weigh-
ing between 150 and 250 g. The animals were divided into two groups
of 36 animals. One group received 10 day IA” pretreatment (0.75
nfq/Kg/day) while the others received control injections of saline,

On the 1ith day (24 hours after the last dose of Ii"), half of the
animals in each group were given an i.p. injection of IL-tryptophan

(100 mg/Kg) , while the others received a control injection of saline.
Animals were killed 30, 60 and 90 minutes after the injection of L
tryptophan, and the concentration of the ardno acid was measured in the
forebrain, whole plasme and plasma ultrafiltrate using the methods
previously described.

The effect of Ii' on changes in tryptophan concentration was

A



~115-
Table 28.
The concentration of Ii* in brain (nEq/Kg) end plasm (nfg/1)

following 5 day (1.0 mEq/Kg/day) end 10 day (0.75 mBEq/Kg/day) 14"
pretreatment. Results are expressed as the mean = S,E.M, of

8 animals.

Period of Plasma 14" concentration Brain 14" concentration

treatment. ( nuEq/1) ( pEqg/Kg brain tissue)
5 days. 58-0,7 1445,2
10 days. 8222,7 70205

e A Eone o Rl
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analysed by a paired comparison and t test of the differences between
treatments. (See Appendix I section ¢).
(iii) Results.

The effect of 10 day it pretreatment alone on the concentration
of tryptophan in brain, plasma and plasma ultrafiltrate are shown in
table 29 p. 115. It can be seen that Li* pretreatment had no signi-
ficant effect on the tryptophan concentration in any of the three tissues.

Table 30 p. 116 - 118, shows the effect of L-tryptophan administra-
tion (100 mg/Kg i.p.) on the concentration of tryptophan in forebrain,
plasma and plasma ultrafiltrate measured 30, 60 and 90 minutes after the
injection. It can be seen that the concentration of tryptophan in all
three tissues is significantly elevated at 30 (table 30a p. 116),
60 (table 2%0b p. 117), and 90 (table 30¢ p. 118), minutes after the in-
jection of L-tryptophan both in the control group of animels, and in those
which had received 10 day X ad pretreatment. A comparison of the
effects of L-tryptophan administration between animals treated and not
treated with Li* is shown in table 31 p. 119 - 121. It can be seen
that 10 day it pretreatment had no significant effects on the elevation
of tryptophan concentrations observed in any of the three tissues follow-

ing the i.p. administration of the amino acid.

Experiment VIII

The effect of 10 day Li+ pretreatment on the accumulation and

retention of 1“C-5-HT by isolated synaptosomes.

This study was conducted in order to examine more directly some
possible actions of Li* which were suggested by the results of experiment
IV(b).

Two major studies were undertaken. The first examined the effect

of 10 day Lit pretreatment on the accumulation of 1l+C-5-HT by isolated
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Table 29.

The effect of 10 day Ii‘ pretreatment alone on the concentration
of tryptophan in brain, plasma, and plasma ultrafiltrate. Results
are expressed as the mean = S.E.M, of 18, 18 and 16 matched pairs
respectively. Analysis is by the paired t test.

Tryptophan concentration.

Control. Lithium. Lithium minus P

control.
Brain (ug/g)  4.77-0,26 4.9170.25 40.1420,12 K. S.
Plasma (ug/ml) 54,5422.44 52,98°1,96 -1,56-1,56 N.S.
Ultrafiltrate 5.55-0.45 3,8170.44 40,27-0.18 N.S.

(ug/nd)



Table 30(a).

The eoncentration of tryptophan in rat forebrain (ug/g wet weight)

plasme (ug/ml) and plasme ultrafiltrate (ug/wl) measured 50 minutes

after an i.p. injection of L~tryptophan (100 mg/Kg), in control enimals

and in animals which had received 10 day 14" pretreatment.

Results

are expressed as the mean - S.E.M, of 6, 6, and 4 matched pairs

respectively.

Brain
(ug/g) .«

Plasma
(ug/ml) .

Ultrafiltrate
(ug/ml)

Erain
(ug/g) -

Plasma
(ug/ml) .

Ultrafiltrate
(ug/ml) .

Statistical analysis is by the paired t test.

Control animals.

Saline.

§.17
-0.60

59,97
22,45

4,57
21,57

Tryptophan.

20.77
-4 .54

174.50
-16.21

50,09
27.51

§8.92
=3.,12

1.78.56
'12.07

%9.49
=848

Tryptophan

125.55
-5.99

:154.0’6
-15.29

-:25.88
"7-28

125.75
-2 .B’O

1142.59
-15.54

425,12
~8,05

0.01> P>0,001

P<«0.,001

0.05>P>C02

P<0,001

P‘OoWl

0.05:-P>0.02



Table sogb) »

The concentration of tryptophan in rat forebrain (ug/g wet weight)

plasma and plasma ultrafiltrate (ug/g) measured 60 minutes after an i.p.

injection of L-tryptophan (100 mg/Kg) in control animels and in animals

which had received 10 day Ii” pretreatment. Results are expressed

as the mean - S.E.)M, of 8 matched pairs and analysed by the paired t

test.
Control animals.
Seline. Tryptophan. Tryptophan
minus
“unec
BI'Ain &.59 §2.74 128.15
(ug/g) . 024 <5424 =3,18
Plasma ?1.45 ?‘28.98 :9‘7 04
(wml) . -0e89 -15.97 -15.,26
(ug/ml). 20.39 *4.82 *4.74
Lithium pretreated animals.
Saline. fTryptophan, Tryptophan
minus
ul:l.ne-
B:‘in &-92 %8.“ 425.51
(ug/g) . ~0.24 25,51 25.20
Pllm ?1.74 + .66 1‘,102992
(wml) . "5.64 -180“ -17-10
Ultrafiltrate 5,95 29.19 +28.24
(ug/ml) . 20.48 =5,98 25,57

P<0.001

P<0,001

0.01>P)0.001

P<«0,001

P<0,001

0.01>P>0.001



Table 50(0) .

The concentration of tryptophan in rat forebrain (ug/g wet weight)
plasma and plasma ultrafiltrate (ug/ml) measured 90 minutes after an i.p.

injection of L-tryptophan (100 mg/Kg) in control animals and in animals

which had received 10 day 1a* pretreatment.

Results are expressed

as the mean = 5.E.M. of 4 matched pairs and analysed by the paired ¢

faline. T!'jfptophan.

teat.
faline.

Brain Q.ﬁa
(ug/g) . 0,77
Plasma §1.50
(ug/ml) . ~5.59
Ultrafiltrate 2.60
(ug/ml) . :0.59
Prain g.és
(ug/g) » =0.61
Flasme Q0.0.':
(ug/ml) . =578

Ultrafiltrate ?.02
(ug/m1) . -0.26

-10.74 *

Control animals.

Tryptophan. Tryptophan

wims

saline.

:17.08
4,75

+85,95
210,40

:13.40
-0482

Lithiun pretreated animals.
Tryptophan
minus

P

0.08>P>0,02

0.01>P>0,001

0.05>pP>0,02

0.,01>2>0,001

P-\‘-0.00J.

0.01:>P>0,001

S
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Table 51la),

The effect of 10 day Ii’ pretreatment on changes in the
concentration of brain tryptophan measured 50, 60 and 90 minutes
after the i.p. injection of L-tryptophan (100 mg/Kg) . Results
are expressed as the mean - S.E.M. of matched pairs and analysed
by the paired t test.

Change in brain tryptophan concentration (ug/g)

Fime after Control. Lithium,. Lithium P
L~tryptophan minus

(mins) control.

50 mins. 425,553,099  «25.7522,80  40.405.81 N.S.
(n = 6 pairs)

60 mins 428,15-3,18  4285.51-5.20  ~4.64-3,03 N.S.
(n = 8 pairs)

90 mins. +17,0874,756  +18.88-5,06  +1.680=4,93 K. S,

(n = 4 pairs)
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Iable 5i(b).

The effect of 10 day 1i' pretreatment on changes in the
concentration of plasma tryptophan measured 350, 60 and S0
minutes after the i.p. injection of L~-tryptophan (100 mg/Kg).
Results are expressed as the mean = S.E.M. of matched pairs and
analysed by the paired t test.

Change in plasma tryptophan concentration (ug/ml)

Time after Control. Iithium, Lithium P
I~tryptcphan mdnas

(mins) control.

50 mins. +154,06-15.29 +142,590°15.5¢ 48,55217.55  N.S.
(n = 6 pairs

60 wing. 497.54215,26  +102.92-17.10 +5.38=17.45 N.S.
(n = 8 pairs)

90 mins., +65,98-10,40 +66.50-4,69 +2.5727,50 N. S,

(n = 4 pairs)
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Table 31(c).

The effect of 10 day Ii” pretreatment on changes in txyptophan
concentration of the plaswa ultrafiltrate measured 50, 60 and 90
minutes after the i.p. injection of L~tryptophan (100 mg/Kg).
Results are expressed as the mean - S.E.). of matched pairs and
analysed by the paired t test.

Change in ultrafiltrate tryptophan concentration (ug/ml)

Time af'ter Control. Lithium. Lithium P
L=tryptophan mirmis

(mins) contrel.

50 mins. 425,8527,28  425,1296,05  ~0,7621,98 N.S.
(n = 4 pairs)

60 mins. +24.844,75  425,24=5,57  40,40=5.45 N. S,
(n = 8 pairs)

90 mins. +15,40-5,82  412.6031,45  +0,0825,05 N.S.

(n = 4 pairs)
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synaptoscmes, and the second examined the effect of Ii' on the retention
of the accumulated 5-HI. In addition, a preliminary study was cone
ducted to test the functional integrity of the prepared synaptosomal

suspensions,
(2) IThe effect of tewperature on the accumulation of 149:5-11’; by
isolated synsptosomes.

(i) Flan of experiment.

This preliminary study to check the functional integrity of the
synaptosomal suspension was carried out on 2 rats only.

Crude synaptoscmal suspensions were prepared as described previous-
1ly. Eight 5.0 ml sasples of the suspension were placed in incubation
flasks containing 0,9 ml. Krebs solution. Four of the flasks were
pre—imubutoil at 57°C for 10 minutes while the other four were pre-
incubated at 2°C for 10 minutes. 0.1 ml of ~YC-5-iT (specific
activity 19,5 mCi/mmole) was added to each flask (final 5-HT concentra=-
tion 0.1 ). Flasks were then incubated for 1.0, 2.0, 5.0 and 10.0
minutes at 57°C or 2°C.,  Following incubation, the flasks were
rapidly cooled in an ice bath, and the accumulated 5~-HT extracted and
measured as described in section (xiii).

(ii) Results.

Table 52 p.125 shows the effect of temperature on the accumulation
of 14c-5-7 by isolated synaptosames incubated in 0.1 i “4C-5-nr,

It can be seen that 5-HT is rapidly accumuleted by synaptosomes when
incubated at 37°C, but not when incubated at 2°%C,

(v) The effect of 10 day Ii” pretreatment on the accumlation and
metabolism of 5-il

(1) Plan of experiment.

The acoumilation of “ C-5-IT against time wes studied at an



Table 32.

The concentration of 5-HT (pmoles/mg protein) accumulated by
isolated synaptosames incubated in O.1 il

mCi/mmole) for 1.0 - 10 minutes at 57°C or 2°%C.

expressed as the mean of two animals.

Ce5=HT (S.Ae 19,5
Results are

5-HT accumulated (pmoles/mg protein).

Incubation time 2%
(mins)

1.0 m Oo“
2.0 min, 0.45
5.0 min, 0.59

10,0 mdn, 0.55

87%

2.59
5.58
5.50
6.11
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incubation concentration of 0.1 jil. At this concentration, the
5«HT should be transported primarily by the high affinity uptake
process (Shaskan and Snyder 1970, Wong et. al. 1978). The study
wag conducted upon 18 male Albino Wistar rats weighing between 150 and
250 g. The animels were divided into two groups of 9 animals,

One group received 10 day Li” pretreatuent (0.75 mBg/Kg/day) while the
others received a control injection of saline. On the 1ith day, all
animals were killed and synaptosomal suspensions prepered from each
forebrain,  Synaptosomes were incubated in 0.1 il >YGe5-HT for 0.5,
1.0, 2.0, 5.0 and 10,0 minutes. Following incubation, labelled 5-
hydroxyindoles were extracted, separated and measured as described

in section (xiii). synaptosomes prepared from Ii' and saline pre-
treated enimals wers incubated at the same time and the effect of Ii”
on the accunmlation and metabolisa of 5-HT was analysed by the paired
t test.

(ii) Results.

The accumulation of 5~HT by rat forebrain synaptosames prepared
from control animals which had received 10 day Ii* pretreatment is shown
in table 35(a) p. 125. It can be seen that “YCo5-HT is continually
accumulated by the synaptosamal fraction and that this accumulation is
unaffected by 1i' pretreatment.

