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SUi3u'-JCT.

This thesis describes experiments designed to investigate the

actions of psychotherapeutic substances on the release of 5-hydroxy-

tryptamine from nerve terminals in the rat forebrain.

Measurement of the brain concentrations of 5-hydroxytryptaxAne

and of 5-hydroxyindoleacetic acid (the major identifiable metabolite

of 5-hydroxytryptamine) , have been made after different experimental

manoeuvres.

The elevation of forebrain 5-hydroxyindoleacetic acid concentration

following the electrical stimulation of the nucleus raphe medianus was

significantly reduced by treatment with chloriKsipramine, whereas that

seen following the administration of a high dose of L-tryptoo'nan was

not. 5ince chlorimipraniine at the dose used is known to inhibit the

transport of 5-hydroxytryp tamine from the synaptic cleft to the intra¬

cellular environment, these findings would suggest that the elevation

of forebrain 5-hydroxyindoleacetic acid concentration, following the

electrical stimulation of the nucleus raphe medianus, arises primarily

as a consequence of the extra-neuronal release of 5-hydroxytryptaiaine

followed by transportation from the synaptic cleft to the intracellular

environment where it is metabolised by intraneuronal monoamine oxidase.

In contrast, the extraneuronal release of 5-hydroxytryptamine appears

to be involved only to a limited extent in the conversion of L-trypto¬

phan to 5-hydroxyindoleacetic acid.

The use of the technique as a model far the investigation of the

action of drugs on the extraneuronal release of 5-hydroxytrypta::iine is

proposed.

The elevation of 5-hydroxytryptamine concentration following
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L-tryn top/ian administration was reduced by 10 day LiT pretreatment, but

not by 5 day Li4 pretre&tment, and the concentration ox' 5-hydroxyindo-

leacetic acid was simultaneously increased. This increase in the

deai-ination of b-hydroxytryptophan has seen interpreted as a decrease

in the ability of the storage compartment to accumulate synthesised 5*

bydroxytryptoi dne.

Further studies have provided evidence to su est that the extra-

neuronal release of b-hydroxy tryptanane frcta the nerve terminals in the

rat forebrain following the electrical stimulation of the nucleus raphe

medianus is inhibited by 10 day Li pretreatment.

The results of these studies also indicate that the effect of Li*

on the release of 5-bydroxytryptanine may not occur as a direct conse¬

quence of an effect on storage. This would suggest that the proposed

effects of Li" on the storage and release of b-HT l.ay be exerted by two

independent actions.
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INTRODUCTION



This thesis describes experiments designed to investigate the

the effects of psychotherapeutic substances upon the presynaptic

pharmacology of forebrain a-hydroxy tryptcuidne (5-Hi) . In particu¬

lar, studies were made of the effects of psychotherapeutic agents upon

the release of 5-HI from nerve ter inalr, in the rat forebrain following

the electrical stimulation of neural pathways know, to contain 5-Hi.

•■afore introducing the experiments themselves it is necessary to

mention briefly why 5-HT was studied. A ..ore detailed introduction

to these aspects of the pharmacology of 5*131 which have direct rele¬

vance to the studies will be presentee later.

There is now considerable evidence that 5-hl has a transmitter

role in the rastnrallan central nervous system. The presence of 5-hi

in ..a....alian brain was demonstrated by Twarog and Page (1955), and

subsequently found to be distributed unevenly throughout various brain

regions (Asjinu et. al. 1954). The fluorescent histocheudcal tech¬

nique of Falck (1962), or a modification of it (Jonsson et. Bl» 1969),

demonstrated that the 5-lS present in the brain was located within

neuronal cell bodies ^Dahlstram and Puree 1964) , axons (: ahlstroiu and

Fuxs 1964, uxe 1965), and ten-inal varicosities (Fuxe 1965, Jonsson

et. al. 1969). .Vithi: the nerve terminal, 5- I h«as been located in

synaptic vesicles (haynert et. al. 1964), and sdiown to be actively

acciaaulated by them (I aynert and iluriya&a 1964). However, in con¬

trast to the findings in acetylcholine terminals, 5»HI does not seen to

be concentrated in these organelles to trie saiae extent as acetylcholine

is by acetylcholine terminals (Member and Be Hobertis 1965, isynert

et. al. 1964, Be Robertls and Rodriguez de Lores Araais 1969).

L-tryptophan, the amino acid frctu which 5-HT is synthesised,

appears to be urdfonaally distributed throughout the brain (Peters et.
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al. 1958, oir 1971) , although active processes exist for the transpor¬

tation of this amino acid into nerve cells (Grahame- jaith and Parfitt

1970, Xiely and ourkes 1972, belin and Pujol 1975). The synthesis

of 5-IH from L-tryptophan is shown in Pig. 1. (p.5) . Tryptophan is

first hydroxylated to form 5-hydroxy-L-tryptophan (5-HTP) which is

subsequently decurboxylated to 5-1 IT. The enzyme responsible for the

hydroxylation is tryptophans-hydroxylase, and for decarboxylation,

aromatic-L-amino acid decarboxylase (5-FTP decaruoxylase) . Two

forms of tryptophan-5-hydroxylase are present in mausaalian brain, a

particulate found form which has a regional distribution siuilar to

that of 5-IfT 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 . andell 1972). 5-iiTP decaruoxy¬

lase has been shown to be present in brain tissue (Lovenberg et. al.

1962) , and to iiave a regional distribution similar to that of 5-KT

(Runtzman et. al. 1961, irns et. al. 1975).

The major route of 5-HT catauolism involves the oxidative deamina-

tion of 5-HT to the aldehyde, 5-hydroxyindoleacetaldehyde, the enzyme

responsible being monoamine oxidase ( AO). The unstaole aldehyde is

rapidly oxidised to 5-hydroxyindoleacetic acid (5-HIAA) by aldehyde

dehydrogenase. MAO seems to be uniformally distributed throughout

the brain (l«gdanski et. al. 1957, Weiner 1960, La Lotte et. al. 1969).

brain tissue is able to oxidise 5- hydroxyindoleacetaldehyde to 5-HXAA

(lietrich 1966) , w'ich is then probably removed from the brain by active

transport processes situated at the choroid plexus (Ashcroft et. al.

1968, Czerr and Van Fyke 1972, :forn 1972, ampath and I eff 1974) and

elsewhere (Wolfson et. al. 1974).

The release of 5-IFT fro. nerve ter minals in mammalian brain has



FIG.l

THE MAJOR ROUTE OF 5-HT OYKTHHSIS AKD GATABOLISM IK RAT B8AIN.

v

The major route of 5-HT synthesis involves the stages 1 and 2,

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 c&tabolism.

Abbreviations s-

5-HTP - 5-hydroxytryptophan.

5-HT - 5-hydroxytryptai;dne.

5-HIAid - 5-hydroxyindoleacetaldehyde.

o-ISOL - 5-hydroxytryptophol.

5-HIAA - 5-bydroxyindoleacetic acid.

The enzymes involved are

1. TrjT?tophan-5-hydroxylase.

2. 5-I5TP decarboxylase,

5. lonoacane oxidase.

4, Aldehyde dehydrogenase.
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been demonstrated using a variety of techniques, (Feldberg and yers

1966, Eccleston et. al. 1969a, 1969b, : ortig and Vogt 1969, Bolman and

Vogt 1972, Ashkenazi et. al. 1975), and a meclsanizm exists for the

rapid rem-oval of Released o-liT from the synaptic cleft (see review by

Iversen 1971). Finally, the inicroiontophoretic appliestion of 5-HT

has been found to alter the activity of single neurones in every brain

region in which it has been studied (see bloom et. al. 1972).

As a general conclusion therefore, it seems that the 5-HT of brain

tissue posesses many of the properties one would expect of a substance

with possible transmitter function.

If one accepts that norrial 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. Similarly, if disorders of mood arise as a conse¬

quence of the brain not functioning normally, one could postulate em

impairment of one or more of the brain transmitter systems in these

illnesses. The brief introduction to 5-HT outlines the basic evidence

in support of the concept that 5-"!T is a transimitter in ma - alian brain.

The first indication that disorders in brain 5-HT may play a role in

mental illness was reported by Yioolley and Shaw (1954). later,

Gchildkraut (1965) and Bunney and Davis (1965) reviewed the curr ent

evidence and proposed the catechola mine hypothesis of affective dis¬

orders. In brief this stated "home if not all depressions are

associated with an absolute 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" (Sohildkraut 1965). In general, most of the evidence

used to implicate noradrenaline in the aetiology of the affective dis-



orders is indirect in nature and can be applied to other biogenic

ai.ines especially 5-HT (Ilimwich and Alpers 1970).

Some of the snore recent experi mental findings supporting the con¬

tention that disorders of mood may also oe related to disorders iii

brain 5-HT can be sum arised as follows. Indirect evidence is avail¬

able suggesting that the production of 5-ifT from ]>tryptophan may be

reduced in depressed patients (Cazulla et. al. 1966, Curzon and ridges

1970) . The concentration of 5-FIT, and the major snetabolite 5-HIM

was found to be significantly lower in the hindbrains of depressed

suicides, than in the hindbrains of non depressed subjects (I. haw et. al.

1937, ourne et. al. 1969). Plasma monoadne oxidase activity has

been reported to be higher in premenopausal depressed women than in

normal subjects. Treatment oi' the depressed women with oestrogen

resulted in a lowering of the activity of the enzyme and an improvement

in trie mood of the treated women (Klalber et. al. 1972). In a simi¬

lar study, urphy and Weiss (1972) hoted that the activity of platelet

monoamine oxidase was slightly higher in depressed patients than in con¬

trols , and was significantly lower in uanic-derpressive patients.

Trugs which inhibit the enzyme monoamine oxidase are effective antide¬

pressant agents, and have been shown to elevate the concentration of

5-i.'T in the brain of animals (bacon et. al. 1971, ha., on et. al. 1972)

and man (hadear. et. al. 1966).

home of the most interentin* findings relating mania, depression

and brain 5-HT have arisen from studies of the alkaloid reserpine.

This drug had been used for its sedative properties in the treatment of

uania (Watt 1958). Its clinical use now is restricted to the treat¬

ment of hypertension. A s all but consistent number of patients re¬

ceiving reserpine developed severe depressive reactions w ich in sa;.e



cases required psychiatric hospitalisation arid antidepressive therapy.

Batients receiving other antihypertensive agents had no depressive

episodes (l.emiux et. al. 1966). Results of animal studies have

demonstrated that reserpine markedly reduces the concentration of both

5-HT and noradrenaline in the brain (Kuntaaan et. al. 1965) , and that

this effect is probably exerted by inhibiting the storage of the

amines within neurones (haynert and Kuriyaaia 1964, Ross and Renyi 1987,

Blackburn et. al. 1967, ora and Shore 1971, Shore 1972). Further,

it has been suggested that the sedation produced by reserpine is due

to the loss of 5-HT in the brain rather than to a loss of noradrenaline

(Kuntznian et. al. 1961).

It can be suggested from this very brief introduction that 5-IIT

may well be a central transmitter, and that disorders in the function¬

ing of this transmitter may play a role in the aetiology of the affec¬

tive disorders.

There are many reports describing the effects of psychothereineu-
i i

tic substances on the synthesis, uptake and catabolism of 5-1 IT,

However, there has been very little work carried out on the effects of

drugs on the physiological release of 5-HT from nerve terminals (lirodie

et. al. 1961, Hiwwich and Alpers 1970, Sulser ana Banders-aush 1971).

What little work that has been reported, has, in general been carried

out on isolated brain slices in vitro (i£atz 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 undertaken in order

to try to increase our understanding of the mode of action of some

psychotherapeutic substances, tiirough an investigation into the action

of these substances upon the release of 5-IH in the rat brain following



stiufulation of a known neuronal pathway.

The first tasks confronting such an investigation were the iden¬

tification of the neuronal pathway to be investigated, and the finding

of a suitable method for the measurement of the release of 5-HT.

The cell bodies of the neurones which contain 5-HT are situated

predominantly in the raphe region of the midbrain (Dahlstrcsa and Puxe

1934). Kine groups of cell bodies have been identified in the

medulla, pons and mesencephalon of rat brain. Those that give rise

to axons ascending to the forebrain are mainly located in the nucleus

raphe dorsalis and nucleus raphe medianus of the mesencephalon.

Hazy studies have shown that axons arising frau these cell bodies

ascend to the forebrain through the medial forebrain bundle (Heller et.

al. 1962, survey et. al. 1963, Anden et. al. 1966a, 1966b, Parent 1969).

Tore detailed mapping of the ascending 5-HT pathways demonstrated that

the cell bodies of the dorsal and medial raphe nuclei gave rise to axons

which ascend in the ventral part of the medial forebrain bundle

(lingerstedt 1971) . The axons could be divided into a medial and a

lateral component. Those axons situated medially ascend in the

septum. Some turn caudally in the cingulum where a proportion lie

along the dorsal surface of the corpus callooum and innervate the cortex

(Puxe et. al. 1968, Jonsson et. al. 1939). The more lateral com¬

ponent of the medial forebrain bundle enters tiie hypothalamus, the brain

region most densely innervated by 5-HT terminals (Puxe 1965), and the

amygdaloid complex.

.Vhile mapping of the ascending neuronal systems is by no means

caoplete, it is apparent from the studies outlined above that there

exist neurones containing 5-HT which arise frau cell bodies in the

medial and dorsal raphe nuclei and ascend tirough the medial forebrain
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bundle to innervate a number of forebrain structures. The raphe

ruclei are anatomically well defined, and using the stereotaxic

technique, it is relatively simple to implant electrodes into these

nuclei and to activate the ascending pathways by electrical stimula¬

tion (Scaleston et. al. 1969a). It was therefore anticipated that

tine release of 5-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 5-HT

following raphe stimulation could be monitored. The therapeutic

response to m&ry 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 apolicable 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 number of ways. Three techniques have been employed

in order to collect and measure the concentration of 5-HT and its prin¬

cipal etabolite 5-HIAA in fluid that has been brought into contact

with brain tissue. These are the cortical cup technique, the £ush-

pull cannula, and ventricular perfusion. Following the success of

the cortical cup technique in demonstrating tide release of Ach from

the surface of the cortex (itchell 1965, Collier and ;urray-brawn

1968), attempts were made to employ the technique in the measurement

of the release of 5-KT. ccleston et. al. (1969a) demonstrated

that 5-HT was released snontaneously into fluid contained in perspes

cups applied to the sigmoid cortex of cats. The auioynt released

was very small, but could be doubled by pretreating the cats for two

days with an inhibitor of AAO. ecause of the low rate of release



(0.08 ng/craVmin) it was necessary to pool samples for accurate esti¬

mation, and even then the release was not constant. In seven out

of eight experiments conducted by the group, stimulation of the irdd-

brain raphe for 16 minute periods, caused the apoearance 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 cun

fluid. The effect either coincided with or followed the period of

stimulation, 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, heeleston et. al.

(1969b) demonstrated that stimulation of the midbrain 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 5-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; perfusion

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 rat caudate nucleus using this technique. The spontan¬

eous release of 5-HT w)aa found to be of the order of 50 pg/rrin, and

this was found to be little changed by the stimulation of various
"f A

afferent pathways. Prelabelling of the S-iT stores with C or H-

5-HT facilitated the measurement of 5-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

efflux of labelled noradrenaline and 5-HT in the olfactory bulb follow¬

ing stimulation of the olfactory tract in rats whose stores of noradren¬

aline and 5-HS had been previously labelled with the tritiated amine.

The problems of using the push-pull cannula became apparent when the
14

efflux of a number of metabolically inert C-labelled compounds

(inulin, urea and V -aitdnoisobutyric acid) injected with the tritiated

monoamines were exaadned. On odourous stimulation, a substantial
14

rise in the efflux of the C-labelled couipound invariably accompanied

the augmented acdne efflux. Stimulus intensity studies demonstrated

that there was no difference in threshold between monoamine and inulin

efflux. Inulin injected into the cerebrospinal fluid retains largely

in tiie extracellular space, thus odour induced alterations in its efflux

suggest that local changes within this caqjartment may attend neural

stimulation. Thus, while there is evidence that labelled 5-IiT in¬

jected into cerebrospinal fluid is rapidly accumulated by intraneurona1

stores (Aghajanian and bloom 1967) it was impossible to determine whether

the stimulus induced alterations in 5-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 transnitters is

that of ventricular perfusion. The basis of the technique involves

the perfusion of one or a number of the ventricular system 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 thin technique, the spontaneous release of 5-HT into



fluid perfusing the lateral and third ventricles has been demonstrated

in the cat (Peldberg and yors 1966), (Peartig and Vogt 1969). 5-HT

released into the lateral ventricles is believed to arise fro;a the

caudate nucleus, while that entering the third ventricle is believed

to originate in the hypothalamus. The resting output of 5-HX was

increased considerably by stimulation of the midbrain ru the nuclei

(Hol.nan and Vogt 1972, Ashkenazi et. al. 1975).

In addition to the measurement of the outflow of 5-!I into fluid

which has been brought into contact with brain tissue, stiulation-

induced changes in the concentration of 5-HT and its ajor metabolite

5-IHAA in the tissue itself has been studied.

Dahlstrom et. al. (1965) employed trie Falck and Hillarp histochem-

ical technique to investigate the fluorescence of monoamine terminals

in the spinal cord in animals receiving prolonged (1-2 hours) tetanic

electrical sti. illation in the region of the bulbo-spinal neurones of

the medulla oblongata. In the stimulated animals, there was a re¬

duction in the nunber of fluorescent terminals, and any of the retrain¬

ing fluorescent terminals showed a marked reduction in the fluorescent

intensity of their varicosities. The stimulus-incucea depletion of

5-HT fluorescence was much greater in the presence of compounds which

inhibit further synthesis of the transmitter. The authors concluded

that the stimulus induced denletion of nerve ending 5- :T was indicative

of the release of the monoamine in the spinal cor following stimulation

of 5-HT containing bulbo-spinal neurones.

Aghajanian et. al. (1967) demonstrated that stimulation of -the Mid¬

brain raphe for 50 or 60 minutes induced a decrease in the concentra¬

tion of 5-KT and a large increase in the concentration of 5-HEAA in the

forebr&in of rats. Stimulation of the lateral midbrain, an area



virtually devoid of neurones containing 5-HI, had no significant

effects on the concentration of either substance. These findings

v/ere soon substantiated by a number of workers (Eortowski et. al. 1969,

Gumulka et. al. 1969, Eccleston et. al. 1970, Eheardl and "olovlc 1971).

It was concluded that the increase in 5-HIAA and accompanying 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 from brain tissue in vivo, few are applicable to the

quantitative study of the actions of drugs on 5-HT release. The

ideal technique requires that it be simple to use, accurate, consistent

and easily but adequately controlled.

The quantitative determination of the loss of 5-HT following stim¬

ulation in the presence of a synthesis inhibitor requires combined his-

tochemical and biochemical analyses to be carried out. Ihile the

technique apt)ears adequate for the demonstration of the release of 5-HT

in a particular neuronal pathway, its use in determining the effect of

psychotherapeutic substances upon 5-HT 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 syn¬

thesis, storage and release would be large. In addition, the tech¬

nique has been little used, and as such, optimal conditions for experi¬

mentation would have to be determined.

The .measurement of 5-HT and its principle metabolite in fluid

bathing neural tissue is similarly not suitable for the proposed studies.

The work of Eccleston et. al. (1969) demonstrated that the release of

5-HT into the fluid contained in cups applied to the cortex of cats and
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rats was small and inconsistent. The problems of using "push-pull"

cannulae were described previously.

Ventricular perfusion hes been widely and successfully used to

examine the stimulus induced release of a number of transmitter sub¬

stances. The technique is excellent when an animal can be used as

its own control in examining 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 Hoiman and Vogt 1972),

the application of the technique to chronic drug treatments is

inappropriate.

The technique of measuring the concentration of 5-IIIAA in rat

brain tissue following raphe stimulation appears to be accurate and

consistant, providing the animals receive stimulation of similar magni¬

tude for a set period of time (Aghajanian et. al. 1967, Xostowski et.

al. 1969, Socleston et. al. 1970). Because of this, the technique

vrould lend itself to the examination of both acute and chronic drug

treatments. It has been argued that the stimulus-induced elevation

of b-HIAA under these circumstances was produced primarily as a conse¬

quence of the extraneurona1 release of 5-iiT followed by oatabolism to

5-HIAA (Aghajanian 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 tpyptaminergic

neurone. Fig. 2 (p. 14) is a schematic representation of a 5-HT

transmitting 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
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A SCHEMATIC REPRESENTATION OF A 5-HT TRANS ITTIKG SYNAPSE,

The present concepts of the processes occurring at the 5-HT nerve

terminal are shovm in the diagram.

5-HT is synthesised within the nerve terminal from L-tryptophan

(L-TRY) which is transported across the terminal membrane. Free

cytoplasmic 5-HT is either incorporated into the storage compartment

(represented by 5-HT enclosed in circles), or metabolised by mitochon¬

drial AO to produce 5-liIAA which may be cleared from the neurone.

Stored 5-HT released by stimulation may be actively transported

frau the synaptic cleft into the intracellular environment by the mem-

brane transport process (represented by uptake) , or nay diffuse away

passively. 5-HT returned to the cell may then be treated as free

. 5-HT described above.
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receptor
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synaptic cleft may 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 membrane

(Shaskan and Jinyder 1970, Kuh&r et. al. 1972, ..ong et. al. 1975,

Iversen 1971) . The 5-KT which is actively transported in this way

is believed to be either accumulated by the storage mechanism aynert

and Koriyuma 1364) wnere it can be re-used in transmission, or it may

remain free in the cytoplasm where it will be converted to 5-I1IAA by

.AO which is located on the outer membrane of the mitochondria

^.'chnaitman et. al. 1967, Tipton 1907).

According to the model of synaptic transmission outlined above,

the elevation of forebrain b-HIAA concealtration following stimulation

of the nucleus raphe medianus lias been interpreted as follows: The

passage of nerve impulses from the raphe nucleus to the axon terminals
tW*. fi- \p\~cx\v\ «i\0$ i-voiv* VV\4, Ve vr**', aciI S

into the synaptic cleft. After activating post synaptic receptors,

the free b-HT in the extracellular space is actively transported into

the presynaptic terminals where some will be re-stored and some conver¬

ted to 5-IHAA by .AO and aldehyde dehydrogenase. The b-HT stores

are also reyleted by an increase in the rate of 5-hi' synthesis ^Gumulka

et. al. 1S69, Iccleston et. al. 1970, fhields and hccleston 1372).

If this interoretation is correct, and provided the method can be easily

controlled for alterations in 5-HIAA concentration by other routes, the

elevation of forebrain 5-IIIAA following stimulation of the midbrain

raphe may well be the ideal uiodel for these studies.

The increase in the concentration of b-HIAA in the rat forebrain

following raphe stimulation can, however, be interpreted in another way.

1x3til the putative transmitter, and the enzymes required far its c&tabol-

ism are stored in the same neurone. The elevation of farebrain
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5-HXAA following raphe stimulation has been shown to be accompanied by

an increase in the rate of synthesis of 5-HT (Gumuliea et. ol. 1969,

Bccleston et. al. 1970), It follows therefore, that if tiie pre¬

dominant effect of stimulation was an increase in the rate of 5-h*

synthesis, and that a large proportion of the newly synthesized 5-hT

could not be accomuxiated by the storage ooqpartment, ti.ere would be an

increase in the concentration of free cytoplasmic 5- T. f ince free

b-l£I appears to be suaeeptable to deemination, tiiere would occur a pro¬

portionate increase in the concentration of b-BIAA. It seems possible

therefore that the elevation of lorebrain 5-'iIA.- following raphe stimu¬

lation could have arisen from a predaidnantly Intnmeuron&l pnenomenon

of increased synthesis of 5-H'I involving little or no extrar.euroial

release of the transmitter. In the present investigation one of the

early studies was to atte pt to discriminate between the two interpre¬

tations of the observed effect of raohe stimulation on the fotrebraixi

concentrations of a- ydroxyindoles. In order to do tide, it was

first necessary to identify a meohaniaa hereby forebrain b-iIAA

concentrations could be elevated by an essentially intraneuronal process,

ana secondly to select a suitable method to determine the relative con¬

tributions of intre- and extraneuroml processes in the elevation of

forebrain 5-HIAA.

oir and iccleston (i960) daacaistrcted in both rat and dog brain,

that the elevation of b-HIAA concentration following a single large

dose of tiie precursor a ino acid L-tryptoph&n ^1C0 mg/i.g i.p.) was far

greater than the elevation of 5-HT. When olateau levels for fj-.T

arid 5-HXM were produced by this procedure, toe b-ll/b-illAA ratio was

fax- smaller than the ratio in control brain. *he 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' onto

mitochondrial .AO, or to 5-HTP derived from the extracerebral hydroxyla-

tion of L-tryptophan bypassing the storage uiechanism for 5-HT". Moir

^1971) substantiated these findings and concluded that the effect of L-

tryptophan loading on the concentration of brain 5-HT and o-HIAA was

brought about by a progressive filling of the 5-HT stores so that the

concentration of free cytoplasmic 5-HT increased. The eatabollsm of

the increased concentration of free 5-HT would result in the production

of large quantities of 5-HIAA. It thus appears that the administra¬

tion of large single doses of L-tryptophan should provide a mechanisat

whereby forebrain 5-HIAA concentrations could be elevated by a predom¬

inantly intracellular process involving little extraneuronal release.

Thus two methods have now been identified whereby foreux'ain 5-HIAA

concentrations may be elevated. Electrical stimulation of the nucleus

raphe medianus elevates 5-HIAA concentration by mechanis as which may or

may not involve the extraneuronal release of 5- T, whereas the elevation

of 5-HIAA following L-tryptophan appears to be primarily of intraneur-

onal origin involving little extrar.euronal release.

It now remains to identify a method which can be used to determine

the relative contributions of the described intraneuronal 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 synaptic cleft since the intraneuronal deamination of

of the transndtter would be expected to be similar in both cases. It

can be seen from Eig. 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 tic removal of the
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transmitter from the synaptic cleft. Little is known about the

chemical nature of the interaction between 5-HT and the post synaptic

membrane, whereas there is a considerable amount of information avail¬

able concerning the removal of 5-HT from the synaptic cleft, and its

modification by pharmacological agents. There exists a powerful high

affinity active transport process situated at the teriidnal membrane,

responsible for the transfer of 5-KT from the extracexlular fluid into

the intracellular environment (haskan and I'nyder 1970, Kuhar et. al.

1972, „ong et. al. 1975, Iversen 1971). This accumulation process

is therefore responsible for bringing extracellularly located 5-hT into

the environment vdiich 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 b-iIIAi' formed from b-HT which has been released into the synaptic

cleft, while that which is formed from 5-HT which regains in the intra¬

cellular environment should be unaffected.

Of the substances known to interfere with the accumulation of

5-HT by brain tissue, the most widely investigated are trie tricyclic

antidepressive agents. Although these agents have been demonstrated

to exert a number of effects upon brain 5-IT (Corrodi and Fuxe 1968,

1969, Meek and v.erdinius 1970, cruinvels 1972, alaris et. al. 1975)

the most widely documented property of these substances is their ability

to inhibit the accumulation of monoamines by brain tissue (blackburn et.

al. 1967, Ross and hunyi 1967, Fuxe and Ingerstedt 1968, Carlsson et. al.

1968, 1969a, : haskan and nyder 1970, ,eek et. al. 1970a, Lidbrink et.

al. 1971).

