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INTRODUCTION
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INTRODUCTION

The aim of this study was to investigate the ability of antidepressant 

drugs to influence feeding behaviour and central catecholamine levels.

Depression and disturbances in feeding behaviour are often 

associated clinically. For example, in anorexia nervosa, a severe 

manifestation of disturbance in feeding behaviour, there is often 

associated depression or other psychiatric disturbance (Szmukler 1982) 

Although a specific treatment of anorexia nervosa has not been found, 

antidepressant drugs eure often used in conjunction with psychotherapy. 

Folstein et al (1977) reported that depression, guilt and anxiety 

were common among their anorexic patients and that their mood 

improved with weight gain. There is no clear evidence as to whether 

anorexia nervosa is a complication of certain types of depression 

or vice versa. It is, however apparent that the two conditions are 

closely related.

Depression may also be related to obesity (Hernandez and Hoebel 1980). 

In some cases it may be due to a lack of exercise caused by lethargy, 

in others there may be an obsession with food leading to obesity 

(Stunkard 1980).

Tricyclic antidepressants have been found to cause weight increase 

in depressed patients. This effect can be sufficiently severe to 

necessitate withdrawal of the drug (Blundell 1980). Some of the 

newer antidepressants have been shown to cause weight loss in both 

human and animal studies (Kirby et al 1978, Harto Truax et al 1983). 

My earlier work suggested that these effects were of central, rather 

than peripheral origin (Fleece 1980).



Thus, considering the evidence reported so far there seems to be a 

relationship between central control of feeding and mood.

In order to elucidate this mechanism, normal and obese rats have been 

treated with a range of eight antidepressant drugs of different 

classes; imipramine, clomipramine, nomifensine, viloxazine, 

mianserin, bupropion, maprotiline and trazodone.

Changes in body weight, blood glucose and liver glycogen were 

monitored. Catecholamine and indoleamine levels were measured in the 

ventromedial and lateral hypothalamic nuclei, the globus pallidus 

and the central amygdaloid nucleus. The method of analysis used was 

reversed phase ion-pair high performance liquid chromatography (HPLC) 

(Fleece et al 1982). This method was also used to measure serum 

total and free tryptophan.



1 .1 OBESITY

The dictionary definition of obesity is 'a bodily condition marked by 

excessive generalised deposition of fat'. Most population studies 

however depend on measurements of weight and height to quantify 

obesity.

The widely accepted method of expressing the degree of obesity is to
2use the body mass index (BMI), or Quetelet index, ie: Wt/ht , where 

Wt = weight in kg and ht = height in metres (Report of the Royal 

College of Physicians 1983). This method is acceptable for adults 

(male and female) but in children and adolescents the formula is 

modified to Wt/ht^, standard values of p being used for different ages 

The standard weights used to determine obesity are those presented 

by the Metropolitan Life Assurance Company (1960) which are based on 

the Build and Blood Pressure study (Society of Actuaries 1959).

The tables of optimal weights express data in terms of body weight 

for each sex and for different heights. A further classification is 

made for small medium and large frame but there is a problem in 

accurately determining frame size.

Obesity has been associated with many disease states (Report of the

Royal College of Physicians 1983).

The principle disease frequently associated with obesity is Coronary 

Heart Disease (CHD). The relationship between overweight and CHD 

has been illustrated in studies such as that by Carrow (1981).

Obesity has also been related to hypertension; this is considered in 

detail in the DHSS/MRC Report (1976) which contains data showing

that a 6mm rise in systolic blood pressure and a 4mm rise in

diastolic pressure occurs with a 10% gain in body fat.
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There is evidence that weight loss will reduce blood pressure.

From a sample of 519 middle aged men 333 maintained a 5kg weight 

reduction over five years; The fall in systolic blood pressure was 

found to be 7 - 16mm and in diastolic pressure 4 - 10mm (Stamler 

1979). These results suggest that a quite modest reduction in 

weight may be an effective means of treatment for mild to moderate 

hypertension without the need of antihypertensive drug therapy.

Several studies have shown the link between maturity onset diabetes 

and weight (Westlund and Nicolayson 1972, DHSS/MRC Report 1976). 

Vague et al (1979) suggested that the risk of diabetes and other 

complications of obesity is associated with individuals who have 

excess body fat of android distribution; ie: fat deposits mainly 

on the upper part of the body. Recent work to investigate this idea 

further has confirmed this theory showing a significantly increased 

risk of obesity associated illness in subjects with fat distribution 

of the android pattern (Kissehah et al 1982).



1.2 THE CENTRAL CONTROL OF FEEDING

Hetherington and Ransom (1942) showed that by lesioning the 

ventromedial hypothalamus hyperphagia and obesity can be induced in 

the rat. In contrast, if lesioning occurs in the lateral hypothalamus 

feeding is abolished and the animal looses weight and dies (Anand 1951) 

These observations led to the theory of a satiety centre in the 

ventromedial hypothalamus and a feeding centre in the lateral 

hypothalamus. Further research showed that there is not a total loss 

of control after lesioning. Teitelbaum (1961) showed that if rats 

were made to overeat before lesioning the ventromedial hypothalamus 

there was no further weight gain after the operation. Furthermore, 

if brain-lesioned rats were force fed to make them super-obese they 

reduced their food intake until their weight had fallen to its 

original obese level (Hoebel and Teitelbaum 1976).

The inference is that lesioning does not cause uncontrolled 

overfeeding but regulated feeding at an elevated level.

In the case of the lateral hypothalamus the size and position of the 

lesion is critical. Epstein and Teitelbaum (1967) showed that 

although a large lesion caused total aphagia and death, a smaller 

lesion in the mid-lateral rather than the far lateral region led to 

a reversible weight loss (Teitelbaum 1969).

Gustatory nerves have been traced from the tongue to the hypothalamus. 

Both electrophysiological and anatomical evidence suggest that taste 

is processed in the thalamus, cortex and hypothalamus (Norgren et al 

1977). In addition the trigeminal nerve, which serves much of the 

face, has hypothalamic connections. If this nerve is cut the animal 

refuses to eat and generally behaves as if it has a lateral
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hypothalamic lesion (Zeigler 1974).

Further evidence of the role of the hypothalamus comes from clinical 

observations of obese subjects with known brain damage in the region 

of the pituitary and the hypothalamus (Hernandez and Hoebel 1980). 

Reeves and Plum (1969) reported a case of a woman with a medial 

hypothalamic tumour; her daily food intake was 10,000 kcal even 

after correction for metabolic and hormonal difficulties.

The hypothalamus has been postulated as the site of the essential 

control processes in several food intake mechanisms. Kennedy (1953) 

suggested that the hypothalamic satiety mechanism was sensitive to 

the amount of fat in the depots and that this 'lipostatic' regulation 

of food intake could possibly be regulated by circulating metabolites. 

The hypothalamus is also important in the 'glucostatic' theory 

Hernandez and Hoebel 1980). This is concerned with the fact that 

lesions to the hypothalamus can influence insulin secretion.

In normal rats insulin improves glucose utilisation by glucose 

receptors in the medial hypothalamus thereby improving the satiety 

signal (Oomura 1976). Lasioning in the medial hypothalamus destroys 

certain of the insulin sensitive glucoreceptors (Oomura 1976).