Table 33(b) p. 126 shows the concentration of 5-HT metabolites
measured in sgyneptosomes following incubation foar 0,5 - 10.0 minutes.
There aprears to be a reasonably constant concentration of 5«HT metabo-
lites present in the synantoscmes over all periods of incubation both in
the control and Ii' pretreated animals, 14" pretreatment had no sig-

nificant effects on the synaptosomal concentration of 5-HT metabolites.



Table 55!3! .

The effect of 10 day Ii' pretreatment on the accumulation of
5-HT by rat forebrain synaptosomes incubated in 0,1 wi ‘4o-5-up
(Specific activity 19.5 uli/muole) for 0.5 - 10.0 udnutes at 37°C.
Paired control animals received 10 day saline treatuent. Results
are expressed as the mean - S.E.M, of 9 matched pairs and abalysed by

the paired t test.

Synaptosomal S5-HT concentration (pmoles/mg protein).

Incubation Contrel. Lithium, Idithkdum P
time minus

(minutes) . control.

0.5 2.5970,15  2.1570.15  ~0.4420,21 K.S.
1.0 2.84=0,24  2,9820,17  40.14°0,25 N.S.
2.0 5.8020.51  5.,61-0,08 «0,19-0,51 N.S.
5.0 4.8620,54  5.1520.46  40.55:0,61 N.S.

10.0 6.40-0,62  6.2290,58  «0.3180,68 B,S.



Table 551 bl .

The effect of 10 day at pretrestment on the sgynaptoscmal

metabolism of 5-HT following incubation in 0.1 ull

(S.A. 19,5 mCi/mnole) for 0.5 = 10 mdnutes at 57°C,

control animele received 10 day saline pretreatment.

14

C=8~HT
Paired

Results

are expressed as the mean 2 8.E.. of 9 matched pairs and analysed

by the paired t test.

Synaptoscmal concentration of 5-HT metabolites (puoles/mg protein).,

Incubation
(minutes) .

Control.

0.8720,23
0.8720.28
0.7220.52
1.0820,22
1.00=0,57

Iithium,

0.8820,12
1.0720.41
1,2670,29
0.7520,50

1,1820.42

Lithium
minus
control.

+0,0170,21

+0.2020.46

+0.5370,57
+

~0,55=0,59
-!'011820375

N.S8.
N.S.
N.S.
N.S,

NI s-
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(¢) Ihe effect of 10 day Ii' pretreatment on the retention of

o 5.1 by imclated synapto .

() Plan of experiment,

This study was conducted on 56 male Albino Wistar rats weighing
between 150 - 250 g. Rats were divided into two groups of 16
aniuals, One group received 10 day 1i" pretreatment (0.75 miqg/Kg/day)
while the others received an equivalent volume of saline. On the
11th day, all animals were killed, and synaptosomal suspensions pre=
pared as before.

Synaptosomes prepared from 8 animals in each group were incubated
in 0u1 yit ¥Co5-4T for 10 minutes.  Following the incubation, the
synaptoscmes were washed, resuspended in fresh Krebs solution and re-
incubated for 0, 5,0, 10.0, 20,0, or 50.0 minutes. Following
incubation the S5-hydroxyindoles were extracted and measured as described
previously.

Synaptosomes prepared from the remaining 10 animals in each group
were incubated in 1.0 it “¥Co5-HI for 10 minutes before being washed
and re-incubated in fresh Krebs as described above. Following incu=-
bation, the S~hydroxyvindoles were extracted and measured as before.

The experimental design and the statistical evaluation was carried out
ae described in experiment VIII (b).
(ii) Results.

The effect of 10 day Ii' pretreatment cn the retention of accumu~
lated 5-HT at 57°C is shown in table 54(a) p. 128. The concentration
of 5~HT retained by the synaptoscme gradually declined over the 50
minute period of investigation in synaptoscames isolated from both the
saline and Ii" pretreated animals. However, the initial fall in 5-HT
concentration measured after O aminutes incubation was significantly



The effect of 10 day Ii' vretreatment on the retention of 5=HT
by synantosomes at 37°C following pre-incubstion for 10 minutes in
0.1 wi Meosemr (8.4, 19.5 mCi/muole).  Control pairs of animels

received 10 day saline pretreatment. Results are expressed as the
mean = S.E.i., of 8 matched peirs and analysed by the paired t test.

Synaptosomal S5-HT concentration (pmoles/mg protein).

Incubation Control. Lithium, Lithium P

time minus

(minutes) control.

0 5.8520,41  5.66820,62  «0,17%0.,32 N.S,

5.0 5.4220,48  4.8220,48  -0.6020.25 0.05’P>0,02
10.0 4.61°0.26  4.5020,39  -0.0920,20 N.S.

20,0 4.0420,46  5.8620.50  ~0.1820,25 N.S,

50.0 B3.56=0,30  3.72=0.48  +0.37=0,21 N.S.
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greater in synaptosomes isolated from Ii” pretreated animals
(0.0629>0.02).

Table 34(b) p. 130 shows the concentration of 5-HT metabolites
present in the synaptosomes during the same 30 nminute period of invese
tigation. It can be sesn that the synaptosomal concentration of
5-117 metabolites gredually falls throughout the study. . 14" pre~
treatment had no significant effects on the concentration of 5-HT
metabolites over the first 20 minutes of the study, however, when
measured after 40 mimates incubation there was a significantly higher
concentration of metevolites in gynaptoscmes prepared from s’ pretreated
anizels,

Table 556 p. 151 and 152 shows the results of a similar study to
that reported in table 4. Hovever, in this gtudy, synaptoscmes were

140-5-HT and not 0.1 yui Y¥o-5-HT as in the

preincubated in 1.0 )i
previous study. Again the concentration of O-HI retained can be seen
to decline over the 50 minute period of incubation, 10 day 14" pre-
treatment appeared to have no significant effect on this decline (table
55(a) p.131, However, the initial fall in 5-HT concentration (as
measured by the difference between O and 5 minutes incubation) is signi-
ficantly greater in synaptosomes isolated from Ii' pretreated animals
(teble 55(a)(i)). p. 151.

Table 55(b) p. 152 shows the concentration of 5-HI metabolites
present in the synaptosomes during the 30 minute incubation pericd.
The concentration of 5-HT metabolites in gynaptosomes from control animals
can be seen to decline gradually after an initial large fall in concen-
tration. Conversely, in the synaptosomes prepared from 7 pretreated
animals, the concentration of 5-IT metabolites first increases over the

first 5 minute period of incubation then gradually falls tovards a



Table 54(b).

The effect of 10 day Li' pretreatument on the metabolism of 5-HT

by synaptoscames at 57% following preincubation for 10 minutes in O.1

i4

wi = CuBeHT (E.A. 19.5 mCi/mmole).

received 10 day saline treatment.

Contreol pairs of aniuals

Results are expressed as the

mean - S.E.M, of 8 pairs of animals and analysed by the paired ¢ test,

Synaptoscmal concentration of 5-HI metabolites (puoles/mg protein),

Incubation Control.

time
(minutes)

5.0

10.0
2040
500

3,9920,44
2.7720,40
2.2820435
1.982C,21
1,500,156

1ithium,

5.37<0,57

2.76-0,58

2.1820.22
+

2425=0,19

1,9820.18

Iithium

control,

-0.8220,27
-0,0420,10
=0.1020,22
+0,2720.21

1'0.45f0a15

b

N,8.
N.S,
N. 8.
Ne S,

C.05°F>0.02



Table 35(a).
The effect of 10 day 1t pretreatment on the retention of 5-BT

by synaptoscmes at 37% following preincubation for 10 minutes in
14

1.0 uil TTC-G~HT (S.4. 9.67 uli/mucle). Contrel animals received
10 day saline trestment. Results are expressed as the mean 4

S.EM. of 10 pairs of animels and analysed by the paired ¢ test.

Synaptosomal 5-iT concentretion (pmoles/mg protein)

Incubation Control. Iithium, Iithiun P

time winus

(uinutes) control.

0 16.25:0.99 17.55:0066 +1.10:0.87 ano
5,0 14.5720,69 14.1520.69 =0,22-0.65 N.S.
10,0 12,.85620.64 12.656-0,64 ~0,20=0.48 N.S.
20,0 10,5520.54¢ 10,25-0,58 «0.30=0.44 N.8.
30.0 8,6520,56  9,81-0,56  +1.18-0,71 K.S,
Mﬂ “‘II gilc

Initial fall in synaptoscmal 5«HT concentration (pmoles/mg
protein) measured as the difference between O and 5.0 uinutes
incubation.

Control. Lithium, Lithium P
minus
control.

1.8820,57  3.1930,50  +1.5190.56 0.05°P»0.02



Table %gbl .

-152=-

The effect of 10 day Ii* pretreatuent on the metabolism of 5=HT

by synaptosomes at 7% following preincubation for 10 mimates in

4

1,0 wi *¥0-5-HT (S.A. 9.67 nCi/muole).
10 day saline pretreatment.

Control animals received

Results are expressed as the mean b4

S.E.M. of 10 matched pairs and analysed by the paired t test.

Synaptosomal concentration of 5-HT metabolites (pmoles/mg protein)

Incubation
time
(minutes)

5.0
10.0
20,0

30,0

Centrol.

748922 445
4.74=1,52
4.2621,19
5.24-0469

2.5520,57

Lithium,

8,05=2,60
11,25=2,65
4.0521,20
5,460,684

5,49=0,81

Iithium
minus
control.

40014-0.71

+6,49°1,46

=042720445

404222052

+1.4420.55

NS
0.,01>P>0.,001
N.S.
NeSe

0.01>» 0,001
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plateau level recorded after 20 and 50 minute pericds of incubation.
The concentration of metabolite measured after 5 and 50 wminutes
incubation are significently higher in synaptoscmes prepared from Ii’
pretreated animals (0.01>P>0,001). The increase in metabolite
concentration measured in the synaptoscmes from Ii* pretreated
animals after O minutes incubation coincides with a significantly
larger initial fall in gynaptosomal 5-~HT concentration recorded in
these synaptosomes (0.,05:P’0,02) (table 35(a) (1)) p. 131.
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(1) The effects of electrical stimulation on forebrain 5-HT and S5-HIAA.

Experiment I was conducted to determine whether electrical stimu-

lation of the nucleus raphe medianus using the techniques developed in
our laboratories produced changes in forebrain S-hydroxyindole concene-
trations which were comparable with those previously reported.

The results of the experiment (table 9 p. 76) demonstrated that
stinula tion of the nucleus raphe medianus produced a significant eleva-
tion of forebrain 5-HIAA concentration without significantly affecting
the 5-HT concentration. These observations agreed generally with
the observations of Aghajanian et. al. (1967) and Kostowski et. al.
(1969) , but the amplitude of the changes observed in this study were
smaller. There was no significant reduction in 5-HT concentration
following stimulation whereas a fall had been previously reported and
the elevation of S5-HIAA was slightly less than that observed by the
previous workers. Apart from the different anaesthetic used in this
study, the major difference in the experimental design was that both
Agha janian et. al. (1967) and Kostowski et. al. (1969) repetitively
stimulated the raphe for 60 minutes whilst in this study the period of
stimulation was only 30 minutes. This may be sufficient to account
for the observed differences.

The shorter period of stimulsation has been retained in this study
because the longer period used by Aghajenian et. al. (1967) would have
involved a longer total time under the anaesthetic which could have
increased the effect of anaesthesia on the forebrain concentrations of

5«HT and 5-HIAA (table 2 p. 59).

(2) The effects of variation in electrode placement.
Experiment II examined the selectivity of raphe stimulation in

eliciting the observed changes in forebrain S~-hydroxyindoles.
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Electrical stimulation applied to regions of the midbrain situated
aporoximately 0.5 mm from the dorsal and lateral borders of the nucleus
raphe medianus induced significant increases in the forebrain concen-
tration of S5-HIAA (table 10 p. 79). However, the increase in 5-HIAA
concentration observed following such treatment wes si nificantly less
than that observed following stimulation of the nucleus raphe medianus.
(table 10 p. 79).

It has been demonstrated that the region of the midbrain most
densely populated with cell bodies which contain 5-IT are the raphe
nuclei (Dahlstrom and Fuxe 1964), In the region of the nucleus
raphe mediamus, although the majority of cell bodies are located within
the nucleus, some have been located laterally and dorsally to the main
population of cells (Dahlstrom and Fuxe 1964). The smaller eleva-
tion of forebrain 5-HIAA observed following stimulation of regions
outside the nucleus raphe medianus could t.erefore have arisen as a
consequence of i-

(1) The activation of a smaller and less dense population of cell
bedies or their axons which contain 5-HT and which project to the
forebrain.

(2) The activation of a group of afferent fibres coursing to the
nucleus raphe medianus where they excite a small population of cells.