,<ithin the group of tricyclic drugs there is a considerable varia¬

tion in the potency of their inhibitory actions with respect to the
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accumulation of catecholamines and 5-HT. This difference in potency

appears to be related to the chemical structure of the co:pounds, and

to the terminal amino group in particular. Tertiary amines such as

iiiiipraiidne and chloriidpramine (see Fig 6 p.iiO) , preferentially inhibit

the accumulation of noradrenaline. (, Lidbrink et. al. 1971). The most

potent of the tertiary amines studied was found to be chlorindpraiaine

(Carlsson et. al. 1969b), This compound has been shown to inhibit

the accumulation of exogenous 5-;iT by brain tissue in vitro and in vivo

{• haskan and 'nyder 1970, Lidbrink et. al. 1971), and there is evidence

to suggest that the uptake of endogenous 5-KT from the synaptic cleft

may also be inhibited ^Carlsson et. al. 1969a, 1969b, eek et. al.

1970a).

ith this information, it was decided to attempt to differentiate

between the intraneuronal and extrareuronal origins of the stimulus

induced elevation of 5-HIAA by inhibiting the 5-HT transport mechanism

with chloriiiiipramine. If raphe stimulation does elicit the extra-

neuronal release of 5-HT, it would be expected, in the presence of

chlorimipFamine, that a proportion of the 5-HT released into the

synaptic cleft would be denied access to intraneuronal MAO, and that

the elevation of forebrain 5- IAA concentration would be proportionately

reduced. If, on the other hand, electrical stimulation of' the nucleus

raphe medianus elicits little extrarneuronal release of 5-HT, the inhibi¬

tion of the 5-HT transport process should have little effect, and the

elevation of 5-IHAA produced by electrical stimulation and L-tryptophan

administration would be expected to be affected similarly by pretreatment

with chlarlmipraiiiine.

The changes in forebrain 5-HT and 5-HIAA elicited by L-tryptophan

treatment would provide u second control system whereby any direct effect
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SHE CHEMICAL STRUCTURE OF SHE TWO -iAJOR

GROUPS GL<" TRICYCLIC AOTIPRESSANSS.

Differences in the structure of the two groups of tricyclic

antidepressants with relation to their potenqy as inhibitors of

noradrenaline and 5-HT accumulation. A "typical example of a

tertiary amine is given by chlorlmipramine, whilst the secondary

amine is represented by the demethylated derivative

chlordesmethylimipramine.
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of chlorimipr&mine upon the synthesis (uruinvels 1972) , and catabolism

of 5-HT (Halaris et. al. 1975) may be identified.

In summary, the first major study of the project was an attempt

to examine whether the elevation of forebrain 5-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 chlori&ipraiuine, 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 5-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. Li has been used extensively in the treatment of acute mania,

Ohronic mania, and manic depressive illnesses (Tchou 1968, Davis and

Pann 1971, Coppen 1975). Cade (1948) first observed the dramatic

antimanic action of Li" 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 lioack and Trautner (1951) , and the

'double-blind' clinical trials of a gs (1965). Wharton and Pieve

(1963) demonstrated that Li administered to manic-depressive patients

during the manic phase successfully reduced the duration of the episode

in a number of patients. ubsequently it was found tliat in addition

to the treatment of pure manic episodes, the prolonged administration

of Li* to manic-depressive and recurrent depressive patients led to a

prevention of depressions and transitional states as well (baastrup

1964, iiaastrup and Sehou 1967, Schou 1971). These observations were

finally substantiated by the controlled double-'blind studies of .aastrup
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et. al. (1970) and Llelia (1971), These and other reports of the

effectiveness of Li' as a prophylactic agent are reviewed "by Coppen

(1975). A recent study (bendels et. al. 1972) demonstrated that

Lif was as effective as desipraiaine in treating selected depressed

patients. However, Goodwin et. al. (1972) found that depressed

patients with a prior history of mania or hypotonia were more likely

to show ax. antidepressant response to Li thari were depressed patients

without such a history. Taking this further, Xukooulos and

Reginaldi (1975) observed in recurrent manic-depressive patients that

a depressive episode was generally prevented or attenuated by Li* only

when a preceeding manic episode had been prevented or attenuated by Li+.

They suggested that Li+ acted directly on mania but only indirectly

on depressions.

To sunsnarise, Li* is an effective treatment for acute mania,

c.ironic mania and manic-depressive illnesses. The efficacy of Li '
as an antidepressive agent appears to be greater if the patient has a

prior history of cjania or hypomania, and there is evidence to sug est

that the effectiveness of Li' in reducing: depressive episodes in manic-

depressives is dependent upon a primary effect on the previous manic

phase. From this information it may be suggested that the therapue-

tic response to Id"1 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 ixonoomine hypothesis of affective disorders proposes

a reduction in the availability of trans itters 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 Li on

the monoamine transmitters in an attempt to Identify a possible -ode of

action. However, although a large number of investigations have

taken place, the mode of action of Id."1 remains essentially unresolved.

( haw 1975, chou 1975, avis and Parm 1971, amuel en'i Gottesfeld 1973).

The available information on the ef ects of Li* on the presynaptic

physiology of brain 5-KT will be briefly reviewed here.

: ciiildkraut et. al. (1969) demonstrated that the turnover of 5-HT

was reduced in rat brain following acute Id" treatment. Ho et. al.

(1970) noted a 12JS reduction in whole brain 5-HT turnover following

prolonged Li" treatment. Turnover in the hypothalamus was reduced

by 51^; in the brainstem by 28^'j &nd in the cortex by 15, . Turnover

in the cerebellum was increased however by 37 Ehaw et. al. (1972)

using nsulticompartmental analysis, de..x>nstrated a shift in the partition

of tryptophan in favour of the extracellular phase at the expense of

the intracellular phase in peripheral tissues of the rabbit. They

sup ested that if this coulc! be extrapolated to the CI r, it could re¬

sult in a decrease in 5-HT synthesis in the brain. T&gliamonte et.

al. (1971) however, demonstrated an increase in total brain L-tryptophan

following Li* treatment. According to presently held views on the

control of 5-HT synthesis, (Tagliamonte et. al. 1971, 1975) this might

be expected tc lead to an increase in 5-1 IT synthesis. heard and

Aghajanian (1970) noted an increase in 5-HT synthesis following acute

administration of high doses of Li and this was supported by the find¬

ings of Peres-Cruet et. al. (1971), chubert (1975) and Poitou et. al.

(1974). Bliss and Ailion (1970) were unable to detect any changes

in 5-HT turnover following 14 days treatment with lav doses of LiCl.

Similarly Corrodi et. al. (1967) also failed to detect any changes in
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5-HT turnover following acute Ii+ administration.

napp and andell (1975) in a well controlled study, compared the

effects of acute and chrome Li"1 edininistration on brain 5-HT synthesis

in rats. They found that sheart term L±+ adndnistration increased

the uptake of L-tryptophan and its conversion to 5-1 IT by striatal syn-

aptosomes, while at the same time cell body tiyptophan-5-hydroxylase

activity was reduced. % 10 days, the conversion of L-tryptophan

to 5-HT in nerve endings became a joint function of a maintained in¬

crease in the uptake of I*-tryptophan, and a decreased level of tryp-

torlian-S-hydroxylase activity. The end result at 10 days was a near

norml 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 Per the axoplasitic flow of tryptophan-5-hyc'roxylase from the

cell oody to the terminal. As yet there are no reports of any effects

of II* on the storage of 5-HT in the presynaptic terminal.

The release of 5-HT from field stimulated rat brain slices in

vitro was found to be inhibited by acute Li"1 pretreatrnent (Katz et. al.

1968) , and by the addition of Id' to the incubation medium (Kats et. al.

1968, Chase et. al. 1969). both aoute and prolonged Id/ treatment

has been shown to slow the depletion of brain 5-HT following trypto-

nhan-5-hydroxylase inhibition. This finding was interpreted to be

a result of either a lower impulse frequency in the 5-HT neurones or

an inhibition of the impulse stimulated release of 5-HT (Corrodi et. al.

1969, Fehubert 1975).

The accumulation of 5-HT by synaptosomes from mouse brain was

found to be unchanged following acute Li+ pretreatment (Kuriyama and

peken 1970) , and the accumulation of 5-HT by rat platelets was similar¬

ly unaffected by both aoute and chronic Li+ pretreatment. (Genefke 1972).



However, when incubated in a medium containing Li+, 5-HT up talc© into

rat platelets and into platelets obtained from untreated human subjects

was found to be inhibited (Genfke 1972). l.iurphy et. al. (19G9),

(1970) , studied the uptake of 5-HT into platelets before, during and

after Id/ therapy in recurrent manic-depressive and depressive patients.

They observed a 40 - 30/ increase in 5-HT uptake during Li"" therapy.

In contrast, when Li*" was added in vitro to platelets obtained from

control subjects, there occured no change in 5-HT uptake. One report

demonstrated no effect of Li 4 on the major catabolic enzyme AO (murphy

and Weiss 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 hypothesis. The most probable reasons for the varied and

soraetines contradictory findings of previous studies are the vast

differences in the doses of Ll+ administered, and the variation in the

periods of time for which the animals were treated. It is always

very difficult to relate the results of clinical studies with those

conducted upon small laboratory animals. However, it would seem

sensible to consider the therapeutic usage of the drug when designing

animal experl snto. The dose of Li4 administered therapeutically is

critical. Following an initial high dose of Li+, patients suffering

from recurrent affective disorders are usually maintained on a Li+
dosage which produces a serum Li+ concentration of between O.Siiiq/l

and 1.5 mEq/1, although effective therapeutic responses are recorded

with serum Li" concentrations maintained at 0.3 - 0.5 raEq/l (Schlagen-

hauf et. al. 1966), The oral dose of Li C0_ required to maintain4JO

these r.eruu levels ranges from 500 to 1800 rag/day. If the serum

Li4 concentration arises above 1.5 mEq/1, side effects invariably appear.
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Table1.

.+

SummaryofthereportedeffectofLionthesynthesis,turnover
storage,:
releaseand:

inactivationof5-HT
Acute

Li+treatment(0-7
days).

Ref.

Dose (mEq/Kg/day)

Effect

(1)

1.2-4.7

Reduced

(3)

5.3

Increased

(5)

4.0

Increased

Synthesis and turnover

(8) (4)

4.0 2.5-7.5

Increased Increased

(6)

5.0or10.0

Increased

(7)

Serumconc. 0.4-0.7 inEq/l

Increased

(2)

Infood15.5

Reduced*

Storage

Noreports.

Release

0)

2.5-7.5

Reduced

(7)

Serumconc. 0.4-0.7 mEq/l

Reducedx

Uptake

(10)

3.75

Unchanged

(11)

Serumconc.

Unchanged

MAO

Noreports.

Table1continued. ChronicLi+treatment(10daysandover). Synthesis and turnover

Ref.Dose. (mEq/Kg/day)
(12)2.0 (15)Plasmaconc. (6)5.0or10.0

Effect. Reduced Unchanged Unchanged

Storage

Noreoarts

Release

(14)0.1

Reduced

Uptake

(11) (15) (16)

Serumconc. L±2C051,2* 1.8g/day Li2C051.2 1.8g/day

Unchanged Increased Increased
xx xx

MAO

(17)

Unchanged
xx
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Table 1.

eys-

* oppositions fro., indirect data.

** .iu»&n platelets obtained during Li' therapy.

References

(1) ohildkrsut et. al. (1369)

(2) baw et. al. (1972)

(5) agliamonte et. al. (1970)

(4) heard and Agiiajanian (1970)

(~) erez-Oruet t t. al. (1971)

(6) Knapp and andell (1975,

(7) cli .b-crt (1973)

(6) Poitou et. al. (1674)

(y)■ ats et. al. (19 6L)

(10) rouriyaifia ana , peken (1970)

(11) Geneffce (1972)

(12) iio et. al. (1670)

(13) -lias arm Lilian (1670)

(14) orrodi et, al. (1669)

(15) urphy et. al. (1969)

(16) urphy et. al. (1970)

(17) urpiiy and ..eiss (1972)



These Include anorexia, nausea, vomiting, diarrhoea; and with high

doses of Li+ tremor, drowsiness and sometimes ccu-a. The narrow

li its between the effective and toxic doses demonstrates the extreme

caution required in determining doses of Li fear experimental study.

The normal oral riaintairiar.ee dose in man is 560 - 1800 mg/d&y.

Based on a 70 Kg. nan this would be 7.1 - 25.7 nig/Kg per day of Li CO
£ o

or 0.02 - 0.7 mEq of IIV^g/day# It can be seen from table 1 tliat

the majority of studies have used doses of Li4 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 scare relevance if

the dosage used is similar to that used in roan. Consequently, it is

difficult to determine whether the observed effects are relevant to the

therapeutic or to the toxic effects of Li" 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 cf the results of previous

studies is the relevance of the period of Ii.4 dosage. In man, the

therapeutic effect of Li4 is invariably never seen until at least 5-7

days after treatment commenced. Therefore it is unlikely that the

results of acute studies are of significant importance in identifying

the mode of action of therapeutic Li4. It would seea reasonable

therefore to study the effects of chronic Li4 treatment rather than

those arising from short tern administrations of the drug.

Finally, it can be seen from table 1 that very little work has been

conducted unor the effect of Li4 pretreatment on the release of 5-HT in

i-rain tissue. The study of Katz et. al. (196S) was conducted in

vitro using brain, slices, arid the suggestion fro; Corrcdi et. al. (1969)
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was based on indirect measurements. There do not appear to be any

reports ox' studies conducted upon trie release of b-HT in vivo.

Lsing the techniques developed as a x-esu&t of ay early investigations,

and having identified the problems involved with designing the dosage

regime, I entered into an investigation of the effect of Li pre-

treatment on the release of 5-LX in tne rat foreurain in vivo. The

ajor Li study investigated the effect of 10 day administration of Li

at a dose resembling that used therapeutically in man. In an attempt

to clarify the differences between short and longer term ni^ adminis¬

tration, I carried out a second study where rats received the same total

amount of Li administered over a 5 day period.

The final studies carried out in the course of this tnesis were

designed in order to attempt to clarify the interpretations of some

of the findings observed during the major Li study. Using

synaptosomes isolated from the forebrains of rats treated and not
+ 14

treated with Li I studied the accumulation and retention of C-5-HT

uy these isolated nerve endings.



 



The experimented, techniques have "been developed, in the main, as

a result of a series of investigations into the effect of varying the

conditions of the experiment in a controlled manner. In some cases,

considerable experience of particular methods were availaole in our

research group. '.here such a method appeared to be suitable for the

proposed studies it was adopted.

(i) Estimation of b-HT and d-HIAA.

The routine estimation of the concentrations of o-.iT and b-HIAA

in a single brain sample had been carried out in this group previously-

using the method of Eccleston et. al. (1969c). fcince the method

appeared to be suitable for the purposes of measuring brain concentra¬

tions of b-hydroxyindoles following electrical stimulation (Eccleston

et. al. 1970), it was considered the method of choice in these studies.

The method basically consists of the extraction of b- T and b-HIAA from

homogenised brain tissue, the separation of the two b-hydroxyindoles by

cation exchange chromatof raphy, the further extraction of b-.ilAA from

the effluent arid the fluorinetrie determination of both b-HT and b-HIAA

in a spectrofluoriiueter.

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

Each forebrain was weighed and homogenised in four volumes of

0.4h perchloric acid (PCA) and centrifuged at 16,000 x g. for lb minutes.

4.0 ml. of the supernatant was adjusted to pH 7.5 with K0H and the

precipitated KCIO^ was removed by centrifugation. The extract was
then passed over a 70 x '/ mm. column of Amberlite CG 50 resin (100 -

200 mesh KH* form) followed by a 2.0 ml. wash with 0.Q2M aim ionium

acetate buffer pH 7.5. The effluent containing b-HIAA was collected.

5-HIAA was extracted from the effluent into diethyl ether, and was

extracted from it into 5.0 r.il. of C.1H phosphate buffer pH 7.5.
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2.0 ml. of this were removed for the fluororaetric estimation of 5-HIAA.

The colusuns were washed with 15.0 ml. of 0.02:1 ammonium acetate Duffer

pH 7,5, follov/ed by 5.0 Pal. of 0.1N If £0^, and the 5-HT was eluted with
6.0 ml. of 1.0K R^SO^. 2.0 ml. of tine elutant were removed for the
fluoroiuetrio estimation of 5-HT.

1.0 ml. of concentrated HC1 (Aristar) containing ascorbic acid

(50 nig/100 ml.) was added to each 2.0 ml. sample of separated 5-hydroxy-

indole immediately before estimation in a Farrand £pectrofluoria«ster.

.Emission at 550 nm. was recorded, as a function of activation wavelength

over tiie range 250 - 400 nm., and the emission corresponding to activa¬

tion at 510 raa was read off (see fig. 4 p.51) . ; tandard samples

containing 500 ng. 5-HIAA, and 500 ng 5-HT* in PGA were carried through

the whole procedure with each batch of samples, and the percentage

recovery determined for calculation of final proportions. The mean

percentage recovery over all estimations carried out were for 5-..T -

61.9- 2.2., and for 5-HIAA - 59.5^ 2.5.

(ii) Choice of animals.

There is some evidence thai activity in hyoothalandc neurones

which contain 5-HT may nlay a role in the regulation of ovulation

(Kamberi et. al. 1970, 1971).

Kactoeri et. al. (1970" discovered that 5-HT injected into the

third ventricle in doses of 2.5 - 5.0 yug suppressed the release of
luteinisinp hormone (LH)« When given by the stalk portal vessel or

the basilar artery, at these concentrations, 5-HT had no effect on LK

release. From this it was concluded that the effect may be nervous¬

ly mediated in structures surroundin~ the third ventricle, probably the

hypothalamus. Further work (Kamberi et. al. 1971) shaved that 5-HT

injected by the same route (intraventricularly) suppressed the release



FIG. 4.

ACTIVATION SPECTRA OF A BLANK SAMPLE AID 0? A SAMPLE OF

5-HLAA, TO DEMONSTRATE Tik: kiSHOr S,PLOYSD IK LIEASORING THE

RELATIVE FUIORSSCEKCE OF £-JCT.ROXYI MX)LK SAkPLik.

The figure shows two soectra recorded over activation wave¬

lengths of 570 and 280 rim. The first spectrum shows the non

specific fluorescence observed in a blank sample containing

distilled water, ICI and asoorbic acid. The second spectrum

shows the fluorescence observed in a sample containing 5-liIAA,

distilled water, HC1 and ascorbic acid. In this case, the

non specific fluorescence, peaking at about 550 nm. is followed

by the fluorescence of the 5-hydroxyindole which peaks at 510 ran.

The decline in the fluorescence of the blank sample between

wave-lengths of 550 and 500 nm. can be seen to follow an approx¬

imate linear path. This decline can be fitted tc the spectrum

of a 5—ihydroxyindole sample, as represented in the diagram by the

spectrum of a sample of 5-UIAA. A perpendicular dropped from

the at»ex of the 5-hydroxyindole fluorescence (510 ran.) to the

projected decline of the blank fluorescence (h) provides the measure

of tii<- relative fluorescence arising from a-hydroxyindole.

In extracts of brain tissue, the sice of the blank has been

seen to vary between samples. Because of this, the method

employed in measuring the samples provides a more accurate measure

of 5-hydroxy indole fluorescence since small chan es in the

amplitude of the blank fluorescence can be accomodated more

accurately using, this technique than by measuring the height of the

fluorescence fro a zero baseline and deducting from it the height

of a single blank reading.
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of follicle stimulating hormone (FS10 , and decreased the concentration

of prolactin inhibitory factor (PTF). It was suggested from these

studies that hypothalamic neurones which contain 5-HT may be involved

in the control of the release of hypothalamic releasing factors which

in turn control the release of the pituitary and ovarian hormones FSH

and III.

The hypothalamus contains possibly the highest concentration of

nerve terminals which contain 5-HT arid which originate from cell bodies

in the ranhe nuclei of the brainstem. fince these neurones may play

a role in the control of ovulation, it was decided th t the studies

should be undertaken using male animals. Th»» atlas on which the

implantation of electrodes into the raohe was based, (Konig and Klippel

1963), was developed usin rats weighing 150g. It was therefore

decided to conduct the experiments on inale Albino >istar rats weighing

between 150 - 25C g»

(iii) AibU^-l'ii£t:lA.

repression of synaptic transmission is probably the principal

action of anaesthetic drugs (vail 1967), and different anaesthetics

have different effects or differing degrees of effect on nervous trans¬

mission in the Oil . It is thus important before investigating the

pharmacology of central transmission to ascertain whether the proposed

study can be carried out on unanaestnetised ani als, and if not, to

identify the anaesthetic agent which has least efiect on the physiology

of brain 5-iIT. Electrical stimulation of the medial raphe nucleus

has beer 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 (Xostowski et. al. 1969). 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-KI metabolism (Thierry et. al. 1966, Hosecrans and Iheard

1969, Bliss et. al. 1972), it was thought reasonable to investigate

the possibility of using anaesthetised rats in experiments involving

the electrical stimulation of the raphe, provided an anaesthetic with

the properties designated above was available.

A good deal cf work has been carried out on the effects of various

anaesthetics on CKf activity both in general and with relation to

s pecific putati e transmitters. The anaesthetics in cam.on use in

animal studies are oc-chlor&lose, urethane, tlie barbiturates, the

volatile anaesthetics milotiiane, ruetliOxyflur&ne and to a lesser extent

ether. The general depressant effects of anaesthetics upon spon¬

taneously active neurones in the CN? was well demonstrated by Bloom

et. al. (1965). In the unanaesthetised decerebrate cat, continuous

spontaneous activity was readily recordable in the caudate nucleus.

Parenteral administration of anaesthetics was found to affect this

activity markedly. Luring relatively light chloralose or barbiturate

anaesthesia, the spontaneous activity of the caudate neurones was

considerably less, and during deep ohloralose anaesthesia, almost all

spontaneous unit activity was absent.

Further investigations by Crawford (1970) demonstrated that

anaesthetics administered to cerveau isole cats had. essentially similar

effects on both spontaneous synaptic firing of cortical neurones and on

the responses to the adcroelectrcphoretic application of acetylcholine

and the excitant a.lno acids. Barbiturates depressed the chemical

sensitivity of cortical neurones in dor.es well belosr those necer.aary

for surgical anaesthesia. ubanaeathetic doses of urethane depressed
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rlightly the cheiaical sensitivity of the neurones, while full

anaesthetic doses of -chloralose markedly reduced the chemical

sensitivity of these cells for long periods.

Low to moderate concentrations of ?* 0 and trichloroetbylene nad
it

little direct effect on the cortical neurones, while higher concentra¬

tions of IyO induced hypoxia in the animals. Kethoxyflurane at
it "

full anaesthetic doses had little effect on the sensitivity of cortical

neurones. Talcthane 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 fall in systemic blood pressure. Concentrations of

1.5 - 2.0>-' accelerated the fall in blocd pressure and reduced both the

spontaneous and chemically evoked firing in these neurones.

It would thus appear from these studies that the spontaneous

activity of cortical neurones is less affected by the ihh&latior

anaesthetics than by anaesthetics administered by the intravenous route.

The use of the microiontool oretic technique made possible the

investigation of the effects of anaesthetics upon the post synaptic

sensitivity to o-liT. Curtis ct. al. ^19dl) found no effect of 5-iiT

.vhen applied iontophoretically to spinal neurones of barbiturate

anaesthetised. cats. However, a number oh soinal interneuronica were

found to be sensitive to b-ihf in unajrm.esthetised preparations (.'(eight

an..' aliuoiraghi 1562, dug-erg and hyaU.lbo6^ suggesting that barbiturate

anaesthesia amy effect neuronal sensitivity to 5-HT. In addition,

Curtis and avis (1062) noted only depressant effects of 5-HT in the

lateral geniculate nucleus of barbiturate anaesthetised cats, while

ratinaky (IOC?) using unanaesthetised cats, observed an additional

neuronal population within the lateral geniculate nucleus that is

facilitated by 5-HT suggesting that barbiturate anaesthesia may alter



the proportion of neurones found sensitive to b-HT. Roberts and

Ltraughan , investigating the resoonses oi cortical neurones to

the iBicroiontopnoretic application of o-ix'r ixx uxxanaestLetised caws,

found that Siuall doses oi sodium thiopentone (O.b - o.O mg/hg),

admi;istex"ea parenteraUy, selectively ana reversioly reduceu tne

sensitivity of saae units to excitation inciuced by b—hi. in addition,

they found tiiat the responses ox" cortical neurones to iontoonoretically

applied o-hi' did not vary significantly between unanaesthetlseu

preparations aim cats anaestnetiaod with 40 ohloraloae or

hgO - halothane (O.b - l*0)o uulotiiarxe in 7b, if 0 in 0^) (Joxxrxsan,
..ooerta and ftraugnan ibdb) • It would appear, therefore, tint the

neuronal sensitivity to iontophoreticaliy applied fi-Iil is susceptible

to modification Py anaesthetics, particularly the oaroituraies.

In order to assess lurther the sites of action oi the anaesthetics,

..aJjindo ^lubb) investigated the effects of procaine, pentobarbitone
^ - 50 mg/i^g) and halctnane (1 - 5/) on pre- and poat-syijaptxc

structures in the cuneate nucleus of urxanaestxxetiseu decerebrate cats.

The anaestnetics were applied parenterall^ y,irx the doses stated above) ,

or microiontophoretically to neurones of the cuneate nucleus whilst

recording siinuitaneously the activity oi the same neurones. ynaptic

transmission through the cuneate nucleus was investigated by delivering

varying stimuli to peripheral nerves (movement of hair, weights apolied

to the skin, and movement of joints). ihe effect on tue post-synaptic

membrane was studied by observing the aciioxis ol' the three anaesthetics

on the tiring or cuneate neurones beixrg stiiuuluteb by tlxe ioixtophoretic

application of giutamate. The presynaptic element was studied by

recording in the superficial rauial nerve and stimulating antifromically

the cuneate nucleus or the dorsal columns. The results oi' the study
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indicated that procaine, pentobarbital and halo thane all differed from

one another in their site of action. Procaine was found to be equally

effective in blocking antidromic, trunsynaptic, and direct post-synaptic

stimulation of cuneate cells. Pentobarbital was wore effective in

blocking transynaptic an? direct post-synaptic excitation, than in

blocking antidromic invasion. lialothane 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 brought about by a facilitation of the inhibitory input to the

system. The studies 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 pentobarbital upon trans¬

mission in spinal motoneuronss was confined to the presynaptic teraiinal

where they reduced the amount of transmitter released by afferent

impulses. It would thus appear that the barbiturate anaesthetics

would be unsuitable 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 - l.Oy) of halothane (Crawford 1970) , while those

having least effects upon the sensitivity of neurones to 5-HT are like¬

ly to be halothane and<=c-chloralose (Jonnson et. al. 1989) . fince

occhloralose anaesthesia has been found to have profound effects on

spontaneously 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 (l-enthrane handbook, Abbot laboratories) , and for human

surgery, the use of a short acting barbiturate during induction is



recommended. Txperlence in this department of the use of raethoxy-

flurone as an anaesthetic for animl studies confirmed the sluggish

nature of induction, and further demonstrated that changes in the depth

of anaesthesia induced by ohan, ing the concentration of mathoxyflurane

iicinistered are equally slew (C#JT# Dr&dabaw personal coiamunioation) •

Cince anaesthesia under halothane is easily controllable, and at low

concentrations ha a little effect on spontaneous activity (Crawford 1970) ,

or on the pre-synaptic and post-synaptic neural activity in the brain

regions studied (Callindo 1959), it segued reasonable to investigate

the use of this anaesthetic for those studies.