The role of catecholamines and indoleamines in the central control 

of feeding has been widely researched. Ungerstedt (1971) reported a 

noradrenergic fibre bundle ascending from cell bodies in the mid 

and hind brain which innervates the lateral hypothalamus.

Ahlskog and Hoebel (1973) suggested that stimulation of this bundle 

may inhibit feeding. They selectively destroyed the bundle as it 

passes through the mid-brain by injecting it with the catecholamine 

neurotoxin 6-hydroxydopamine. The result was hyperphagia and obesity



Further investigation showed that the obesity was largely due to a 

selective damage to a noradrenergic pathway ascending from the 

mid-brain to inhibit a lateral hypothalamic feeding system (Hernandez 

and Hoebel 1980).

Dopamine is also known to have a central effect in the control of 

feeding. Morley (1980) showed that the dopaminergic tracts in the 

nigrostriatal bundle play a major role in the initiation of feeding.

The neurotransmitters discussed so far are both affected by the 

anorectic agent amphetamine, which potentiates the effects of 

catecholamines by stimulating release, blocking reuptake and 

inhibiting monoamine oxidase (Carlsson 1970). The anorectic action 

of ajnphetajnine provides further evidence for the role of catecholamines 

in appetite control.

Fernstrom and Wurtman (1973) showed that brain 5HT levels can be 

altered by diet. They showed that a carbohydrate meal that caused 

the release of insulin, or a direct injection of insulin, increased 

the transport of free tryptophan across the blood-brain barrier.

Further work showed that this led to an increase in synthesis of 

central 5HT from tryptophan (Fernstrom eind Wurtman 1974).

This evidence for the involvement of 5HT in feeding control is 

supported by the effects of the anorectic agent fenfluramine. 

Fenfluramine has been shown to exert its anorectic action by causing 

5HT release (Costa 1970, Ziance 1972). Fenfluramine has also been 

shown to block reuptake of 5HT thus increasing its brain levels 

(Garrattini et al 1978). This is consistent with the fact that 5HT 

depletion using intraventricular injection of parachlorophenylalanine 

(PCPA) leads to hyperphagia and obesity (Hernandez and Hoebel 1980).
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1.3 CENTRAL MECHANISMS OF DEPRESSION

There is considerable evidence of the involvement of biogenic amines 

in the etiology of affective disorders (Coppen 1976).

Due to the obvious problems of collecting data on human brain 

transmitter levels in vivo indirect methods of assessing levels must 

be employed. Urinary excretion of transmitter metabolites have been 

widely studied (Coppen et al 1966, Classman and Platman 1970).

Biogenic amines and their metabolites may also be measured in 

the brains of suicide victims postmortem (Shaw et al 1967).

Results from postmortem studies are not easy to interpret.

It is often not known what medication the subject has received prior 

to death. Furthermore it has been shown that degradation of the 

transmitters occurs after death (Joyce 1962); there is often 

uncertainty as to the exact time of death in suicide cases.

Pare et al (1969) carried our such a study. They found no variation 

in noradrenaline and dopamine levels between the brains of normal 

and depressed patients but did find a significant fall in 5HT and 

5H1AA levels in depressed subjects.

Studies have also been carried out involving analysis of cerebrospinal 

fluid. The catecholamines and 5HT are not detectable but the acid 

metabolites 5H1AA and homovanillic acid (HVA) are.

Precautions must be taken in drawing conclusions from results of 

such studies as many factors are known to influence these levels.

5H1AA levels in the CSF are known to vary with age, there is also 

variation depending on the region of the spine the sample is taken 

from (Coppen 1976). It is also important that 5HIAA is actively 

transported out of the CSF so that any change in levels may be a
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result of changes in this transport mechanism rather than of changes 

in central levels (Coppen 1976). Reports of studies looking at CSF 

levels have produced conflicting results. Bowers et al (1969) did 

not find any significant change in depressed patients but van Praag 

et al (1970) reported significantly lower levels of CSF 5H1AA and HVA. 

In a communication at a symposium on Brain Chemistry and Mental 

Disease Coppen (1971) concluded that there was good evidence for 

abnormality in 5HT in depressive illness but clinical recovery was 

not accompanied by any change in this abnormality indicating that 

these changes possibly contributed to part of the chemical pathology 

of depression only.

Apart from evidence of the involvement of 5HT in depression there is 

also evidence of a role of noradrenaline and dopamine.

Schildkraut (1965) postulated that some cases of depression were 

associated with a deficiency of catecholamines at functionally 

important adrenergic sites in the brain sind that an excess of these 

compounds at the same sites led to mania.

Further evidence for the role of catecholamines and indoleamines 

in depression is provided by the results of animal studies on 

antidepressant agents. These drugs have been shown to elevate levels 

of catecholamines and/or indoleamines and are known to clinically 

relieve the symptoms of depression. The mode of action of specific 

antidepressant agents will be discussed later in this introduction.
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1.4 DRUG TREATMENT OF DEPRESSION

The drugs currently used in treatment of depression fall into two 

main categories, the monoamine oxidase inhibitors (MAOIs) and the 

tricyclic antidepressants. There are several newer antidepressants 

of novel structure but these in general are chemically related to the 

tricyclics and have been chemically modified to minimise side-effects.

The Monoamine Oxidase Inhibitors

The first MAGI used as an anti depressant was iproniazid, its mood- 

elevating properties were discovered when it was being investigated 

as a new anti-tuberculosis agent. Early reports of its efficacy as 

an antidepressant were favorable and it was widely used (Crane 1957). 

Zeller had determined in 1952 that iproniazid was an MAGI and when 

it became clear that hepatotoxicity was a serious complication of 

iproniazid therapy reseaurch was launched to synthesize MAGls without 

this property.

This research led to the developement of two groups of MAOIs still 

used clinically; the hydrazines, for example phenelzine, nialamide 

and isocarboxazid, and the nonhydrazines the only currently marketed 

example being tranylcypromine.

Phenelzine is considered to be the best drug of the group as it has a 

lower incidence of side-effects (Morris and Beck 1974).

The MAGls are not used as first line treatment for depression due to 

their involvement in several potentially serious drug interactions 

(Simpson and Cabot 1976). MAGls may interact with sympathomimetic 

amines both of dietary origin, eg: tyramine (Blackwell et al 1967), 

and in proprietary and prescription medicines, eg: ephedrine (Cuthbert 

et al 1969). The result of the interaction may be hypertensive 

crisis (Stockley 1973).
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The Tricyclic Anti depressants

In a similar way to the MAOl drugs the tricyclics antidepressant 

properties were discovered by accident. Imipramine, which is 

chemically related to the phenothiazines, was under investigation 

as an antipsychotic. Although it was found to be ineffective in 

schizophrenia it was found to elevate mood (Kuhn 1958).

This discovery led to the synthesis of a range of chemically similar 

compounds eg: clomipramine, amitriptyline and protriptyline.

As the name suggests MAOIs raise neurotransmitter levels in the 

brain by inhibiting monoamine oxidase (MAO). MAO is the enzyme 

which catalyses the oxidative deamination of monoamines (Spector 

et al 1963). The tricyclics elevate transmitter levels by inhibiting 

reuptake of amines into the neurone (Glowinski and Axelrod 1964).