(8) The spread of current flowing from the stimulating electrode
and exciting a small group of cells situated in the peripheral regions
of the nucleus raphe medianus,

From the results of this study, it is impossible to ascertain
which of these interpretations is the most accurate. Stimulation
applied through electrodes situated laterally to the raphe could be
activating the nucleus reticularis paragigantocellularis. This
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nucleus appears to send afferent fibres to the raphe nuclei (Gouch
1970) . Electrical stimulation of this structure haé been shomn to
increase the rate of firing of raphe neurcnes (Couch 1970). Thus
the elevation of forebrain 5-HIAA concentration seen following the
stimulation of non raphe regions in the lateral aspect of the midbrain
may be related to the excitation of this afferent input to the raphe
nuclei. It is probable however, that a combination of all three
eff'ects may give rise to the small but significant elevation in S5-HIAA
following stimulation of non raphe sites. Previous werkers have
demonstrated that stimulation of a region of the rat midbrain 1.0 mm
from the lateral border of the nucleus raphe mediamnus failed to elicit
any changes in the forebrain concentration of eithexr 5-HT or 5-HIAA
(Agha janian et. al. 1967, Kostowski et. al. 1969). Similarly, Sheard
and Aghejerian et. al. (1968) observed close correlation between the site
of stimulation and changes in the forebrain concentration of S-hydroxy-
indoles. Only when applied to those regions of the midbrain which
contain 5«HT neurcnes did stimulation produce an increase in the fore-
brain 5-HIAA concentration.

It would appear that the findings of this study are in agreement
with those of previous workers and support the general concept that the
amplitude of the elevation of 5-HIAA concentration produced following
stimilation of the rat midbrain decreases as the point of stimulation
moves away from the region of the nucleus raphe medianus. fince the
vast majority of neurones which contain S5-HI, and ascend to terminate
in the forebrain, arise from cell bodies situated in the nucleus raphe
medianus, it can be proposed that changes in the forebrain concentration
of O5-HIAA resulting from stimulation of this nucleus are related to the
activation of the ascending neurcnal pathways which emanate from it.



Zackpround to the study.
The elevation of forebrain £-HIAA concentration following stimu~

lation of the nucleus rache medianus has been widely interpreted as a
consequence of the release of 5-HT from nerve terminals followed by the
uptake into cells and conversion to 5-HIAA by moncamine oxidase and
aldehyde dehydrogenase (Aghajanian et. al. 1967, Xostowski et. al. 1989)
but there is an altermative interpretation of these findings. Both
5=-HT and the engymes required for its catabolism are stored within nerve
terminals, The elevation of forebrain 5-HIAA concentration following
raphe stimnulation has been shown to be accampanied by an increase in the
rate of synthesis of 5-HI (GCumulka et. al. 1969, Iccleston et. al. 1970,
Shields and Eccleston 1972) . If the predominant effect of stimula-
tion was to increase the rate of 6-iiT synthesis, and if a large propor-
tion of the newly synthesised 5-HT could not be accommodated in the
storage compartment of the presynaptic terminal, there would be an in-
crease in the concentration of free cytoplasmic 5-I. Since free
5-HT appears to be susceptible to deamination (Ross and Remyi 1967,
Blackburn et. al. 1967), this might cause an increase in the concentra-
tion of S5-HIAA, The elevation of forebrain S5-HIAA following raphe
stimulation mdght therefore be a2 consequence of an intraneuronal increase
in the synthesis of 5-HI independent of extraneuronal release of the
transud tter.

Experiment III was designed to determine what proportion of the
changes in forebrain S~hydroxyindole concentrations induced by raphe
stimuls tion may arise as a consequence of the extraneuronal release of
5~HT, and how much may be due to intracellular effects. One meche
anism requires that 5-HT released into the synaptic cleft should be
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transported back into the cytoplasm of the nerve endings before it
becomes accessible to the monocamine oxidase, The other mechanism
requires that the changes in forebrain 5-HIAA are produced by purely

intracellular process.
The biochemical processes involved in the catabolism of 5-HT may

be assumed to be similar in both instances. It was therefore
necessary to modify a process which is sugrested to be a principal
factor in one of the two mechanisms but not in the other. The
effect of this modification on the change in forebrain 5-HI and 5-I11TAA
evoked by raphe stimmlation may then provide some information as to the
mechanism of action of raphe stimulation in eliciting the effects
observed in the previous experiments. The process which is the
special feature of the first interpretation is the transport of 56-HI
back into the nerve terminal., There are many reports that the tri-
cyclic antidepressants are powerful inhibitors of this transport pro-
cess (Carlsson et. al. 1969a, 1969b, Shaskan and Snyder 1970, leek et.
al. 1970, Iidbrink et, al., 1971), and that among this group of com-
pounds, chlorimipramine appears to have the most potent inhibitory
action on the 5-HT accumlation process (Carlsson et. al. 1969b,
Lidbrink et. al. 1971).

The increase in brain concentration of 5-HIAA following the admine
istration of I~-tryptophan has been interpreted as a predominantly
intracellular process, due to progressive saturation of 5-HT stores,
which could lead to a sharp increase in cytoplasmic 5-HT concentration.
This could result in an increase in the rate of conversion of 5= to
S5-ITAA. (Voir and Eecleston 1968, loir 1971). Contrasting the effects
of chlorimipramine upon the elevation of 5-HIAA by stimulation and by
L~tryptophan administration should differentiate between the intra-
cellular and extracellular origins of the changes in S5~HIAA concentra-
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tion induced by these two procedures.

The dose of chlorimipramine used in these studies has been shown
to inhibit the transport of 5-HT into nerve terminals by about 607
(Barlsson et. al. 1969), Under these circumstances, a proportion
of the 5~HT which passes into the extracellular compartment will not
be removed from that compartment by the transport process. If the
major scource of free cytoplasmic 5-HI, accessible to moncamine oxidase,
is the 5-HT transported back into the nerve terminal from the extra-
cellular fluid, then chlorimipramine should increase the 5-HI content
and decrease the O5-HIAA content of brain. In the absence of de-

liberate stimulation of the 5-HT neurones these effects udght not be

detectable. Af'ter prolonged stimulation they ought to become more
marked,

e effect of chlorimi ne on res evel o=
and S-HIAA.

Table 11 p. 81, shows that in unanaesthetised animals chlorimipra-
mine produced a non-significant increase in 5-HT and a significant
decrease in 5-HIAA, though the effects on anaesthetised animels were
not significant, The reduction in 5-HIAA concentration seen follow=-

ing the injection of chlorimipremine in the unanaesthetised animals msy

be interpreted in three ways. (1) As e direct reduction in the
intracellular catabolism of 5-HT, (i) As an increase in the clear-
ance of 5-HIAA from brain tissue, (iii) As an indirect reduction

in the catabolism of 5-HT brought about by the inhibition of the trans-
port of spontaneously released 5-HT back into the nerve terminal.
(i) Possible direct effects of chlorimipramine on the catabolism of
O=HT.

The depression of brain 5-HIAA concentration observed following
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chlorimipramine administration has also been reported by previous
workers. Bruinvels (1972) observed that the reduction in 5-HIAA
seen following imipramine administration was accompanied by a reduc-
tion in 5«HT turnover which could be causally related to the impaire
ment of the transpart of tryptophan into brain cells. Halaris et.
al. (1973) also suggested that the reduction in brain 5-HIAA concen-
tration seen some time after the injection of chlarimipramine, but not
immediately after the injection, could be related to a decrease in the
synthesis and catabolism of 5-HT. If the major effect of low doses
of chlorimipramine was to reduce directly the rate of synthesis and
catabolism of 56-~HT, it would be expected that chlorimipramine would
affect changes in forebrain 5-HT and 5-HIAA following L-tryptophan
administration in a similar mamner to that seen in the control animals.
However, rather than reducing the elevation of 5-HIAA seen after Le
tryptorhan administration, chlorimipramine actually increased the fore-
brain concentration of 5~-HIAA in tryptophan treated animals (table 15
p. 88). It seems unlikely therefore that the effect of chlorimipra-
mine (5 mg/Kg) on the forebrain concentration of 5-HT and 5-HIAA could
be related to a direct inhibition of the rate of metaboli=mm of the
monoamine., The finding that chlorimipramine failed to reduce the
production of 5-HT and 5-HIAA following the injection of IL-tryptophan
would alsc tend to suggest that at this dose, chlorimipramine is not
affecting the availability of tryptophan far the production of S-hy=-
droxyindoles (Fruinvels 1972).
(i1) Possible effects of chlorimipramine on the transport of 5-HIAA,

The reduction in 5-HIAA concentration seen in the chlorimipramine
treated animals may reflect a facilitation of the transport of 5-HIAA
out of brain tissue. However, the finding that chlorimipramine
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actually increased the elevation of S-HIAA induced by L-tryptophan is
difficult to reconcile with such an interpretation,
(1ii) The effect of chlorimipramine on the uptake of 5-HT,

There are many reports of the powerful inhibitory action of the
tricyclic antidepressants on the 5~HT uptake process. (Carlsson et.
al, 196%a, 1969b, Shaskan and Snyder 1970, leek et. al. 1870, Lidbrink
et. al. 1971). In addition, it has Been shown that in comparison
with other members of this group of compounds, chlorimipramine has the
most potent action on the 5-HT transport process (Carlsson et. al. 1969b,
Iidbrink et. al. 1971). Because of this known action of chlorimipra-
mine, and the difficulty in fitting the findings of this study with the
alternative interpretations discussed above, the cbserved reduction in
the forebrain concentration of 5-HIAA following the aduministration of
chlerimipramine may best be interpreted as a consequence of the slowing
of the transport into nerve terminals of spontaneously released 5-IT,
thus reducing its rate of access to intracellular MAQ. If this is
the predominent effect of small doses of chlorimipracine, then increas-
ing the rate of extracellular release of 5-HT should markedly increase
the effect of chlorimipranine on the brain levels of these two indoles.

Stimulation of the nucleus raphe medianus increased the forebrain
concentration of 5~HIAA without affecting that of 5-HI (table 12 p. 85).
Chlorimipreamine profoundly diminished the efflect of stimulation on
5=-HIAA concentration and correspondingly increased the concentration of
5-HT (table 15 p. 84). The finding that chlorimipramine reduces the
stimlation-induced elevation of 5-HIAA is in agreement with Samanin et.
al. (1972) who reported that the related antidepressant imipramine, at
a dose of 5.0 mg/Kg i.p. completely blocked the elevation of 5-HIAA
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following raphe stimulation. In addition, they noted that the §
secondary amine desipramine administered in similar doses had no effect
on the change in forebrain 5~HIAA induced by raphe stinulation.
fince desipremine is a relatively weaker inhibitor of 5-iT transpart
than is imipramine, the authors concluded that the reduction in S5-HIAA
seen in the stimulated animels given imipramine, could have arisen as a
consequence of the inhibition of 5-IT uptake denying 5-HT access to
intreneurenal MAO, Although the conclusion of Samanin et. al. (1972)
may well be correct, these authors failed to control far possible direct
eff'ects of imipramine on the catabolism of 5-HT. Thus in the abtsence
of control studieas, both the findings of Samanin et. al. and the results
of the study reported here would fail to determine whether the reduction
in the stimulationeinduced elevation of 5-HIAA concentration observed in
the chlorimipramine treated animels arose as a consequence of the inhibi-
tion of 5-HT uptake (as deseribed above), or as a conseguence of a
direct reduction in the intracellular catabolism of 5-HT, In the
experiment reported here however, a study was conducted in crder to deter-
mine to what extent a direct effect of chlorimipramine on the catabolism
of 5-HT may be responsible for the effects observed following raphe
stimala tion, The results of this study are discussed below.

Table 14 p. 86 shows that the forebrain concemtration of both S5-iT

and S-HIAA was nigniﬁ@ﬂy increased by the administration of L~-trypto-
phan., As discussed previously, there is evidence that the increased

concentration of 5-HIAA seen in brain tissue following the administration
of a high dose of L-tryptophan is produced by the catabolism of the large

amount of free cytoplasmic 5-HT which is made available by this procedure
(Moir and Eccleston 1868, loir 1971). If chlorimipramine is having a
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direct effect on the catabolism of 5-HT, it might be expected that
chlorimipramine would alter the levels of S-hydroxyindoles following
tryptophan administration in a mammer similar to that observed follow-
ing stimulation. The elevation of 5-~HT by tryptophan was unaffect-
ed by chlorimipramine, whereas the elevation of S-HIAA by tryptcephan
was increased by chlorimipramine (table 15 p. 88). Chlorimipramine
therefore had opposite effects on the change in 5~HIAA levels induced
by stimlation and L-tryptophan administration. The results of this
study would therefore suggest that chlorimipramine has little or no
direct inhibitory effects on the catabolism of 5-iT in brain tissus.
This being so, it can be suggested that the reduction in the stimula-
tion-induced elevation of 5-HIAA obsrveﬁ in the chloriumiprainine treated
aninsls may best be interpreted as a consequence of the inhibition of
the 5-HT upteke process which would deny extracellularly released S-HT
access in intraneuronal woncamine oxidase.