Concentrations of halothane between ffl.5 - l.$T' in o^yga-. or air

had been demonstrated to have little effect on both the spontaneous

anc drug induced firing of cortical neurones, wherea concentrations

of 1.5 - 2.0, depressed this activity (Crawford 1970). The depth

of anaesthesia maintained by 1.0 halothane in oxygen has been found

to be perfectly adequate for stimulation studies of the type intended

( 'celeste; et. al. 1270). It -was therefore decide' to investigate

the effects of halcthane at this concentration upon the forebrain

concentrations of 5-HT and 5-KIAA. Two studies were conducted.

The first study examined the effect of halothane at • esthesta (l.Oy

in o:<ygen) upon the concentration of 5-'.T and 5-:TAA in the rat fore-

brain at various times of exposure to the anaesthetic. The second

study exa:ianed the cumulative effects of anaesthesia an? surgery upon

forebrain d-hycroxyinc'.oles.

"tudy 1.

ingle 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% }>alothane in oxygen

administered through a nose mask wldlst the trachea was cannulated.

Following tracheal intubation, the animal was transferred to a water

bath at 37 'c to maintain body temperature. (see section on body

temperature) . Anaesthesia was maintained at a halothane concentra¬

tion of 1.0% in oxygen for 50, 45 or 90 minutes, after which time the

animal was removed from the water bath and decapitated. She fore-

brain was removed by precollicular section, ra-ddlv frozen on solid

C0o, weighed and stored at -20°C overnight far 5-hydrcxyindole estima¬

tions to be carried out the next day.

At the same time that an amesthetised 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 analyses). The forebrain concentrations of 5-HT and

5-HIAA were estimated by the method previously described.

.he results of the study are shown in table 2 p.38. It can be

seen that exnosure to 1.0; halothane for oOminutes had no significant

effect upon the forebrain concentrations of eitiier 5-KT or 5-HIAA.

The 5-HIAA concentrations were significantly elevated by 45 and 90

minutes exoosure to h&lothane whilst the 5-HT concentration was only

significantly elevated at the longer time of exposure. It thus

appears that the effects of halothane anaesthesia upon forebrain concen¬

trations of 5-HT and 5-HIAA are greater the longer the animal is exposed

to the anaesthetic. It is also apparent that in experiments using

halothane anaesthesia, the period of ex posure must be kept constant.

In these experiments it was intended that the raphe nucleus be stimulated
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Table 2,

The effects of halothane anaesthesia (1% halothane in oxygen)

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

recorded after 50, 45 or 90 minutes exposure to the anaesthetic.

Results are expressed as the mean - S.E.ii. of four pairs of animals

and analysed by the paired t test,

5-KT (ng/g wet weight).

Period of
anaesthesia

Control. Anaesth. Anaesth. minus
control.

50 min. 487-6 468-6 -19-9

45 min. 457±29 502-19 +45-16

90 min. 545-17 652-7 +109-18

5-IiIAA (ng/g wet weight) ,

50 min. 276-8 295^4 +17-11

45 min. 506^16 414^52 +108-21

90 min. 289±6 421-14 +152-18

K.S.

N.S.

0.01>P>0.001

K.S.

0.02>P>0.01

0.01>P>0.001
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for 50 minutes. xPreliminary investigations demonstrated that the

surgical procedures and the implantation of the electrode could be

couifortably accomplished within 50 minutes. The total time that the

animal requires to be anaesthetised is therefore 60 minutes. In

order to examine the cumulative effects of surgery, electrode implanta¬

tion and aiaestheaia upon the forebrain concentrations of 5-iIT and

5-iHAA, a second study was conducted.

dtudy 2.

In this study, in order to complete a reasonaole number of animals

per day, it was necessary to use two halothane vaporisers. This

allowed animals to be maintained on 1.0 halothane whilst inducing

other animals at higher halothane concentrations. Anaesthesia was

iraintained with 1.0 halothane in oxygen using a Fluotec 5 temperature

compensated vaporiser, whilst induction was effected using an earlier

model vaporiser (B0C ho. 510400) wi thout this refinement. .Vhilst

the calibration of the instrument is reasonably accurate, changes in

the temperature of the fcalothane would result in changes in the concen¬

tration of halothane delivered. For this reason, the temperature

of the laboratory was maintained at a reasonably constant 20 0 {the

temperature at which the vaporiser was caliorated) , and animals were

transferred to the Fluotec 3 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 anaesthesia was jaaintained with 1.0. fluotlane in oxygen. The

head of the animal was secured in a I'avid Kopf Ko. 900 stereotaxic

frame, one! the cranium exposed. The fine tissue on the cranium was

scraped off and ary bleeding through the bone was arrested using

plasticine. This was preferred 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-orcinates for the nucleus raphe medianus ^see later) , and this

vffiis plug; ed with plasticine. The electrode was then driven through

the plasticine to enter the nucleus raphe medianus at the following co¬

ordinates. Lateral Cteo., anterio-posterior + 0.4 jam., vertical

-2.6 >.m, (Konig and Klippel 196S). The electrode was secured

to the skull using dental acrylic cement. ..hen the electrode v/as

securely held in position, the animal was re oved from the stereotaxic

frame and placed in a water bath at 57 °C to maintain body tecaperature.

fter a total of 60 minutes anaesthesia, the ani;als were killed by

decacitation and the forebrains removed, frozen, and stored far assay

of 5-HT and 5-IHAA the following day. Control rats v/ere treated as

in the previous study and the results were analyse:? by a paired

comparison.

It can be seen frcra table 5 p. 42, that the cumulative effect of

60 i.inutes exposure to halotbane (1.0, in 0 ) and surgery had no effect

on the concentration of 5-HT i the forebrain, but significantly ele¬

vated the 5-HIAA concentration. The elevation of forebrain 5-liIAA

may indicate either an increase in the production of 5-HIAA or a de¬

crease in its clearance. The recent report of ours oin 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

5-HIAA with or without an increase in b-KT may indicate an increase in

turnover throu h the 5-HT pathway. Whether fluothane increases 5-HT

turnover in a similar manner to that seen during ether anaesthesia

cannot be ascertained from this study. Pentobarbital anaesthesia

(55 mg/Kg) has been shown to reduce the accumulation of 5-H1AA by
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Table 5.

The cumulative efifect of fluothane anaesthesia (l/» halothane

in oxygen for 60 mins.) and surgery upon the forefarain concentration

of 5- HT and 5-HIAA (ng/g wet weight) * Results are expressed as

the mean and S.E.h. of 10 pairs of aniiiials and analysed by the

paired t test.

Concentrations (ng/g wet weight).

Control Anaesthetised. Anaesthetised P
minus control.

5-HT 488-24 527-54 +59-55 N.S.

5-HIAA 319-18 409-21 +90-26 P^O.Ol
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isolated choroid plexuaes (Cserr arid Van lyke 1971) . A similar

effect of fluothana anaesthesia would account for the elevation of

5-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 auove studies demonstrated

that fluothane anaesthesia affected 5-HIAA 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.

All animals in the stimulation studies under, o the same surgery and are

anaesthetised for the same period. They differ onl.. in that half

receive electrical stimulation, whilst the controls do not. Thus

all anials will be affected to the same extent by anaesthesia and

surgery, and the effects 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, experimental inter¬

ference with 5-HT metabolism may affect centres in the preoptic area

of the hypothalamus and possiuly other forebrain sites as well (Timmonds

1970) which are involved in the control of body temperature (see Chase

and Murphy 1975). It is therefore important that any studies in¬

volving measurement of forebrain 5-hydroxyindoles in fluothane

anaesthetised rats should be carried out using', adequate temperature

control. Body temperature must be kept constant throughout the
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experiment and the use of a ther.iostatically controlled water bath for

this purpose was investigated.

The investigation was conducted upon 6 male Albino .jistar tats.

Each rat was anaesthetised as described previously and the trachea was

o
cumulated. The rats were then placed in a water hath at 55 C and

rectal temperature was recorded every ten minutes until three consecu¬

tive readings agreed. This was then recorded as the body temperature

maintained by immersion in the water bath at 55°C. The procedure

was repeated at water bath temperatures of 56 , 57 , 58 and 59°G, 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

temperature in the higher range of temperatures studied. however,

body temperature never falls below 56.58°C, even when the animals are

immersed in water at 55°C.

The si all S.S.Ms recorded indicate tiiat body temperature cm be

.aintained at a reasonably constant level using this method, and at the

higher temperature ranges studied, body tenperature is maintained very

near to the temperature of the water bath. It is therefore apparent

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 anaesthetised animals at 37°G.

(v) Electrodes.

In previous studies, stimulation lias bee; applied to the raphe

nucleus through bipolar electrodes (Aghajanian et. al. 1987, Ko;-towski

et. al. 1S69, Gumulka et. al. 1969, Eccleston et. al. 1970, hheard and
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Table 4.

Body teinperature of halothane anaesthetised rats attained by

immersion of the animal in a water bath at temperatures of 55, 56,

57, 58 and 59°C. Results are expressed as the mean - S.E.ii. of

6 rats.

Water bath tempei-ature (°C) .

55. 56. 57. 58. 59.

Body temper- 58.38 56.64 37.12 58.06 59.05
ature ( 6).

-0,15 -0.04 -0.04 -0.02 ^0.02
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rolovic 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 bioolar stimulating electrodes were

investigated, concentric bipolar electrodes, and a type of electrode

referred to as the lateral bipolar electrodes. The concentric bipolar

electrodes were constructed of an outer pole of stainless steel tubing

with an external diameter of between 400 - 450 p., with an inner pole
of 150 p Diaiuel coated stainless steel wire further insulated with a

coat of Araldite PS 985 varnish. The outside of the steel tubing

was insulated with six coets of Araldite PZ 985 varnish. 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 an out

50 p (Pig. 5b). The lateral bipolar electrodes were constructed of

two strands of I iamel coated stainless steel wire 150 p ir. diameter,

wound in a helical fashion using a hartd drill. The electrodes were

further insulated with six coats of Araldite PS 985 varnish. The

electrode tip was formed by obliquely cutting the wire tc produce two

poles separated by about 1.0 mm. (Pig. 5a).

The insulation of all electrodes was checked usir^ an Avometer,

and the resistance between the two Doles when immersed in a solution

of 0.15 Li saline was measured. The resistance between the two poles

was usually of the order of 50 - 50 K jx. Electrodes with higher

resistance were rejected.

A preliminary study investigated the suitability of the two types

of electrode. Rats were anaesthetised aid an electrode was sterfeo-

taxically positioned in the nucleus raphe medianus as described pre-



FIG. 5

TYPES OF STIMULATING ELECTRODES EXAldlNEB IN THE PKELI XNAKY

STUDIES.

!

See text for detailed description of the two types of electrode.
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viously. The animals were placed in a water bath at 37^ and

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 5-HT and 5-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 had

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

5-HIAA concentrations without affecting the 5-HT level.

For these experiments, the stimulus current was 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 Ka resistance and a voltage of 4 V, the stimulus

current should be of the order of 100 ja.k. 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. Examination 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, if - 5V for 30 mine.) upon the forebrain concentra¬

tion of 5-HT and 5-HIAA (ng/g wet wt.). 3® shows the effect of

stimulation applied through lateral bipolar electrodes, and 3b the

effect of stimulation applied through concentric bipolar electrodes.

Results are expressed as the mean - S.E.M. of six pairs and analysed

by a paired t test.

3a Lateral bipolar electrodes.

Control. Stimulation. Stimulation P
minus control.

5-HT (ng/g) 555-21 595-*+1 +ifO-37 N.S.

5-HIAA (ng/g) 267-12 276^39 +9-27 N.S.

3b Concentric bipolar electrodes.

Control. Stimulation.

5-HT (ng/g) 1+79-9*1 1+02-62

5-HIAA (ng/g) 366-15 521-18

Stimulation P
minus control.

-77-118

+155-12

N.S.

P -*0.001
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had increased the resistance between the two poles considerably.

Thus the current applied to the raphe in these animals was considerably

less than calculated which may well heve 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 rigid 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 into the raphe region. The concentric bipolar

electrodes could be e fectively re-used by carefully removing the dental

acrylic cement used to fix this to the skull. This procedure proved

impossible with the more flexible lateral 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 pulses applied to the nucleus raphe medianus at a rate of

10/sec produced greater elevations of forebrain 5-IIIAA concentration

than did stimulation at 2 or 60 pulses/sec. Currents of over 200

jiA passed through nervous tissue can produce considerable damage to
the cells surrounding the tip of the electrode. It was therefore

necessary to keep the stimulus intensity below this level. In



early studies, stimulus current was not monitored through an oscillo¬

scope, but was calculated from the known resistance of the electrode

in saline, and the voltage apolied. Thus by applying Ohms law, an

electrode with a resistance of 40 h-^- carrying 4V would give a current

of 100 /uA. In these early studies therefore, tlie stimulus intensity
was maintained at about 100 juA by calculation. In later studies,
the stimulus intensity was maintained by 100 juA by measuring the vol¬

tage drop across a 40 il*.resistor in the electrode circuit, and monitored

through a Golartron CD 1400 oscilloscope.

The stimulation parameters vised throughout the study were pulses

of 2.0 msec duration, applied at a rate of 10/sec and at an intensity

of 100 yUA.

(vil) . tatistical Analysis.

The concentration of 5-HT in rat brain is known to follow a

circadian rhythm (.Quay 1968, Okada 1971, Hexy et. al. 1972). It is

therefore probable that there would be considerable variation in the

forebrain concentration of 5- T measu;ed at various times during the

day. In order to assess this variation, I measured the forebrain

concentration of both b-!IT and 5-lIIAA at various times throughout the

day. fats used in all studies conducted in this thesis were

maintained in a constant cycle of 12 hours light followed by 12 hours

darkness. The period of light was from 0800 hrs. - 200C hrs. and

experiments were usually conducted between 0900 hrs. arid 1700 hrs.

This lighting schedule was identical to that maintained in the breeding

rocsns of our aniual house, and by the supoliers of trie 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 5-HIAA were measured in three groups

of 6 rats killed at 0940, 1420 and 1850 hrs, .hese times v/ere chosen

to cover the time period clurin which it was anticipated that experi¬

ments would be conducted. The result of the study is shewn in Pig.

6 p.55. It can be seen that the concentration of both 5-hydroxyin-

doles varied with the time of day. The 5-HT concentration appears

to 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 than that

measured later in the day. Comparison of this data with that ob¬

tained by previous workers is difficult since no measurements were made

during the periods of darkness. lice/ever, previous work has shown

that the concentration of 5-HT in .est brain regions reaches a peak

during the latter half of the period of 12 hours light, and falls to a

minimum level during the early half of the dark period. The study

conducted here shoos that the level of both 5-hydroxyindoles was higher

at 1850 hrs. than at the earlier times studied, suggesting a trend to¬

wards the circadian rhythms observed in Quay (1968) and Gkada (1971).

This study, though conducted on a few animals only, confirmed

that within day changes in farebrain b-hydroxyindolos could be a con¬

siderable scource of variation in future studies. It was considered

that this variation could be most effectively 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 to run

stimulated and control animala together, so there was always a short

time lag between sacrifice of pairs of animals. However. control

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



FIG. 6.

THE CONCENTRATION OF 5-HT AND 5-HIAA IN THE RAT FOREBRAIN

MEASURED AT THREE TB1ES DURING THE 12 HOUR PERIOD 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) ,

Each point represents the niean 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

treatments. The time lag between sacrifice of two animals in such

an experimental design was of the order of 30 minutes. ..'hen the

effect of a drug upon s timulus-iiidueed changes in forebrain 5-HT and

5-HIAA whs investigated, the experiment was designed so that pairs

^stimulated and control) of animals receiving and not receiving the

drug; were set up alternately. The effect of the drug upon stimulus

induced changes was similarly 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.35)• The maximum

time between sacrifice of animals treated and not treated with the drug

was dO 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 and its pair were rejected.

They were however used to ascertain the effects of stimulation of non

raphe regions of the midbrain upon forebrain 5-Iff and 5-iIIAA concentra¬

tions.

Although no studies were conducted with the specific aim of assess¬

ing day to day variations in forebrain 5-hjdroxyindole concentration,

data obtained from animals studied in experiment III (c) (The effect

of chloritaipramine on Lr-tryptophan induced changes in forebrain 5-hy¬

droxy!ndolea. p. ) . can be utilised to demonstrate this problem,

luring the course of experiment i' l(b) , one group of three animals was

killed at approximately the same time on four different days. All

the animals received a similar injection of saline one hour before death.

She farebr&in concentrations of 5-HT and 5-HIAA measured on the four days

is shown in table 6a 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 paired t test < Difference
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Table 6.

(a) The concentration of 5-HT and 5-HIM in the rat forebrain

measured at approximately the saa .c time ^1500 - 1550 hrs.), but on

four different days. Results are expressed as the mean - S.B.M.

of tiiree animals.

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

25/10/72 585-56 305-15

2/11/72 524^47 254-11

3/11/72 648-51 300-i

9/11/72 548-58 244-36

(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 between animals or days to the residual mean square deviation.

(i) 5-HT.

Origin of Hums of squares 3egrees of Mean square variance P
variance, of deviation freedom. deviation. ratio.

frctn tiie mean.

Total 225170 11 - -

etvveen
animals. 12421 3 4140 0.72 M.S.

Between
days. 178594 2 <*2815 7.47 -<0.05

Residual. 34355 6 5726

(ii) 5—IJIAA.

Origin of Sums of squares Degrees of ean square Variance P
variance, of deviation freedom. deviation. ratio.

from the mean.

Total 22441 ii — — —

between
animals. 4545 5 1448 1.55 N.S.

Between
days. 12411 2 6206 6.55 -<0.05

Residual. 5685 6 948 - -



both 5~hyaroxyindoles showed considerable day to day variation.

In order to assess this variation more quantitatively an analysis

Of variance was conducted on the data or table 3a p.oo. The result

or this analysis is shown in table do p. 56. It can be seen that the

between animal variation in b-hydroxyindole 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 S-hT and &»3XM i^C.Qb > P> 0.02) . It

is unlikely that the day to day variation in 5-iiT and o-.'lAA concentra¬

tions arose as a result of variations in the extraction and estimation

of the 5-hydroxyindoles since this was always controlled by the use of

both internal arid external standards. «hat is certain however, is

timt the da; to day variation in forebrain 5-lydroxyindole concentrations

could be a considerable scource of error unless compensated fcr in the

experimental design.

It was therefore considered that the use of a paired experimental

design, as outlined above, would be the most effective way in which

both the within day and day to day variations in forebrain 5-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-

isydroxyindole estimations, wiiile the la tier was fixed in a solution of

10;* formol saline in preparation for the histological examination of

electrode tracts.

After about 5 weeks fixation in 10pi formol saline, the tissue was

removed and mounted in gelatine on a freezing microtome. The

gelatine and tissue were frozen by passing a stream of 00^ tiirough a
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chamber surrounding the tissue chuck of the microtome. 40 ja.

transverse sections were cut and mounted on gelatine coated slides.

These were then air cried and placed over formaldehyde vapour in a

desiccator for 24 hours.

The sections were stained by the Thionin blue method for issl

substance as follows

The sections were placed in 1.0/ acid alcohol (25C ml methanol +

5 drops conc. KCl) for 5 minutes, followed by a thorough rinse in dis¬

tilled water. 'The sections v»ere then stained in 0,02)" Thionin

solution for 30 minutes at 50°C. After staining., the sections

were washed in distilled water and 70% ethanol before being differen¬

tiated in a solution containing 5 aniline in absolute alcohol. The

sections were then washed in a methanol/xylol mixture (&6;/35;o by

volume) and further difierentiated in a solution containing 15 parts

aniline, 5 parts cajeput oil and 80 parts 70/ ethanol. i ections

were then washed in 95; etbanol and xylol/methanol mixture 55/

by volume) before being dehydrated in absolute ethanol. The sections

were then cleared in xylol and mounted in Depex.

In sections cut and. stained in this Manner, the nucleus raphe

medianus is clearly visible as a well defined group of cells occupying

a position in the midline of the section. The electrode track is

visible as a small lesion (Fig, S p.59). 'The position cf the elec¬

trode in relation to the nucleus raphe mecianus can be clearly aseer-

tained by examination of the midbrain sections "under a low power

•microscope.

(ix) ru:..£-.ry; cf the techniques used in the sti. ni-.tion study.

As a result of the controlled investigations outlined in sections

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



PIG 8.

IiI..TCLOGICAL LOCATION OF ELECTRODE PLkCKiENT.

The figure shows two photographs of sections 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 positioned 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.

Animals were anaesthetised with 1.0," haloth&ne in oxygen and a

cannula was implanted into the trachea. A stainless steel bipolar

electrode (SCO jx diameter, tip separation 1 sun.) was sterootaxically
positioned in the nucleus raphe medianus according to the following

co-ordinates, lateral 0, anterio-posterlor ■* 0.4- an.;., vertical -2.6 ima.

(Konig and Klippel 1965) vising a lavid ICcpf Ko 200 stereotaxic frame.

Following electrode implantation, body temperature v.as maintained at

57°S by immersing the animal in a water bath. half of tiie animals

in each group were stimulated by monopolar pulses of 2 msec duration,

10 lis, - 5 V, producing a stimulation current of about 100 jik delivered
free. a Grass CD 5 stimulator. The other half of the group regained

£.£ unstimulated controls. : timulation was applied for 50 minutes.

At the end of this period, all animals were killed by decapitation and

each forcbrain was removed by precollicular section, rapidly frozen,

then weighed. "ai.ples were stored overnight at -20°C and 5-1 IT and

5-HIAA estimations carried out trie following day.

The histological location of electrode placements was Identified

in all animals receiving stimulation. Whenever an electrode was

observed to be outside the nucleus raphe, that result and its pair

were rejected.

(x) Tryptophan.

Ir-tryptophan was obtained from British "rug Houses Ltd.

(a) .Method of administration.

Being a very insoluble amino acid, L-tryptophan was administered

as a 10 mg/ml suspension in saline containing 0.1 ml/20 ad

polyoxyethylene sorbitan mono oleate (Tween 80) as an emulsifying

agent. Control animals were given saline containing the same con-



centra.tlon of Tween 00.

(b) nasi.a exo-v.riicennal design.

In these studies the ani :als were not anaesthetised. Following

edcAnislration of L-tryptophan by intraperitoneal injection, the animals

were maintained for the relevant period of time in a quiet environment

before being sacrificed by cervical dislocation. The forebrain wan

reruoved by pracollicular section, frozen on solid COg, weighed arid
stored at -20°C for- estimation of 5-HE ana 5-iUAA as described previous-

ly. Fail's of animals receiving and not receiving It-tryptophan were

sacrificed at the same time and differences in arain concentrations of

5-HF and 5-HIAA analysed by a paired comparison of the differences be¬

tween treatments.

(c) "easurematxt of tiyptophan in brain and nlasma.

(i) Extraction of tryptophan from brain tissue

ats were sacrificed by cervical dislocation and decapitation.

Flood was collected free; the neck into glass tubes. containing 500 I.U.

sodium heparin. i'hc brain was rapidly excised and the forebrain was

removed by precollieular section ant- weighed.

Tryptopiian ms extracted from the forebrain by a modified method

of Aabcroft efc. ul. (1965). The tissue was homogenised in & 1.0

volume of 40/ v/v acetic acid using an ail glass homogeniser* A

further 1.0 volume of 20,0 v/v acetic acid wao added to the hemogenate,

and the tissue was re-homogenised. Ihe housogenate was then diluted

1:10 with distilled water. 1.0 ml of 50;'. w/v trichloracetic acid

(TCA) was added to 5.0 nil samples cf diluted horuogenate, and the pre¬

cipitated proteins removed by centrifuge.tier, at 2,500 x g. 5.0 ml of

supernatant were reenved for the fluorcmetric determination of trypto¬

phan (see later).
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(ii) Extraction of tryptophan from plasma :-

I'cUenamy and co-workers investigated the distribution of trypto¬

phan in human plasma and found that normally about 80/ of the L- tryp¬

tophan is not dialysable but is bound to serum albumen in a specific

manner (McMenamy and Oncley 1958) . The proportion of dialysable

tryptophan in plasma can be reliably estimated in the plasna ultrafil-

trate (Mcjlenamy et. al. 1961). ince that proportion of plasma

tryptophan available for 5-T:IT synthesis in the brain must be in the

free form, the concentration of tryptophan in both whole plasma and

ultraf.iltrate was iiieasured.

Blood samples were treated an described by oir (1971). Blood

as centrifuged at 2,500 x g. for 6 minutes. 0.1 ml. of plasma was

diluted 1:50 with distilled water and the proteins were precipitated

by the addition of 1,0 ml of 50/ w/v TOA. Precipitated proteins

were removed by ceritrifugation at 2,500 x g. for 7 minutes, and 5.0 ml.

of supernatant was removed for tryptophan determination.

The plasma ultrafiltrate was prepared accordir^ to the method of

...cilenamy et. al. (1961) as modified by . oir (1971) . l ine inch

lengths of Visking dialysis tubing 8/52 (fcientifio 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 PIPE 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

FIT'S 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 tissue. The

tubes were centrifuged at 5,000 g. for 60 minutes at 57°G, after which
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, ce text for details.
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method used in the preparation of

the plasma u lt r a f ilt r at e
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time the clear ultrafiltrate was visible in the tip of the centri¬

fuge tube. 0.1 ml. of uitrinitrate was diluted 1x40 with distilled

water and 5.0 mis were removed for tryptophan determination,

(ill) Fluorometric estimation of tryptoplian in brain mid plasma

extracts :-

The concentration of b-tryptophan in brain, and plasuia extracts

»vaa measured by the fluorcmetric susthod of Muss and Udeni'riend (1959).

I. tandord solutions against which tiie L-txyptopIian concentrations

v.cre estimated were prepared by addix^ known concentrations of L-

tryptoplian to brain hoiiogenates, plasma and plasma ultrafiltr&tes.

These were then carried through the assay procedure with each butch of

samples. The fluorescence due to tryptophan „as calculated by de¬

ducting the fluorescence of the blanks (no tryptophan added) from tiiat

obtained in the paired samples containing added I/-tryptophan. The

tryptoplian concentrations of the standards vised were for brain 1.0

ni.mol/nl. diluted hoiaogenate, for plasma 60 n.inol/ml. undiluted plasma,

and for the ultrafiltrate 500 p.mol/iiil. undiluted ultrafiltrate.

The percentage recovery fro. the extraction procedures was calculated

by comparing the fluorescence of L-tryptophan added to the tissue samples

with that obtained from external standards containing equivalent concen¬

trations of L-tryptophan in distilled water. The tryptophan concen¬

tration of the tissues was then corrected according to the % recovery.

The mean percentage recoveries over all estimations carried out

were for brain - 75.6-2,5, plasma - 76.5-6.4, and far ultra filtrate -

84.9-8.1.

The 5.0 si. samples of the final extracts and standards were

added to 0.1 ml. of 20' v/v for. .aldehyde solution and placed in a

boiling water bath for 20 minutes. The tubes were then removed from
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the water bath and 0.1 nil. of 5% aqueous £L0,, added. The samples
& C»

were replaced in the boiling water bath for a further 20 minutes after

which time they were removed and allowed to cool to roan temperature.