All tricyclics to some extent have anticholinergic properties which 

lead to side-effects. The most common adverse effects are dry mouth, 

tachycardia and postural hypotension; most of these effects may be 

overcome without necessity to withdraw the drug by adjustment of the 

dose (Davis 1976).

Several new compounds have been synthesized with modifications to 

the tricyclic molecule in order to minimise these anticholinergic 

effects without loss of central effect, eg: mianserin, viloxazine 

and maprotiline. The pharmacology of these drugs and others used in 

this study will be discussed in greater detail in the next section 

of this introduction.
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1 . 5 IMIPRAMINE (Tofranil)

Imipramine was the first clinically used tricyclic antidepressant 

(Kuhn 1958).

Maxwell (1969) and Salama (1971) showed that imipramine competitively 

inhibited uptake of noradrenaline into rabbit aorta and rat cortex 

slices. They showed however that imipramine is only one tenth as 

potent as its desmethylamine derivative desmethylimipramine in this 

action. However, in direct contrast to this imipramine was ten 

times more potent than desmethylimipramine in inhibiting uptake of 

5HT. This was demonstrated in slices of whole rat brain by Blackburn 

et al (1967) and in slices of mouse brain stem by Ross and Renyi 

(1967).

Horn et al (1971) showed that imipramine was a poor inhibitor of 

uptake of labelled dopamine into rat striatal synaptosomes. He also 

presented evidence to suggest that the inhibition of dopamine uptake 

into striatum produced by the tricyclics is non-competitive.

Although several newer analogues of imipramine have been synthesized 

imipramine is still widely prescribed as an antidepressant.
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1.6 rCLOMIPRAMINE (Anafranil)

Cl
tn CHCH

CH,

Clomipramine broadly shares the same properties as imipramine; 

however the addition of a chlorine group renders the compound four 

times more potent than imipramine as a competitive inhibitor of 5HT 

uptake into whole brain synaptosomes (Wong et al 1974).

It is interesting to note that this increased potency over imipramine 

with regard to 5HT uptake does not apply to noradrenaline; Ross and 

Renyi (1975) noted that indistinction from imipramine and 

desmethylimipramine, clomipramine is up to 10 fold more potent in 

inhibiting 5HT uptake than noradrenaline uptake.

Horn and Trace (1974) carried out a structure—activity study on the 

capacity of clomipramine to inhibit uptake of 5HT into homogenates 

of hypothalamus. They showed that if a sulphur atom is substituted 

for the two carbon bridge of clomipramine the product is chlorpromazine 

and there is a 50 fold loss in inhibition of 5HT uptake.
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2 ^ 7  NOMIFENSINE (Méritai)

N.CH

NH
H C .COOH 
HC.COOH

Nomifensine, a tetrahydroisoquinoline derivative differs from 

tricyclic antidepressants in having a potent inhibitory effect on 

dopamine reuptake at presynaptic nerve terminals in addition to 

inhibiting noradrenaline reuptake (Schacht et al 1977).

Clinically it has been shown to be an effective antidepressant but 

non— sedative and relatively free from anticholinergic and cardiotoxic 

effects (Hanks 1977).

Leonard (1980) reported that in addition to the effects of nomifensine 

on catecholamines it antagonised the reduction in 5HT and 5HIAA in 

the mid-brain of the bulbectomized rat.

Storer et al (1980) compared nomifensine with imipramine in a long 

term study (6 months). They found that side-effects were less 

frequent in nomifensine treated subjects. Furthermore significantly 

more patients on imipramine reported palpitations.

Nomifensine has become one of the first line antidepressants for use 

in patients with cardiovascular disease due to its lack of cardiac 

side effects (Montgomery and Taylor 1981).
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1-8 VILOXAZINE HYDROCHLORIDE (Vivalan)

O.CH

OC H
H ECI .

Viloxazine is 2-(2-ethoxyphenoxymethyI)-2,3,5,6-tetrahydro-I,4-oxazine.

It is a bicyclic compound, structurally distinct from tri- and tetra

cyclic antidepressants.

Viloxazine is effective in many of the animal tests that are accepted as 

indicators of antidepressant properties in humans. (Finder et al 1977). 

It exerted dose dependant effects (0.3 - lOmgkg  ̂ orally) against 

reserpine or tetrahenazine induced ptosis, catalepsy and hypothermia in 

mice and rats. (Greenwood 1975; Lippman and Pugsley 1976; Mallion et 

al 1972). It was somewhat less potent than imipramine and desipramine. 

Viloxazine compared favourably with imipramine in its ability to inhibit 

the uptake of noradrenaline into mouse heart in vitro. (Greenwood 1975). 

Mallion et al (1972) found little effect on uptake of 5HT into human 

platelets. There was, however, found to he a transient rise in resting 

concentrations of noradrenaline, dopamine and 5HT in rat brain.

(Greenwood 1975). Viloxazine has been shown to he a weak blocker of 5HT 

uptake in the mouse brain and to potentiate 5HT mediated functions in the 

mouse and rat. (Lippman and Pugsley 1976). Viloxazine has been shown to 

cause a transient weight loss in dietary obese rats and to reverse 

fenfluramine, induced, but not amphetamine induced, anorexia.

(Fleece 1980).
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2 _ 9 MIANSERIN (Bolvidon, Norval)

N'CH HCl.

Mianserin is a tetracyclic compound. As is often the case with new 

generation antidepressants it was found to be largely inactive in 

the usual animal screening tests for antidepressant drugs (Brogden 

et al 1978).

Mianserin was initially synthesized as an antihistamine and anti

serotonin compound (van der Burg et al 1978). Subsequent work suggests 

little central effect on 5HT.

Leonard (1978) reported that mianserin increased turnover of 

noradrenaline without affecting that of 5HT or dopamine. He suggested 

that mianserin may increase noradrenaline turnover by blocking 

presynaptic alpha-receptors in the limbic system.

Mianserin has been shown to differ from tricyclic antidepressants in 

several ways. Mianserin is much more potent in blocking presynaptic 

alpha-adrenoreceptors than imipramine (Baumann and Maitre 1976).

In contrast tricyclics probably inhibit mainly post-synaptic alpha- 

receptors (Delini-Stula 1978).

Mianserin has also been shown to block clonidine-induced avoidance 

(Robson et al 1978) and hypoactivity (Delina-Stula 1978).
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Mianserin, in common with nomifensine has been shown to be devoid of 

cardiac side-effects (Kopera 1978). An advantage of mianserin over 

most other antidepressant drugs is that it is particularly well 

tolerated by the elderly (Model and Trum 1977).

1,10 b u p r o p i o n  h y d r o c h l o r i d e  (Wellbatrin)

Cl

0
CH.

HN-C-(CH^)^

Bupropion is an anti-depressant agent of novel chemical structure.

It is active in animal screening models for antidepressants but does 

not exhibit the anticholinergic and sympathomimetic properties of the 

tricyclics (Mehta 1974, Baltzly and Mehta 1968).