These findinge would support the concept that a large proportion
of the S5-ITAA produced following raphe stimulation arises as a conse-
quence of the extracellular release of 5-1T, followed by upteke into
cells and conversion to 5-ITTAL, In contrast, it would appear that
the extrancurcnal release of 5-IT iz only involved to & suall extent in
the conversion of I-tryptephan to S-1IAA, That chlorimipramine
actually incrcases the elevation of S5-ITAA following IL~tryptophan
sugzests cither an acceleration of the metabolisn of I~tryptophan through
the 5-HT pathway or the inhibition of 5-HTAA transport from the brain,
From these studies I am unable to determine whether chlorimipramine has
any direct action on either of these two processes.  While the re-
sults of the above studies have demonstrated that chlorimipramine is
unlikely to be exerting any direct effects on the synthesis and catabol-
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isw of O-HT, one possible indirect effect of chlorimipramine on 5-HT

turnover which may be influencing the response to stimulation has yet

to be exauined. This is discussed in the following section.

It has been reported that chlorimipramine reduces the synthesis and
metabolism of 5-HT (Corrodi and Fuxe 1969, l‘eek and Werdinium 1970,
Halaris et. al. 1973). Such a reduction in turnover would account
for the lower levels of 5-HIAA in the forebrain following administration
of chlorimipramine in both stimulated and unstimulated animals. How=
ever, as menticned previously the increase in the elevation of 5-HIAA
seen following administration of chlorimipramine animals given L-trypto-
phan sugrests that a direct inhibition of 5-HT synthesis is unlikely.

In order to account for the observed reducticn in 5-HT synthesis,
Corrodi and Fuxe (1968, 1969) suggested that a reflex inhibition of the
rate of discharge of the 5-HT-containing presynaptic neurone could be
brought about by an increase in the rate of discharge of the post syne-
aptic cell. Tricyclic antidepressants, by inhibiting the transport
of 5-HT away from the synaptic cleft, would further increase the rate
of discharge of the posteynaptic cell (ileek et. al. 1970, Clineschmidt
et. al. 1971) and thus produce a stronger reflex inhibition of the rate
of firing of the presynaptic neurone.

Corrodi and Fuxe further suggested that the rate of synthesis of
5-1T was dependent upon the rate of discharge in the neurones which
contain 5-HT. On this basis they suggested that the reduction in
51T gynthesis seen following the aduinistration of tricyclic antide-
pressants was directly related to the build up of 5T in the synaptic
clef't which activated the inhibitory feedback system described above.
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framwell (1972, 1974) has shown that imipramine inhibits the spontan~
eous discharge of neuwrones in the nucleus raphe dorsalis in the rat, and
that there was a strong correlation between the potency of a tricyclic
antidepressant in inhibiting 5-HI transport into cells, and its potency
in dindnishing the frequency of discharge of these neurones. Corrodi
"et. al. (1967) and Corrodi and Puxe (1968) similarly demonstrsted good
correlation between inhibition of 5~HT uptake and reduction of 5-HT
synthesis. :

Although it i= possible that these correlaticns could exist without
such a f'eedback sy=tem being operated, it was necessary to ensure that
such o system, if present, was not influencing to any great cxtent the
results obtained in these studies. The me jor difference between my
experiments and those of Pramwell (1972, 1974), and Corrodi and co=
workers (1967, 1988, 1968), is that the latter were investigating the
resnonses of spontaneously active raphe neurones, whereas in ny experi-
ments, the activity in the 5-HT pathways was evoked by repetitive
stimlation of the mweleus ranhe medianus. In this situation, it
would be necessary for the feedback mechanism to reduce the effective-
nesg of stlmlaticn in order tc have profound effects on the gynthesis
end metabolism of 5-HT,

At this voint I would like to examine scme possible elsctrical
changes that mey be ocourring in neural tissue in response o applied
current, andé how these changes may be influenced by an inhibitory
afferent irput. With peripheral nerves, the nerve is usually placed
on two electrodes. Current flows firom the anodic electrode along
the nerve fibre to the cathedic electrode where it leaves. Tepolar-

isation occurs where the current leaves the nerve, that is at the catho-

ic electrode. In the situation employed in my experiments, the anode
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and cathode are separated by about 1.0 mm. and current flows from the
anode to the cathode through the cell mass of the raphe cell bodies.
In this situation it mey be assumed that cells are depolarised at the
point vhere current lcaves the cell on route Yo the cathode, In my
experiments, the direction of current flow is changed so thet for a 15
minute period of stimulation the inner pole is cathodic. It is then
made anodic for a second period of 15 minutes. (The order in which
these changes weore made vas random.). %ith stimulation applied in this
mermer, cells lying close to the cathede will reccive & higher intensity
of stimulation than these lying close to the ancde, and changing the
direction of current flow will ensure that regions cof high stimilus in-
tenaity are notlocalised to one particular group of cells. However,
it i= aprarent thet when applying ocwrrent in this way some cells will
receive a higher intensity of stimulation than others,

Vhen epplying pulses to 2 mase of cells, the concept of thresheold,
suprethreshold, maximal ané supramaximal stimvlus intensities becomes
entirely nebulous., Even if current was being amplied tc 2 homogeneous
collection of cells, it is very unlikely that the thresholds of individe
val cells will be similar. Consequently, a current of supromaximal
intensity for any cne cell mey well be subthreshold for another.

Thus we have no real indication of what is happening when electrical
current is being apnlied in this mammer. Cells of probably widely
differing thresholds are being subjected to an electrical field in which
the current density applied to any cne cell vaties with the position of
that cell within the field.

The stimulus current employed in my experiments (100 aA) is about
half that required to produce electrolytic lesions in thie area of the

brain. It might be valid to assume in this situation that some of
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the cells receiving a high current density may be influenced by a
supramaximal stimulus, whereas thosesituated on the edge of the elece
tric field may be barely excited, if at all. Conversely, the
threshold of these cells may be so low that all cells are excited
supramaximally. Let us assume for a moment that these cells are
receiving an intact inhibitory input which is being driven by the build
un of 5~HT at the post synactic receptors. fuch an inhibitory input
would be exvected to initiate an inhibitory post synaotic potential
(IPSP) on the ravhe cell membrane. The result of this procedure
would be an inerease in the potential difference across the cell men-
brane and thus an increase in the threshold of these cells. lost
of the IPSP's recorded in the CNE are only a few millivolts in ampli-
tude, and in situations where the cells are being excited by pulses of
supramaximal intensity, there is an excellent chance that the menbrane
will be depclarised sufficiently to overcome the IFSP and still initiate
firing in that neurone. Conversely, in cells which have either an
inherently high threshold, or which are being excited by just supra-
threshold stimulation, the IPSP may be sufficient to inhibit firing in
that cell. Thus in situations where raphe cells are being excited
by electrical pulses of moderate intensity, there is a chance that in-
hibitory inputs to some cells will be overcome by the intensity of
elecitrical stimulation. Thus the inhibitory influences arising as a
result of the proposed negative feedback mechanism could well be overcome
by the electrical pulses in some of the raphe neurones.

In support of the theoretical considerations outlined above, there
is same evidence that électrical stimulation of the raphe is indeed able
to activate ascending fibres from these nuclei in the presence of drugs

believed to activate the proposed inhibitory feedback system, in
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eddition to the tricyclic antidepressants, other drugs are alse
believed 4o reduce the activity of raphe neurcnes by activating an
inhibitory neural input to them (Aghajanian 1973). ne such drug
is Lysergic acid diethylamide (LT), This drug has been ghown to
reduce the synthesls and turnover of 5~HT in the brain (ILind et. al.
1969, Roseorans et. al. 1967), and to decrease the rote of firing of
raphe neurones in rats (Aghejanlan et. al. 1088, 1870). The inhibie
tion observed at very low doses of LSD (10 jg/Kg) applied parenterally
vas found to be highly selective for raphe neurones. n addition to
e direct inhibitory action on the rsphe cells (Aghajanian et. al. 1872),
it has been proposed that LD may mimic the action of I-HT on poste
synaptic receptors, and in doing so activate the negotive feedback loop
(Aghajenian 1972). The intersction between LD and electrically
stimilated raphe ncurones has been studied by Rloom et. al, (1872).
These workers invedtigated the activity of single neurones in the
suprechissmatic nucleus of the cat. The suprachiesmatic nucleus is
one of the regions of the brain which receives a dense innervation of
efferent raphe terminals. The activity of these BUronos Was found
to be markedly inhibited by electriczl stimulation of the nucleus raphe
medianus. Although low (10 pg/Kg) doses of LSD administered
parenterelly have been found to markedly inhibit the firing of spontan-
ecusly active raphe neurones, electrical stimulation of the nucleus
raphe medienus continued to inhibit activity in the suprachiasmatic
nucleus even afier the parenteral adninistration of large doses (up to
200 pg/Kg) of LSD. Thus, in this situation, electrical stimulation
of the nueleus rache medianus was sufficient to overcome the inhibitory
effects of LSD on rephe neurcnss. I£ LD and tricyclic dntide-

pressants do affect raphe neurones by indirect activation of the same
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irhibitory input, it seems likely that electrical stimulation applied
to the rephe could overcame the inhibitery sction of both growps of
arugs. Thus any indirect inhibition of raphe cells exerted by
chlorimipramine in uy experimenls may be overcome by the wanner in which
the cells of the raphe nucleus were sctivated. It may be suggested

wexrefore that the feedbeck gystem proposed by Corrodi and Fuxe (1968,
1062) is unlikely to provide the basls of our cbservaticns in these
experimente,

In sumnary, the results of experiment III provide evidence
supporting the view that the elevation of forebrain 5~HIAL concentration
induced by electricel stimuletion of the nucleus raphe medianus origine
ates mainly as a result of the extraneurconal release of S5-HI followed
by upteke and catabolism. In additicon the results of the studies
support the use of the techinique as &« medel for the lnvestigation of the
actions of psychotherapeutic substances on the release of S5-I in the

rat forebrain.

Using the model developed in experiment III, the next study
investigated the action of Ii’ treatment on changes in forebrain 5-
hydroxyindoles induced by electrical stimulation or L=tryptophan
administration.

5-HT and 5-HIAA in the ret forebrain.

Pretreatment with 1i* for 10 days (0.75 uBqg/Kg/day) had no signifi-
cant effects on the forebrain concentration of 5-HT in either unanaes-
thetised or annesthetised animals. However, the concentration of
5-1TAN vas elevated in both groups of enimels (tables 16 p.9C and 19

P.95). An increase in 5-HIAA without a change in 5-HT concentration
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may indicate either an increase in the turnover of 5-HT or an inhibi-
tion of the transport of S-HIAA out of the brain. Previous workers
who have examined the effect of Ii' treatment for periods of 10 days or
more have noted either no change in the synthesis and turnover of 5~
(Bliss and Adlion 1970, Knapp and landell 1978), or a geduction (Ho et.
al. 1970). The possibility that Ii" is increasing the turnover of
5-HT therefore, does not agree with previous datas. The differences
may be due to the much lower dose of Ii" used in my experiments. (see
table 1 p. 26). It should alsoc be noted that at this lower dose,
14" had no effect on brain or plasma tryptophan concentrations (table
29 p. 115). This would sugrest that any effect that Li” is exerting
on the synthesis and turnover of 5-HT is unlikely to be related to a
change in brain and free circulating tryptophan concentrations.
(Tegliamonte et. al. 1971, 1975, see later).

Secondly, there is a possibility that 1i" may be inhibiting the
transport of O5-HIAA out of the brain. S=1HIAA appears to be trans-
ported fram the brain by a probenecid-sensitive active transport process
(Neff et. al. 1967, Asheroft et. al. 1968, Cserr and Van Dyke 1972,
Forn 1972, Sampath and Neff 1974, Wolfson et. al, 1974). There are
no direct reports of the effect of Ii" on the transport of 5-HIAA from
brain tissue. However, ‘heard and Aghajanian (1870) reported that
acute Ii" treatment appeared to have no effects on this transport pro-
cess. Cbviously direct measwrement of the transport of S5-HIAA from
c.8.f. to blood are required before one can ascertain whether or not the
treatment received in these experiments is affecting 5-HIAA transport.

In conclusion, it can be stated that at this stage, it is difficult
to determine the relative contributions of these two possible actions
of Ii" in producing the effects observed in this experiment.