The fluorescence intensity of the saaples ms measured at S65 ran.

(excitation) and 440 ran. (emission).

(xi) Drugs.

(a) Chlorimipramine:-

Chlorindprarrdne (Geigy) was prepared as a 5 ng/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

(0.151!) LiCl was administered by the intraperitoneal route in doses of

1.5 mPc/Kg/day for 5 days, or 0.75 mOq/Kg/day for 10 days.

(xii) Dstimation of Lithium ooncentrations in brain and olasrna.

The conc> ntration of Li1 in brain and plasma following the i.p.

administration of 0.15M LiCl in doses of 1.5 mKq/Kg/day for 5 days or

0.75 mEq/Kg/day for 10 days was estimated according to the method of

Schou (1958).

Animals pi*etreated with LiCl as described above were killed by

cervical dislocation and decapitation. Blood samnles were collected

from the neck as described previously and the brain was removed. Pore-

brains were removed by precollieular section, weighed and placed in cen¬

trifuge tubes. An equal volume of concentrated HN0~ was added, and
o

the tubes were placed in a boiling water bath for 60 minutes. The tubes

were then renoved from the water bath and allowed to cool to roar, temper¬

ature, whereupon the contents of the tubes were thoroughly mixed with 5

volumes of 10"' v/v iscpropanol in distilled water. The tubes were

ccntrifuged at 1,500 x g. and the supernatant removed for estimation.
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Blocd sampler, were centrifuged at 1,500 x g. far 15 minutes. The

plasma was removed, diluted 1:2 with 10 v/v isopropanol, and receritri-

fuged at 1,500 g. for 50 minutes. The supernatant was rmoved far

estimation.

Lithium concentrations were measured by flame emission spectropho¬

tometry using an EEL 240 lark II Atomic Absorption Spectrophotometer.

Emission was recorded at a wavelength of Q70.5 mi using a 10.0 flame and

slit width no. 4. Standard Li" samples were made up in mock plasma or

brain extracts. The ionic composition of the solutions was for brain,
. ft . O ,

Ka 50 mEq/l, K 100 m3q/l, Ca r5 mSq/l, and Mg 8 mEq/l; and for plasma

Ka4152 m.Eq/1, K+5 rnEq/l, Ca^+5 mEq/l, and Mg^*5 mEq/l. The mock solutions

were diluted with distilled water according to the dilutions of the brain

and plasma extracts, and standard Id4 added to produce final concentra¬

tions of 0.02 - 0.10 mEq/l. The Li+ standard was prepared by dissolving

dried Li^CO^ in IK HC1 and diluted to volume with distilled water (Little
et. al. 1968). The Li4 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

L±+ at 670.5 ran, two studies were undertaken. The first study investiga¬

ted the efi'ect of cations in general on the luminance recorded from stan-

dard Li solutions at the parameters outlined previously, s tandard Li
solutions containing 0.2 - 0.8 mEq/l were made up in distilled water,

mock plasma extract, and rock brain extract. The luminance recorded for

each concentration of Id4 in the three fluids is presented in table 7

p.67. It can be seen from the table that the major physiologic cations

Ka , K , Ca , and Llg ' in the concentrations likely to be present in the

brain and plasma extracts had little effect upon lundnance recorded from

Li * standards made up in glass-distilled water.

Ansdisen (1971) pointed out that the background emission from Ka4
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Table 7.

The luminance recorded for standard Id solutions aade up in

glass distilled water, mock brain extract (iia+ 60 mEq/l, K 100

mEq/l, Ca 6 mEq/l, Jig 8 mEq/l, and mock plasma extract

(Na+ 152 mEq/l, K+ 5 mEq/l, Oa*"" 5 mEc/l, mSq/l). The

results are expressed as the mean - S.E.M. of 5 estimations.

Li4 concentration Luminance (arbitrary units)

(mEq/l) Dist H^O keck brain Mock plasma
extract extract

0.02 11.5^0.3 12,1-^0.1 11.7-0,2

0.04 22.4-0.5 22.1-0.5 22.7^0.5

0.06 52.7-0.8 33.1^0.6 53.6^0.6

0.08 43.8-1.0 44.1-0.8 44.1-0.7



-68-

and K+ are of very minor importance when recording Li+ emission at

671 nm. However, it was pointed out that unless very snail slit

widths are used, trie background emission for Ca^ can be considerable,

and could lead to erroneously high Li+ estimations. In order to

evaluate the interference from Ca + more directly, the effect of adding
2^,

high concentrations of Ca to standard Li solutions made up in dis¬

tilled water was investigated. The emission recorded from standard

Li 5 solutions (0.1 iaSq/l) at the parameters outlined previously was

compared with that recorded for Li * solutions containing 118.5 or

237 n£q Ca"Vl» The result of the study is shown in table 8 p.69.
c; ^

It can be seen that the addition of Ga'J"" to LA1 standards had no signi¬

ficant effect on the emission recorded at the Id wavelength (670.5 nm).
2-s-

Only at the higher Ca*" concentration (237 m.q/l) was the emission

elevated, ana that not significantly.

It was concluded from the two studies, that the interference from
_• "4*

the ma jor physiologic cations Ca ', g' , K, and La in the estination

of Li by flame emission spectrophotometry using the techniques outlined

previously was insignificant. The effect of the major interfering
2-*-

cation Ca" ' was only just evident at concentrations vastly in excess of

that expected in brain or plasma. Thus it can be assumed that the
/

technique used in these studies for tne estimation of Li' was perfectly

valid and produced accurate measurements of the cation in the tissues

studied.

(xiii) . tudies using radioactive 5-HT.

The last part of the results section describes some preliminary
+ 14

studies into the effect of Li on the uptake arid retention of C-5MT

by a crude preparation of isolated nerve endings ^synaptosomal) . The

techniques employed in the study are discussed below.
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Tftblc 8.

2 + +
The effect of Ca on II emission recorded at 670.5 rr . using

a 10 cm. flame and no. 4 p.lit vridtfc. Pntission is expressed as the
2"h

percent luminance recorded with or without added Ca ~. Pes i its are

expressed as the mean - P.3.*.!. of four pairs and analysed by the

paired t test.

Concentration Luminance (arbitrary xmits)

of Caadded Li+ (0.1 a/Fq^l) Li'4 plus.
+ difference t P

alone. added Ga

118.5 mEq/1 60.08^1.96 60.15-1.53 0.07^0.15 0.49 I.S.

237.0 mEq/1 59.90^0.94 57.25-1.03 2.67-1.11 2.41 h.S.
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(1) ■reparation of the crude s^rnaptoaoxnal fraction.

Crude symptoscmal fractions were prepared according to the method

of Cray and V.hittaker (1982) . ..hole farebrains were homogenised in

10 volumes of ice cold 0.52M sucrose using a teflon pestle and glass

tube. The clearance between pestle and tube was 0.50 mm. The

hcmogenate wan centrifuges' at 1,000 x g. for 10 minutes at 4 C. The

pellet containing nuclei and large cell debris me discarded, and the

supernatant was further centrifuged at 17,000 x g. fcr 50 minutes.

The resulting supernatant containin mostly microsomes was discarded,

and the pellet containin synaptoeones, myelin fragments and mito¬

chondria was resuspended. in 28 ml. of ice cold Krebs solution contain¬

ing 2g/l glucose. This suspension constituted the crude synaptosomal

suspension used in all incubation studies.

(2) Incubation procedures.

Two types of experiment were conducted. The first investigated

the accumulation of b-HT by the crude synaptosomal fraction, and the

second examined the retention of the accumulated 5-ET at 37°C.

(i) Accam.ulat.ion study.

5.0 ml sa-'.iples of the synaptosomal suspension were placed in incu¬

bation flasks containing the necessary volume of Krebs solution to bring
14

the final volume to 6.0 mis. on addition of C-5HT. This procedure

brought the final volume of synaptosomes to the order of 1 mg protein/ml

of suspension. The flasks were placed in a water bath and preincuba-
„ A A

ted for 10 minutes at 57 0. The C-5HT 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°0. The supernatant was

discarded and trie pellet washed by resuspending in 5.0 mis of ice cold
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Krebs solution. The resuspended pellet was then further centrifuged

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 H PGA. The

suspension in PCA was then centrifuged at 10,000 x g. for 5 minutes at

4CC and 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. (1952) (see later).

(ii) Retention study.

The initial procedures of the retention study were identical to

those used in the accumulation study outlined above. Following
1A Q

incubation with C-5HT for 10 minutes at 57 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 synaptosomal

pellet washed in 5.0 ml of ice cold Krebs as described above. The

washed pellet was resuspended in G.O ml of ice cold Krebs solution and

re-incubated for 0-50 minutes. The flasks 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 PGA. extract

was removed for counting while the precipitated protein was stored for

estimation by the modified Lowry method.

The specific activity of the 5-HT used in the studies involving

incubation with low concentrations of 5-HT (0.1 was 19.5 m 01/

m.mole, and far those involving incubation at the high concentration
14

of 5-HT (1.0 jL&i) it was 9.65 m.Ci/151*130!®* C-5HT creatinine sul¬

phate was obtained from the Radiochemical Centre iimersliam.

(5) Measurement of 5-HT 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 synaptosome in its
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original form, and how much is metabolised. In the absence of the
14

availability of C-5HIAA from cotunercial scources, the concentration

of labelled metabolites of 5-HT was calculated by measuring the total

radioactivity of the PCA extract and deducting from it the radio¬

activity of authentic 5-HT separated by ion exchange chromatography.

(i) Total radioactivity:-

0.1 nil of the PCA extract was added to 10 ml of scintillation

fluid (see later) and counted in a Packard Tricarb 526 liquid Scin¬

tillation Counter. Blank samples containing 0.1 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

acetate buffer pH 7.5. The pH of the sample was adjusted to 7.5

with K0H, and the precipitated KCIO^ was removed by centrifugation.
The sample was then passed over a 5.x 50 rem. column of Aaiberlite CG 50

(100 - 200 mesh NH* form) , and the effluent discarded. The columns

were washed with 5.0 ml 0.02 M ammonium acetate buffer, followed by

3.0 ml of 0.1 N HgSO^. The washings were discarded and the 5-HT
eluted in 4.0 ml of 1.0 N H^SO^. 1.0 ml samples of the elutant were
added to 10.0 mis of scintillation fluid (see below) and counted, in the

Packard Tricarb 526 Liquid Scintillation Counter. 1.0 ml samples of
14

60 nM C-5HT 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 column elutant in 10.0 ml of scintillation flpid were used for

counting background activity.

(4) Quench Correction.

Sample quenching was monitored by the channels ratio method.
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14
Standard samples of C-Toluene were quenched by the addition of

varying amounts of carbon tetraci-loride. The resulting plots of

percentage efficiency versus channel ratio were used to calculate the

efficiency of the counting of each sample. Sample counts were then

corrected according to the recorded efficiency.

(5) Scintillation Fluid.

The scintillation fluid used in the studies was composed of 5,2 g.

2,5 - Diphenyloxasole (EPO) and 80 mg. 1,4 Bis - (,5-pheryloxazol - 2 -

yl) benzene (POPQP) dissolved in 400 nil Triton X-100 and 800 ml toluene.

(6) rotein "Kstioation.

The precipitated protein was redissolved in 5.0 ml of 2 N KaOH.

This was then diluted 1:4 and 0.4 ml samples taken for estimation.accor¬

ding to the method of Lowry et. al. (1952). tandard samples con¬

taining 50, 100 and 200 jag bovine serum albumin in 0,4 ml of distilled
water were prepared. 1,0 ml of 0.4 K PCA was added to each tube and

the denatured protein was precipitated by centrifugation. The super¬

natant was removed and the precipitated protein was redissolved in 0,2

ml of IK KaOK. 0.2 ml of distilled water was then added to each tube

to raise the volume to 0.4 ml and reduce the KaOIi concentration to 0.5 K.

Blank samples contained 0.2 ml of 1.0 K KaOH and 0.2 xul of distilled

water.

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

0.5/0 Cuf045K20 in 1.0 sodium citrate to 50 nil of 2.OK' KavC0^. 2.0
ml of solution D were then added to each of the blanks, standards and

samples. Ten minutes later, 0.2 ml of Folins rea ent were added to

each tube and the colour was allowed to develop for 50 minutes. The

absorbance at 750 ran. was recorded in a lye Unlearn SP 800 spectronfifeto-
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meter, and the protein concentration was determined from the standard

curves by linear regression.
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Kxperiment 1

The effect of electrical stimulation of the nucleus raphe medianus

on the forebrain concentration of 5-IIT and 5-HIAA.

(i) Aim.

The aim of this experiment was to examine the changes in the con¬

centration of 5-HT and 5-HIM following electrical stisrulation 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 .Vistar rats weighing between 150 and 200 g. All animals were

anaesthetised, and all had electrodes implanted into the nucleus raphe

medianus. body temperature was maintained around 57°C using the

water bath technique.

Fourteen of the animals received raphe stimulation, while the others

remained as unstimulated controls. Following stimulation, the animals

were killed by decapitation and the forebrains were removed, rapidly

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

v/as carried out the next day. Bistolo- ie&l examination of the midbrain

revealed misplaced electrodes (see legend Fig. 8) in 5 aniuals receiving

stimulation. These were rejected and the paired t test was applied

to data derived from 11 pairs of animals only,

(iii) Results.

The results of the study are shown in taule 9 p. 76. It can be

seen that electrical stimulation of the nucleus raphe medianus signifi¬

cantly elevated the forebrain concentration of 5- IAA (P-^.0.001) , and did

not affect significantly the 5-HT concentration.
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Table 9.

The effect of electrical stimulation of nucleus ranhe medianus

(2 msec, duration, 10:js, 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 - S.E.LI, of 11 matched pairs, and analysed

by the paired t test.

Control Stimulated Stimulated minus P
Control.

5-HT (ng/g) 479-58 426-50 -55-74 N.S.

5-HIAA (ng/g) 528-16 447-25 +119-17 P-<0.001
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T'xpcriment II

The effect of electrical stimulation of midbrain regions outside

the nucleus raphe raedianus on the forebrain concentration of 5-HT and

5-iilAA.

(i) Alia.

It was mentioned in the previous section that whenever a stiroula-

ting electrode was identified to be outside the nucleus raohe niedianus,

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 raedianus. The

data derived froa 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 5-HIAA.

(ii) Flan of experiment.

Only animals which had received no other treatment than electrical

stimulation were used in this evaluation. Because of the diversity

of accidental misplacements, ouly those animals in which the electrode

was seen to be of the order of 0.5 mm. outside the anatomical borders

of the nucleus raphe medi&nus were included. Data derived from S

pairs of animals in each group were analysed. Of the 9 misplaced

electrodes, 5 were misplaced laterally, 3 dorsally, and 1 dorso-laterally.

The effect of stimulation on forebrain 5-hydroxyindole concentrations in

each group was analysed by a paired t test applied to the difference be¬

tween stimulated and non-stimulated pairs of animals. The differ¬

ence between stimulation of raphe and Eton-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 Section (a) .

(iii) Results.

The results of this study are shown in table 10 p.79. It can be

seen that stimulation applied to either the raphe or the nor>-raphe regions

of the midbrain produced no significant effects on the forebrain concen¬

tration of 5-HT. On the other hand, stimulation applied to both

sites significantly elevated the forebrain concentration of 5-HIAA.

The elevation of 5-'?IAA induced by stimulation of non-raphe regions was,

however, significantly (0.01 > P> 0.001) lower than that induced by stim¬

ulation of the nucleus raphe mediums.

experiment III

ttW effect ot:,c.hlprijaij>ra::ape on ..changes in .f^bryu,.,.-hydrpjy.

Indoles induced by electrical stimulation of the nucleus raphe medianus

or by the administration of I-tryptophan.

This experiment was undertaken to attempt to ascertain what propor¬

tion of the 5-IIIAA produced by ra-ihe stimulation arose as a consequence

of the deacdnation of extraneuronally released 5-HT, and how much may

be derived from the direct intraneuronal deainination of 5-HT.

The experiment consisted of two studies. The first examined the

effect of the uptake inhibitor chlorimiprauiine on the chan, es in fore¬

brain 5-hydroxylndoles induced by raphe sti .ulation j an the second

examined the effect of chlorimipramine? on the changes in forebrain

5-bydroxyindoles induced by a high dcse of L-tryptophan. The effect

of chlcrlmipramine on the resting levels of 5-hydroxyiru2oles was also

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

(a) The effect of chlorimiorandne on the resting levels of 5-ilT and

5-flIAA in the rat forebrain.
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Table 10.

A comparison of the effects of electrical stimulation (2 msec,

duration, 10 Ha, 4-5Y. for 50 minutes) of raphe and non*raphe regions

of the rat midbrain upon the forebrain concentrations of 5-rJT and 5-HIAA

(ng/g. wet weight). Results are expressed as the mean S.E.E. of 9

pairs of animals. Analysis is by the paired t test.

Kite of
stimulation

,aphe

lion-raphe

Difference
between
sites.

5-HT concentration (ng/g wet weight)

Control. : timulated.

451-62

455-58

-16^74

456-58

457-46

+1-55

Stimulated
minus control.

+5^72

-17-79

U.S.

E.S.

K. S. U.S. K.S.

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

Kite of
stimulation

Raphe

Nor>-raphe

Difference
between sites.

P K.S.

Control. timulated.

526-22

349-28

i;5-27

488-27

428-28

60-51

K.S.

£timulated
minus control.

+162-25

+79-27

—85—24

0.01 >P >0.001

P ^0.001

0.05 >P> 0.02

i.
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(i) Plan of experiment.

The effect of chloririipramine on the resting; levels of 5-LT and

5-KIAA was determined from animals used in studies (b) and (c) (outlined

below) which received either an injection of chlorimipraridne, or an

injection of saline, but which did not receive tryptophan or electrical

stimulation. The effect of c1 loricdpraaiine was analysed by a paired

comparison of the differences between the two treatments (see Appendix

I section b and c) *

It should be noted that study (b) was conducted on anaesthetised

animals whereas study (c) used unan&esthetised animals. The effect

of chloriipramine on the resting levels of 5-HT and 5-lHAA have there¬

fore been assessed separately in both anaesthetised and unanaesthetised

animals.

(ii) Results.

The results of the study are shown in table 11 p.81. It can be

seen that chloriipramine had no significant efrects on the forebrain

concentration of 5-HT in either the anaesthetised or unanaesthetised

animals. The forebrain concentration of 5-iiIAA was, however,

significantly reduced by chloriEdpramine treatment in the unai aesthetised

animals (0.05 >P>0.02) , ut not in those anaesthetised with nalotisane.

Co) The effect of chlorimjpramine on charges in forebrain d-hydroxv-

indoles induce*, by electrical stimulation of the nucleus raphe medianus.

(i) '-lan of experiment.

The experiment was conducted upon 78 male Albino .Yistar 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

(i.p.) injection of chlorimiparemdne (5u®/Kg) , while those in the control

group received an equivalent volume of saline. Three hours after re-
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Tahle 11.

The effect of chloriadprarrAne alone or. the concentration of 5-BT

and 5-HXAA (ng/g wet weight) in the rat forebr&in 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 is by the paired t test.

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

Control. Chlorimipramine. Chloriraipramine P
minus control.

Unanaesthetised 556^59 557^49 +21-^44 N.S.
(n a 15 pairs).

Anaesthetised 571-51 511-56 -60-51 N.S.
(n * 14 pairs).

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

Control. Chlcrimiprai-ine. Chlorimipraiaine P
minus control.

Unanaesthetised 266-14 227-12 -59-17 0.05>P>0.02
(n = 13 pairs) .

Anaesthetised 522-19 505-18 -19-19 N.S,
(n a 14 pairs) .
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ceiving the injection of chlorii iprandne or saline, each animal was

anaesthetised and electrodes were implanted as described previously,

i all' 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 chlcrirrdprairdne). 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 chlorlmlpramine on stimulus induced changes in fore-

brain 5-hycroxyindoles was analysed by a paired t test between adjacent

pairs (stimulated and non-stimulated) of animals receiving and not re¬

ceiving chloriminraudne (see Appendix I section b) .

histological examination of the midbrain revealed misplaced elec¬

trodes in 5 animals receivin. stimulation. These were rejected and

the t test was applied to data derived from 14 pairs of animals,

(li) Resialts.

The effect of raphe stimulation on the forebrain concentration of

5-HT and 5-IiIAA in saline control animals and animals treated with chlor-

imipramine (5oag/Kg) is shown in table 12 p. 85, It can be seen that,

raphe stimulation in saline treated animals induced a small fall in 5-HT

concentration and a significant increase in 5-MIM concentration (P-^O.OOl).

In chlorimipjamine treated animals stisiulation again si nificantly

increased the 5-HIAA concentration (0.01>?>Q.0G1) and increased slightly

the 5-HT concentration. The differences between the effects of stim¬

ulation on groups treated and not treated with clilori. dpramine are shewn

in table 15 p. 84. It can be seen that the elevation of 5-HT by

stimulation in the chlorlmipramine treated ani als was si nificantly

different from the reduction of 5-HT by stimulation in the saline treated



-83-

Table 12.

The effect of raphe stimulation on the 5-HT and 5-HIAA concen¬

tration (ng/g. wet weight) in rat forobrain in control animals and in

animals treated with chlorimipramine (3 mg/Kg). Results arc ex¬

pressed as the mean S.E.M. of 1<* matched pairs. Analysis is by

the paired t test.

5-HT (ng/g)

Control

Chlorimipra¬
mine

Unstimulated. Stimulated. Stimulated
minus
unstimulated.

571-31

511-36

52^39

552-3^

-<*7-35

■iM-23

N.S.

N.S.

5-HIAA (ng/g)

Control 322-19

Chlorimipra- 303-18
mine

<*69-33

3<*1-21

+1<*7-21

+39-12

P<0.001

0.01>P>0.001
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iaole 15.

The effect of ohlori;aipramlne (5 mg/ilg i.p.) on stimulus-induced

changes in forebrain 5-HT and 5-IiIAA coxxeentrations (ng/g» wet weight)

Results are expressed as the mean - S.JE. of 14 matched pairs and

analysed by the paired t teat.

Control. Chloriiiiipra- Chlorimipra- P
..dne mine minus

control.

Change in 5-HT -47-55 i, ^ +88-26 0.01>P>0,001
concentration
(ng/g)

Change in 5-HIAA +147-21 +59-12 -108-26 0.01>P>0.001
concentration
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arirjalc. (0.01>P>0.001). The elevation of 5-HXAA by stimulation

was significantly less in the chlorindpra:.±ne treated animals

(0.01>P/0.001). It can also be seer, that chloriiaipramine reduced

the concentration of 5-KIAA in the stimulated brain and conespcndingly

increase the concentration cf 5-H2.

(c) The effect of cifLorlmipranine in L-tryptophan induced charges

in forebrain 5-hvdrcxvindoles.

(i) Plan of experiment.

the experiment was conducted upon 5a male Albino ..istar rats

weighing between 150 and 250 g. The animals were divided into two

groups of 26 animals. All aniuals in one group received an i.p.

injection of chlorimipra Ine (5 vag/\g) 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 Lr-tryptophan

(100 Big/Kg) , while the others received an equivalent volume of saline.

One hour later (4 hours after the initial injection of ohlorimipraraine),

all animals were sacrificed and the forebrain removed for 5-hydroxyindole

estimations* The effect of L-tryptophan on forebrain concentrations

of 5-hydroxyindoles was analysed by a paired t test between animals

receiving and not receiving L-tryptopiian, The effect of ohlorimipra-

mine on L-tryptophan-induced changes in forebrain 5-hydroxyindolcs was

analysed by a paired t test applied between adjacent pairs (tryptophan

and control) of animals receiving and not receiving eiTLorimipraiaine (see

Appendix I section c).

(ii) Results.

Table 14 p.30 shows tne change in farebrain levels of 5-1IT and 5-HIM

one hour after the i.p. injection of i.-tryptophan. L~tryptophan in¬

duced significant elevations of forebrain 5-HT and 5-KIM in both the



Table 14.

The effect of L-tryptophan on the 5-HT and 5-HIAA concentrations

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

with chloriaiipraadne (5n\g/Kg i.p.). Results are expressed as the

mean 8. E. .A. of 15 matched pairs and analysed by the paired t test.

5-HT (ng/g)

Control

Chlorimipra-
mine

Saline. Tryptophan, Tryptophan P
minus
saline.

556-39 821-74

557-47 855-65

285^7^

298^60

0.01>P>0.001

P^O.OOl

5-HIAA (ng/g)

Control 266-14

Chloriirdpra- 227-12
mine

475^51

531-17

209-26

304-16

P<0.001

P<0.001
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chlorimipramine and saline oretreated animals. A comparison of the

effects of tryptophan between animals treated and not treated with

chlorimiprainine (table 15 p.88) dmonstraterf that chloiiridpramine did

not have significant effects upon the elevation of 5-HX by L-tryptophan,

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

experiment IV

The effect of 10 day lithium pretreatment (0.75 m a^Ky/day) on

cliawes in i'orebrain 5-hvdroxvindoles induced by raphe stimulation or

!r-tryptophan administration.

This experiment applied the techniques developed in experiment III

to a study of tne effect of chronic Li* pretreatment on the release of

5-HT in vivo. As in experiment III, two studies were conducted.

The first examined the efi'ect of Li pretreatfcient on changes in fore-

brain b-hydroxyindoles induced by the administration of L-tryptophan,

and the second examined the effect of ni on changes in fcsrebrain 5-

hydroxyindoles indvioed by raphe stimulation. The effect of Li* on

resting levels of b-bydroxyindoles was also determine- from data obtained

in the course of the above studies.

(a) The efi'ect of 10 day Li* pretreatment on the resting, levels of

b-Iif and 5-nIAA in the rat forebrain.

(i) Plan of experiment.

The effect of Li"1 on the resting levels of 5-KT and 5-HXAA waa

determined ficsn animals used in studies (b) and ^c) (outlined below)

wiiich received eitrier 10 days treatment with Li* ^6.75 rabq/Kg/day) or

10 days treatment with saline but which did not receive tryptophan or

raphe stimulation. The effect of Li ' was analysed by a paired ccaii¬

parison of the differences between the two treatments (see Appendix I
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Table 15.

The effect of chlorimipramlnc (5 rag/Kg i.p.) on tryptqph&n-

induced changes in foiebrain 5-HT and 5-IHAA concentrations

Cng/g wet weight). Results are expressed as the raean - S* «&•

of 15 matched pairs a»3 analysed by the paired t test#

Change in 5-IIT concentration (ng/g)

Control.

285-72

Chlorii ;dpraonine.

293^68

Chlorirnipraiuine
minus control,

+15-89 N.S,

Change in 5-iIIAA concentration (ng/g)

Control. Chlar iinipraml ne. Chlorimiprairane
minus control.

20^-23 504-16 +94-27 0.01>P>0.001

•*
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sections b and c). It should be noted that as in experiment III,

study (b) was conducted on unanaesthetised animals whereas study (c)

used anaesthetised animals. The effect of Id/ 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 Li+ pretreatsaent had no significant effects on the

resting 5-HT concentration in either anaesthetised or unanaesthetised

animals, but significantly elevated the 5-1IIAA concentration in both

groups.

(b) The effect of 10 day Li pretreatment on L-tryptophan induced

changes in forebrain d-hydroxyindoles.

(i) Plan of experiment.