The clinical effectiveness of bupropion as an antidepressant has been 

shown in a double-blind, placebo controlled study by Fabre et al (1977) 

Bupropion is of similar chemical structure to the anorectic agent 

diethylpropion. As may be predicted from the structure bupropion 

shows some stimulant properties (Soroko et al 1977).

Locomotor activity in mice is increased in a dose-dependant manner 

but there is no stereotyped behaviour as is seen with amphetamine 

(Butz 1982).

Bupropion has been reported to cause weight loss in clinical studies
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(Harto-Truax 1983), and in animal studies (Kirby et al 1983).

Bupropion does not inhibit monoamine oxidase in the rat (Koe 1975), 

and it was found to be 60 fold less potent than imipramine or 

amitriptyline in inhibiting noradrenaline reuptake in rat hypothalamic 

synaptosomes (Soroko et al 1977).

However, bupropion was 6 fold more potent than imipramine and 20 

fold more potent than amitriptyline as an inhibitor of dopamine 

uptake in striatal synaptosomes (Butz 1982).

There was little effect on 5HT uptake even in concentrations of drug 

as high as 10 (Ferris et al 1981).

1 MAPROTILINE (Ludiomil)

CHLCHLCHLNHCH

Maprotiline is a derivative of dibenzo(b.e .)bicyclo (2,2,2)octadiene. 

It differs chemically from tricyclic anti depressants in that it has 

a rigid flexure imposed upon its molecular skeleton by the ethylene 

bridge (Wilhelm 1972).
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Maprotiline resembles tricyclic antidepressants in many of its 

pharmacological effects in animal models of derprssive illness (Pinder 

et al 1977). It has been shown to be a potent inhibitor of 

noradrenaline uptake (Delina Stula 1972).

Maprotiline has been shown not to affect 5HT metabolism in animals, 

it does not affect 5HT following depletion by pharmacological means, 

neither does it affect endogenous 5HT levels or those of its principal 

metabolite 5HIAA (Maitre et al 1975, Waldmeier et al 1976).

In human studies the possible effects of maprotiline on serum total 

and free tryptophan have been investigated (Maitre et al 1975); no 

affect was observed and it was concluded that the drug does not 

affect 5HT synthesis.

Maprotiline showed a dose dependant central nervous system depressant 

action in einimal studies and, unlike imipramine, it suppressed rather 

than potentiated the hypothermic action of amphetamine in rats.

However the drug was not found to exert any intrinsic hypothermic 

action (Pinder et al 1977).

1.12 TRAZODONE (Molipaxin)

.N - CH^-CHgCH^
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Trazodone, first synthesized in Italy, is a triazolopyridine 

derivative chemically unrelated to other anti depressants (Palazzo and 

Baiocchi 1966).

Although trazodone has been shown to have antidepressant properties 

in man (Al-Yassiri 1981), in animals it does not exhibit most of the 

effects regarded as typical of aotidepressant drugs. Unlike tricyclics 

it does not have anti-reserpine activity or potentiate 

methylamphetamine induced anorexia (Domino 1974, Koe 1976).

It does not show monoamineoxidase inhibition (Pecknold et al 1976), 

nor is it anticholinergic (Silvestrini 1976).

Angelucci and Bolle (1974) studied the effects of trazodone"ini-the-rat 

brain. At low doses they found it reduced 5HIAA levels and at higher 

doses this was accompanied by an increase in 5HT levels. At even 

higher levels there was also a reduction in noradrenaline and 

dopamine levels.

Trazodone has been found to be a potent antagonist of 5HT peripherally, 

(Al-Yassiri et al 1981). In a volunteer study Larochelle et al (1979) 

found that blood pressure response to tyramine and noradrenaline was 

enhanced by pretreatment with imipramine but not trazodone.

This shows that trazodone does not share the action if imipramine 

in potentiating the action of catecholamines the at though to 

contribute to the cardiotoxicity of the tricyclics.

Tricyclic cardiotoxicity is well documented and tricyclics have been 

found to enhance the possibility of cardiovascular accident in patients 

with pre-existing heart disease (Moir et al 1972).

This effect has been attributed to the tricyclics anticholinergic 

and quinidine like actions; these are absent from trazodone (Domino 

1974, Al-Yassiri et al 1981).
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Al-Yassiri et al (1981) summarised the available data on trazodone. 

They suggested that trazodone acts centrally by blocking the membrane 

pump and consequently, the neuronal uptake of 5HT, by blocking 5HT 

receptors or by reducing the sensitivity of central beta-adreno- 

receptors by an as yet undefined mechanism.

It appears unclear whether the effects of trazodone on 5HT and/or 

adrenergic mechanisms are related to its clinical antidepressant 

properties.



CHAPTER 2

METHODS
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METHODS

Dietary Obese Rats

Sclafani and Gorman (1977) showed that if rats were fed a varied, 

palatable diet of 'supermarket' foods they overeat and become obese.

In our original studies an adaptation of this method was developed 

using a choice of eight from twelve foods (Fleece 1980).

Subsequent investigations have shown that a much simplified form of 

this diet using four foods is equally effective in producing dietary 

obesity. The diet used consisted of, 'Rice Krispies', chocolate, 

digestive biscuits and luncheon meat. A sufficient quantity of each 

food was presented daily to ensure that excess remained after 24 hours. 

Suitable quantities of each food for a group of six rats was found 

to be 80g 'Rice Krispies' and 40g of each of the other foods.

Female Wistar rats (University of Bath strain) of initial weight 

200 4- lOg were housed in groups of six in solid based cages.

Oxoid 41B pellets and water were always available. The 'supermarket' 

foods were added daily between 10.00am and 11.00am, the food was 

placed on the cage floor. Lighting was on a normal 12 hour light/dark 

cycle. The rats were dosed daily between 10.00am and 11.00am by the 

oral route. All Einimals were dosed either with drug dissolved in 

distilled water or with the water alone.

The animals were numbered by means of a bar code on the tail and were 

weighed daily prior to dosing.

At the end of the study the animals were killed by a sharp blow to the 

head, decapitated and a sample of blood collected. The brain was 

removed and frozen in liquid nitrogen, a liver sample was removed 

and frozen in the same way.
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Blood Glucose Assay

The method used to measure blood glucose was a colorimetric test 

available in kit form from Boehringer Mannheim Ltd., the assay 

principle being:-

glucose + 0^ + H^O _________GOD___________ gluconate + H^O^

H^O^ + ABTS* POD coloured complex + H^O

* ABTS = di-ammonium 2 , 2 ’-azino-bis(Sethylbenzothiazoline-6-sulphonate) 

GOD = glucose oxidase. POD = peroxidase

Whole blood (0.1ml) was added to 1ml 0.33N perchloric acid in a test 

tube. The tubes were shaken and centrifuged at 3,000g for 5 minutes 

to precipitate the protein. A sample of the supernatant (0.1ml) was 

then added to 5m1 of the test reagent which contained phosphate buffer 

lOOmmol/1, pH 7, POD, GOD and ABTS. The reaction was allowed to 

continue for 30 minutes at room temperature and the samples were then 

measured by spectrophotometry at 436nm.

Duplicate samples were also run and a steindard solution of glucose 

containing 9.1mg/100ml.