The administration of I~-tryptophan (100 mg/Kg i.p.) significantly
elevated the forebrain concentration of 5-HIAA measured 30, 60 and 90
mirutes after the injection in both the saline controls and in animals
which had received 10 day Li' pretreatment. Similarly, the forebrain
concentration of 5-HT was alsc significantly elevated by this treatwent
in the control group of animals. However, in the Ii” pretreated
animals, the 5-HT concentration was only significantly increased by
I~tryptophan when measured 50 minutes after the injection (table 1%, p.
99).  The comparison of the effects of L-tryptophan administration
between animals treated and not treated with Ii* (table 18 pages 92,

95 and 94) shows that the changes in forebrain S-hydroxyindole concen~
trations measured 50 and 90 minutes after the administration of trypto-
phan are not significantly different between the two groups of animals.
However, the elevation in forebrain 5-HT measured 60 minutes af'ter 1~
tryptophan administration was significantly less in the Ii' pretreated
animals. At the same time, the elevation in 5-HIAA induced by L~
tryptophan administration was significamtly greater in the Ii" pretreated
animals. Thus 10 day Ii* pretreatment significantly reduces the
maximm increase in 5-HT concentration induced by L-tryptophan adminis-
tration and enhances the increase in S5-HIAA,

The result of this study muy be interpreted in four ways. (1)
1i" may increase the rate of deamination of 5-HT, either by increasing
the activity of the deaminating enzyme MAO, or by inhibiting the storage
of 5-I1T within the neurone. (1) 14" may divert the metabolism of
I-tryptophan away from the production of 5-HT and towards the production
of S-hydroxyindolepyruvic acid through the 5-HTP aminotransferase pathway.

gl



(iii) Ii" may reduce the clearance of S5-HIAA. (iv) Ii" may

affect the rate at which tryptophan is mede available for the synthesis

of S-~hydroxyindoles.

The most straightforward interpretation of this data is that Li'

pretreatment increases the deardnation of 5~HT. As stated sbove,
this could be brought about by an increase in the activity of the
deaminating engyme MAO, It is now generally believed that S5-Il is
first synthesised in the cytoplasm and then transported into the storage
compartment. In this situation, MAO and the storage process may be
considered to compete for the newly synthesised 5-HT while it is still
free in the cytoplasm. An increase in LAO activity may therefore
increase the proportion of free 0-/iT which can undergo deamination and
correspondingly reduce the amount available f'or storage. Such an
effect could account for the smaller amount of 5-HT and the larger
amount of S-HIAA produced from the loading dose of tryptophan in the
7 o pretreated animals.

A number of factors indicate however, that the eff'ects observed
in this study may not readily be interpreted as an increase in the
activity of NAO, The enzyme is present in great excess in the brain
(Cey and Pletscher 1961), therefore in order to have profound effects
on the deamination of 5-HT, the activity of the engyme would have to be
increased to a considerable degree. In addition, because MAO is
present in great excess, it is likely that the mejor factor which limits
the rate of 6-HI deamination is the ease with which the substrate and
engyme are able to interact (see next section), rather than the activity
of the engzyme itself. Finally, there is little information available
in the literature concerning the action of Ii" on MAD activity. o
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animal studies comparable to those described here appear to have been
reported in the literature. Although not strictly comparable with
our study, it is interesting to note that lurphy and Weiss (1972)
reported no change in human platelet HAO activity following treatument
with 1i%,

In eonclusion, I should like to suggest that the apparent increase
in the deamination of 5-HT observed in this experiment is unlikely to be

due to a direct effect of Ii' on MAO activity.

It is now universally accepted that 5-HT is stored in the presyn-
aptic terminal in a form which protects it from deamination by MAO (Ross
and Renyi 1967). The results of the previous experiment (experiment
I1I) confirmed that the elevation of 5-HIAA produced by a loading dose
of L~-tryptophan most probavly arose as a consequence of the saturation
of the 5-HT storage compartment with a resultant increacse in the concen-
tration of 5-HT free in the cytoplam which was available for metabolism
by intraneuronal MAO (Moir and Fecleston 1968, lloir 1971). In this
sitvation, the ease with which newly syntheaised 5-HT can be stored
determines the concentration of free cytoplaswic 5-HT, The reduc-
tion in the tryptophan-induced elevation of 5-HT concentration, accom-
panied by the increased elevation of 5-HIAA seen in the Ii’ pretreated
animals, could have arisen as a result of a reduction in the ability of
the storage compartment to retain all the newly synthesised 5-HI, In
this situation, a greater proportion of the gynthesised 5-HT would remain
free in the cytoplasm and be susceptible to deamination by MHAC, This
would lead to the observed increase in the tryptophan-induced elevation
of S-ITAA and the concouitant decrease in 5-1HT,

An interesting finding of this study was that the changes in 5-HT



-154-
and 5-HIAA seen following the loading dose of L-tryptophan were not
apparent in animals which had received . pretreataent only (see
section €, tables 16, 17 page 90, c.f. tables 18, 19 pages 92 - 95).
The concentration of 5-HTAA was, in fact, significantly increased by
treatment with Ii', but the concentration of 5-FT remained unchanged
(tables 16 and 17 page 90). %ith respect to the proposed effect of
IA" on the storage of 5-HI, these findings could be accounted for by
proposing that Ii* effects the rate at which 5-HT can be transported
froem the cytoplasm to the storage compartment. As a consequence of
this it could be proposed that the mate of 5-HT gynthesis in animele
given 11" alone was sufficiently slow tc allow the storage compartment
to accumulate most of the newly synthesised 5-HI, However, following
& loading dose of I-tryptophan, the rate at which 5-HT is being produced
would be greatly in excess of the rete at which the 5-HT could be trans-
ported into the storage compartment. Alternatively, it could be that
the maximum capacity of the store is reduced by Ii' pretrestment. In
this situation, the sterage compartient would be able to accomodate the
synthesised 5-HT during near normal rates of synthesis. However,
in situations where the rate of 5T production im high, such as that
following a loading dose of L-tryptcocphan, the storage compartment would
be saturated more quickly and excessive "overspill" into the cytoplasm
would occur. The possibility that 14" may be affecting the storage
of 5~HT in a mamnner similar tc that outlined above, prompted the inves-
tigation of the effect of Ii” on the accumulation and retention of 5-HT
by isclated synaptosomes. The results of this investigation and a
more detailed discussion of the possible effects of Ii' on the storage

of 5-HT are presented later,

(i4) Possible effect of 14" on the route of tryptophan metabolism.
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It has been demonstrated that a number of arcmatic amino acids
can undergo transanination in brain tissue (Albers et. al. 1982,
Tangen et. al. 1985), The trensamination of 5-HIP in rat brain
cpens 2 route of tryptophan metabolism which can functionally "bypass"
5«7 and MAO through the production of S-hydroxyindolepyruvie acid (Fig
9) (1dllard and Cal 1971). A chsnge in the direction of tryptophan
metabelisc through this pathway would result in a change in the propor-
tions of S5=HT and 5-HIAA produced from & loading dose .of L-tryptophan,
An increase in the transamination of 5-HIP at the expense of decarboxyl-
ation would be expected to increase the production of 5-HIAA through 5=
hydroxyindeolepyruvic acid, and to decrease the production of 5-HT from
£-HTP, The results of this study may therefore indicate that 17
could be influencing tryptophan metabolism by increasing the transamina-
tion of 5-HIP, At the present time, little information is available
concerning this metabolie pathway. Until the direct exanination of
the effect of Ii' on this pathway is conducted it must be considered a
possible site of action of I4* in exerting the effects observed in this
study.
(ii3) Possible effect of Ii' on the transport of 5-HIAk.

The increased concentration of 5-HIAA seen both in anirels given
14" slone, and 60 minutes after the i.p. aduinistration of I-tryptophan,
may indicate that Ii” is inhibiting the clesrance of 5-HIAA from the
brain. This could not, however, account for the reduction in S5«HT
concentration which accompanied the latter increase in 6-HTAA, unless
cne postulated a negative fleedback system, “uch a feedback system
would require an increase in the concentration of 5-HTAA to feed back
and inhibit further synthesis of 5-iiT. This could account both for
the smaller changes in 5-HT measured 60 and 90 minutes after the trypto-
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THE KAJOR ROUTES OF 5-HYDROXYINDOLE SYNTHESIS AND METABOLISM.

Thcabbrwiatflmaundm the same as those used in Fig 1.
The diegram shows how the transamination of 5-HIP (reaction §), can
effectively route L-tryptophan metabolism away from the production
of O-Il, with the subsequent production of larger amounis of
S-hydroxyindoleacetaldehyde,

5=-HIPA = S~hydroxyindolepyruvic acid. The enzyme catalysing reaction
5 is 5-HIP aminctransferase.
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phan injection, and for the decline in 5-HIAA concentration seen 90
minutes after tryptophan. As yet there is no evidence that such a
feedback system exists; on the contrary there is evidence to suggest
that inhibition of 5-HIAA clearance does not inhibit the rate of 5-HI
synthesis. The estimation of 5-HT turnover rates by measuring the
rate of accumulation of J-HIAA after completely inhibiting 5~HIAA clear-
ance by probenecid has been used extensively in the past. Studies
compering different methods of estimating 5-HT turnover have tended to
provide comparable results (Neff et. al. 1969). The most direct
method of estimating the rate of 5-HI synthesls is to measure the conver-
sion of ““c-tryptophan to ‘%c-5-57. A couparison of the rate of 5-HT
synthesis as measured by this technique, and by the accumulation of 5=
ITAA after probenecid showed that in the same strain of rats, the rate
of 5=HI synthesis was almost identical (Neff et. al, 1969). It would
thus appear that the build up of 5-HIAA in brain tissue does not inhibit
the further synthesis of 5-HI. It is unlikely therefore that changes
in the transport of 5-HIAA are responsible for the effects of Li'

cbserved in this experiment.

'y tophan {or S5-HT esis.

It can also be seen from table 18 pages 92 - 94 that there are some
basic differences in the pattern of changes in forebrain S-hydroxyindoles
following tryptophan treatment in the saline and Li' treated groups.

In the saline group, the maximum elevation of 5-il concentration occurred
60 minutes af'ter the injection of tryptovhan. Thereaf'ter, the S5«HT
concentration declined. Tn the Ii* treated animals however, the
maximuu elevation of 5-~HT occwrred 30 minutes af'ter the injection and

declined slowly over the next 60 minutes. Similarly, the elevation
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of 5-HIAA concentration in the saline treated animals was still in-
creasing when measured 90 minutes after the injection whereas in the
1i' treated animals the elevation of 5-HIAA had resched a maximum 60
minutes after the injection. It looks therefore, as though 1i' pre-
trectment may be increasing the rate at which the sdministered trypto-
vhan is made available for conversion to d-HI. Although the eleva-
tion of 5-HI seen in the Ii" pretreated animals was considerably lower
than that seen in the saline group, it. is impossible to say whether or
not the maximum elevation in 5-HI occurred between O and 30 minutes
after the injection of tryptophan. In this situation, measurement
of the S-HI concentration 50, 60 and 90 minutes af'ter tryptophan may
only give an indication of the decline in 5~HT concentration from a
maxism, The changes in 5-1IAA concentretion would also support the
suggestion that 14" is increasing the availabpility of tryptophan.
The maxivum increase in S-HIAA concentration in the control group of
animals sppcared to lag the maximuu increase in O-il by at least 30
wimites. “hus the peak increase in O-HIAL concentration seen 60
minutes alter the injection of L-tryptophan in the Ii’ treated animels
may indicate that the maxiuun elevation in 5-HT could have occurred be-
tween 0 and 30 minutes.

The exauwination of the distribution of tryptophan between plasme
and brain tissue following a loading dose of L-{ryptophan may provide
scme indication of what 1s happening here. I~tryptophan has been
sloull Lo be present in human, dog and rat plasma in two forms, A
large proportion is bound to plasua albumen, and a smaller proportion
remains free in the tissue fluld (lolenamy and Oneley 1658, lclienamy et.
al, 1961, lMoir 1971z, Tagliamonte et. al. 19735). That portion of
plaswa tryptophan which remains unbound will be available for trenspor-
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tation from the plasmz= to the tissues. There is some indication
that the concentration of tryptophan in the brain is directly related to
the free plasma concentration of the amino ascid (¥nott and Curzon 1972),
Tagliamonte et. al. 1973), and thaet this in turn is similarly relested to
the rete at which 5-HT ie produced (Taplismonte et. al. 1971, 1973, Moir
1971, Knott and Curzon 1972). Thue there is some suggestion that the
brain concentration of tryptophan and the synthesis of 5-HT can be in-
fluenced by the level of circuleting free tryptophsn. fny changes in
the utilieation of tryptophan between these two compartments may therefore
be detected by the direct measurement of the emino acid in these tissues.
MeMenamy et. el. (1961) demonstreted that the smell proportion of human
plasma tryptophan which wes dialysable could be relisbly estimated by the
concentration found in an ultrefiltrate of the plasma. In this experi-
ment, an indication of the concentration of free plasme tryptophan was
therefore obtained by prepsring a plasme ultrafiltrate.