The experiment was conducted upon 124 male Albino Wistar rats

weighing between 150 and 250 g. Animals were divided into two groups

of 62 animals. All animals in one group received an i.p. injection

of isotonic (0.15.i) LiCl 0.75 mSq/Kg day far 10 days, while the control

group received an equivalent volum of isotonic (0.15..) KaCl. On

the 11th day of treatment (24 hours after the last dose of Lib or saline) ,

-lalf 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. Pairs of animals (consisting of one animal .vhich had re¬

ceived tryptophan and one which had received saline) from both groups of

animals were then sacrificed 50 , 60 or 90 minutes after the L-tryptophan

or saline injection. The forebrains were removed far 5-hydroxyindole

estimation as described previously.

The effect of L~tryptophan on forebrain 5-hydroxyindole concentra-



Table 16.

The effect of 10 day Li"1 pretreataient on the resting concentration

of 5-HT and. 5-HIAA (ng/g wet weight) in the rat farebrain of unanaesthe-

tised animals. Results are expressed as the mean - S.E.I.:, of 51

natched pairs and analysed by the paired t test.

Control. Lithium. Lithium minus P
control.

5-KT (ng/g). 499-24 546^29 +47129 M.S.

SvHIAA (ng/g). 285-11 517-13 +32-8 P<0.001

Table 17.

The effect of 10 day Li* pretreatment on the resting concentration

of 5-HT and 5-IIIAA in the forebrain of anaesthetised animals.

Results are expressed as the mean - S.E.LL of 9 pairs of animals

and analysed by the paired t test.

Control. Lithium. Lithium minus P
control.

5-HT (ng/g) 614^67 562^42 -51-78 M.S.

5-HIAA (ng/g) 354-17 374^15 +40^10 0.01>P>0.001



tions, and the effect of Li+ upon the tryptophan-induced changes in

forebrain 5-hydroxyindole concentrations were analysed as described in

experiment III (c) and shown diagrammatically 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 (c)

p.92, 93 end It can be seen that the forebrain concentrations of

both 5-HT and 5-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 animals which had received no tryptophan

(table 18b p. 93) and (table 18c p. 9^)» The forebrain concentration

of 5-HIAA was significantly elevated by L-tryptophan treatment in both the

saline and Li pretreated animals (tables (a), (b) and (c) pages 92, 93

and From this data, a 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 Li* 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 (0.15M) LiCl.
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Table 18(a).

The forebrain concentrations of 5-HT and 5-iIIAA (ng/g wet weight)

measured 30 minutes after an i.p. injection of L-tryptophen (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)

Control.

Lithium.

Saline. Tryptophan.

492-31

506^57

637-48

647-74

Tryptophan
minus
saline.

+145^50

+142-52

0.05>P>0.02

0.05>P>0.02

5-HIAA (ng/g)

Saline. Tryptophan.

Control.

Lithium.

280-13

286-14

355^26

402-17

Tryptophan
minus
saline.

+75^19

+117^15

P.

0.01>I>0.001

P<0.001
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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 animals which had received 10 day Li+ pre-

treatment. Results are expressed as the mean - S.E.M. of 13 matched

pairs and analysed by the paired t test.

5-HT (ng/g)

Control.

Lithium.

Saline.

**95-^3

568^6

Tryptophan.

778-8**

700-62

Tryptophan
minus
saline.

+283^59

+132-71

P<0.001

N.S.

5-HIAA (ng/g)

Control.

Lithium.

Saline. Tryptophan.

287-25

336^29

488^51
616^41

Tryptophan
minus
saline.

+201-39

+280^23

P<0.001

P^O.001



-94-

Table 18(c).

The forebrain concentration of 5-HT and 5-IJIAA 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 Li+ pretreatment. Results

are expressed as the mean * S.E.M. of 10 matched pairs and analysed by

the paired t test.

Control.

Lithium.

Saline.

508-48

550^51

5-HT (ng/g)

Tryptophan.

711-53

622-76

Tryptophan
minus
saline.

+202-53

+72^80

0.01>P>0.001

N.S.

5-HIAA (ng/g)

Control.

Lithium.

Saline.

286^10

316-8

Tryptophan.

540-28

551-47

Tryptophan
minus
saline.

+254^30

+235-47

P<0.001

P<0.001
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Table 19.
+

The effect of 10 day Li pretreatment on L-tryptophan-induced

changes in forebrain 5-hydroxyindoles measured 50, 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. +145-50 +142^52 -3^77 N.S.

60 min. +283^59 +132-71 -151-64 0.05>P>0.02

90 min. +202^53 +72-80 -130^96 N.S.

Change in 5-HIAA concentration (ng/g)

Time after

L-tryptophan.

30 min.

60 min.

90 min.

Control. Lithium.

+75^19

+201^39

+117-15

+280-23

+254^30 +235-47

Lithium
minus
control.

+42-24

+79-35

-29-39

N.S.

0.05>P>0.02

N.S.
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ing this change is a significant increase in the elevation of 5-HIAA

in the Li ' pretreated animals (0.05>P>0.02) . Thus it has been demon¬

strated that Id' reduces the maximum elevation in forebrain 5- :T concen¬

tration that can be obtained following a single i.p. injection of L-

tryptophan (100 mg/Kg) , and increases the elevation of 5-HIAA measured

60 minutes after the injection.

(c) The effect of 10 dav Li"1 oretreatment on stimulation-induced

changes Ah forebrain 5-hydroxyindoles.

(i) 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

IAC1 (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. On each day of the experiment, 8 animals

were used, one pair from each sub-group. Three and a half hours

after the injection of chlorindpramine or saline, one ani al 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 tiie 50 minute period of stimulation or sham treatment (4

hours after chlorimipramine) . The forebrain of each animal was re¬

moved, frozen, and stored at -20°C for estimation of 5-IIT and 5-HIAA

carried out the next day.

The benefits of using a paired design for reducing the within day

variation in forebrain 5-hydroxyindole concentration are lessened some¬

what when conducting an experiment of conplex design such as this.
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However, because the day to day variation in 5-hydroxyindole concentra¬

tions are significant (table 6 p. 56), the paired analysis was applied

to this study. The effect of electrical stimulation 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 5-hydroxyindoles was analysed by

applying the paired t test to changes induced in pairs (stimulated and

control) of animals treated and not treated with Li*. Similarly,

the effect of chlorimiprairine on stimulus-induced changes in farebrain

5-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-KIAA in control animals and in animals which had received 10

day Li+ pretreatment is shown in table 20 p. 98. Raphe stimulation

had no significant effects on the forebrain concentration of 5-HT in

either group of animals. However, the concentration of 5-HIAA was

elevated by raphe stimulation in both the saline pretreated (P<0.001) ,

and Id/ pretreated animals (0.01>P>0.001). A comparison of the

effects of stimulation between animals treated and not treated with Li

is shown in table 21 p. 99. It can be seen that the changes in fore¬

brain 5-hydroxyindoles produced by raphe stimulation are not significant¬

ly affected by Id/ pretreatment.

Table 22 t>. 100, shows the effect of chlorimiprainine (5 mg/Kg i.p.)
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Table 20.

The effect of raphe stimulation on the 5-HT and 5-13TM

concentration (ug/g wet weight) in rat forebrain in control

animals and in animals which bad received 10 day Li4 pretreat¬

ment. Results are expressed as the mean - S.E.M. of 9

matched pairs and analysed by the paired t test.

Unstimulated. Stimulated. Stimulated P
minus un¬

stimulated.

5-KT Control. 614^67 658-53 +44-53 N.S.
(ng/g)

Lithium. 562^42 634^53 +71-50 N.S.

5-IiIAA Control. 534^17 427-16 +93-12 P^O.OOl
(ng/g)

Lithium. 374^13 472-14 +98-21 0.01>P>0.001
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Table 21.
■MMaMNM

The effect of 10 day Li' pretreatment on stimulus-induced changes

in forebrain 5-HT and 6-HIM concentration (ng/g wet weight).

Results are expressed as the mean - S.E.M. of 9 matched pairs and

analysed by the paired t test.

Control. Lithium. Lithium minus P
control.

Change in 5-HT con- +44^55 *71-50 +27-95 N.S.
centration (ng/g)

Change in 5-HIAA +95^12 +98-21 +5^17 N.S.
concentration

(ng/g)

\
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Table 22.

The effect of chlorimipramine (5 rag/Kg i.p.) on the stimulus-

induced changes in foreorain 5-hydroxyindoles in control animals and

in ardiaals which had received 10 day Li+ pretreatment. Results are

expressed as the mean - S.E.U. of 9 pairs of aninals, and analysed by

the paired t test.

Change in 5-HT concentration (ng/g)

Control.

Lithium.

Saline. ChlorL apramine. Chloriraipramine
nanus saline.

+44-55 +116-59

+71-50 -42-51

+72-99

-115-48

N.S.

0.05>P>0.02

Change in 5-IHAA concentration (ng'g)
Saline. Chioriinipramine. Chlarimipramine P

minus saline.

Control. +93-12 -16-15 -109-20 P^O.OOl

Lithium. +98^21 +78±14 -20^22 M.S.
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on the changes in forebrain 5-HT and 5-HIAA induced by raphe stimulation

in saline and Li pretreated aniuals. The change in 5-HT induced by

raphe stimulation in the saline pretreated animals is unaffected by

chloriiidpraniine treatment; however, chlcariruipramine significantly re¬

duced the concentration of 5-HT in the stimulated aninals which had

received Li pretreatment (0.05>i > 0.02) , The elevation of 5- IIAA

induced by raphe stimulation was significantly reduced by chlorimipra-

mine in the saline treated animals (P<0.001), but was unchanged in the

Li+ pretreated animals.

In summary, raphe stimulation had no significant effect on the

forebrain 5-RT concentration in either the saline or IiT pretreated

groups, however, the farebrain 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
k

#
chlorir-iipramine treatment in the saline pretreated animals, but not in

those receiving Li4. Chlorimipramine significantly reduced the
•f

farebrain 5-HT concentration following raphe stimulation in the Li

pretreated animals but had no effect in the saline pretreated group.
|

Experiment V

The effect of 5-day Li"1 pretreatment (1.5uiEq/Kn/dafr) on changes

in forebrain 5-hydroxyindole concentrationr, induced by ranhe stimula¬

tion or L-tryptophan administration.

This experiment was conducted to determine whether treatment with

Li4 (1.5 mEq/Kg/day) for 5 days exerted similar effects to those observed

following treatment with Li4 (0.75 mEq/Kg/day) f°r 10 days ^experiment

IV). A8 in the previous experiments, two studies were undertaken.

The first examined the effect of Li4 on changes in farebrain 5-hydroxy-

indoles induced by a dose of L-tryptophan, vthile the second examined
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the effect of Li4 on changes in forebrain 5-hydroxyindoles induced by

raphe stimulation. The effect of Li" on the resting levels of 5-

hydroxyindoles was also determined frcan data obtained in the course of

the above two studies.

(a) The effect of 5 day Id' oretreatment on the resting levels of 5-HT

and 5-hIAA in the rat farebrain.

(i) Flan of experiment.

The effect of Li' on the resting levels of 5-HT and 5-KIAA was

determined from animals used in studies (b) and (c) (outlined be lew)

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 Li 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 (o) used

anaesthetised animals. The effect of Li on the resting levels of

5-HT and 5-HXAA have therefore been assessed separately in both anaesthe¬

tised and unanaesthetised animals.

(ii) Results.

The results of this study are shown in table 25 p. 103. It 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 b-HIAA concentration was significantly increased

by Li" pretreatment in the unanaesthetised group (0.01>P>0,001) , but

not in the anaesthetised group.

(b) The effect of 5 day Li1 pretreatment on ^tryptophan-induced

changes in forebrain 5-hydroxyindoles.

(i) ELan of experiment.
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Table '^5.

ihe effect of 5 day Li pretreattaent alone on the for©brain

concentrations of 5-HT and 5-IiIAA. (ng/g wet weight) in anaesthetised

and unanaesthetised animals. Eesults are expressed as the mean

- S.E.k. of 19 (unanaesthetised) and 11 ^.anaesthetised) pairs of

animals. Statistical analysis is by the paired t test.

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

Control. lithium. Lithium minus P
control.

Unanaesthetised 545-53 547-59 +2-55 N.S.
(na 19 pairs).

Anaesthetised 432-56 403-55 -27^45 N.S.
(n= 11 pairs).

5-HIAA concentration (ng/g v/et weight).

Control. Lithium. Lithium minus P
control.

Unanaesthetised 286^12 527-22 +41-11 0.01>P>0.001
(iia 19 pairs).

Anaesthetised 298-17 324- 19 +26-14 N.S.
(n= 11 pairs).
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The experiment was conducted upon 76 male Albino Sistar rats

weighing between 150 arid 250 g. Animals were divided into two groups

of 58 animals. All animals in one group received an i.p. injection

of isotonic (0.1511) LiUl (1.5 luhq/Kg/day) for 5 days, wnile the control

group received an equivalent volume of isotonic (G.15.,.) LaCl. On the

6th day of treatment (24 hours after the last dose of Li4), half of the

animal a in each group received an injection of L-tryptophan (100 nig/Kg

i.p.) while tire others received an equivalent volume of saline. Pairs

of animals (tryptophan treatea an control) from both groves were then

sacrificed 50 or 60 minutes after the L-tryptophan or saline injection,

fhe forebrain was removed from each animal and the 5-Iiydroatyindole

concentrations measured as described previously. 'ihe effect of h~

tryptophan on forebrain 5-Iydroxyindole concentrations, and the effect
•f

of Id on the tryptoplian-in&uced changes in forebrain 5-hydroxyindole

coiicentrations was analysed as described, in experiment III(c) and shown

in Appendix I section c.

(ii) Lesults

The effect of L~tryptophan adminietration (100 mg/Kg i.p.) on tire

forebrain concentrations of 5-HT and 5-IIIAA measured 50 and CO udnutea

after the injection of tryptophan is shown in table 24 p. 105.

Table 24(a) p. 105, shows that the fcrebrain concentration ol' 5-HT

measured 50 udnutes after the injection of tryptophan was significantly

increased in tire Li' pretreated group only. however, L-tryptophan

treatment significantly elevated the 5-iiIAA concentration in ootn saline

and Li pretreated animals. Table 24(b) p. 106 shows that the fore-

brain concentrations of 5-UT and 5-HIAA were significantly elevated by

L-tryptophan treatment in both the saline and Id pretreated groups

when measured 60 minutes after' the injection. The comparison of the
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Table 24 {&) .

The f'crebrain concentration of 5-BI and 5-iiIAA (ng/g wet weight)

measured 50 minutes after an i.p, injection of Ir-tryptopiian (JUX) ifig/Kg)

in control animals and in animals which had received a day Li*
pretreatment. Results are expressed as the mean - S.E.iL. of 8

matched pairs and analysed by the paired t test.

Saline. Tryptophan. Tryptophan P
minus

5-H7 Control.

lithium.

565-64

584-60

670^95

734^61

saline.

+108^84

4150-52

K.S.

0.05>P>0.02

W;1AA Control. 255-7

lithium. 287-3

548^15

451-21

+95^15

+144-19

P<0.001

P<0.001
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Table 2Kb) .

The fcrebrain concentration of 5-HT and 5-HIAA. measured 00 ninutes

after an i.p. injection of tryptophan 1,100 mg/Kg) in contrcl animals

and in an inn 3 a vuhieh had received 5 day Li+ pretreatment. Results

are expressed as the mean - S.E.M. of 11 matched pairs and analysed

by the paired t test.

5-Hf Control,
(ng/g)

Lithium.

fa line. Tryptophan.

553-55 717-74

520-55 762-26

Tryptophan P
niinus
saline.

♦184^69

+242-59

0.05>P>0.02

P^O.OGl

5-HIAA Control. 309-15 541-17 +252-40 P< 0.001
(xig/g)

Lithium. 353-17 S55-53 +29S-2S P<0.001
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effects of L-tryptophan between animals treated and not treated with

Li+ (table 25 n.108^ demonstrated that the changes in ferebrain 5-MT

and 5-MIAA concentrations induced by L-tryptophan administration were

not significantly affected by 5 day Li* pretreatment.

(0) The effect of J5 .day Id4 nrctreatmcnt on stismilatipn-induced, chancres

in fotrebrain 5-hydroxyindoles.

(1) Plan of experiment.

The experiment was conducted on 56 male Albino 7-istar rats weigh¬

ing between 150 anrl 250 g. Animals were divided into two groups of

28 animals. One proun received Li+ pretrertraent (ad ini: tared as

described in experinsnt Vb) , while the other received an equivalent

volume of saline. On the 6th day of treatment (24 hours after the

last dose of Id.4) half of the animal3 in each croup received electrical

stimulation (at the parameters described previously) , while the other

half remained as paired unstimulated controls. Following the period

of sti-ulation or sham treatment, all eninals were sacrificed and each

forebre.in was removed and stored far the 5-hydjroxyindole estimations

v/hicii were carried out the next day.

The effect of Ii.' on stimulus-induced changes in forebrain 5-

hydroxyinclole concentrations was analysed by the paired t test applied

to changes observed in adjacent pairs (stimulated and control) of

animals receiving and not receiving Li* pr©treatment, (sec. Appendix

I section b).

(ii) Results.

The effect of ranhe stimulation on the forebrain concentrations of

5-IiT and 5-HIAA in control animals and in animals which had received 5

day Li 4 pretreatment is shown in table 26 p. 109, Raohe stimulation

had no significant effect on the 5-HT concentration in either the saline
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Table 25. "

The effect of 5 day Li+ pretreatment on L-tryptophan-induced

changes in forebrain S-hydroxyindoles measured 5C and SO ndnutes

after the injection of L-tryptcphan. Pesultn are expressed as

the mean - S.E.M. of P and 11 matched pairs respectively,

rtatistical analysis is by the paired t test.

Change in 5-HT concentration ^ng/g)

Time after Control. lithium. Tithiun rainus P

L-tryptophan. control.

SO min. +108-84 +150^52 +42-80 N.S.

60 min. +184-69 +242-59 +57-105 N.S.

Change in o-HIAA concentration ^ng/g)

Time after Control. Lithium. Lithium minus P
L-tryptophan. control.

50 min. +95-15 +144^19 >49-24 N. S.

60 min. -232^40 +299^26 +68^45 N.S.
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Table 26.

The effect of raphe stimulation on the 5-'!7 and 5-HIAA concen¬

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

had received 5 day Li+ pretreatment, Results are expressed as the

mean - S.E.M. of 11 matched nairs and analysed by the oaired t test.

5-HT
(ng/g)

Control.

Lithium.

Unstimulated. Stimulated.

452-56

405-55

444^28

406-56

Stimulated P
minus un¬

stimulated.

+12-144

+5^52

N.S,

N.S.

5-HIAA Control. 298-17
(ng/g)

,
Lithium. 524-19

417-29

451-41

+118-28 0.01>P>0.001

+158-54 Q.G1>P>0.001
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or 14.+ pretreated group, but significantly elevated the 5-HIAA concen¬

tration in both groups of anii.als. A comparison of the effects of

raphe stinulation between aniaals treated and not treated with Li' is

shown in table 27 p. 111. It can be seen that the effects of rathe

stimulation on the forebrain concentrations of 5-HT and 5#KIAA did not

differ significantly between animals wiiich had received 5 day saline or

5 day Li^ pretreatments.

"bcoeriment VI

!ghe measurpuient of 14/ concentrations in brain an, plasma

followin; 5 or 10 day li' pretreatment.

(i) Aim.

This experiment was conducted for two reasons. Firstly, to

deter .ine whether the brain and plasma concentration of Li' differed

following, treatment with 14/ for 5 or 10 days, and. secondly to examine

whether the differences between 5 and 10 day treatment observed in

experiments IV and V :;ay be related to differences in the brain concen¬

tration of Li*.

(ii) Plan of experiment.

The experiment was conducted upon 16 male Albino ;>istar rats weigh¬

ing between 150 and 250 g. 8 animals were given an i.p. injection

of isotonic LiCl 0.75 mEq/Kp/day for 10 days, and the other 8 received

1.5 mKq/Kg/day for 5 days. The dosage schedules were arranged so

that the animals received their 10th and 5th injection on the same day.

On the next day, 24 hours after the last dose of Li+, all animals were

sacrificed by cervical dislocation and decapitation. The Li*

concentration in the plasma and forebrain was then measured as described

previously.
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Table 27.

The effect of 5 day Li+ pretreatment on stimulus-induced changes

in forebrain 5-hydroxyindole concentration (ng/g wet weight) * Re¬

sults are expressed as the mean - S.E.li. of 11 pairs of animals and

analysed by the paired t test.

Control.

+12^44

Change in 5-HT concentration (ng/g)

Lithium. Lithium minus P

+5^52

Lithium minus
control.

-9-61 U.S.

Control.

+119^28

Change in 6-MIAA concentration ^ng/g)

Lithium. Lithium minus P

+158-54

Lithium minus
control.

+19-34 N, S.
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(lii) Results.

Table 28 p. 113 shows the concentrations of Li4 measured in brain,

and plasma following 5 day (1.5 mEq/Kg/day) or 10 day (0.75 mEq/Kg/day)

Li' pretreatment. It can be seen that the concentration of the

cation measured in both tissues after 5 days treatment with 1.5 hi: q/Kg/

day was approximately double that measured after 10 days treatment with

0.75 nEq/Kg/day.

Experiment VII

The effect of 10 day hi"' oretreatment on chaxutes in the concentra¬

tion of tiptop)an in plasma, piastre, ultrafiltrate and brain tissue

flowing the .injection of L-tryptophan.

(i) Aim.

This experiment was conducted to determine whether treatment with

li. for 10 days exerted significant effects on the gross distribution

of tryptophan between plasma and brain tissue.

(ii) Flan of experiment.

The experiment was conducted upon 72 male Albino ..istar 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

.iSq/Kg/day) while the others received control injections of saline.

On the 11th day (24 hours after the last dose of Li"1) , half of the

animals in each group were given an i.p. injection of L-tryptophan

(100 eg/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 a; ino acid was measured in the

forebraln, whole plasma and plasma ultrafiltrate using the methods

previously described.

The effect of Li' on changes in tryptophan concentration was
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Table 28.

The coneentration of Li4" In brain (nEq/Kg) and pla sua (nEq/i)

following 5 day (1.0 jaEq/Kg/day) and 10 day (0.75 iaEq/Kg/day) Li4
pretreatment. Results are expresr.ed as the mean - S.E.M. of

8 animals.

Period of Plasma Li+ concentration Brain IA* concentration
treatment. ( juEq/l) ( ;uEq/Kg brain tissue)
5 days. 59^0.7 144^5.2
3D days. 52^2.7 70^0.5
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analysed by a paired comparison and t test of the differences between

treatments. (See Appendix I section c).

(iii) Results.

The effect of 10 day Li+ 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,
V

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 30b p. 117)» and 90 (table 30c p. 118), minutes after the in¬

jection of L-tryptophan both in the control group of animals, and in those

which had received 10 day Li+ 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 Li+ 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

14
retention of 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
+ 14

of 10 day Li pretreatment on the accumulation of C-5-HT by isolated
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Table 29.

The effect of 10 day Li+ pretreatnient alone on the concentration

of tryptophan in brain, plassna, 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
control.

Brain (ug/g) 4.77^0.26 4.9lA).25 +0.14^0.12 K.S.

Plasma (ug/ml) 54.34^2.44 52.98-^1.96 -1.56^1.56 K.S.

Ultrafiltrate 3.55-0.45 3.81±0.44 +0.27^0.18 K.S.
(Ug/ilil)



Table 50(a).

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

plasma (ug/ml) and plasm ultrafiltrate (ug/iul) laeasured 50 ndnutes

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

and in animals which had received 10 day il+ pretreatrient. Results

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

respectively. Statistical analysis is by the paired t test.

Control animals.

Saline. Tryptophan. Tryptophan
minus
saline.

P

Brain

(ug/g) •

5.42
-0.65

28.77
U,54

*25.55
-3.99

0.01>P>0.001

Plasma
(ug/ml) .

40.24
-2.15

174.50
-16.21

+154.06
-15.29

P^O.OOl

Ultrafiltrate
(ug/ml) .

4.21
-1.64

50.09
-7.51

+25.88
-7.28

0.05>P>0.02

Lithium pretreated. animals.

Saline. Tryptophan. Tryptophan
minus
saline.

P

Brain

(ug/g).
5.17
l0.60

28.92
is. 12

+25.75
-2.80

P<0.001

Plasma

(ug/ml).
55.97
-2.45

178.56
-12.07

+142.59
-15.54

P<0.001

Ultrafiltrate
(ug/ml) .

4.57
-1.57

29.49
-8.8

+25.12
^6.05

0.05>P>0.02



Table 50(b).

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 animals and in animals

which had received 10 day Li* pretreatment. Results are expressed

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

test.

Control animals.

Saline. Tryptophan. Tryptophan
minus
saline.

P

Brain
(ug/g).

4.59
-0.24

52.74
-5.24

+28.15
-5.18

P<0.001

Plasma
(ug/ml).

51.45
Id.85

128.96
-15.97

+97.54
-15.26

P<0.001

Ultrafiltrate
(ug/ml).

5.68
-0.39

28.52
-4.82

+24.84
-4.74

0.01>P>0.001

Lithium pretreated animals.

Saline. Tryptophan. Tryptophan
minus
saline.

P

Brain

(ug/g).
4.92
-0.24

28.43
-3.51

+23.51
-5.20

P+0.001

Plasma
(ug/ml).

51.74
-5.64

154.66
-18.94

^102*92
-17.10

P<0.001

Ultrafiltrate
(ug/ml) .

5.95
-0.48

29.19
-5.98

+25,24
-5.57

0.01>P>0.001
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Table 50(c) •

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 Li"' pretreatment. Results are expressed

as the mean - S.E.M. of 4 matched pairs and analysed by the paired t

test.

Control animals.

faline. Tryptophan. Tryptophan
minus
saline.

P

Brain
(ug/g).

4.68
-0.77

21.76
^5.56

+17.08
U.75

0.05>P>0.02

Plasma
(ug/ml).

ol.50
-5.59

95.23
il0.74 *

+65.93
±10.40

0.01>P>0.001

Ultrafiltrate

(ug/ml).
2.60
io.se

16.00
i5.9Q

+13.40
-5.82

o.05>p>o.oe

Lithium pretreated animals.

Faline. Tryptophan. Tryptophan
minus
saline.

p

Brain

(ug/g).
4.48
io.6i

25.16
^3,49

+18.68
±5.05

0.01>P>0.001

Plasma

(ug/ml)«
50.95
^3.78

97.25
i5.34

+66.30
±4.69

P+0.001

Ultrafiltrate
(ug/ml).

5.02
^0.26

15.62
-1.06

+12.60
±1.45

0.01>P>0.001
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Table 51(a),

The effect of 10 day Li4 pretreataient on changes in the

concentration of brain tryptophan measured. 30, 60 and 90 minutes

after the i.p. injection of L-tryptophan (100 mg/Kg) . Results

are expressed as the mean - S.E.U. of matched pairs and analysed

by the paired t test.

Change in brain tryptophan concentration (ug/g)

Sitae after Control. Lithium. lithium
lr-tryptophan minus
(rains) control.

30 Bins. +25.55^5.99 +23.75^2.80 +0.40^5.81 K.S.
(n b 6 pairs)

60 mino +28.13-3.18 +23.51-3.20 -4.64^5.05 K.S.
(n = 8 pairs)

90 mins. +17.08^4.75 +18.68^3.05 +1.00^4.95 K.S.
(n s 4 pairs)
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Table 51 lb).