Concentration glucose in sample = ^ - mg/lOOmlA Standard ^

The reaction time of 30 minutes was chosen because the reaction was 

shown to be complete after this time and the absorbance of the samples 

was found to be constant over at least a further 30 minutes.

The method was found to be accurate + 2%.
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Glycogen Assay

Liver glycogen was assayed using the method of Le Barron (1955). 

Samples of liver each weighing Ig were digested in a solution of 

20% potassium hydroxide in 60% ethanol (lOml/g tissue) for 10 minutes 

at 80°C.

Having ensured that the tissue was completely digested the samples 

were placed in a refrigerator to precipitate the glycogen.

The cooled samples ere centrifuged and the supernatant discarded.

The precipitate was washed in three 10ml volumes of

methanol/chloroform mixture (4:1 v/v). After each addition of

solution the sample was thoroughly mixed Eind briefly boiled.

Following the washing procedure 10ml N sulphuric acid was added to 

the glycogen, the tubes were then capped and heated in an oven at 

100°C for 1 hour to hydrolyse the glycogen to glucose.

After cooling the solutions were neutralised with 2% potassium 

hydroxide and assayed for glucose as previously described. Glycogen 

standards of 2, 5, and lOmg/ml were hydrolysed in the same manner and 

a calibration graph drawn. The method was shown to be accurate + 3%.

Serum Total and Free Tryptophan Assay.

Serum tryptophan was assayed using reversed phase ion-pair H.P.L.C.', 

the method is described later in this chapter.

The sample for total tryptophan was prepared by adding 0.1ml of serum 

to 0.9ml 10% trichloracetic acid to precipitate the protein.

After centrifuging,the supernatant was removed and passed through an 

0.5u filter (Millipore, London U.K.) before assay by H.P.L.C. 

Separation of free tryptophan was carried out using the method of
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Bloxham et al (1977). The method involved ultrafiltration carried 

out in an atmosphere of 5% CO^/95% 0^ (British Oxygen Medical Gases), 

in order to prevent changes in pH as binding of tryptophan to plasma 

is pH dependant.

The ultrafiltration cell consisted of a reservoir with an 

ultrafiltration membrane at the lower end. The membrane used was an 

Amicon PMIO membrane cut from circles 150mm in diameter (Amicon,

High Wycombe, Bucks. UK.). At the top of the reservoir was a rubber 

closure with a sealable gassing channel. A Sarstedt 1.5ml 

polypropylene test tube (No 690) was used as a receiving tube which 

could also be used to freeze and store the ultrafiltrate.

Sealable gassing channel

Reservoir

Ultrafiltration membrane

Sarstedt tube

Diagrammatic representation of the Ultrafiltration Cell.
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Each cell was assembled and 0.5ml serum added to the reservoir.
The closure was inserted with the gassing channel open, the cell was 
then gassed with the previously described CO^/O^ mixture by means of 
a 23 gauge hypodermic needle. The gas was humidified by bubbling 
through water and was passed over the sample at a rate of 300-400ml 
per minute for 30 seconds. The cells were then shaken for 10 minutes 
in a mechanical shaker to equilibrate the system and then centrifuged 
at l,500g for 20 minutes in an MSE Chilspin centrifuge.
The ultrafiltrate was collected and 0.1ml added to 0.4ml 
10% trichloracetic acid (TCA) before assay by H.P.L.C.
Standard samples of tryptophan were ultrafiltered by the same 
technique and it was established that there was no loss of tryptophan 
in the process.

Removal of Brain Nuclei
The method used for the removal of isolated brain nuclei was that of 
Palkovits (1973).
The animals were killed by a sharp blow to the head followed by 
decapitation. The brains were removed as quickly as possible, (30 — 
45 seconds), to prevent degradation of the neurotransmitters.
The brains were rapidly frozen in liquid nitrogen and deep frozen at 
-15*C until required.
Brain slices were prepared using a cryostat. The brain was mounted 
on the specimen holder Eind allowed to rise to -7°C, the optimum 
temperature for slicing. The knife blade was set at a slope of 15°. 
An anti-roll plate was positioned above the knife so that the slices 
passed under it preventing folding and cracking of the tissue.
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The brain slices were cut to a thickness of 300 microns.
The cut sections were transfered to glass slides and stored on dry 
ice prior to punching out the nuclei. The samples were fixed to the 
slide by allowing them to thaw and then freezing them back onto the 
plate. The entire process took a few seconds and no significant 
degradation of transmitter substances occured (Palkovits 1983). 
Punching was carried our under a magnifying lens, the brain slices 
being illuminated from above.
The punches were made from tubuleir steel of internal diameter 300p. 
It is important that the punch remains sharp to prevent tearing 
rather them cutting of the tissue.
Brain eu'eas were identified using a stereotaxic atlas.
The punches were kept cold on dry ice and the punching procedure 
carried out as quickly as possible to prevent formation of frost on 
the tube.
The punched sample was transfered to a glass microhomogeniser 
containing lOOpl 10% trichloracetic acid and was homogenised.
After centrifugation the sample was filtered and assayed using 
H.P.L.C., the sample volume being 20^1.
The weight of the punched samples 300yi thick and 300p in diameter 
was found to be 19.8 + 0.25^.



-28-

IDENTIFIGATION OF BRAIN AREAS

GP

The brain was frozen as described in the previous section of this 
introduction. The brain was sliced at two positions with a scapel 
prior to mounting in the cryostat. One cut was made where the 
spinal cord has joined the brain and this surface was mounted onto 
the cryostat stage. The second cut was made at the point the 
optic nerves divide; this point vcas easily found on the underside 
of the brain.
Slices of 20u were then cut until the globus pallidus appeared.
At this point slices of 300u were taken, the second slice to be 
removed had the globus pallidus and the lateral hypothalamus 
clearly visible as illustrated in the picture above.
This was the slice from which globus pallidus and lateral hypothalamus 
samples were taken. In this way although the whole area is not



-29-

being sampled the same part was used each time,allowing valid
comparison between results.
This slice was stored on dry ice for punching as previously described. 
A further five ^OOu slices were cut and discarded. The sixth slice 
contained portions of both the central amygdaloid nucleus and the 
ventromedial hypothalamus. This slice was cut and stored as described, 
Identification of brain areas was achieved using a stereotaxic atlas 
(Konig and Klippel I967).

ac \

VMH

BRAIN SLICE CONTAINING CENTRAL AMYDALDID AND VENTROMEDIAL HYPOTHALAMIC 
NUCLEI..
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H.P.L.C. Assay of Biogenic Amines

The prepared samples from brain nuclei and from plasma were assayed 
by H.P.L.C. for noradrenaline, dopamine, 5HT, 5HIAA suid tryptophan 
using a reversed phase ion-pair system and electrochemical detection 
(Pleece et al 1982).
The apparatus was assembled using a Constametric III pump (Jones 
Chromatography, Llanbradach), an RE 541.20 Servoscribe recorder 
(Jones Chromatography), a 7125 Rheodyne injection valve fitted with 
a 20u loop (Jones Chromatography) smd a Bioanalytical Systems LC-4 
amperometric detector (Anachem Ltd., Luton, Bedfordshire) connected 
to a flow cell fitted with a glassy carbon working electrode and a 
silver — silver chloride reference electrode.
The column was prepared in the following manner.
CDS Hypersil (2.7g) was slurried with a 1:9 mixture of methanol and
chloroform (75ml) and packed upwards into a 200mm x 5mm stainless-
steel column employing the method of Bristow et al (1977).
The mobile phase consisted of 15% v/v methanol, 0.1% sulphuric acid, 

—46 X 10 M sodium octyl sulphate and deionised water to 100%.
Due to the acidic nature of the mobile phase all the compounds were 
ionised in their cationic form except 5HIAA. This allow manipulation 
of the retention times by varying the ion-pairing agent concentration, 
Further selectivity was achieved by variation of the electrode 
potential. The optimal potential was found to be +l.lv (Pleece et al 
1982).
The method was found to be extremely sensitive; all the compounds 
were accurately detected in concentrations as low as 20 picograms/ml. 
The relationship between peak height and concentration was found 
to be linear over the required range for these experiments.