The concentration of tryptophen in brein, plssma, and plesma ultra-
filtrate was measured 20, 60, and 90 minutes after the injection of the
amino acid. Administration of L-tryptophan (100 mg/Kg i.p.) signifi-
cantly increased the concentration of the smino mcid in 211 three tissues
st all times measured in both groups of animale (table 30 pages 116 - 118).
A comparison of the changes in tryrtophan concentration observed between
animels treasted and not trested with it (table 31 pages 119 - 121) demon-
strated that Li* had no significent effects on the increase in tryptophan
concentrations elicited by the injection of the amino eecid. 1f, as hes
been sugpgested, 1i* incresses the rate of utilisation of tryptophan, one
might have expected the concentration of tryptophan in the brain to follow
a pattern similar to that observed for the changes in brain 5-HT in these

animals. Although there were no significant differences in the chenges
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in tryptorhan concentration observed following saline or 2 i pretreatment,
it can be seen from table 31a p. 119 (c.f. table 18), that the pattern of
change in brain tryptorhan concentration was indeed similar te the change
in 5-HT concentration both in the saline snd Li’ pretreated groups.
Thus the maximum change in 5-HT occurred 60 minutes after the injection in
the saline pretreated group, while in the % pretreated group these
changes were greater 3C minutes after the injection.

S5ince only e portion of the brain tryptophan will be entering the
5=HT pathway, it is possible that a chenge in the metabolism of tryptophan
through the 5-HT pathway could have occurred without significantly affect-
ing the brain concentrztion of the amino aecid. However, if Li' ie
increasing the utilisation of.tryptOphan through the 5-HT pathway such
that the maximum chenge in 5-hydroxyindole production occurs more rapidly,
there must be some form of limiting factor, since the brain concentration
of tryptophen remains significantly elevated at 90 minutes both in the
seline end Li® pretreated groups. Thus, at this time, the brain still
contains suificient tryptophan to allow the production of 5-HT and S5-HIAA
to continue to a similar degree in both groups of animals. It is un-
likely, therefore, that an increase in the rate at which the asdwministered
tryptophan is made aveilable for the production of S5-hydroxyindoles , forms

the basie for the effects of Li' observed in this study.

(10) The effect of 10 dey lithium pretreatment on the uptake and reten-

tion of 1“015-HT by isolated synaptosomes.

The two interpretations which best fit the date derived from the
previous experiments are that 10 day i’ pretreatment may be either
affecting the ability of the 5-HT nerve terminals to store 5-HT, or
influencing the route through which tryptophan is metabolised.

In order to determine which of the two interpretations is the more
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likely, experiments were designed to study the accumulation and retention
of 11’0-5—HT by isolated synaptosomes. In this way it should be
possible to examine in & more direct manner any effects on the storage
of 5-HT.

Two experiments were conducted. The first examined the accumula-
tion of 1'0.5-ET ot 3%, and the sesond exemined the ability of the
synaptosomes to retain accumulated 1uc-5-HT at 37°%.

Wong et. al. (1973) demonstrated that 5-HT was accumulated by rat
brain synaptosomee by means of a high affinity process, and 2 low
affinity process. There is some evidence that the high affinity
process represents transport into asuthentic 5-HT terminals, whercas the
low affinity process may be responsible for the transportation of S5-HT
into catecholamine terminals (Shackan and Snyder 1970, Wong et. al.

1973) . In the initial studies conducted in this investigation,
synaptosomes were incubated in 0.1 al 5-AT. This concentration of
5-HT is sufficiently low to enable the amine to be traneported primarily

by the high affinity process. (Shsskan and Snyder 1970, ¥Yong et al.

1973) .

(11) _The effect of temperature on the accumulation of 5-HI by

synaptosomes.
Table %2 p. 123 shows that the synaptosomes accumulated 5-HT much

more rapidly at 3?°C than at 2°C suggesting that the transport process
in the synaptosomes prepered in these experiments was behaving normally

with respect to temperature dependence.

(12) The effect of 10 day lithium pretrestment on the accumulation of

5-HT by synaptosomes.

Table 3%2 p. 125 shows that synaptosomes incubated in 0.1 )JM
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1“C~5-HT rapidly accumulate the amine over the 10 minute incubation
period studied. It can elso be seen that the accumulation of S5-HT
by synaptoscmes prepared from rats which had received 10 day AT pre-
treatment was not significently different from that observed in the
control group of animels. Table 33b p. 126 shows that the concentra-
tion of 5~HT metabolites present in the synaptosomes is reascnably con=-
stant over the 10 minute incubation period. It can #2leo be seen that
Li* pretreatment had no significant effects on the syneptosomsl concen=
tration of metabolites derived from accumulated 5-HT. 1f 1i* pre-
treatment is affecting the rate at which 5-HT is transported from the
cytoplasm to the storage compartment, one might have expected tc see an
increase in the syneptosomal concentration of metabolites accompanied by
& reduction in 5-lT concentration. This was not 8o, ‘owever, in
crder for this assumption to be valid, it must be assumed thot the cone
centration of 5-HT messured in the synaptosome represents wholly that
which is present in the storsge compartment. For this to be so it
would also be necessery for cytoplasmically located 5-HT to be immediate-
ly catabolised by M2O, If a significant proportion of the 5-HT
measured is free in the cytoplasm, an effect of 1i* on the storage com=
partment may be masked by a high cytoplesmic 5-IIT content. Studies
of the accumulation of 5-HT by rat brain slices prepared from untreated
animals and animals which hed received an injection of the MAO inhibitor
rheniprazine, demonstrsted that the amount of 5-HT accumulated was
merkedly greaster in slices from the pheniprazine trested animele (Ross
and Renyi 1967). lHowever, the degree to which MAO inhibition in-
cressed the smount of 5-HT accumuleted differed considersbly depending
on the time for which the slices were incubated. %t incubation times

of up to 5 minutes there esppeared to be no difference in the amount of
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5-HT mccumulated by the brain slices from trested and untreated animals.
It was only after 10 minutes incubation that an increase in the amount
of 5-HT accumulated was detectable in the pheniprazine treated animals,
and the effect was not maximal until the slices had been incubated for
30 or 60 minutes. Blackburn et. al. (1967) reported similar effects
following the addition of the MAO inhibitor iproniazid directly to the
medium in which rat brain slices were incubated.

The lack of effect of the MAO inhibitors on the accumulation of
5-HT following the shorter periods of incubation may indicate that 5-HT
is able to enter the nerve cell more rapidly than MAOC is able to deamine-
ate it. In my experiments, the meximum incubation time used was
10 minutes. it is possible therefore that a proportion of the 5-HT
measured in the synaptosomal extract may have been located in the cyto-
plasm so that an effect on the storage compartment may have remained un-
detected.

A further point to consider is that if Li* acts to reduce the
maximum capacity of the storage compartment, it may be expected that
5-HT would be accumulated at an identical rate in both ssline and Li”
pretreated animals until the maximum capacity is reached. Thereafter,
a difference between Li® and saline pretreatment would be expected to
become detectable. If the maximum capacity of the 5-HT store is
greater than 7.0 pmoles/mg protein, an effect of Li* on this compartment
would not be apparent from the results of this experiment.

In conclusion, the results of this experiment while failing to con-
firm en action of Li® on the storage of 5-HT were also unable to deny
that Li* mey be affecting 5-HT storsge. In an attempt to overcome
some of the problems outlined sbove, further experiments were conducted

and these are discussed below.
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(12) The effect of 10 day lithium pretreatment on the retention of

S~HT by isolated synaptosomes.

Two points needed clarifying from the previous experiment. The
first point refered to the location of the 5-HT messured in the synapto~
somes, and the second to the concentration of 5-HT required to be stored
by the synaptosome. In en attempt to clarify these points, the
ability of synaptosomes to retain accumulated 5-HT at 5?°C was investi-
gated. Synaptosomees were incubated in 0.1 pM or 1.0 ni 1hC-5-HT
for 10 minutes at 37°C. These were then washed and reincubated in
fresh Krebs at 37°C for periods of O « 30 minutes. In this situation,
any 5-HT which is unable to be retained by the storage compartment should
be metabolised by MAO. Thus any effect of 1i* on the storage compart-
ment that may have been mesked by cytoplasmic 5-HT should then become
visible. In addition, the incubation of the synaptosomes in a higher
concentration of 5-HT may expose a limiting factor on the size of the
storage compartment.

It can be seen from teble 34a p. 128 that the concentration of S5-HT
retained by the synaptosome declined graduslly over the 30 minute period
of incubation, both in syneptosomes prepared from ssline controls, and
i’ pretreated animals. It can elso be seen that the concentration
of S5-HT retained by the syneptosomes was sizsnificantly smeller in the
7 g pretreated group following incubation for 5 minutes. However,
there were no significant differences observed at sny other period of
incubation. The reasons for the slow decline in S5-HT concentration
cannot be ascertained from this data. Because of the relatively
active nature of rat brain MAO (Huszti 1972), it is unlikely to be the
slowness of the removal of cytoplasmic S5-HT. On the other hand it

has been previously demonstrated that vesicles isoleted from the caudate
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nucleus are relatively thermolabile and release dopamine spomtaneously
when incubated in mock intrascellular fluid at 37°C (Philippu and Beyer
1973). Though in this case, the vesicles are enclosed within the
synaptosomal membrene, and will be in contact with true intracelluler
fluid, it is possible that the decline in 5-HT concentration observed in
both groups of synaptosomes may be related to the spontaneous leakage of
5=-HT from the storage compartment.

The rapid fall in S5-HT concentration in the synaptosomes isolated
from Li* pretreated enimals may indicate that the ability to retain 5-HT
is hampered in these animels., Though there were no significant changes
in 5-HT concentration measured at the other incubation times, the fact
that it was lower in the Li" pretreated group over the first 20 minutes
of the incubation period may support this supposition.

The synaptosomal concentration of 5-HT metabolites (table 34 pages
128 and 130) was slso found to decline gradually over the 30 minute period
of incubation. This would suggest that the clearance of metabolites
from the synaptosome is occurring more rapidly than is the production of
metabolites from the 5-HT which has lesked from the storage compartment.
The significant rise in the concentration of metabolites seen after 30
minutes in the synaptosomes prepered from the Lit pretreated group indi-
cates a retardation in the decline in metabolite concentration. why
this would be is difficult to ascertain. It is unlikely to be due to
a sudden increase in the release of 5-HT from the storage compartment
since the concentration of 5~HT in these synaptosomes did not decline
rapidly between the 20 and 30 minute period of incubation. The most
likely explanation of this finding is that the transport of 5-HT metabo-
lites out of the synsptosome gradually slows. The slow onset of this

effect would suggest that it msy be related to the gradual depletion of
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a substrate or factor required for the transpart of 5-HT metabolites
out of the synaptosome. The nature of this transport process is as
yet unknown. Until the transport process is identified it is imposs~
ible to suggest what this factor may be.

The retention of 5-HT by synaptosomes after incubation in 1.0 i
140-5-1& follows simdlar pattern to that seen following incubation at
the lower concentration. The synaptoscmal concentration of 5-HT
gradually declined over the 50 minute period of incubation, Fre=-
treatment with Ii~ had no significant effects on the synaptosoual cone
centration of 5-HI, but the initial fall was significantly greater in
these animals. (table 35(a)(4i) p. 1531. The initial fall in 5-HT
was accompanied by a significant increase in the concentration of 5-HT
metabolites (table 55(b) p. 152) suggesting that this zay be related to
the rapid metabolism of unstored 5-HT, Following the rapid initial
fall, the 5-HT concentration declined at a slower rate which was prob-
ably related to the spontaneous leakage of 56~iT from the storage compart-
ment. The rapid removal of the 5-1T metabolites between § and 10
minutes incubation would suggest that the process responsivle for the
removal of such metabolites is reasocnably efficient. Though the
initial fall in 5-HT was significantly greater in synaptosomes prepared
from Ii" pretreated animals, the final concentration reached was only
slightly lower than that in synaptoscmes from control animals. Thus
it would appear that synaptoscmes prepared from Ii’ pretreated snimels,
when incubated in 1.0 il O-HT are able to accumulate slightly more
O-HT than those prepared from control anismals, however, a larger propor-
tion of accu.ulated 5-HT remains unstared. The study failed however,
to provide any information that may help to identify whether Ii’ affects
the rate at which 5-1T may be transported from the cytoplasu to the
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storage coupartment. In addition, it is still impossible to deter-
nine whether or not 1i"' reduces the maximum capacity of the storage
conpartment.