The effect of 10 day Li* pretreatment on changes in the

concentration of plasma tryptophan measured 50, GO and SO

minutes after the i.p. injection of Xr>tryptophan ^100 mg/Kg) •

*4*
Results are expressed as the mean - S.E.i.1. of matched pairs and

analysed hy the paired t test.

Change in plasma tryptophan concentration (ug/ml)

Time after Control. Lithium. Lithium P
L~tryptophan minus
(rains) control.

50 mins. +154.06-15.29 +142.59-15.54 +8.55^17.55 N.S.
(n = 6 pairs)

60 rains. +97.54^15.26 +102.92-17.10 +5.58^17.45 N.S.
(n as 8 pairs)

90 rains. +65,95-10.40 +66.50-4.69 +2.57-7.50 N.S.
(n u 4 pairs)
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Table 51(c).

The effect of 10 day IA* pretreatment on changes in tryptophan

concentration of the plaszna ultrafiltrate measured 50, 60 and 90

minutes after the i.p. injection of L-tryptophan vlOO mg/Kg).

Results are expressed as the mean - S.E.M. of matched pairs and

analysed by the paired t test.

Change in ultrafiltrate tryptophan concentration (ug/inl)

Time after Control. Lithium. Lithium
L-tryptophan minus
(mins) control.

50 mins. +25.83-7.28 +25.12-^6.05 -0.76^1.98 K.S.
(n = 4 pairs)

60 mins. +24.84^4.75 +25.24^5.57 +0.40^5.45 N.S.
(n = 8 pairs)

90 mins. »13.40-5.82 +12.60-1.45 +0.08^3.05 N.P.
(n = 4 pairs)
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Eynaptosom.es, and the second examinee the effect of Li" on the retention

of the accumulated 5-HT, In addition, a preliminar;, study was con¬

ducted to test the functional integrity of the prepared synaptosomal

suspensions#
14

(a) The effect of temperature on the accumulation of C-5-IIT "by

isolated synaptoaomes.

(i) flan of experiment.

This preliminary study to check the functional integrity of the

synaptosomal suspension was carried out on 2 rats only.

Crude synaptosomal suspensions were prepared, as described previous¬

ly. Eight 5.0 ml sa..ples of trie suspension were placed in incubation

flasks containing 0,9 ml. Krebs solution. Four of the flasks were

pre-incubated at 57°C for 10 minutes while the other four were pre-

O 14
incubated at 2 C for 10 minutes. 0.1 ml of C-5-..T (specific

activity 19.5 rnCi/rx±ole) was added to each flask (final 5-IiT concentra¬

tion 0.1 /il). Flasks were then Incubated for 1.0, *2.0, 5.0 and 10.0
minutes at 37°C or 2°G. 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
14 14

of C-5-HT by isolated synaptosanes incubated in 0.1 C-5-HT.

It can be seen that 5-I£T is rapidly accumulated by synaptosomes when

incubated at 37°C, but not when incubated at 2°C.

(b) The effect of 10 day hi"1 pretreatment on the accumulation and

metabolism of 5-. ;t by isolated avnantosomes.

(i) Plan of experiment.
14

The accumulation of C-5-BT against time was studied at an
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Table 52.

The concentration of 5-KT (piaoles/'njg protein) accumulated by
14

isolated synaptosorueE incubated in 0.1 uM. C-5-HT (S.A. 19.5

TsCi/wiole) far 1.0 - 10 Minutes at 57°C or 2°C. Results are

expressed as the mean of two animals.

5-K'T accumulated (pmole^mg protein) •

Incubation time

(mine)
2°C 57°C

1.0 rain. 0.46 2.59

2.0 min. 0.45 5.58

5.0 min. 0.59 5.50

10.0 min. 0.55 6.11
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incubation concentration of 0.1 ull. At this coneentration, the

5-HT should be transported primarily by the high affinity uptake

process (fhaskan and °nyder 1970, Wong et. al. 1975). The study

was conducted upon 13 male Albino ..istar rats weighing between 150 and

250 g. The animals were divided into two groups of 9 animals.

One group received 10 day Li"' pre-treatment (0.75 mEq/Kg/day) while the

others received a control injection of saline. On the 11th day, all

animals were killed and synaptosomal suspensions prepared from each
14

forebrain. I ynaptosomes were incubated in 0.1 p. C-5-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). fynaptosomes prepared from Li4 and saline pre-

treated aniuals were ino'ibated at the same time and the effect of Li !

on the accumulation and metabolism of 5-HT was analysed by the paired

t test.

(ii) Results.

The accumulation of 5-HT by rat forebrain synaptosomes prepared

frcm control animals which had received 10 day Li"1 pretreminent is shown
. 14

in table 55(a) p. 125. It can be seen that C-5-HT is continually

accumulated by the synaptosomal fraction and that this accuuulation is

unaffected by Li4 pretreatment.

Table 53(b) p. 126 shows the concentration of 5-HT metabolites

measured in syraptosaaes following Incubation far 0.5 - 10.0 minutes.

There appears to be a reasonably constant concentration of 5-HT metabo¬

lites present in the synantosoraee over all periods of incubation both in
4" 4

the control and Li pretreated animals. Li pretreatiasnt had no sig¬

nificant effects on the synaptosomal concentration of 5-HT metabolites.
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1'aole 5b(a).

ihe effect of 10 day Li' pretreatavent on the accumulation of
14

5-HT by rat forebr&in synaptosomes incubated in 0.1 uLi C-5-iii'

(fpecific activity 19.5 mCi/0"10!0) for 3.5 - 10.0 minutes at 57°G.
Paired control animals received 10 day saline treatment. Results

are expressed as the mean - S.E.M. of 9 matched pairs and analysed by

the paired t teat.

fynaptosomal 5-HI concentration (pmoles/mg protein).

Incubation
time
(minutes).

Control. Lithium. Lithium
minus
control.

P

0.5 2.59-0.15 2.15-0.13 —0.44—0.21 N.S,

1.0 2.84*^0.24 2.98^0.17 40.14-0.25 N.S.

2.0 5.80-0.51 5.61^0.08 -0.19-0.51 N.S,

5.0 4.66^0.54 5.13^0.46 40.55-0.61 N.S,

10.0 6.40^0.62 6.22-^0.38 —0.18—0.68 B.S,
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Table 55(b) ♦

The effect of 10 Gay Li* pretreatment on the synaptosomal
14

metabolism of 5-HI following incubation in 0.1 uii * C-5-HI

(S.A. 19.5 nCi/mmole) for 0.5 - 10 minutes at 57°C. laired

control animals received 10 day saline pretreatment. Results

are expressed as the mean - S.E.M. of 9 matched pairs and analysed

by the paired t test.

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

Incubation
time

(minutes).

Control. lithium. Lithium
minus
control.

P

0.5 0.87-0.23 0.88^0.12 +0.01^0.21 N. S.

1.0 0.87-^0.28 1.07^0.41 +0.20^0.46 M.S.

2.0 0.72^0.52 1.26^0.28 +0.55-0.57 U.S.

5.0 1.03^0.22 0.75-^0,50 -0.55-0.59 K.S.

10.0 1.00^0.57 1.18^0.42 +0.18-^0.73 N.S.



-127-

(e) Xlic effect of 10 day lib pretreatment on the retention of

^C-d-hT by isolated synaptosoues.

(i) Plan of experiment.

1Mb study was conducted on 06 male Albino wistar rats weighing

between 150 - 250 g. Rata were divided into two groups of lb

animals. One group received 10 day Li pretreatment (0.75 mEq/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.

iynaptosomes prepared from 8 animals in each group were incubated
14

in 0.1 C-5-HT for 10 minutes. Following tiie incubation, the

syna toscmes were washed, resuspended in fresh Krebs solution and re-

incubated for 0, 5.0, 10.0, 20.0, or 30.0 minutes. Following

incubation the 5-hydroxyindoler. were extracted and measured as described

previously.

: ynaptosomes prepared from the regaining 10 animals in each group

14
were incubated in i.O ^l. C-5-HT for 10 minutes before being washed
and re-incubated in fresh Krebs as described, above. Following incu¬

bation, the 5-hydroxyindole3 were extracted and measured as before.

The experimental design and the statistical evaluation was carried out

as described in experiment VIII (b).

(ii) Results.

The effect of 10 day Id1 pretreatment cn the retention of accumu¬

lated 5-® at 37°C is shown in table 54(a) p. 128. The concentration

of 5-Ri' retained by the synaptosome gradually declined over the 30

minute period of investigation in qyn&ptosaaes isolated from both the

saline and lib pretreated animals. However, the initial fall in 5-HT

concentration measured after 5 .uixrutes incubation was significantly
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Tabla 54 (a).
The effect of 10 day Li4 oretreatment on the retention of 5-IiT

by synaotcscsnes at 37°C follovdng pre-incubation for 10 minutes in

0,1 vB£ ^0-5-HT (S.A. 19.3 uCi/itsnole) . Control pairs of animals

received 10 day saline pretreatment. Results are expressed as the

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

Synaptosomal 5-KT concentration (pmolea/mg protein).

Incubation
time

(minutes)

Control. Lithium. Lithium
minus
control.

P

0 5.85-0.41 5.63^0.62 -0.17-0.52 N.S,

5.0 5.42-0.46 4.82-0.48 -0.60-0.25 0.05>P>0.02

10.0 4.61-0.26 4.50-0.39 -0.09-0.20 N.S.

20.0 4.04^0.46 3.86-0.30 -0.13^0.25 N.S.

50.0 5.56^0.50 3.72^0.46 +0.57-0.21 N.S.
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creater in synaptosomes isolated from Li r pretreated animals

(0.06?[>0.02).

Table 54(b) p. 130 shows the concentration of b-HT metabolites

present in the synaptoaomea during the saiae 30 minute period of inves¬

tigation. It can be seen thut the synaptosomal concentration of

5-HT metabolites gradually falls throughout the study. . Li"' pre-

treatment had no significant effects on the concentration of o-HT

metabolites over the first 20 minutes of the study, however, when

measured after 30 minutes incubation there was a significantly higher

concentration of metabolites in synaptosomes prepared from Li+ pretreated

animals.

Table 33 p. 131 and 132 shows the results of a similar study to

that reported in table 34. However, in this study, synaptosemes were

preincubated in 1.0 pH 14C-5-HT and not 0.1 pi. ^C-6-HT as in the
previous study. Again the concentration of 5-HT retained can be seen

to decline ever the 30 minute period of incubation. 10 day Li1 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 0 and 5 minutes incubation) is signi¬

ficantly greater in synaotosomes isolated from Li+ pretreated animals

(table 55(a)(1)). p. 151.

Table 55(b) p, 152 shows the concentration of 5-HT metabolites

present in the synaptosomes during the 50 minute incubation period.

The concentration of 5-HT metabolites in synaptoaomes from control animals

can be seen to decline gradually after r,n initial large fall in concen¬

tration. Conversely, in the synaptosomal prepared from Li* pretreated

animals, the concentration of 5-HT metabolites first increases over the

first 5 minute period of incubation then gradually falls towards a
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Table 54(b). |
The effect of 10 day Li' pretreatment on the metabolism of 5-HT

by synaptosocies at 57°0 following preincubation for 10 minutes in 0.1

uh OS-HT (S.A. 19.3 rcCi/i"^ol©) • Control paira of animals

received 10 day saline treatment. Hesults are expressed as the

mean - S.E.M. of 8 pairs of animals ana analysed by the paired t test.

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

Incubation
time

(minutes)

Control, Lithium. Lithium
minus
control.

?

C 5.99^0.44 3.37-0.57 -0.62^0.27 K.S.

5.0 2.77-0.40 2.78-^0.58 -0.04-^0.10 N.S.

10.0 2.28-0.55 2.18^0.22 -0.10-0.22 K.S.

20.0 1.98-C.21 2.2bA).19 +0.27-0.21 K.S.

50.C 1.50^0.15 1.95-G.I5 +0.43-0,15 0.05»F>0.0:
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fable 55(a).

The effect of 10 day Ii.H pretreatment on the retention of 5-HX

by synaptesoaes at 57°C following preincubation for 10 minutes in

1.0 ull "^C-5-HI (3.A. 0,67 LCi/utuole). Control animals received
*4"

10 day saline treatment. Results are expressed as the mean -

S.E.M. of 10 pairs of animals end analysed by the paired, t test.

Synaptosomal 5-1IT ecncentration (p&oles/jng protein)

Incubation
tiaie

(minutes)

Control. Lithim. Lithium
minus
control.

P

0 16.25-0.99 17.35^0.66 +1.10^0.87 k.s,

5.0 14.37-0.69 14.15-0.69 —0.22—0.65 U.S.

10.0 12.85do.64 12.65^0.64 -0.20^0.48 K.S,

20.0 10.55^0.54 10.25d0.38 -0.30d0.44 N.S,

30.0 8.63^0,36 9.8ld0.56 +1.18d0.71 K.S,

Table 55la) (i) .

Initial fall in synaptosomal 5-HT concentration (pmcles/iag

protein) measured as the difference between 0 and 5.0 ninutes

incubation.

Control. Lithium. Lithium P
minus
control.

i.88^0,57 3.19A).59 +1.51^0.56 0.05>P>0.02
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Table 35(b).

The effect of 10 day Li"* pretreataent on the netabolism of 5-H2

by aynaptosomes at 37°C following preincubation for 10 irdnutea in

1.0 uM ~^C-5-HT (S.A. S.67 nCi/Wole) . Control animals received

10 day saline pretreatment. Results are expressed as toe mean -

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

: ynaptosomal concentration of 5-I3T metabolites (pmoles/mg protein)

Incubation
time

(minutes)

Control. Lithium. Lithium
minus
control.

P

0 7.89-2.45 8.03-2.60 +0.14-0.71 N. S.

5.0 4.74^1.52 11.25-2. 6S +6.49-1.46 0.01>P>0.001

10.0 4.29-1.19 4.03-1.20 —0.27—0.45 M.S.

20.0 5.24-C.Q9 5.46—C.84 +0.22-0.52 N.S.

30.0 2.55-^0.57 5.4SM3.S1 +1.44-0.55 0.01>P>0.001
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plateau level recorded after 20 and 50 minute periods of incubation.

The concentration of metabolite measured after 5 and 50 minutes

4

incubation are significantly higher in synaptoseraes prepared froa Li

pretraated animals (0.01>?>0.00l). The increase in metabolite

concentration measured in the synaptosomes from Li4 pretreated

animals after 5 minutes incubation coincides with a significantly

larger initial fall in c^m&ptosomal 5-HT concentration recorded in

these synaptosomes (0.05>P>0.02) stable 35(a)(i)) p. 151.



•
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DISCUSSION
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(1) The effects of electrical stimulation on forebrain 5-HT and 5-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 5-hydroxyindole concen¬

trations which were comparable -with those previously reported.

The results of the experiment (table 9 p. 76) demonstrated that

stimulation 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 5-KIAA 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

Aghajanian 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 stimulation teas been retained in this study

because the longer period used by Aghajanian 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 5-hydroxyindoles.
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Electrical stimulation applied to regions of the midbrain situated

approximately 0.5 nan from the dorsal and lateral borders of the nucleus

raphe medianus induced significant increases in the forebrain concen¬

tration of 5-HIAA (table 10 p. 79) . However, the increase in 5-HIAA

concentration observed following such treatment was si nificantly less

than that observed following stimulation of the nucleus raphe medianus.

(table 10 p. 79).

It has been deeionstrated that the region of the midbrain most

densely populated with cell bodies which contain 5-HT are the raphe

nuclei (D&hlstrom and Fuxe 1964) . In the region of the nucleus

raphe medianus, although the majority of cell bodies are located within

the nucleus, some have been located laterally and dorsally to the main

population of cells pahlstrom and Puxe 1964) . The smaller eleva¬

tion of forebrain 5-HIAA observed following stimulation of regions

outside the nucleus raphe medianus could therefore have arisen as a

consequence of :-

(1) The activation of a smaller and less dense population of cell

bodies or their axons which contain 5-HT and which project to the

farebrain.

(2) The activation of a group of afferent fibres coursing to the

nucleus raphe medianus where they excite a snail population of cells.

(3) The spread of current flowing from the stimulating electrode

and excitin 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 paragig&ntocellularis. This



-156-

nucleus appears to send afferent fibres to the raphe nuclei (Souch

1970)• Electrical stimulation of this structure has been shown to

Increase the irate of firing of raphe neurones (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

nay be related to the excitation of this afferent input to the raphe

nuclei. It is probable however, that a combination of all three

efi'ects ruay give rise to the snail but significant elevation in 5-rilAA

following stimulation of non raphe sites. Previous workers have

demonstrated that stimulation of a region of the rat midbrain 1.0 smi

from the lateral border of the nucleus raphe medianus failed to elicit

any changes in the forebrain concentration of either 5-HT or 5-HIAA

(Aghajanian et. al. 1967, Kostowski et. al. 1969). Similarly, Oheard

and Aghajanian et. al.(1968) observed close correlation between the site

of stimulation and changes in the farekrain concentration of 5-hydroxy-

indoles. Only when applied to those regions of the nddbrain which

contain 5-I!T neurones 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

stimulation of the rat midbrain decreases as the point of stimulation

moves away from the region of the nucleus raphe medianus. rinee the

vast majority of neurones which contain 5-HT, 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 5-HIAA resulting from stimulation of this nucleus are related to the

activation of the ascending neuronal pa thy/ays which enianate from it.



(5) The effect of chlorinapramine on forebrain 5-ig and

lackrround to the study.

The elevation of forebrain 5-lHAA concentration following stimu¬

lation of the nucleus ranhe medianus has been widely interpreted as a

consequence of the release of 5-HT frctn nerve terminals followed by the

uptake into cells and conversion to 5-IHAA by monoaaiine oxidase and

aldehyde dehydrogenase (Aghajanian et. al. 1967, Kostowski et. al. 1939)

but there is an alternative interpretation of these findings. Both

5-HT and the enzymes required far its catabolism are stored within nerve

terminals. The elevation of forebrain 5-HIAA concentration following

raphe stimula tion has been shown to be accompanied by an increase in the

rate of synthesis of 5-HT (Gumulka et. al. 1969, Idoleston et. al. 1970,

Shields and Eccleston 1972). If the predominant effect of stimula¬

tion was to increase the rate of 5-HT synthesis, and if a large propor¬

tion of the newly synthesised 5-KT could not be acconinodated in the

storage compartment of the presynaptic terminal, there would be an in¬

crease in the concentration of free cytoplasmic 5-HT. Since free

5-HT appears to be susceptible to deaiaination (Boss and Repyi 1967,

Blackburn et. al. 1967) , this might cause an increase in the concentra¬

tion of 5-HIM. The elevation of farebrain 5-HIAA followii^ raphe

stimulation might therefore be a consequence of an intraneuronal increase

in the synthesis of 5-HT independent of extraneuronal release of the

transmitter.

Experiment III was designed to determine what proportion of the

changes in forebrain 5-hydroxyindole concentrations induced by raphe

stimulation may arise as a consequence of the extraneuronal release of

5-HT, and how much may be due to intracellular effects. One mech¬

anism requires that 5-HT released into the synaptic cleft should be
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transported bade into the cytoplasm of the nerve endipgs before it

becomes accessible to the monoamine oxidase. The other mechanism

requires that the changes in forebrain 5-bIAA are produced by purely

intracellular process.

The biochemical processes involved in the catabolism of 5-HT iaay

be assumed to be similar in both instances. It was therefoi-e

necessary to modify a process which is suggested 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-HT and 5-iiIAA

evoked by raphe stimulation may then provide sane 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 5-HT

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. 1939a, 1969b, Shaskan and nyder 1970, eek et.

al. 1970, Lidbrink et. al. 1971) , and that among this group of coxa-

pounds, chlorlraipranine appears to have the most potent inhibitory

action on the 5-HT accumulation process (Carlsson et. al. 1969b,

Lidbrink et. al. 1971).
The increase in brain concentration of 5-HIM following the admin¬

istration of L-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-HT to

5-IIIAA.. (l oir and Eccleston 1968, oir 1971). Contrasting the effects

of chlorimipramine upon the elevation of 5-IIIAA by stimulation and by

L-tryptophan administration should differentiate between the intra¬

cellular and extracellular origins of the changes in 5-HIAA concentre-
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tlon induced by these two procedures.

The dose of chlorimipramtne used in these studies has been shown

to inhibit the transport of 5-KT into nerve terminals by about 60>o

(0arlsson 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-HT, accessible to monoamine oxidase,

is the 5-HT transported back into the nerve terminal from the extra¬

cellular fluid, then chlorimipromine should increase the 5-HT content

and decrease the 5-HIAA content of brain. In the absence of de¬

liberate stimulation of the 5-HT neurones these effects s.dght not be

detectable. After prolonged stimulation they ought to become mare

marked.

(4) The effeot of chlorimipramine on the resting levels of 5-1 IT

and 5-HI/yi.

Table 11 p. 81, shows that in unanaesthetised animals chlorindpra-

mine produced a non-significant increase in 5-HT and a significant

decrease in 5-KIAA, though the effects on anaesthetised animals were

not significant. The reduction in 5-HIAA concentration seen follow¬

ing the injection of chlorimiprsmine in the unanaesthetised animals may

be interpreted in three ways. (i) As a direct reduction in the

intracellular catabolism of 5-HT. (ii) 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 chlcricdprairdne on the catabolism of

5-HT.

The depression of brain 5-HIAA concentration observed following
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chlarindpramine administration has also been reported by previous

workers. Bruinvels (1972) observed that the reduction in 5-IilAA

seen following imipramine administration was accompanied by a reduc¬

tion in 5-HT turnover which could be causally related to the impair¬

ment of the transport of tryptophan into brain cells. Halaris et.

al. (1975) also suggested that the reduction in brain 5-HIAA concen¬

tration seen some time after the injection of chlorimipramine, but not

immediately after the injection, could be related to a decrease in the

synthesis and oatabolism of 5-HT. If the major effect of low doses

of chloriinipramine was to reduce directly the rate of synthesis and

catabolism of 5-HT, it would be expected that chlorixnipramine would

affect changes in forebrain 5-HT and 5-IiIAA following L-tryptophan

administration in a similar manner to that seen in the control animals.

However, rather than reducing the elevation of 5-iiIAA seen after L~

tryptophan 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-HIM could

be related to a direct inhibition of the rate of metabolism of the

monoamine. The finding that chlorimipramine failed to reduce the

production of 5-HT and 5-HIAA following the injection of L-tryptophan

v/ould also tend to suggest that at this dose, chlarimipramine is not

affecting the availability of tryptophan far the production of 5-hy-

droxyindoles (Bruinvels 1972).

(ii) Possible effects of chlcrimipramine 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



actually increased the elevation of 5-IIIAA induced by 1-tryptophan is

difficult to reconcile with such an interpretation.

(iii) The effect of chlorimipraiaine 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. 1969a, 1969b, Sh&skan and . nyder 1970, keek et. al. 1970, Lidbrink

et. al. 1971). In addition, it has been shown that in comparison

with other members of this group of compounds, chlorlmipramine has the

most potent action on the 5-HT transport process (Carlsson et. al. 1969b,

Lidbrink et. al. 1971). Because of this knovan. action of chlorimipra-

mine, and the difficulty in fitting the findings of this study with the

alternative interpretations discussed above, the observed reduction in

the forebrain concentration of 5-HIAA following the administration of

chlcrimlprainine may best be interpreted as a consequence of the sloping

of the transport into nerve terminals of spontaneously released 5-HT,

thus reducing its rate of access to intracellular MAO. If this is

the predominant effect of small doses of chlcrimipra dne, then increas¬

ing the rate of extracellular release of 5-HT should markedly increase

the effect of chlorimipramine on the brain levels of these two indoles.

(o) The modification of the effect of stimulation by chloricdnramine.

Stimulation of the nucleus raphe medianus increased the forebrain

concentration of 5-HIAA without affecting that of 5-HT (table 12 p. 85).

Chlorimipramine profoundly diminished the effect of stimulation on

5-HIAA concentration and correspondingly increased the concentration of

5-TH (table 15 p. 84). The finding that chiori.uipramine reduces the

stimulation-induced elevation of 5-HIM is in agreement with famanin et.

al. (1972) who reported that the related antidepressant imipramine, at

a dose of 5.0 nsg/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 stimulation.

Tince desiprsmine is a relatively weaker inhibitor of 5-HT transport

than is iaipraroine, the authors concluded that the reduction in 5-HIAA

seen in the stimulated animals f-iven iraipramine, could have arisen as a

consequence of the inhibition of 5-HT uptake denying 5-HT access to

intraneuronal MAO. Although the conclusion of famanin at. al. (1972)

may well be correct, these authors failed to control far possible direct

effects of imipramine on the catabolism of 5-HT. Thus in the absence

of control studies, both the findings of Sa anin et. al. and the results

of the study renorted here would fail to determine whether the reduction

in the stimulation-induced elevation of 5-HIAA concentration observed in

the chlorimipramine treated animals arose as a consequence of the inhibi¬

tion of 5-HT uptake (as described above) , or as a consequence of a

direct reduction in the intracellular catabolism of 5-HT. In the

experiment reported here however, a study was conducted in order to deter¬

mine to what extent a direct effect of chloriniipraiane on the catabolism

of 5-HT may be responsible for the effects observed following raphe

stimulation. The results of this study are discussed below.

(6) The modification of the effects of L-tryptophan by chloriirq-pranine.

Table 14 p. 86 shows that the forebrain concentration of both 5-IIT

and 5-hIAA was significantly 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 anc Eccleston 1S66, L oir 1971). If chlorimipraain© is having a



direct effect on the catabolism. of 5-HT, it might be expected that

chloriruipramine would alter the levels of 5-^ydroxyxiidolea following

tryptophan administration in a manner similar to that observed follow¬

ing stimulation. The elevation of 5-HT by tryptopliaa was unaffect¬

ed by chlorimipramine, whereas the elevation of 5-HXAA by tryptophan

was increased by chlarLnipraraine (table 15 p. 86). Chlorimipramine

therefore had opposite effects on trie change in 5-MLAA levels induced

by stimulation and L-tryptophan administration. The results of this

study would therefore suggest that chlorimipramine has little or no

direct inhibitory effects on the o&tabolism of 5-12 in brain tissue.

This being so, it can be suggested that the redaction in the stimula¬

tion-induced elevation of 5-HIAA observed in the chlorisdpraua.no- treated

animfels may best be interpreted as a consequence of the inhibition of

the 5-1 IT uptake process which would deny extracellularly released 5-HT

access in intraneuronal monoamine oxidase.

These findings would support the concept, that a large proportion

of the 5-HTAA produced following raphe stimulation arises as a conse¬

quence of the extracellular release of 5-HT, followed by uptake into

cells and conversion to 5-HTM. In contrast, it tvould appear that

the extraneuronal release of 5-HT is only involved to a small extent in

the conversion of L-tryptcphan to 5-HIAA. That ohlorliaipramine

actually increases the elevation of 5-HIAA following L-tryptophan

suggests either an acceleration of the metabolism of ^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 ohlorimipraaiine 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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isut of 5-HT, one possible indirect effect of chlorimipraiaine on 5-Hi'

turnover which may be influencing the response to stimulatioxx has yet

to be examined. This is discussed in the following section*

(7) Possible effects of a neuronal feedback system on the synthesis

of 5-HT.