-31-

Measurements of aqueous standetrds, brain extracts and brain extracts 
spiked with the aqueous standeurds were made to determine the 
percentage recovery of each of the compounds measured.
The results were; noradrenaline 94%, dopeimine 88%, 5HT 83%,
5HIAA 67% and tryptophsin 93%. These values were taken into account 
when the results were calculated.
Aqueous standairds were run after each three seunple runs. The standard 
solutions were prepared from Dopamine hydrochloride, 5-hydroxyindole- 
3-acetic acid, 5-hydroxytryptamine oxalate and tryptophan; all were 
supplied by Sigma Ltd. (Poole, Dorset). Noradrenaline bitartrate • 
(puriss grade) was supplied by Koch-Light (Colnbrook, Bucks).
The molecular weights of the salts were taken into account when 
the sample levels were calculated.
At the end of each working day the H.P.L.C. column was flushed with 
methanol to remove any residual ion-pairing agent.

Although the developed method can be described in two pages of a 
thesis a large part of my work has been involved in the developement 
of this method. The effects of ion-pairing agent and methemol 
concentration on retention time has been investigated, as has the 
effect of electrode potential.
The results from this work are presented in a paper (Pleece et al 
1982), a copy of which may be found at the end of this thesis.
The many advanteiges of H.P.L.C. over alternative methods of assaying 
brain amines will be discussed later. The most appeurent advantage 
is that one sample will generate five separate measurements using 
this method reducing the number of animals required for such a study 
dramatically.
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The Development of the H.P.L.C. Method
Theire were several ways in which the retention times of the 
amines under investigation could be modified.
1. Ion-Pairing Agent
The use of ion-pairing agents is employed to prolong the retention 
time of ionised molecules.
The ion-pairing agents used in this study were long chain alkyl 
sulphonate compounds. These were present in the acid mobile phase 
in the ionised form.'
An example of such a compound is sodium dodecyl sulphate;

0
CEj - 0 - B  - O" Na"̂

0

This type of compound complexes with the ionised ajnines in the 
sample to form an ion-pair.
In reversed phase H.P.L.C. the stationary phase is hydrophobic. 
Therefore the less polar the ion-pair the greater its affinity for the 
stationary phase and hence the longer its retention time.
Polarity of the ion-pair has been shown to decrease with increase 
in length of the molecular chain on the ion-pairing agent.
(Bidlingmeyer I980).
In this study sodium dodecyl sulphate was found to prolong the 
retention time of tryptophan by too much, so sodium octyl sulphate 
was chosen. ( with sodium dodecyl sulphate tryptophan retention
time was longer than 30 minutes).

II _ +CH^ - (CH^)^ 0 - S - 0 Na
0

Sodium Octyl Sulphate
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The effects of variation of ion-pairing agent concentration were 

investigated as shown in the table below.
A concentration of 4 x 10 sodium octyl sulphate gave optimum 
separation and this was used throughout the experiments.
The retention times are expressed as capacity ratios (k), this 
removes the possibility of inaccurate results due to fluctuations 
in flow rate.

k = K (Vs/Vm) 
where K = Gs/Cm
Cs = solute concentration in stationary phase
Cm = solute concentration in mobile phase
Vs Column volume of stationary phase
Vm = Column volume of mobile phase

The Effects of Ion-Pairing Agent Concentration on Retention Time
Sodium Octyl Sulphate Concentrations

—Zi, —A —Zx10 M 4 X 10 M 6 X 10 M 8 X 10 M

0.12 0.58 0.63 0.77 NA

0.27 1.07 1.30 1.53 DA
0.64 2.60 3.02 3.47 5HT

10.00 13.10 14.70 Try
1.66 1.77 1.32 1.31 5HIAA

All Sodium Octyl Sulphate solutions were prepared from a stock 
solution of 10 M̂.

2. Methanol Concentration
Methanol is a commonly used solvent in H.P.L.C. because it does
not interfere with the common methods of detection nor does it
react chemically with the type of compounds usually under investigation.
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The effect of reducing the methanol concentration in the mobile 
phase is to increase retention time of all compounds irrespective 
of their molecular state.
The reason that methanol reduces retention time is that being non-polar 
it has a very high affinity for the stationary phaae as discussed 
earlier .and hence the affinity of more polar molecules is reduced.
In this study the effects of 10^ and 20% methanol concentrations 
were investigated on retention time.
The retention times sire again expressed as capacity ratios.

The Effects of Methanol Concentration on Retention Time
Methanol
10%

Concentration
20%

NA 0.67 0.63

DA 1.30 0.33

5HT 4.61 3.03

3HIAA 2.78 1.32

Try 18.70 13.10

The use of methanol in the manipulation of retention time is limited 
because of its lack of specificity for individual types of molecules, 
A similar non-specific variation in retention time may be achieved 
by changing the flow rate. Again this method is of little use in 
the separation of peaks. A reduction in flow rate may however be 
sufficient to resolve slight interference between two peaks of 
similar size.
The methods of improving chromatographic resolution discussed above 
all involve changing the mobile phase.
Further selectivity may be achieved by altering the electrode 
potential of the electrochemical detector.
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3. Electrode Potential
In order to find the optimum potential for the detector ,peak height 
was plotted against potential for each compound under investigation.
As potential is increased then more chemical groups will be detected 
therefore the lowest potential at which all the compounds of interest are 
detected is chosen.
In this study there was an increase in peak height for all the compounds 
of interest between +0.4v and +0.6v. This is the potential required 
to convert the aromatic.-OH group to a quinolone structure.
In the case of tryptophan .3HT and 3HIAA there was a further increase 
in peak height between +0.8v and +1.2v.
This was the potential required to ionise the heterocyclic nitrogen 
group in these compounds.
These results are illustrated in Figure 1.
As can be seen a working potential of 0.6v would allow detection of 
all five compounds but to increase sensitivity to 3HT, 3HIAA and 
tryptophan the potential must be increased to 1.2v.
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EFFECT OF ELECTRODE POTENTIAL ON PEAK HEIGHT Fig: 1
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As can be seen from the data in this section the least retained 
compounds were noradrenaline euid dopamine.
There was a considerable problem in separating these compounds from 
the broad band of compounds that are virtually unretained and 
constitute the solvent front.
In this work separation was achieved using methods already described. 
A possible alternative method investigated was the extraction of 
noradrenaline and dopamine onto activated alumina and then a second 
extraction prior to H.P.L.C. analysis.
0. jml of brain extract was adjusted to pH 8.6 with 3M Tris buffer 
and shaken for minutes with activated alumina.
The supernatant was discarded and the alumina washed twice in 0.06M 
Tris buffer pH 8.6 and twice in distilled water.
Desorption from the alumina was carried out using 0._%1 O.OjM 
perchloric acid.
The alumina was activated by washing in 2M hydrochloric acid and 
drying in an oven.
When the extract from the alumina was analysed by H.P.L.C. there 
were no interfering peaks.
This method would be ideal for measurement of whole brain amines but 
was not possible on the small scale required in this work because of 
the small sample volume.
The problem was overcome in this study by using a low flow rate at
the beginning of the analysis (O.^ml min )̂. This gave satisfactory
separation of noradrenaline and dopamine. The flow rate was then