More information will be cbtained by future investigations of the
effect of 14" on the accumulation and retention of 5-HT by sub-synapte-
somal fractions. ¥y laberatory was not previously equipped to do
this. At the moment however, in the absence of such studies, it can
be said that the results of the investigations reported here, provide
some evidence to support the contention that 10 day 1i" pretreatuent
(0.75 mEq/Kg/day) may reduce the ability of 5-HI terminals to store

tranasmitter.

There is some support in the literature of an effect of Ii" on the
storage of brain momocanines. Schildkraut et. al. (1966, 1969)
demonstrated that both acute and chronic Ii' treatment produced a shift
in noradrenaline metabolism from O-methylation to deamination. Cate~
chol-O-methyltransferase is primarily an extracellular enzyme, whereas
KAO is located intraneuronally. The authors suggested that noradren-
aline released from the neurones is either accumulated by nerve endings,
or O-methylated extraneuronally. Conversely, noradrenaline released
from storage granules within the neurcne would be expected to be deamin-
ated. From this they suzgested that an increase in the intraneuronal
deamination of noradrenaline may reduce the amount of noradrenaline
available for release (Schildkraut et. al. 1966). As in our investi-
gations (table 16 p. 90) these workers were unable to detect a signifi.
cant reduction in the brain concentration of the parent moncamine,

lMore direct evidence of an effect of Li' on storage of monocamines
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has been provided by the work of Kemisky and Buckner (1€74). These
workers examined the uptake and retention of metaraminol and octopamine
by synaptoscmes isolated from aniuals which had been treated with Li'
or saline for 10 days. It was found that the uptake and retention
of metaraminol was markedly increased in the Ii' treated animals where-
as the uptake of octopamine was little affected.

According to Komisky and Buckner (1974), octopamine and metaraminol
occupy storage sites within adrenergic neurones and both are transpoarted
across the cell meanbrane by the same process. The two auines differ
in that only octopamine appears to be a substrate for moncamine oxidase.
With this information, Komisky and Buckner (1874) concluded that the
different effects of 14" on the uptake and retention of cctopamine and
metaramincl may best be interpreted by proposing that 14" increases the
rate of transport of both amines across the cell mesbrane, but reduces
the ability of the storage compartment to retain the transported amine.
As qotopamine is a substrate for monocamine oxidase, that fraction of
transported octopamine which is not sequestered in the storage coupart-
ment would be deaminated. Conversely, as metaraminol is not a sub-
strate for monocasine oxidase, the transported amine which is not stored
could remein free in the cytoplasm in an intact form.

As far as can be ascertained, the physiocochexdcal basis of norae-
drenaline, coctcpamine and 5-HI storage eppears to be similar. All
appear toc reguire the formation of nucleotide~divalent catlon aggregates
to which the moncamine becomes bound (Berneis et. al. 1971, Rajan et. al.
1972) . Though the dependence upon nucleotides and divalent cations
has been confirmed for noradrenaline in the CNS (Philippu et. al. 1968),
it has yet to be shown that this is so for 5-HT. Both neoradrenaline
and 5-HT have, however, been located in synaptic vesicles (see Shore
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1972), Thus, although the mechanism of storage of 5-HT in vivo has
yet to be elucidated, there is good evidence that the physiocochemical
basis of the binding of moncamines in vitro is similar, Thus the
findings of “childkraut et. al. (1968, 1969) Komisky and Buckner (1974)
+

and the results of this study may be related to a common effect of Ii
on the intraneuronal storage of monoamines.

The adsdnistration of Ii* (1.5 mEqg/Kg/day) for 5 days had no

significant effects on the concentration of 5-HT in the rat forebrain,
but elevated the concentration of 5-HIAA (table 25 p. 108). A come=
parison of table 16 p. 90 with table 25 p.105 demonstrates that both
acute (5 day) and prolonged (10 day) lithium administration had similar
effects on the forebrain concentration of 5-HT and S5-HIAA.

An increase in 5-lIAA without a change in 5-HT concentration may
indicate either an increase in the turnover of 5-HT or an inhibition of
the transport of 5-HIAA out of the brain. The finding that 5 day Ii"
pretreatment did not greatly increase the production of S5-HIAA following
L-tryptophan administration (table 24 pages 105, 106 and table 25 p. 108)
would tend to deny that 1i" may be reducing the clearance of 5-HIAA from
the brain, Thus, the increase in the forebrain 5-HIAA concentration
may reflect an increase in the synthesis and metabolism of 5-HT.

Sueh an interpretation is supported by a number of previous reparts which
have demonstrated that short term Ii’ adwinistration to rats increases
the synthesis and turnover of 5«HT in the brain (Tagliamonte et., al.
1971, theard and Aghajenian 1970, Peresz-Cruet et. al. 1871, Xnapp and
Mandell 1973, Schubert 1973, Poitou et. al. 1974). On scme occasions,

the increase in S-HT turnover was accompanied by an increase in brain
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S«HIAA concentration without a change in the concentration of 5=HT

(Sheard and Aghajanian 1970, Poitou et, al. 1974).

Tables 24 and 25 pages 105 - 108, show that 5 day Ii' pretreatment
had no significant effects on the changes in forebrain 5-1T and S5-HIAA
concentration induced by L~-tryptophan.

If, as has been suggested, 5 day Li' pretreatment emhances the
synthesis and metabolism of 5~-HT, one might have expected the elevation
ofb-}uubybtﬂptoplnntobeimmmwm" treatment. One of
the muggested mechanisus by which acute Li" administration may increase
the gynthesis and turnover of 5-HI is by increasing the transport of the
precursor asino acid ILe-tryptophan into brain (Tagliamente et. al. 1871,
Schubert 1973), and nerve terminals (Knapp and Mandell 1973). Under
normal circumstances, an increase in the influx of tryptophan into the
neurone would be expected to increase the synthesis of J5-HT, since
tryptophan-5-hydroxylase is relatively unsaturated (Friedmen et. al.
1972). However, under situations where the influx of tryptophan into
the brain is markedly enhanced, such as that following a loading dose of
the amino acid, the enzyme or the process transporting tryptophan into
the neurone (Belin and Pujol 1973) may become saturated. Thus any
change in the u'vaihbility of substrate exerted by 7 pretreatment could
be masked by the saturation of the hydroxylating enzyme or the tryptophan
transport process. This may accomnt for the lack of effect of 11" on
the farebrain concentration of 5-HT and S-HIAA following Le-tryptophan
administration.

(17) A comparison of the effects of 5 and 10 day lithium pretrestment
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on the response to L-tryotophan administration.

In contrast to the effects of 10 day Ii' pretreatment on the re-
sponse to the administration of Le-tryptophan, 5 day Li® treatment had
no significant effects on changes in forebrain 5-HI and 5-HIAA induced
by this procedure. This may indicate that 5 day Li" pretreatment is
not influencing the storage of O~IT to any great extent.

The different effects of 5 and 10 day 1i' administration may be
related to the time course required for a discrete change to occur in
the brain, or to the time needed to build up a sufficient concentration
of Ii' in the brain compartuent in which the effect is exerted.

The first thing to identify was whether or not the differences in
brain 14’ concentration following § or 10 day 1i* treatments could pro-
vide same information that could be related to the differences in effect
on 5-HT storage. Previous work had demonstrated that Li’ passes slow-
ly from plasma to brain tissue (Davenport 1950, Corrodi et. al. 1967),
thus it is possible that brain levels may not have equilibrated after &
day treatment. leasurements of the concentration of Ii’ in plasma
and brain however, demonstrated that in these experiments, the concentra-
tion of i’ in both tissues obtained from animals receiving 5 days Li’
pretreatuent (1.5 mEg/Kg/day), was approximately double that measured
in rate receiving 10 days 1i' pretreatment at the lower dose (0.76 mEq/
Kg/day) (table 28 p. 113). Thus it would appear that the brein con~
centration of 1i" may have equilibrated after both 5 and 10 day treat-
ments. Thus, if the difference ocbserved between the two treatmments
is related to the brain concentration of Ii*, and not to the time for
which it was maintained, it would arpear that a lower brain concemtration
of 14" is required to exert a noticeable effect on storage. At higher
concentrations, the i’ must be expected to either antagonise the effect
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of low doses of Ii' or to exert a greater effect on another process
which would appear to mask an effect on storage.

Although total forebrain Ii’ concentration has probably equilibra-
ted well within the 10 day period of treatment, it is possible that the
build up of 11" in the subcellular organelles involved in the synthesis
and storage of 5-HI could take a longer pericd. A recent report how-
ever, demonstrated that 11’ tends to accwmlate in the particulate
fraction of brain tissue following long tem administration (Christensen
1974) .

Although the differences observed between long and short term Ii'
administration may be related to the brein comecentration of the cation,
it is probably more likely to be related to the time course required for
a discrete change to occur in the 5-HT neuronal system. In the peri-
pheral adrenergic newrone, there is evidence to suggest that the storage
veaicles are pre-formed in the cell bedy of the neurone and carried by
axoplasmic flow to the nerve terminals (Pahlstrom and Haggendal 1967).
The latency in the recovery of adrenergic storage function following
reserpine treatment has been related to the time taken for new granules
to travel from the cell body to the terminal. This takes many days.
(Pahlstrom and Haggendal 1966, Haggendal and Dahlstrom 1971). Support
for this proposal was given by the finding that the action of reserpine
on adrenergic storage is a two phase process. The first phase of
reserpine action is believed to be a reversible inhibition of the trans-
pert of amines across the granular mesbrane. This phase has a half
life of 12 to 18 hours. After this initial effect, a proportion of
reserpine appears to remain permanently bound to the storage granule
where 1t is believed to reduce the binding of the amine within the gran-
ule (Norn and Shore 1971). The slow recovery of amine storage is be-
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lieved to be due to the flow of new, unaffected granules from the cell
body to the terminal.

If the storage vesicles in central 5-HT neurones are similarly
manufactured in the cell body, and are transparted by axoplasmic flow
to nerve terminals in the forebrain, one could poatulate that those
effects of long term Ii* pretreatment on the storage of 5-HT may be
related to this phenomenon. Thus the prineipal effect of Ii" could
be exerted on the formation of the storage gramiles within the cell body.
The time lag obsexrved for an effect on 51T storage to be detected, may
then be related to the gradual replacement of functiomal vesicles by Li'

affected ones.

If the postulates outlined above concerning an action of Ii* on
amine storage are correct, it might be expected that a reduction in the
storage of 5-HT may be reflected as a reduction in the stimulation~in.
duced release of the monocamine. The results of experiment III provi-
ded evidence that the elevation of forebrain 5-HIAA concentration follow-
ing stimulation of the nucleus raphe medianus was derived primarily as a
consequence of the release of 5-HT followed by uptake and intraneuronal
metabolism, Thus the last study conducted in the course of this
thesis investigated the effects of Ii" pretreatment on the changes in
forebrain S-hydroxyindole concentration induced by electrical stimulation
of the nucleus raphe.

Raphe stimulation was observed to significantly elevate the fore-
brain concentration of 5-HIAA without affecting the 5-HT concentration
in both control animals, and in animels which had received § or 10 day
14" administration (tables 20, 26 pages 98 and 109), A comparison of
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the effect of stimulation between animals treated and not treated with
14" demonstrated that Ii’' pretreatment hed no significant effect on the
stimulation-induced changes in forebrain 5-HT and 5-HIAA (tebles 21 and
27 pages 99 and 111). Time did not permit a more detailed investiga-
tion into the effect of 5 day Ii” pretreatuent on these changes.  Howe
ever, in an attempt to identify the site of origin of the changes in
5-HIAA concentration observed in animsls which had received 10 day 14"
pretreatment, the second part of the experiment investigated the effect

of chlorimipramine on these changes.

Chlorimipramine (5 mg/Kg i.p.) administered 5.5 hours before stim-
ulation had no effect on the change in 5-HT concentration induced by
raphe stimulation in the control group of animals, but significantly
reduced the concentration of 5-HT in the Li' pretreated animals (table
22 p. 100), In addition, chlorimipramine campletely abolished the
stimulation-induced increase in 5~-HIAA concentration in the control group
without significantly effecting that in the Li' pretreated group.

The reduction in the increase in forebrain 5-HIAA concentration
seen in the control group confirms the findings of experiment III,

The fact that chlorimipramine was unable to significantly reduce
the stimulation-induced increase in S-HIAA concentration in the Ii"
pretreated group may indicate that most of the S5-HIAA produced by stim-
ulation in these animals was derived intracellularly, and not primerily
from the uptake of extraneuronally released 5~HT, It is possible
however, that the effects observed may have resulted from interactions

between 1i" and chlorimipramine.