It has been reported that chlorimiprainine reduces the synthesis and

metabolism of 5-HT (Corrodi and Fuxe 1969, eek and iverdiniuz* 1970,

Imlaris et. al. 1973). Such a reduction in turnover would account

for the lower levels of 5-HIAA in the forebrain following administration

of chlorimipraiaine in both stimulated and unstimulated animals. how¬

ever, as mentioned previously the increase in the elevation of 5-KTAA

seen following administration of clilorimipramine animals given Ij-trypto¬

phan suggests that a direct inhibition of 5-HT synthesis is unlikely.

In order to account for the observed reduction in 5-HE synthesis,

Corrodi and Fuxe (1938, 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 syn¬

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 postsynaptic cell ( eek et. al. 1970, Clinescbmidt

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-I!T was dependent upon the rate of discharge in the neurones which

contain 5-HT. On this basis they suggested that the reduction in

5-HT synthesis seen following the administration of tricyclic antide¬

pressants was directly related to the build up of 5-HT in the synaptic

cleft which activated the inhibitory feedback system described above.



■rainwell (1972, 1974) has ohovm that iiidprandne inhibits the spontan¬

eous discharge of neurones in the nucleus raphe dorsalis in the rat, and

that there was a strong con-elation between the potency cf a tricyclic

antidepressant in inhibiting 5-Hi' transport into cells, and its potency

in diminishing the frequency of discharge of these neurones. Corrodi

et. el. (1967) and Gorrodi and Tuxe (1968) similarly demonstrated good

correlation between inhibition of 5-Hi uptake and reduction of b-iiT

synthesis.

Although it is possible that these correlations could exist without

such a feedback system being operated, it was necessary to ensure that

such a system, if present, -was not influencing to an; great extent the

results obtained in these studies. The major difference between my

experiments and those of Ereawell (1972, 1974), and Corrodi and co¬

workers (1967, 1968, 1968), is that the latter were investigating the

responses of spontaneously active raphe neurones, whereas in ray experi¬

ments, the activity in the 5-HT pathways was evoked by repetitive

stimulation of the nucleus raphe medi&nu®. In this situation, it

would be necessary for the feedback mechanism to reduce the effective¬

ness of stimulation in order tc have profound effects on the synthesis

and metabolism of 5-HT.

At this noint I would like to examine sccie possible electrical

changes that may be occurring in neural, tissue in response tc applied

current, and how these changes may be infl.uenced by an inhibitory

afferent input. With peripheral nerves, the nerve is usually placed

on two electrodes. Current flows from the anodic electrode along

the nerve fibre to the c?thodic electrode where it leaves. repolar¬

ization occurs where the current leaver, 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 uy about 1.0 iaa. and current flows from tlie

anode to the cathode through the cell mass of the raphe cell bodies.

In this situation it may be assumed that cells are depolarised at the

point -where current leaves the cell cr route to the cathode. In my

experiments, the direction of current flow is changed, ao that 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 were made was randcmJ. :;ith stimulation applied, in this

manner, cells lying close to the cathode will receive a higher intensity

of stimulation than those lying close to the anode, and changing the

direction of current flow will ensure that regions cf high stimulus in¬

tensity are notlocalised to one particular group of cells. However,

it is apparent that when applying current in this way come cells will

receive a higher intendty of stimulation than others.

"fhen applying pulses to a mass of cells, the concert of threshold.,

suprethreshold, maximal and supramaximal stimulus intensities becomes

entirely nebulous. Tven if current was being applied tc a homogeneous

collection of cells, it is very unlikely that the thresholds of individ¬

ual cells will be similar. Consequently, a current of supramaximal

inters' ty for any one cell may well be subthreshold for another.

Thus we have no real indication of what is happening when electrical

current is being applied in this manner. Cells of probably widely

differing thresholds are being subjected to an electrical field in which

the current density applied to ary one cell -varies with the position of

that cell within the field.

The stimulus current employed in my experiments (100 jak) is about

half that required to produce electrolytic lesions, in this area of the

brain. It might be valid to assume in this situation that some of



-147-

the cells receiving a high current density may "be influenced by a

R'tpraxnaxiinal stimulus, v/hereas those situated on the edge of the elec¬

tric fi.eld may be barely excited, if at all. Conversely, the

threshold of these cells nay be so low that all cells are excited

suoramaximally. Let us assume far 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 synaotic receptors. Such an inhibitory input

would be exnected to initiate an inhibitory post synaotic potential

(IPfP) on the raohe cell membrane. The result of this procedure

would be an increase in the ootential difference across the cell mem¬

brane and thus an increase in the threshold of these cells. Most

of the IPKP's recorded in the CNS are only a few millivolts in ampli¬

tude, and in situations where the cells are being excited by pulses of

r-unramaxiraal intensity, there is an excellent chance that the membrane

will be depolarised sufficiently to overcome the IPS? 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 stiinulation, 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

electrical 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 raohe neurones.

In support of the theoretical considerations outlined above, there

is seme evidence that electrical stimulation of the raphe is indeed able

to activate ascending fibres from these nuclei in tiie presence of drugs

believed to activate the proposed inhibitory feedback system. In
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addition to the tricyclic antidepressants, ether drugs are also

believed to reduce the activity of raphe neurones 'by activating an

inhibitory neural input to them (Agbajanlan 1972). One such drug

is lysergic acid diethylamide (LTD) . This drug has been shown to

reduce the synthesis and turnover of 5-IIT In the brain (Lind et, al.

1969, Roseorans et. al. 1867) , and to decrease the re te of firing of

raphe neurones in rats (Aghajanian et. al. 1908, 1970). The inhibi¬

tion observed at very "low doses of LTD (10 >v/Xg) applied parenterally

was found to be highly selective for raphe neurones. Tn addition to

a direct inhibitory action on the raphe cells (Aghajarian et. al. 1972),

it has beer proposed that LSD may mimic the action of 5-HT on port-

aynaptlc receptors, and in doing no activate the negative feedback loop

(.'gha jsnian 1972). The interaction between LSD and electrically

stimulated raphe neurones has been studied by Bloom et. al. (1972).

These workers investigated the activity of single neurones in the

suprachiasm&tic nucleus of the cat. The suprachiaomatic nucleus is

one of the regions of the brain which receives a dense innervation of

efferent raphe terminals. The activity of these neurones was found

to ba markedly inhibited by electrical stimulation of the nucleus raphe

aedlanus. Although low (10 pg/Kg) doses of LTD administered

parenterally have been fottnd to markedly inhibit the firing of spontan¬

eously active raphe neurones, electrical stimulation of the nucleus

raphe nedianus continued to inhibit activity in the stprachiasmatic

nucleus even after the parenteral administration of large doses (up to

200 pg/Kg) of LSD. Thus, in this situation, electrical stimulation
of the nucleus ra he medlanus was sufficient to overcome the inhibitory

effects of LSD on raphe neurones. If LSD and tricyclic Antide¬

pressants do affect raphe neurones by indirect activation of the same

/
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inhibltory input, it seems likely that electrical stimulation applied

to the raphe could overcome the inhibitory action of both groups of

drugs. thus any Indirect inhibition of raphe cells exerted by

crloriiiipr&Eine in my experiments may be overcome by the manner in which

the cello of the raphe nucleus were activated. It may be suggested

therefore that the feedback system proposed by Corrodi and luxe (1968,

1069} is unlikely to provide the basis of our observations in these

experiments.

In summary, the results of experiment III provide evidence

supporting the view that the elevation of forebrain 5-HIAa concentration

induced by electrical stimulation of the nucleus raphe medianus origin¬

ates mainly as a result of the extraneuronal release of 5-iFi followed

by uptake and catabolisrs. In addition the results of the studies

support the use of the technique as a model for the investigation of the

actions of psychotherapeutic substances on the release cf 5-ifT in the

rat ferebrain.

Using the model developed in experiment III, the next study

investigated the action of Li" treatment on changes in fcrebr&in 5-

hydroxyindoles induced by electrical stimulation or 3> tryptophan

administration.

(t;) Ihe affect of 10 day lithium prctreatment on the concentration of

5-TTI arc 5-HIAA in the rat forebraln.

Pretreatment with Li+ for ID days (0.75 inSq/iKg/day) had no signifi¬

cant effects on the fore-brain concentration of 5-HT in either unanaes-

thetised or anaesthetised animals. However, the concentration of

5-UIAA vras elevated in both groups of animals (tables 16 p.90 and 19

p.95). An increase in 5-HIAA -without a change in 5-UT concentration
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may indicate either an increase in the turnover of 5-IiT or an inhibi¬

tion of the transport of 5-HIAA out of the brain. Previous workers

who have examined the effect of Li' treatment for periods of 10 days or

ore have noted either no change in the synthesis and turnover of 5-13?

(Bliss and Ailion 1970, napn and "..landell 1975), or a reduction (ho et.

al. 1970). The possibility that UP is increasing the turnover of

5-HT therefore, does not agree with previous data. The differences

may be due to the much lower dose of Li" used in nay experiments, (see

table 1 p. 26). It should also be noted that at this lower dose,

Li' had no effect on brain or plasma tryptophan concentrations (table

29 p, 115). This would sur: est 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.

(Tapliainonte et. al. 1971, 1975, see later).

econdly, there is a possibility that Li^ may be inhibiting the

transport of 5-HIAA out of the brain. 5-IiIAA a opears to be trans¬

ported frcm the brain by a probenecid-sensitive active transport process

( eff et. al. 1967, sheroft et. al. 1966, Cserr and Van tyke 1972,

Porn 1972, aiiipath and Keff 1974, ,/olfson et. al. 1974). There are

no direct reports of the effect of Li on the transport of 5-IIIAA from

brain tissue. however, ,'heurd and Agh&janian (1970) reported that

acute Li+ treatment appeared to have no effects on this transport pro¬

cess. Cbviously direct measurement of the transport of 5-HIAA from

c.s.f. to blood are required before one can ascertain whether or not the

treatment received in these experiments is affecting 5-LTAA trans port.

In conclusion, it can be stated that at this stage, it is difficult

to determine the relative contributions of these two possible actions

of Li* in producing the effects observed in this experiment.
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(9*) The modification of the effect of h-tryptophan by oretreatment

with lithiura for 10 gays.

The adciiniTitration of L-tryptophan (100 rag/Kg i.p.) significantly

elevated the forebrain concentration of 5-HIAA measured 50 , 60 and 90

minutes after the injection in both the saline controls and in animals

which had received 10 day Li4 pretreatment. Similarly, the forebrain

concentration of 5-HT was also significantly elevated by this treatment

in the control group of animals. However, in the Li'' pretreated

animals, the 5-HT concentration was only significantly increased by
€f

L-tryptophan when measured 30 minutes after the injection (table l$„p.

90) . The comparison of the effects of L-tryptophan adirdnistration

between animals treated and not treated with Li4 (table 18 pages 92,

93 and 94) shows that the changes in forebrain 5-hydroxyindole concen¬

trations measured 30 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 after L-

tryptophan administration was significantly less in the Li1 pretreated

animals. At the same time, the elevation in 5-HIAA induced by L-

tryptophan administration was significantly greater in the Li ' pretreated

animals. Thus 10 day Li* pre treatment significantly reduces the

maximum increase in 5-HT concentration induced by L-tryptophan adminis¬

tration and enhances the increase in 5-HIAA.

The result of this study may be interpreted in four ways. (i)

Id may increase the rate of deandmtion of 5-HT, either by increasing

the activity of the deaminating emyme LAO, or by inhibiting the storage

of 5-HT within the neurone. (ii) Li* may divert the metabolism of

L-tryptophan away fraa tlie production of 5-:!T and towards the production

of 5-hydroxyindolepyruvic acid through the 5-!ITP aminotransferase pathway.
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(iii) LI1 may reduce the clearance of 5-HIAA. ^iv) IA"1 nay

affect the rate at which tryptoplian is made available for the synthesis

of 5-hydroxyindoles.

(ia) Possible effects of Li* on the deeu anation of 5-HT - LAO activity.

The most straightforward interpretation of this data is that Li

pretreatment increases the deaidnation of 5-KT. As stated above,

this could be brought about by an increase in the activity of the

deaminating enzyme LAO. It is now generally believed that 5-HT is

first synthesised in the cytoplasm and then transported into the storage

compartment. In this situation, LAO and the storage orocess may be

considered to compete for the newly sunthesised 5-HT while it is still

free in the cytoplasm. An increase in -.AG activity may therefore

increase the proportion of free 5-, T which can undergo deamination and

correspondingly reduce the aniOunt available for storage. ruch an

effect could account for the smaller amount of 5-HT and the larger

amount of 5-KXAA produced frcoi the loading dose of tryptophan in the

Li' pretreated animals.

A nuirber of factors indicate however, that the effects observed

in this study may not readily be interpreted as an increase in the

activity of LAO, The enzyme is present in great excess in the brain

(Gey and letscher 1961) , therefore in order to have profound effects

on the deamination of 5-HT, the activity of the enzyuie would have to be

increased to a considerable degree. In addition, because MAO is

present in great excess, it is likely that the major factor which limits

the rate of 5-HT deamination is the ease with which the substrate and

enzyme are able to interact (see next section), rather than the activity

of the enzyme itself. Finally, there is little information available

in the literature concerning the action of Li"' on MAO activity. No
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reported in the literature. Although not strictly comparable with

our study, it is interesting to note that .urphy and Weiss (1972)

reported no change in human platelet LAO activity following treatment

with Li'1.

In conclusion, 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 Li4 on .WAX) activity.

(ib) -ossible effect of hi' on the demanation of 5-HI - storage.

It is now universally accepted that 5-HI is stored in the presyn¬

aptic terminal in a fom which protects it from deamination by L-A.0 (Ross

and Renyi 1967). The results of the previous experiment (experiment

III) confirmed that the elevation of 5-HIAA produced by a loading dose

of L-tryptophan most probably arose as a consequence of the saturation

of the 5-HT storage compartment with a resultant increase in the concen¬

tration of 5-IIT free in the cytoplam which was available for metabol ism

by intraneuronal LAO (Moir and Zccleston 1936, loir 1971). In this

situation, the ease with which newly synthesised 5-HT can be stored

determines the concentration of free cytoplasmic 5-HT. The reduc¬

tion in trie tryptophan-induced elevation of 5-HT concentration, accom¬

panied by the increased elevation of 5-HIAA seen in the Li' pretreated

animals, could have arisen as a result of a reduction in the ability of

the storage compartment to retain all the newly eynthesised 5-HT. In

this situation, a greater proportion o the synthesised 5-HT would regain

free in the cytoplasm and be susceptible to deamination by LAO. This

would lead to the observed increase in the tryptophan-induced elevation

of 5-HIAA and the conca&itant decrease in 5-HT.

An interesting finding of this study was that the changes in 5-HT
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and 5-IHAA seen foilcoring the loading dose of L-tryptophan were not

ap arent in animals which had received Li4 pretreataient only (see

section 8, tables 16, 17 page 90, c.f. tables 18, 19 pages 92 - 95).

The concentration of 5-HIAA was, in fact, significantly increased by

treatment with Li', but the concentration of 5-KT remained unchanged

(tables 16 and 17 page 90). ;ith respect to the proposed effect of

Li4 on the storage of 5-HT, these findings could be accounted for by

proposing that Li" affects the rate at which 5-HT can be transported

frail the cytoplasm to the storage compartment. As a consequence of

this it could be proposed that the rate of 5-HT synthesis in animals

given Li+ alone was sufficiently slew tc allow the storage compartment

to accumulate most of the newly synthesized 5-HT. However, following

a loading dose of L-tryptophan, the rate at which 5-HI is being produced

would be greatly in excess of the rate 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 Id" pretreatment. In

this situation, the storage compartment would be able to accomodate the

synthesised 5-HT during near normal rates of synthesis. However,

in situations where the rate of 5-HT production in high, such as that

following a loading dose of L-tryptophan, the storage compartment would

be saturated more quickly and excessive "overspill" into the cytoplasm

would occur. The possibility that Li4 may be affecting the storage

of 5-1ET in a manner similar to that outlined above, prompted the inves¬

tigation of the effect of Li4 on the accumulation and retention of 5-HT

by isolated synaptoscmes. The results of this investigation and a

more detailed discussion of the possible effects of Li' on the storage

of 5-HT are presented later,

iil) Possible effect of Li4 on the route of tryptophan metabolism.
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It has been demonstrated that a number of aromatic amino acids

can undergo transamination in brain tissue (Albe-rs et. al. 1352,

Tangen et. al. 1935). The transamination of 5-KTP in rat brain

opens a route of tryptophan metabolism which can functionally "bypass"

5-IIT and HAD through the production of 5-hydroxyindolepyruvic acid (Pig

9) (: illard and Gal 1971), A change in the direction of tryptophan

metabclis. through this pathway would result in a change in the propor¬

tions of 5-HT and 5-HIAA produced from a loading dose of L-tryptophan.

An increase in the transamination of 5-liTP at the expense of decarboxyl¬

ation v/ould be expected to increase the production of 5-HIAA through 5-

hydrcxyindolepyruvic acid, and to decrease the production of 5-HT from

5-HTP. The results of this study nay therefore indicate that Li+
could be influencing tryptophan metabolism by increasing the transamina¬

tion of 5-HTP. At the present time, little information is available

concerning this metabolic pathway. ":ntil the direct examination of

the effect of 11"* on this pathway is conducted it must be considered a

possible site of action of Li* in exerting the effects observed in this

study.

(ill) -ossible effect of Li* on the transport of 5-HIAA.

The increased concentration of 5-HIAA seen both in animals given

Li* alone, and 60 minutes after the i.p. administration of L-tryptophan,

may indicate that Li* is inhibiting the clearance of 5-HIM from the

brain. This could not, however, account for the reduction in 5-HT

concentration which accompanied the latter increase in 5-HIAA, unless

one postulated a negative feedback system. fuoh a feedback system

would require an increase in the concentration of 5-HIM to feed back

and inhibit further synthesis of 5-HT. This could account both for

the smaller changes in 5-IIT measured 60 and 90 minutes after the trypto-



FIG. 9.

THE MAJOic HOUSES OF 5-HmOXYIKDOLE SXKSHES2S AID METABOLISM*

She abbreviations used are the same as those used in Fig 1.

The diagram shows how the transaiiiination of 5-IITP (reaction b) , can

effectively route L~tryptophan metabolism away fx-orn the production

of b-HT, with the subsequent production of larger amounts of

5-hydroxyindoleacetaldehyde.

b-KIPA - b-hydroxyindolepyruvic acid. The ensyrue catalysing reaction

5 is 5—HIP aminotransferase.
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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-HT

synthesis. The estimation of 5-HT turnover rates by measuring the

rate of accumulation of 5-HIAA after completely inhibiting 5-HIAA clear¬

ance by probenecid lias been vised extensively in the past. Studies

comparing different methods of estimating 5-HI turnover have tended to

provide comparable results (Neff et. al. 1969). The most direct

method of estiraating the rate of 5-HT synthesis is to measure the conver-

14 14
sion of C-tryptophan to "C-5-HT. A comparison of the rate of 5-KT

synthesis as measured by this technique, and by the accumulation of 5-

HIAA after probenecid showed that in the same strain of rats, the rate

of 5-HT synthesis was almost identical (heff et. al. I960). It would

thus appear that the build up of 5-11IAA in brain tissue does not inhibit

the further synthesis of 5-HT. It is unlikely therefore that changes

in the transport of 5-uIAA are responsible for the effects of Ii

ooserved in this experiment.

Civ) hossible effects of 10 day lithium pretreatment on the availability

of tryptophan for 5-HX synthesis.

It can also be seen from table 18 pages 92-94 that there are same

basic differences in the pattern of changes in forebrain 5-hydroxyindoles
"4*

following tryptophan treatment in the saline and Li treated groups,

in tiie saline group, the maximum elevation of 5-HT concentration occurred

SO minutes after the injection of tryptophan. Thereafter, the 5-HT

concentration declined. In the Li" treated animals however, the

maximum elevation of 5-HT' occurred 50 minutes after the injection and

declined, slowly over the next 80 minutes. Similarly, the elevation
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of 5-H3AA concentration in the saline treated animals was still in¬

creasing when measured 50 minutes after the injection whereas in the

Li ' treated animals the elevation of 5-HIAA had reached a utxxLwxm 60

minutes after the injection. It looks therefore, as though Li* pre-

treatiaent way he increasing; the rate at which the administered trypto-

piian is made available for conversion to 5-HT. Although the eleva¬

tion of 5-1S seen in the Li"' pretreated animals was considerably lo-.er

tian that seen in the saline group, it is impossible to say whether or

not the maximum elevation in 5-KT occurred between 0 and 30 minutes

after the injection of tryptophan. In this situation, aieasurement

of the 5-HT concentration 50, 60 and 90 adnutes after tryptophan may

only give an indication of the decline in 5-HT concentration from a

maximum. The changes in 5-HIAA concentration would also support the

suggestion that Li* is increasing tiie availability of tryptophan.

The maximum increase in 5-HIAA concentration in the control group of

animals appeared to lag the maxixnum increase in 5-iffi by at least 50

minutes. Thus the peak increase in 5-HIAA concentration seen 60

minutes after the injection of I/»tryptophan in the Li+ treated animals

may indicate tiiat the maximum elevation in 5-HT could have occurred be¬

tween 0 and 30 iidnutes.

The examination of the distribution of tryptophan between plasma

and brain tissue following a loading dose of L-tryptophan may provide

some indication of what is happening here. I>tryptophan has been

shown to be present in human, dog and rat plasma in two forms. A

large proportion is bound to plasma albumen, ana a smaller proportion

remains free in the tissue fluid (: chenaay and Oncley 1558, LcAenaxay et.

al. 1861, oir 1971a, Taglia:;jonte et. al. 1873), That portion of

plasma tryptophan which remains unbound will be available for trarxspor-
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tation from the plasma to the tissues. There is some indication

that the concentration of tryptophan in the brain is directly related to

the free plasma concentration of tve amino acid (Tnott and Curzon 1972),

Tagliarnonte et. al. 1973)» and that this in turn is similarly related to

the rate at which 5-HT is produced (Tarliemonte et. al. 1971i 1973» Moir

1971» Knott and Curzon 1972). Thus there is some suggestion that the

brain concentration of tryptophan end the synthesis or 5-HT can be in¬

fluenced by the level of circulating free tryptophan. "ny changes in

the utilisation of tryptophan between these two compartments may therefore

be detected by the direct measurement of the amino acid in these tissues.

: c! enemy et el. (19 61) demonstrated that the smell proportion of human

plasma tryptophan which was dialysable could be reliably estimated by the

concentration found in an ultrafiltrate of the plasma. Tn this experi¬

ment, an indication of the concentration of free plasma tryptophan was

therefore obtained by preparing a plasms ultrafiltrste.

The concentration of tryptophan in brain, plasma, and plasma ultra-

filtrate was measured 30» 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 amino acid in all three tissues

at all times measured in both groups of animals (table 30 pages 116 - 118).

A comparison of the changes in tryptophan concentration observed between

animals treated and not treated with Li+ (table 31 psses 119 - 121) demon¬

strated that Li+ hod no significant effects on the increase in tryptophan

concentrations elicited by the injection of the amino ecid. If, es has

been suggested, Li+ increases the rote 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 changes
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in tryptophan concentration observed following saline or Li pretreatment,

it can be seen from table 31a p. 119 (c.f. table 18), that the pattern of

change in brain tryptophan concentration was indeed similar to the change

in 5-HT concentration both in the saline and Li4 pretroated groups.

Thus the maximum change in 5-HT occurred 60 minutes after the injection in

the saline pretreated group, while in the Li4 pretreeted group these

changes were greater 30 minutes after the injection.

Since only a portion of the brain tryptophan will be entering the

5-HT pathway, it is possible that a change in the metabolism of tryptophan

through the 5-HT pathway could have occurred without significantly affect¬

ing the brain concentration of the amino acid. However, if Li' is

increasing the utilisation of tryptophan through the 5-HT pathway such

that the maximum change in 5-hydroxyindole production occurs more rapidly,

there must be some form of limiting factor, since the brain concentration

of tryptophan remains significantly elevated at 90 minutes both in the

saline and Li+ pretreated groups. Thus, at this time, the brain still

contains sufficient tryptophan to allow the production of 5-HT and 5-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 administered

tryptophan is made available for the production of 5-hyaroxyindoles , forms
. 4

the basis for the effects of Li observed in this study.

(10) The effect_ of 10 day lithium pretreatment on the uptake and reten-
14

tion of C-5-HT by isolated syneptosomes.

The two interpretations which best fit the date derived from the

previous experiments are that 10 day Li^ pretrestment 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



-161-

likely, experiments were designed to study the accumulation and retention

of C-5-HT by isolated synartosomes. In this way it should be

possible to examine in a more direct manner any effects on the storage

of 5-HT.

Two experiments were conducted* he first examined the sccumula-
19 o

tion of C-5-HT at 37 C, end the second examined the ability of the
^ o

synaptosomes to retain accumulated C-5-HT at 37 C.

Wong et. el. (1973) demonstrated that 5-HT was accumulated by rat

brain synaptosomec by means of a high affinity process, and a low

affinity process. There is seme evidence that the high affinity

process represents transport into authentic 5-HT terminals, whereas the

low affinity process may be responsible for the transportation of 5-HT

into catecholamine terminals (Shaekan and Snyder 1970, Wong et. al,

1973)* In the initial studies conducted in this investigation,

synaptosomes were incubated in 0.1 ^u'i 5-HT. This concentration of
5-HT is sufficiently low to enable the amine to be traneported primarily

by the high affinity process. (Sheskan and Snyder 1970, Wong et el.

1973)*

(11J The effect of temperature on the accumulation of 5-H'i by

syneptoeooes.

Table 32 p. 123 shows that the synaptosomes accumulated 5-HT much

more rapidly at 37°0 than at 2°C suggesting that the transport process

in the synaptosoraes prepared in these experiments was behaving normally

with respect to temperature dependence.

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

5-HT by synertosomes.

Table 33p p* 125 shows that synartosomes incubated in 0.1 uM
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C-5-HT rapidly accumulate the amine over the 10 minute incubation

period studied. It can also be seen that the accumulation of 5-HT

by synaptosomes prepared from rats which had received 10 d^y Li+ pre-

treatment was not significantly different from that observed in the

control group of animals. Table 33b p. 126 shows that the concentra¬

tion of 5-HT metabolites present in the synaptosomes is reasonably con¬

stant over the 10 minute incubation period. It can also be seen that
4

Li pretreotment had no significant effects on the synaptosomal concen-

4-
tration of metabolites derived from accumulated 5-HT. If Li pre-

treatment is Effecting the rate at which 5-HT is transported from the

cytoplasm to the storage compartment, one might have expected to see an

increase in the synaptosomal concentration of metabolites accompanied by

b reduction in 5-HT concentration. his was not so. However, in

order for this assumption to be valid, it must be assumed thut the con¬

centration of 5-HT measured in the synsptosone represents wholly that

which is present in the storage compartment. For this to be so it

would also be necessary for cytoplasmically located 5-HT to be immediate¬

ly catcbolioed by MAO. If a significant proportion of the 5-HT

measured is free in the cytoplasm, an effect of Li"* on the storage com¬

partment may be masked by e high cytoplasmic 5-HT content. studies

of the accumulation of 5-KT by rat brain slices prepared from untreated

animals and animals which had received an injection of the MAO inhibitor

pheniprozine, demonstrated that the amount of 5-HT accumulated was

markedly greater in slices from the pheniprszine treated animals (Ross

and Renyi 1967). However, the degree to which MAO inhibition in¬

creased the amount of 5-HT accumulated differed considerably depending

on the time for which the alices were incubated. "t incubation times

of up to 5 minutes there appeared to be no difference in the amount of
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5-HT accumulated by the brain slices from treated 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 leek of effect of the KAO 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 MAO is able to deamin-

ate it. In my experiments, the maximum 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 comportment 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 saline 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-H'T 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+ may be affecting 5-HT storage. In an attempt to overcome

some of the problems outlined above, further experiments were conducted

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

5-HT by isolated synaptosomes.