-1increased after the elution of dopamine to l.^ml min to prevent 
excess spreading of the later peaks.
These methods are illustrated in figures 2 and 3»



SEPARATION OF NORADRENALINE AND DOPAMINE USING ALUMINA Fig; 2 

EXTRACTION

The alumina extract was injected betv/een the elution of 

5HT and tryptophan as illustrated.

(0c
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SEPARATION OF NORADRENALINE FROM THE SOLVENT FRONT BY Fig; 3 

VARIATION OF FLO'V RATE

Flow rate until dopamine elution 1ml per min. 

Flov/ rate after dopamine elution 2ml per min.
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Galculation of Percentage Error
The percentage recovery was calculated for each compound by first 
injecting aqueous standards of each compound and measuring peak height. 
A sample of brain extract was then run and the peak heights again 
recorded.
A further sample of brain extract was then spiked with aqueous standard 
and peak height measured.
The values for percentage recovery for each compound were found to 
be constant and these values were taken into account when the results 
were calculated.
Previous work in our laboratory (Riley I98O) showed that peak height 
measurement was less tedious and gave the same level of accuracy as 
measurement of axea under the peak.
The results of the recovery experiments are shown in the table below.

The percentage extraction of brain amines into 10% TCA

NA DA 3HT 5HIAA TRY

Peak height of standard 7.0 6 .3 4 .7 7 .3 4.1
Peak height of sample 6.2 2.4 3.1 2.8 3.1

Peak height of spiked samp.12.8 8.1 7.0 6.8 6.9

Recovery % 94.0 88.0 83.0 67.0 93.0
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In addition to studies on extraction and separation of samples , 
experiments were carried out to show that the relationship between 
peak height and concentration was linear.
This was done by running aqueous steundards at concentrations expected in 
physiological samples and plotting peak height against concentration.
The relationship was found to be linear for all the compounds.
The lower detection limit was found to be 1.3pcg/ml for all the 
compounds except tryptophan which had a lower detection limit of 3peg/ml, 
The reason for the method being less sensitive to tryptophan was that 
tryptophan is retained for longer on the column so the peak is 
more spread.
With such low detection limits it is clear that H.P.L.G. provides an 
accurate and technically uncomplicated method of analysis of brain 
amines in discrete brain areas.

LINEARITY OF RESULTS

Concentration ng/ml 3 .4 2 1

Noradrenaline 17.2

Peak Height
12.8 7.0 3.8

Dopamine 16.3 12.3 6.4 3.3

5HT 3.7 3.9 2.3 1.1

3HIAA 6 .7 3.1 2.6 1.2

Tryptophan 10.7 8.6 4.3 2.2
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RELATIONSHIP OF PEAK HEIGHT TO CONCENTRATION. Fig; 4
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RESULTS
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RESULTS

The first graph shows the effect of the 'supermarket' diet.
The weight increase is plotted against time. Weight increase in 
rats fed the 'supermeurket' diet is significantly greater than in 
pellet fed animals after eight days, (p ^  0.01).
Throughout the results section only animals treated with drug during 
the second two weeks of the study are represented on the weight gain 
graphs. This is to simplify the diagreuns as no significant changes 
were seen in any of the groups.
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THE EFFECTS OF SUPERMARKET DIET ON WEIGHT INCREASE IN THE RAT
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Section 1
THE EFFECTS OF IMIPRAMINE lOmgkg-1

No effects were observed in weight gain in either rats fed pellet 
diet or 'supermarket' diet.
There were no significant changes in blood glucose or liver glycogen 
levels in either group of animals.
Serum total and free tryptophan were also unaffected by imipramine.
In all brain areas studied there was a significeint increase in 
noradrenaline levels in animals treated with imipramine during weeks 
3 and 4 of the study. No significant changes in dopamine levels were 
observed.
Brain 5HT was raised and there was a significant fall in 5H1AA levels. 
Brain tryptophan was also present in smaller quantities but to a less 
significant level.
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THE EFFECTS OF IMIPRAMINE ON WEIGHT GAIN

'Supermarket diet'
'Supermarket diet' + drug weeks 3 &
Pellet diet

Pellet diet + drug weeks 3 & 4
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EFFECTS OF IMIPRAMINE ON BLOOD GLUCOSE

(Dose lOmgkg-1)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2. 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.

Mean + s.e.m.
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EFFECTS OF IMIPRAMINE ON LIVER GLYCOGEN

(Dose lOmgkg-1)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet controls.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.

Mean + s.e.m.
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THE EFFECTS OF IMIPRAMINE ON SERUM TOTAL AND FREE TRYPTOPHAN

(Dose lOmgkg-1)
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1

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.
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THE EFFECTS OF IMIPRAMINE ON BRAIN NORADRENALINE

Dose lOmgkg-1)

The Ventromedial Hypothalamus
* Supermarket' Diet Pellet Diet

Control 376.9 + 24.3 386.9 + 28.4
Drug weeks 1 & 2 401.3 + 29.6 396.8 +31.2
Drug weeks 3 & 4 603.6 + 36.4** 563.7 + 34.2**

The Lateral Hypothalamus
•Supermarket' Diet Pellet Diet

Control 547.8 + 28.5 564.7 +31.5
Drug weeks 1 & 2 497.9 + 34.2 538.4 + 29.7
Drug weeks 3 & 4 657.9 + 39.4* 678.4 + 32.6**

The Globus Pallidus
•Supermarket• Diet Pellet Diet

Control 401.8 + 34.7 397.8 + 36.8
Drug weeks 1 & 2 427.4 + 31.6 418.5 + 30.9
Drug weeks 3 & 4 743.9 + 45.2** 658.3 + 37.9**

The Central Amygdaloid Nucleus
• Supermarket• Diet Pellet Diet

Control 434.8 + 28.6 465.8 +31.7
Drug weeks 1 & 2 452.7 + 34.2 438.7 + 30.8
Drug weeks 3 & 4 768.9 + 45.2** 782.5 + 39.1**

Mean + s.e.m. Results expressed as picograms/sample

** p <  0.01
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THE EFFECTS OF IMIPRAMINE ON BRAIN DOPAMINE

(Dose lOmgkg-1)