The major important comuon site of action for Ii* and chlorimiprae-
mine, at least with respect to this experiment, is the transport of 5-HT
across the terminal membrane,  Although the acute effects of Li'
pretreatuent on the accumulation of 5«HT by synaptosomes have been
reported in the literature (XKuriyama and Speken 1970), there are no
comparable reports as to the long term effects of Ii* on this process.
Because of the physiological simdlarities between synaptosomes and blood
platelets (Paasonen et. al. 1971), it has become increasingly comuon to
use these structures as models of S-HT terminals. The accumilation
of S«HI by platelets obtained from patients before, during and after
Ii* therapy has been shown to be increased during the periods in which
Ii* was administered (iurphy et. al., 1969, 1970). Genefke (1972) how-
ever noted no change in the accumilation of 5-HT by rat platelets follow-
ing prolonged 1i* treatment. The results of my studies would suggest
that 10 day Ii* pretreatment tended to enhance slightly, but not signifi-
cantly the transport of S5-[I across the terminal meubrane. In con~
trast, chlorimipramine is well known to inhibit this process (=lackburn
et. al., 1987, Ross and Renyi 1967, Fuxe and Ungerstedt 1968, Carlsson et.
al. 1968, 1969a, thaskan and Snyder 1970, lieek et., al. 1970, Iidbrink
et. al, 1971). Thus it is possible for drug interactions to take
place at this level. If 14" was able to overcone a chlorimipranine
induced inhibition of O-HT transport fram the extracellular to the intra-
cellular environment, & greater proportion of the extraneurcnally re-
leased 5-HT would be able to gain access to intraneuronal HAO, The
apparent lack of effect of chlorimipramine on the elevation of 5-HIAA
induced by raphe stimulation in the Li* pretreated anisals, may therefore
be due to the deamination of O-HT which has in fact been released, and
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which was able to return to the intracellular enviromaent. ihis
possible drug interaction could easily have been investigated by ex-
asdning the accumulation of 0-HI by isclated synaptosomes {rom animals
treated with these drugs. Although time did not permit such a study
it is one of a number of investigations wnich will be conducted in order
to follow up the studies reported in this thesis. In the absence
of this, such an interaction must be considered as a possible contribu-

ting factor to the effects observed in this study.

If 14" pretreatment is not antagonising to any great extent the
chlorinipramine~-induced inhibition of 5«HT transpart, one must consider
that the lack of effect of chlorimipramine on the stimulation-induced
changes in forebrain 6-HIAA could indicate that a greater proportion of
the 5-HIAA is derived from 5-HT which has not been released extracellu-
larly. As a consequence, it can be proposed thet Ii’ inhibits in some
way the impulse stimulated release of 5-HT. It remains to be deter-
mined whether this possible effect of Ii' on the extraneuronal releese
of 5-HT is related to an effect on the storage of the moncamine within
the nerve terudnal, The result of the previous study suggested thet
14" may affect the ability of the storage coupartment to bind 5-EHI.
Such an effect could be expected to directly reduce the impulse-stimila-
ted release of 5~HET from nerve terminals in the forebrain, The re-
sults of the stimulation study however, do not entirely fit such a
hypothesis. If 14" is affecting the rate at which 5-HT is trensported
from the cytoplasm to the storage coumpartment, one would expect a lower
proportion of the 5-HIAA produced by raphe stimulation to be derived from
5-HT which has been released extracellularly, The findings of this
experinent would suggest that this may be so. However, it might also
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be expected that the repletion of S«il stores following release by
stimulation would also be slowed. Accordingly, one would expect the
{orebrain O~HT concentration to be reduced by raphe stimulsation. Al=-
though this was so in the group of animels which hed received both Ii"
and chlorimipramine, it was not so in those receiving Li' alone. One
would have expected the forebrain concentration of S-HT to be similer in
both cases. why chlorimipramine should reduce the concentration of
5<HT in the stimulated brain is difficult to determine. It is unlike~
ly to be due to a reduction in synthesis, since the S-HIAL level was
still significantly elevated. If S5-HT present in the synaptic cleft
was able to diffuse away from brain tissue, it could be suggested that
the reduction in 5-HT concentration in the presence of chloriumiprasine
nay indicate that under the influence of Li*, H-HI which has been trans-
ported across the terminal membrane is stored more readily than is newly
synthesised audne. Such an effect could alsc account for the changes
in forebrain 5-HT and 5-HIAA seen in 14" pretreated animals given L~
tryptophan. However, the trend towards an imorease in brein 5-HT
concentration seen in stimulated control animals given chlorimipramine,
would suggest that a large proportion of released 5-iil is unable to
diffuse away from the gynaptic cleft (experiment IIIb and this study).

Since the concentration of J-HI in the forebrain of control animals
is not significantly changed by raphe stimulation, it would appear that
the storage compartment in this situation, is repleted at a rate which
is proportional to the rate at which O«HI is released from it. In
this situation, the storage campartuent will not be required to store
large amounts of emine and an effect of Ii’ on the maximum capacity of
the storage compartuent may not be detectavle in this experiment.

The results of this study are therefore unable to determine whether
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the possible effects of Ii* on the release of 5-HT are directly related
to an effect on the storage compartment. The findings of the pre-
vious experiments (experiment IVb and Vb) suggested that the effect of
14* on the storage of 5-HT may take many days to become apparent.
Time 444 not permdt the investigation of the effect of chlarimipramine
upon changes in forebrain S-hydroxyindole concentrations induced by
raphe stimulation in animels which had received 5 day I4" pretreatment.
Thus the time period required for the reduction in the iupulse-stimula-
ted release of 5-HT to occur cannot be ascertained. It is interest~
ing to note however, that Katz et. al. (1968) and Chase et. al. (1969)
observed significant reductions in the iumpulse-stimulated release of
5-HT from rat brain slices following the addition of Ii* directly to
the incubation medium, It is therefore possible that a direct effect
of 11" on the extraneuronsl relessse of 5-HET from nerve terminals may
occur as soon as the Ii’ concentration at the terminal reaches a criti-
cal level, whereas a longer period mey be required to exert a noticeable

effect on storage.

Stimulation of the midbrain raphe nuclei increases the rate of 5T
synthesis (Shields and Eccleston 1972). It 4s normally considered
that this increase in 5-HT synthesis is resvonsible for the repletion
of 5«HT which has been released by electrical stimulation. The
stimulus for this effect could be a feedback aystem triggered by the
loss of S5-HT from the storage compartment. Such a loss of 5-HT may
be brought about either by the extracellular release of 5-HT into the
synaptic clef't, or by the intracellular release of 5-HT from storage
sites into the cytoplasm, The effect of chlorimipramine on the ele-
vation of S5-HIAA by raphe stimulation in ocontrol animals (experiment
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IIIb and IVe) would suggest that under normel circumstances, S-HI is
released from the storage sites into the synaptic cleft. However,
under the influence of Li', 5-HT may be released from the storage sites
into the cytoplasm where it may be metabolised by MHAD, In this
situation, the elevation of forebrain O-!IAA concentration could occur
with little or no extraneuronal release of the amine,

The mechanisa of 5-IT release from nerve terminals in the CNE has
yet to be elucidated. In gisplest terms it must inveolve a process
whereby the storage compartment, or a proportion of the storage compart~
ment, is suitably positioned for the release of S5-Il into the synaptic
cleft; and secondly S5~HT must be released from the storage sites.

Thus 14" may be influencing the ability of the storage compartuent to
adopt a suitable position for the extraneuronal release of S5«-il, without
affecting the cleavage of 5«HT from its binding sites. In response
to stimlation, 5-HI would then be released into the cytoplasm instead
of into the synaptic cleft. The final result of such a process would
be a reduction in the impulse-stimulated extraneuronal release of 5-iT,

£25) General conclusions.

The results of these studies have provided some evidence that 10
day Ii' pretreatment way inhibit the storage and extraneurcnal release
of 5-HT in the rat forebrain. Evidence was presented which suggested
that the effect of Li' on the release of 5-HT may not occur as & direct
consequence of an effect on storage, but may be an independent effect
of 11°,

These studies were conducted in a clinical department, with the aim
of increasing our understanding of the mode of action of psychotherapeu-
tic substances, The experiments described in this thesis were, how-
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ever, conducted using rats, and it is therefore difficult tec relate the
findings directly to the possible effects of Li” in man. If, how-
ever, the interpretation of ny findings is later shown to be valid, a
study of the effect of Ii" on the storage of 5-HT in human platelets
(see Paasonen 1671) may provide a link between this work and the possible
therapeutic effects of the drug. However, it can be seid that with
respect to the anti-manic effect of Ii*, the results of these studies
would fit cwrrently-held views on the relaticnship between brain

monoardines and the affective disorders.
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A,B,C and D refer to the concentration of 5-HI or S-HIAA in the
forebrain of animals receiving the experimental manceuvers outlined
above and to the side of the table.

The effect of raphe stimulation was determined by a paired ¢t test
apprlied to A and 5, and the effect of stimulation of non-raphe sites
by & paired t test applied to C and D.

The difference between stimulation at the two sites was analysed
by & paired t test applied to (A-E) and (C-D).

faline treated. A B
Drug treated. ¢ D

A,B,C and D again refer to the concentration of 5-LT and D-HIAL in
animals receiving the experimental manoeuvers outlined above and to the
side of the table.

The effect of drug treatment on the resting levels of S-nydroxy-
indoles was determined by a paired ¢ test applied to b and D,

The effect of stimulation in saline treated animals was deternined
by.a paired t test applied to A and B and the effect of stimulation in
drug trested animals by & paired t test applied to C and .

The effect of drug treatnent on stimulation-induced changes in
forebrain S-hydroxyindoles was analysed by a paired t test applied to
(A-B) and (C-D).
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(e) All experiments involving I~-tryptophan administration in saline
controls end drug treated animsls. (Experiments IIIc, IVb, Vb and

VIII).

T!‘yptophn. Saline.
faline treated. A B
Irug treated, Cc T

A,B,C and D refer to the concentration of 5-HT, 5-HIAA or
tryptophan in animels receiving the experimental menoeuvers outlined
above and to the side of the table.

The effect of drug treatment on the resting levels of 5«
hydroxyindoles or tryptophan was determined by a paired t test applied
to B and D,

The effect of IL-tryptophan administration in saline treated
animals wes determined by a paired t test applied to A and B and the
effect of tryptophan in drug treated animals by a paired ¢ test applied
to C and D.

The effect of drug treatment on tryptophan-induced changes in
5-H1, S=-HIAA or tryptophan was analysed by a paired t test applied
to (A-B) and (C-D).

a ent IVec.

Saline Saline Chlorimipramine Chlorimipramine
plus plus plus plus

stim. no stim, stimuls tion. ne stimmlation.
Control A B C D
animals.
14" treateda = P G H
animals,

A - H refer to the concentration of 5~HT and 5-HTAA in animals
receiving the experimental manoeuvers outlined above and to the side
of the table.
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The effect of stimulation in control animals was determined by
a paired t test applied to A and B, and the effect of stimulation in
14* treated animals by a paired t test applied to E and F,

The effect of Ii* treatment on stimuletion~induced changes in
S=hydroxyindole concentration was analysed by a paired t test applied
to (4=B) and (E-F).

The effect of chlorimipramine on stimulation~-induced changes in
forebrain S~hydroxyindoles in the control group was analysed by a
paired t test applied to (A-B) and (C-D), and in the Ii™ treated

group by a paired t test applied to (E-F) and (G-H).
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A SUMMARY OF THE MAJOR FINDINGS OF THE STUDIES.

This table sunmarises the major findings of the studies. The table
is divided into two sections. Section (A) describes the responses obe
served in control animals following stimulation of the nucleus raphe
mediamus or the administration of L-tryptophan. An upward pointing arrow
(1) indicates an incresse in the forebrain concentration of the substances,
a downward pointing arrow ( |) indicates a decrease in the farebrain concen-
tration of the substance, and a zero (0) indicates no change in concentra-
tion.

Section (B) describes the responses observed in drug treated animals,
and how these responses differ from those observed in their paired controls.
Bach column in section (B) is divided into two sub-columns. The left hand
sub-colum indicates how the forebrain concentration of S-=hydroxyindoles
or tryptophan is affected by electrical stimulation or L=tryptophan adminise
tration. The symbols used in this column are the same as those used in
section (A). Thus an upward pointing arrow (f) indicates an increase in
the forebrain concentration of the substance, a downward pointing arrow ( {)
indicates a decrease in the forebrain concentration of the substance, and a
zero (0) indicates no change in concentration. The right hand sub-column
indicates how the responses observed in drug treated enimals differ from
those observed in their paired controls. The symbols used indicate signifi-
cant differences between paired control and drug treated groups. An upward
pointing arrow ( }) indicates that the response to stimulation or L-trypto-
phan treatment was greater in animals receiving drugs. A downward pointing
arrow (¢ ) indicates that the response was decreased by drug treatment, and
a zero (0) indicates that the response was unaffected by drug treatment.

A dash (=) indicates that no study was conducted.
The numbers in parenthesis refer to the particular tables from which

this summayy chart was constructed.
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