Two points needed clarifying from the previous experiment. The

first point refered to the location of the 5-HT measured in the synapto¬

somes, end the second to the concentration of 5-HT required to be stored

by the synaptosome. In an attempt to clarify these points, the

ability of synaptosomes to retain accumulated 5-HT at 37°C was investi-

gated. Synaptosomes were incubated in 0.1 juM or 1.0 ptM C-5-HT
for 10 minutes at 37°C. These were then washed and reincubated in

fresh Krebs at 37°C for periods of 0 - 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 Li+ on the storage compart¬

ment that may have been masked 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 table 3^a P* 128 that the concentration of 5-HT

retained by the synaptosome declined gradually over the 30 minute period

of incubation, both in synoptosomes prepared from saline controls, and

Li pretreated animals. It can also be seen that the concentration

of 5-HT retained by the synaptosomes was significantly smaller in the

Li+ pretreated group following incubation for 5 minutes. However,

there were no significant differences observed at any other period of

incubation. The reasons for the slow decline in 5-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
i . .

slowness of the removal of cytoplasmic 5-HT. On the other hand it

has been previously demonstrated that vesicles isolated from the caudate
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nucleus are relatively thennolabile and release dopamine spontaneously

when incubated in mock intracellular fluid at 37°C (Philippu and Beyer

1973). Though in this case, the vesicles are enclosed within the

synaptosomal membrane, and will be in contact with true intracellular

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 5-HT concentration in the synaptosomes isolated

from Li* pretreated animals may indicate that the ability to retain 5-HT

is hampered in these animals. Though there were no significant changes

in 5-HT concentration measured at the other incubation times, the fact
4*

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 3^ pages

128 and 130) was also 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 leaked from the storage compartment.

The significant rise in the concentration of metabolites seen after 30

minutes in the synaptosomes prepared from the Li+ 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 synaptosome gradually slows. The slow onset of this

effect would suggest that it may be related to the gradual depletion of
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a substrate or factor required for the transport 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 t*iis factor may be.

The retention of 5-HT by synaptosomeB after incubation in 1,0
14

C-5-HT follows similar pattern to that seen following incubation at

the lower concentration. The synaptosomal concentration of 5-HT

gradually declined ewer the 50 minute period of incubation, Pre-

treataent with Li"" had no significant effects on the synaptosomal con¬

centration of 5-HT, but the initial fall was significantly greater in

these animals, (table 55(a)(1) p. 153). 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 may 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 5-HT from the storage compart¬

ment. The rapid removal of the 5-HT metabolites between 5 and 10

minutes incubation would suggest that the process responsible for the

removal of such metabolites is reasonably efficient. Though the

initial fall in 5-HT was significantly greater in synaptosomes prepared

from Id/ pretreated animals, the final concentration reached was only

slightly lower than that in synaptosomes from control animals. Thus

it would appear that synaptosomes prepared from Li* pretreatea animals,

when incubated in 1,0 5-HT are able to accumulate slightly more

5-HT than those prepared from control animals, however, a larger propor¬

tion of accumulated 5-HT remains unstcred. The study failed however,

to provide any information that may help to identify whether Li+ affects

the rate at which 5-HT may be transported from the cytoplasm to the
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storage compartment. In addition, it Is still impossible to deter¬

mine whether or not Li"' reduces the maxiuaau capacity of the storage

compartment.

l ore information will be obtained by future investigations of the

effect of Li* on the accumulation and retention of 5-HT by sub-synapte-

soiial fractions. % laboratory was not previously equipped to do

tids. 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 Li pretreatiient

(0.75 mEq/Kg/day) may reduce the ability of 5-HT terminals to store

transmitter.

i£i) Support from previous findings far an effect of Li" op the

storftfiP of

There is some support in the literature of an effect of id+ on the

storage of brain monoamines. childkraut et. al. (1966, 1969)

denonstrated that both acute and chronic Id* treatment produced a shift

in noradrenaline metabolism from 0-rnethylation to deandnation. Cate-

chol-0-methyltransferase is primarily an extracellular enzyme, whereas

LAO is located intraneuronally. The authors suggested that noradren¬

aline released from the neurones is either accumulated by nerve endings,

or 0-methylated extraneuronally. Conversely, noradrenaline released

from storage granules within the neurone would be expected to be de&min-

ated. Fran this they suggested that an increase in the intraneuronal

de&mination 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 monoamine.

Lore direct evidence of an effect of Id"' on storage of monoamines
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has been provided by the work of Komisky and Buckner (1974). These

workers examined the uptake and retention of metaraaainol and octopamine

by synaptosomes isolated, from animals which had been treated with Li*
or saline for 10 days. It was found that the uptake and retention

of xae taraminol was markedly increased in the Li * 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 transported

across the cell membrane by the same process. The two amines differ

in that only octopamine appears to be a substrate for monoamine oxidase.

Viith this information, Komisky and nuckner (1974) concluded that the

different effects of Li* on the uptake and retention of octopamine and

metaraminol may best be interpreted by proposing that Li* increases the

rate of transport of both amines across the cell mei-brane, but reduces

the ability of the storage compartment to retain the transported amine.

As octopamine is a substrate for monoamine oxidase, that fraction of

transported octopamine which is not sequestered in the storage compart¬

ment would be de&minated. Conversely, as metar&minol is not * sub¬

strate for monoamine oxidase, the transported amine which is not stored

could remain free in the cytoplasm in an intact form.

As far as can be ascertained, the pbysiococheuical basis of nora¬

drenaline, octopamine and 5-ilT storage appears to be similar. All

appear to require the formation of nucleotide-clivalent cation aggregates

to which the monoamine becomes bound, (demeis et. &1. 1971, Kajan et. &1.

1972). Though the dependence upon nucleotides and divalent cations

has been confirmed for noradrenaline in the CN5 (ihilippu et. si. 1968) ,

it has yet to be shown that this is so for 5-HI. Both noradrenaline

and 5-H3U have, however, been located in synaptic vesicles v.see Chore
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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 monoamines in vitro is similar. Thus the

findings of rchildkraut et. al. (1966, 1969) Komisky and Buckner (1974)

and the results of this study may be related to a cannon eff ect of Li*
on the lntraneuronal storage of monoamines.

U5) 'fltt effect Of 5 a^y Uthl.up pretreatuient on the concentration

?f o-' V 5-HIM in th$ rat forebrain.

The administration of Li* (1.5 mEq/Kg/day) fear 5 days had no

significant effects on the concentration of 5-HT in the rat forebrain,

but elevated the concentration of 5-HIM (table 25 p. 105). A com¬

parison of table 13 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 5-HIM.

An increase in 5-HIAA 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-KIM out of the brain. The findin. that 5 day Li"

pretreatment did not greatly increase the production of 5-HIM following

Iftryptophan administration (table 24 pages 105, 106 and table 25 p. 108)

would tend to deny that Li"* may be reducing the clearance of 5-HIM from

the brain. Thus, the increase in the forebrain 5-HIM concentration

may reflect an increase in the synthesis and metabolism of 5-HT.

Such an interpretation is supported by a number of previous reports which

have demonstrated that short term Li* administration to rats increases

the synthesis and turnover of 5-HT in the brain (Tagliamonte et. al.

1971, Sheard and Agnajanian 1970, Peres-Cruet et. al. 1971, Knapp and

],landell 1975, Schubert 1975, Poitou et. al. 1974). On acme occasions,

the increase in 5-HT turnover was accompanied by an increase in brain
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5-HIM concentration without a change in the concentration of 5-HT

(''heard and Aghajanian 1970, Poitou et. al. 1974),

iM !Aat ^pdifiqfi^ion of effect of L-tryptophan by 5 dfty lithjMm

oretreatment.

Tables 24 and 25 pages 105 - 108, show that 5 day Li^ pretreatment

had no significant effects on the changes in forebrain 5-in and 5-KXAA

concentration induced by L-txyptophan.

If, as has been suggested, 5 day Li' pretreatment enhances the

synthesis and metabolism of 5-HT, one might have expected the elevation

of 5-HXAA by L-tryptophan to be increased by Li+ treatment. One of

the suggested meciianis.us by which acute Li" administration may increase

the synthesis and turnover of 5-HT is by increasing the transport of the

precursor amino acid L~tryptophan into brain (Tagliaiaonte et. al. 1971,

5chubert 1975), and nerve terminals (Knapp and handell 1975). Under

normal circumstances, an increase in the influx of tryptopiian into the

neurone would be expected to increase the synthesis of 5-HT, since

tryptophan-S-hydroxylase is relatively unsaturated (Friedman 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 1975) may become saturated. Thus any

change in the availability of substrate exerted by Li pretreatment could

be masked by the saturation of the hydroxylating enzyme or the tryptophan

transport process. This may account for the lack of effect of Li+ on

the fearebrain concentration of 5-HT and 5-HIM following Ir-tryptophan

administration.

(17) A comparison of the effects of 5 and 10 day lithium pretreatment
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on the response to Ij-tryptophan administration.

In contrast to the effects of ID day Li pretreataent on the re¬

sponse to the administration of I/-tryptophan, 5 day Li"' treatment had

no significant effects on changes in forebr&in b-HT and 5-HIAA induced

by this procedure. This may indicate that 5 day Li" pretreatment is

not influencing the storage of 5-HT to any great extent.

The different effects of 5 and 10 day Li administration say 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 Lif in the brain compartment in tfiich the effect is exerted.

The first thing to identify was whether car not the differences in

brain Li concentration following 5 or 10 day Li treatments could pro¬

vide some 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 iLavenport 1950, Corrodi et. al. 1967),

thus It is possible that brain levels may not have equilibrated after 5

day treatment. Measurements of the concentration of Li in plasma

and brain however, demonstrated that in these experiments, the concentre-

tion of Li in both tissues obtained from animals receiving b days Li

pretreatment (1.5 mEq/Kg/day) , was approximately double that measured

in rats receiving 10 days Li"' pretreatment at the lower dose (0.75 mEq/

Kg/day) (table 26 p. 115). Thus it would appear that the brain con¬

centration of Li may have equilibrated after both 5 and 10 day treat¬

ments. Thus, if the difference observed between the two treatments

is related to the brain concentration of Li , and not to the time for

which it was maintained, it would a pear that a lower brain concentration

of Id/ is required to exert a noticeable effect on storage. At higher

concentrations, the Li4 must be expected to either antagonise the effect
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of low doses of Lt+ or to exert a greater effect on another process

which would appear to mask an effect on storage.

Although total forebraln Li+ concentration has probably equilibra¬

ted well within the 13 day period of treatment, it is possible that the

build up of Li+ in the subcellular organelles involved in the synthesis

and storage of 5-HI could take a longer period. A recent report how¬

ever, demonstrated that IA+ tends to accumulate in the particulate

fraction of brain tissue following long term administration (Christeneen

1974).

Although the differences observed between long and short term Li

administration may be related to the brain concentration 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 aystea. In the peri¬

pheral adrenergic neurone, there is evidence to suggest that the storage

vesicles are pre-formed in the cell body of the neurone and carried by

axoplasmie flew to the nerve terminals (Bahlstrom and faggendal 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,

(rahlstrota and liaggendal 1966, Haggendal and Dahlstrom 1971). Support

for this proposal was given by the finding that the action of reserpine

on adrenergic storage is & two phase process. The first phase of

reserpine action is believed to be a reversible inhibition of the trans¬

port of amines across the granular membrane. This phase has a half

life of 12 to IS hours. After this Initial effect, a proportion of

reserpine appears to remain permanently sound to the storage granule

where it 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-



-173-

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 transported by axoplasmic flow

to nerve terminals in the forebrain, one could postulate that those

effects of long term Li" pretreatment on the storage of 5-HT may be

related to this phenomenon. Thus the principal effect of Li" could

be exerted on the formation of the storage granules within the cell body.

The time lag observed for an effect on 5-HT storage to be detected, may

then be related to the gradual replacement of functional vesicles by Li"

affected ones.

(IB) The modification of the effcet of stimulation by lithium

pretreatment.

If the postulates outlined above concerning an action of Li" cm

amine storage are oorrect, 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 monoamine. The results of experiment III provi¬

ded evidence that the elevation of forebrain 5-HIAA concentration follow¬

ing stimulation of the nucleus raphe mediums was derived primarily as a

consequence of the release of 5-HT followed by uptake and intr&neuronal

metabolism. Thus the last study conducted in the course of this

thesis investigated the effects of Li" pretreataent on the changes in

forebrain 5-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 animals which had received 5 or 10 day

Li" 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

Li demonstrated that 14 pretreatment had no significant effect on the

stimulation-induced changes in forebrain 5-KT and 5-HIAA (tables 21 and

27 pages 99 and 111). Time did not permit a more detailed investiga¬

tion into the effect of 5 day Li* pretreatment on these changes. How¬

ever, in an attest to identify the site of origin of the changes in

5-HIAA concentration observed in animals which had received 10 day Li*
pretreatment, the second part of the experiment investigated the effect

of chlorimipramine on these changes.

U9) Tfte tood^ficatjop of the effect of stimulation b.y lltftimfi pji^

chlorimipfamine.

Chiorimipramine (5 lag/Kg i.p.) administered 5.5 hours before stim¬

ulation had no effect on the change in 5-KT 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 completely abolished the

stimulation-induced increase in 5-HIM concentration in the control group

without significantly affecting that in the Li4 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 5-HIM concentration in the 14*

pretreated group may indicate that most of the 5-HIAA produced by stim¬

ulation in these animals was derived intracellularly, and not primarily

from the uptake of extraneuronally released 5-HT. It is possible

however, that the effects observed may have resulted frcta interactions

between Li' and ohlorimipramine.
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J^G)—possible interactiops betwggn 9l^Qrlzulpr^irne and

The major important coupon site of action for Li4 and chlorimipra-

mine, at least with respect to this experiment, is the transport of 5-HT

acrosr the terminal membrane. Although the acute effects of Li*
pretreatment cm the accumulation of 5-HT by eynaptosomes have been

reported in the literature (Xurlyama and Speken 1970) , there are no

comparable reports as to the long term effects of Li4 on this process,

because of the physiological similarities between synaptosacies and blood

platelets (Baasonen et. al. 1971) , it has become increasingly cocron to

use these structures as models of 5-HT terminals. The accumulation

of 5-HT by platelets obtained frcaa patients before, during and after

Li+ therapy has been shown to be increased during the periods in which

Li4 was administered (Lurphy et. al* 1969, 1970). Genefke (1972) how¬

ever noted no change in the accumulation of 5-HT by rat platelets follow¬

ing prolonged Li+ treatment. The results of my studies would suggest

that 10 day Ll+ pretreatment tended to enhance slightly, but not signifi¬

cantly the transport of 5-HT across the terminal membrane. In con¬

trast, ciilorimiprandne is well known to inhibit this process (Blackburn

et, al. 1967, Boss and Renyi 1967, Buxe and Ungerstedt 1968, Carlsson et.

al. 1968, 1969a, bhaskan and dry&er 1970, Leek et* al. 1970, Lidbrink

et. al. 1971). Thus it is possible for drug interactions to take

place at this level. If Li4 was able to overcome a chlarimipramine

induced inhibition of 5-HT transport from the extracellular to the intra¬

cellular environment, a greater proportion of the extraneuronally re¬

leased 5-HT would be able to gain access to intraneuronal MA0. The

apparent lack of effect of ohlorlmipramine on the elevation of 5-H1AA

induced by raphe stimulation in the Li+ pretreated animals, may therefore

be due to the deaiuination of 5-HT which has in fact been released, and
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wnich was able to return to the intracellular environment. ibis

possible dr^g interaction oould easily have been investigated by ex¬

amining tbe accumulation of 5-HT by isolated synaptosomes from animals

treated with these drugs. Although time did not permit such a study

it is one of a number of investigations whioh will be conducted in order

to follow up the studies reported in this thesis. In the absence

of this, such en interaction must be considered as a possible contribu¬

ting factor to the effects observed in this study.

ISi) •Josairble effects pf lithium on %he ydcape <?$

If Li4 pretreatment is not antagonising to any great extent the

ohloriiuipraiuine-inducod inhibition of 5-HT transport, one must consider

that the laok of effect of chlorimiprarrdne on the stimulation-induced

changes in forebrain 5-tiIAA could indicate that a greater proportion of

the b-HIAA is derived from 5-HT which has not been released extracellu-

larly. As a consequence, it can be proposed that Li"* inhibits in saae

way the impulse stimulated release of 5-HT. It remains to be deter-

lrdned whether this possible effect of Li+ on the extraneuronal ralee.se

of 5-HT is related to an effect on the storage of the monoamine within

the nerve terudnal. The result of the previous study suggested that

Li+ may affect the ability of the storage compartment to bind 5-13?.

uch an effect could be expected to directly reduce the irapulse-stiinula-

ted release of 5-HT from nerve terminals in the forebrain. The re¬

sults of the stimulation study however, do not entirely fit such a

hypothesis. If Li4 is affecting the rate at which 5-HT is transported

from the cytoplasm to the storage compartment, 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 Qf this

exoeriraent would suggest that this may be so. However, it might also
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be expected txi&t the repletion of 5-iH stores following release by

stimulation would also be slaved. Accordingly, one woula expect the

forebrain 5-HT concentration to be reduced, by raphe stimulation. Al¬

though this was so in the group of animals which had received both Li*
and chlarimipramine, it was not so in those receiving Li' alone. One

would have expected the forebrain concentration of 5-HT to be similar in

both cases. why ohloriaiipreuoine 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 5-hIAA level was

still significantly elevated. If 5-HT present in the synaptic deft

was able to diffuse away from brain tissue, it could be suggested that

the reduction in 5-HT concentration in the presence of ohlorimigramine

nay indicate that under the influence of Li", 5-HT wnich has been trans¬

ported across the terminal membrane is stored more readily than is newly

synthesised awine. uoh an effect could also account for the changes

in forebrain 5-HT and 5-HIAA seen in Li4 pretreated animals given Lr>

tryptophan. However, the trend towards an increase in brain b-HT

concentration seen in stimulated control animals given chlorimipramine,

would suggest that a large proportion of released 5-HT is unable to

diffuse away from the synaptic cleft < experiment I lib and this study).

..ince the concentration of 5-HT in the foreorain of control animals

is not significantly ohanged 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 whioh 5-HT is released from it. In

this situation, the storage compartment will not be required to store

large amounts of amine and an effect of Hi on the maximum capacity of

the storage compartment may not be detectaule in this experiment.

The results of this study are therefore unable to determine whether
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the possible effects of Li"* 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 arid Vb) suggested that the effect of

Li* on the storage of 5-HT may take many flays to become apparent.

Time did not permit the investigation of the effect of chlorimipramine

upon changes in forebrain 5-hydroxyindole concentrations induced by

raphe stimulation in animals which had received 5 day Li+ pretreatment.

Thus the time period required far the reduction in the ipulse-stimula¬

ted release of 5-KT to occur cannot be ascertained. It is interest¬

ing to note however, that Katz et. al. (1968) and Chase et. al. (1969)

obsexved signifioant reductions in the impulse-stimulated release of

5-HT from rat brain slices following the addition of Li* directly to

the incubation medium. It is therefore possible that a direct effect

of II* on the extraneuronal release of 5-HT from nerve terminals may

occur as soon as the Li* concentration at the terminal reaches a criti¬

cal level, whereas a longer period may be required to exert a noticeable

effect on storage.

tfeifi Wfihfrrflpmg by lithium ma,y jtfCjgj o-t}T rel?aq?.

stimulation of the midbrain raphe nuclei increases the rate of 5-HT

synthesis (Shields and Socleston 1972). It Is normally considered

that this increase In 5-HT synthesis Is responsible for the repletion

of 5-IiT which has been released by electrical stimulation. The

stimulus for this effect could be a feedback system triggered by the

loss of 5-HT from the storage compartment. Such a loss at 5-HT may

be brought about either by the extracellular release of 5-HT into the

synaptio cleft, or by the intracellular release of 5-HT from storage

sites Into the cytoplasm. The effect of chiorlmipramine on the ele¬

vation of 5-liIAA by raphe stimulation in oontrol animals (experiment
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IIId and IVc) would suggest that under normal circumstances, 5-HT is

released from the storage sites into the synaptic cleft. However,

under the influence of Li , 5-KT may be released from the storage sites

into the cytoplasm where it aay be metabolised by MAO. In this

situation, the elevation of foreurain 5-HIM concentration could occur

with little or no extraneuronal release of the amine.

The mechanism of 5-HT release from nerve terminals in the CHS has

yet to be elucidated. In si pleat terms it must involve a process

whereby the storage caipartment, or a proportion of the storage compart¬

ment, is suitably positioned for the release of 5-HT into the synaptic

cleft; and secondly 5-HI must be released from the storage sites.

Thus Li' amy be influencing the ability of the storage compartment to

adept a suitable position for the axtraneuronal release of 5-HT, without

affecting, the cleavage of 5-HT from its binding sites. In response

to stimulation, 5-HT would then be released into the cytoplasm Instead

of into the synaptic deft. The final result of such a process would

be a reduction in the irnpulse-stimulated extraneuronal release of 5-HT.

(25) General conclusions.

The results of these studies have provided seme evidence that 10

day Li4 pretreatment say inhibit the storage and extr&neuron&l release

of 5-HT in the rat forebrain. . vidence was presented which suggested

that the effect of Li' on the release of 5-HT may not occur as a direct

consequence* of an effect on storage, but may be an independent effect

of Li+.

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 rate, and it is therefore difficult to relate the

findings directly to the possible effects of Li' in man. If, how¬

ever, the interpretation of ay findings is later shown to be valid, a

study of the effect of Li+ on the storage of 5-H2 in human platelets

(see iaasonen la71) say provide a link between this work and the possible

therapeutic effects of the drug. however, it can be said that with

respect to the anti-manic effect of Li% the results of these studies

would fit currently-heId views on the relationship between brain

monoamines and the affective disorders.
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PlAG8AI.JuA'i.'IC iJU'lAKATIQM CP ganmCAl ARA.Y.lb

(a) Experiment II.

Stimulation. No stimulation.

Raphe. A B
ion-raphe. C D

A,B,C and D refer to the concentration of 5-HT or 5-hlAA in the

forebrain of anirrals receiving the experimental manoeuvere outlined

above and to the side of the table.

The effect of raphe stimulation was determined by a paired t teat

apolied to A and Bf and the effect of stimulation of non-raphe sites

by a paired t teat applied to C and D.

The difference between stimulation at the two sites was analysed

by a paired t teat applied to (A-B) and (C-D).

(b) All experiments involving raphe stimulation in saline controls

JMa&JtolOE»jafl ani^ls t experiments Illb and ,Vq) .

stimulation. Ko stimulation.

valine treated. A B
Drug treated, C D

A,£,C and D again refer to the concentration cf 5-HT and 6-HIAA in

animals receiving the experimental en.noeuvers outlined above and to the

side of the table.

The effect of drug treatment on the resting levels of 5-hgrdraxgr-

indoles was determined by a paired t test applied to b and D.

The effect of stimulation in saline treated animals was determined

by a paired, t test applied to A and £ and the effect of stimulation in

drug tret ted animals by a paired t test applied to C and I.

The effect of drug treatment on stimulation-induced changes in

forebrain 5-hydroxyindoles was analysed by a paired t test applied to

(A-B) and (C-D).
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(c) All experiments involving L-tryptophan administration in saline

controlB and drug treated animals. (Experiments Ilie, TVb, Vb and

VIII).

Tryptophan. Saline.

Saline treated,

"rug treated.
A
C

B
E

A,B,C and D refer to the concentration of 5-HT, 5-MAA or

tryptophan in animals receiving the expe rimental manoeuvers 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 I>.

The effect of L-tryptophan administration in saline treated

animals was determined by a paired t test applied to A and B and the

effect of tryptophan in drug treated animals by a paired t test applied

to C and E.

The effect of drug treatment on tryptophan-induced changes in

5-HT, 5-HIAA or tryptophan was analysed by a paired t test applied

to (A-B) and (C-D).

(d) Experiment IYc.

Saline faline
plus plus

Control
animals.

Li+ treated
animals.

stim.

A

E

no stim.

B

Chlori iApramine Chlori niprasdne
plus plus

stimulation. no stimulation.

H

A - H refer to the concentration of 5-HT and 5-HIAA in animals

receiving the experimental nmnoeuvers 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

Li* treated animals by a paired t teat applied to 2 and F.

The effect of Li+ treatment on stimulation-induced changes in

5-hydroxyindole concentration was analysed by a paired t test applied

to (A-B) and (B-F).

The effect of chlorimipramine on stimulation-induced changes in

forebrain 5-hydroatyindolea in the control group was analysed by a

paired t test applied to (A-B) and (C-D), and in the Li* treated

group by a paired t test applied to (&-F) and (G-H).
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A SUi&iAKY OF THE MAJOR HK.JI'jGS OF Tili STUDIES.

This table summarises the major findings of the studies. The table

is divided into two sections. Section (a) describes the responses ob¬

served in control animals following stimulation of the nucleus raphe

medianus or the administration of L-tryptophan. An upward pointing arrow

( f) indicates an increase in the forebrain concentration of the substances,

a downward pointing arrow ( |) indicates a decrease in the forebrain concen¬

tration of tiie 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.

Each column in section (B) is divided into two sub-columns. The left hand

sub-column indicates how the forebrain concentration of 5-hydroxyindoles

or tryptophan is affected by electrical stimulation or L-tryptophan adminis¬

tration. The symbols used in this column are the same as those used in

section (A). Thus an upward pointing arrow ( t) 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 ha,- the responses observed in drug treated animals 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 ( f ) 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 summary chart was constructed.



SUMMARYCHARTOFTHEEFFECTSOFDRUGSONTHERESPONSESTOSTIMULATIONANDL-TRYPTOPHANADMINISTRATION.
Table36. (B) MODIFICATIONBYDRUG TREATMENT.

Changeinconcentration of5-HTand5-HIAAinduced bystimulation.

Changesinconcentrationof5-HT,5-HIAA andtryptophan,30minutesafterthe administrationofL-tryptophan.
Changesinconcentrationof5-HT.5-HIAA andtryptophan,60minutesafterthe administrationofL-tryptophan.

(A) CONTROLRESPONSES.

5-HT
0(10)

5-HIAA

5-HT

5-HIAA

Tryptophan

tdo)

I(17)

1(17)

t(30)

5-HT
t(17)

5-HIAA

Tryptophan
t(17)

t(50)

(1)MODIFICATIONBY CHLORIMIPRAMINE.

0(12)f(13)1(12)|(13)

1(1*00(15)t(1*+)f(15)

(2)MODIFICATIONBYLi 10DAYS.

.+

0(20)0(21)1(20)0(21)1(17)0(18)1(17)0(18)l(30)0(31)1(17)|(18)1(17)IC18)t(30)0(31)
(3)MODIFICATIONBYLiH 10DAYSPLUS CHLORIMIPRAMINE.

|(22)j(22)t(22)0(22)
(4)MODIFICATIONBYLi 5DAYS.

.+

0(26)0(27)1(26)0(27)1(24)0(25)1(24)0(25)
1(24)0(25)1(24)0(25)
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