' Supermarket' Diet Pellet Diet
Control 168.3 + 16.7 154.8 + 15.9
Drug weeks 1 & 2 148.6 + 17.4 159.6 + 18.2
Drug weeks 3 & 4 178.9 + 16.8 195.6 + 17.4

The Lateral Hypothalamus
' Supermarket' Diet Pellet Diet

Control 254.7 + 21.7 248.1 + 23.8
Drug weeks 1 & 2 265.2 + 21.4 259.2 + 20.6
Drug weeks 3 & 4 287.8 + 31.2 295.7 + 34.2

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 163.5 + 17.3 174.2 + 18.3
Drug weeks 1 & 2 158.4 + 16.4 194.6 + 17.3
Drug weeks 3 & 4 204.6 + 23.1 200.8 + 23.4

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 231.8 + 24.3 216.7 + 21.7
Drug weeks 1 & 2 243.8 + 24.5 239.7 + 25.2
Drug weeks 3 & 4 276.9 + 26.5 269.2 + 23.1

Mean + s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF IMIPRAMINE ON BRAIN 5HT

Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 158.3 + 18.3 168.2 + 16.9
Drug weeks 1 & 2 154.8 + 16.9 173.9 + 18.3
Drug weeks 3 & 4 275.9 + 26.2** 264.9 + 24.3**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 369.2 + 27.3 359.2 + 28.3
Drug weeks 1 & 2 348.2 + 27.4 349.2 + 25.9
Drug weeks 3 & 4 562.8 + 47.3** 548.2 + 51.2**

The Globus Pallidus
' Supermeirket • Diet Pellet Diet

Control 437.8 + 31.9 472.1 + 34.8
Drug weeks 1 & 2 459.5 + 34.2 467.8 + 35.2
Drug weeks 3 & 4 783.6 + 67.3** 769.4 + 71.2**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 316.8 + 25.4 345.9 + 24.8
Drug weeks 1 & 2 356.8 + 26.1 349.1 + 24.7
Drug weeks 3 & 4 556.7 + 49.6** 582.5 + 52.5**

Mean + s.e.m. Results expressed as picograms/sample

** p <s 0.01



THE EFFECTS OF IMIPRAMINE ON BRAIN 5HIAA

Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 95.6 + 9.4 94.2 + 9.4
Drug weeks 1 & 2 86.8 + 8.2 97.8 + 9.1
Drug weeks 3 & 4 57.2 + 4.9** 61.2 + 5.6**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 143.8 + 12.9 139.2 + 11.6
Drug weeks 1 & 2 139.2 + 13.9 132.8 + 14.2
Drug weeks 3 & 4 91.3 + 9.1** 89.2 + 8.7**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 163.8 + 14.2 152.9 + 16.2
Drug weeks 1 & 2 143.6 + 13.9 132.3 + 14.2
Drug weeks 3 & 4 96.7 + 10.2* 84.6 + 8.2**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 126.2 + 12.8 131.7 + 13.8
Drug weeks 1 & 2 136.9 + 13.3 128.4 4- 12.9
Drug weeks 3 & 4 84.2 + 7.4** 79.3 + 9.4**

Mean + s.e.m. Results expressed as picograms/sample.
** p -C. 0.01 * p 0.05
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THE EFFECTS OF IMIPRAMINE ON BRAIN TRYPTOPHAN

(Dose lOmgkg-1)

'Supermarket' Diet Pellet Diet
Control 438.2 + 41.8 457.2 + 39.9
Drug weeks 1 & 2 472.5 + 43.9 451.6 + 41.8
Drug weeks 3 & 4 846.9 + 36.2* 361.9 + 32.9*

The Lateral Hypothaleimus
'Supermarket' Diet Pellet Diet

Control 952.7 + 72.9 994.2 + 84.9
Drug weeks 1 & 2 892.6 + 79.2 962.6 + 89.2
Drug weeks 3 & 4 764.2 + 68.2* 771.0 + 63.8**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1132.2 + 99.3 1093.8 + 95.2
Drug weeks 1 & 2 1159.0 j1 99.1 1200.0 + 92.8
Drug weeks 3 & 4 862.3 + 89.2* 912.1 + 98.9*

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 983.7 + 79.1 879.2 + 76.9
Drug weeks 1 & 2 923.6 + 81.9 873.9 + 75.0
Drug weeks 3 & 4 797.1 + 72.7* 721.4 + 69.2*

Mean + s.e.m. Results expressed as picograms/sample 

** p < 0.05 * p < 0.1
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Section 2
THE EFFECTS OF CLOMIPRAMINE lOmgkg-1

As with Imipramine no changes in weight gain were observed in drug 
treated animals. Likewise blood glucose and liver glycogen were 
not significantly changed by clomipramine.
Serum total tryptophan levels were significantly decreased in animals 
treated with clomipramine in weeks 3 and 4 of the study, this being 
accompanied by a corresponding increase in free tryptophsin in the 
same groups.
In the brain studies there was a significant increase in 
noradrenaline levels in all the areas taken when clomipramine was 
administered during weeks 3 and 4 of the study.
In the case of dopamine there was a trend towards increased levels 
in the same groups but this only reached significance (p 0.1) in 
three cases as illustrated in the table.
In animals treated with clomipramine during weeks 3 and 4 there was 
also a significant rise in 5HT levels in all regions studied and 
this was accompanied by a significant fall in 5HIAA and tryptophan 
levels.
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THE EFFECTS OF CLOMIPRAMINE ON WEIGHT INCREASE

'Supermarket• diet
O 'Supermarket' diet + drug weeks 3 & 490

■ Pellet diet
□ Pellet diet + drug weeks 3 & 4
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2 45 
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14 28

Days.



-57-

THE EFFECTS OF CLOMIPRAMINE ON BLOOD GLUCOSE

Q)COO
3
Ü
T3OOf—1m

60

30

A = Supermarket diet control. B = Supermarket diet + drug weeks 1 & 2,
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.
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THE EFFECTS OF CLOMIPRAMINE lOmgkg-1 ON LIVER GLYCOGEN

60

30

o
B D

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.
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THE EFFECTS OF CLOMIPRAMINE ON SERUM TOTAL AND FREE TRYPTOPHAN

(Dose lOmgkg-1)
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B D

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2. 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.

A-C and D-F p 0.01
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THE EFFECTS OF CLOMIPRAMINE ON BRAIN NORADRENALINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 438.5 + 27.8 469.2 + 28.4
Drug weeks 1 & 2 452.1 + 29.3 453.8 j- 25.1
Drug weeks 3 & 4 647.2 + 29.6** 762.9 + 31.5**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 548.6 + 36.8 572.6 j- 34.2
Drug weeks 1 & 2 529.4 + 35.2 562.1 +31.9
Drug weeks 3 & 4 876.9 + 43.8 840.7 + 43.7

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 341.8 + 27.4 394.7 + 25.2
Drug weeks 1 & 2 362.9 + 28.4 382.7 + 28.1
Drug weeks 3 & 4 578.9 + 31.6** 653.8 + 38.2**

The Central Amygdaloid Nucleus
* Supermarket' Diet Pellet Diet

Control 452.7 + 31.7 449.0 + 29.5
Drug weeks 1 & 2 429.5 + 30.6 475.9 + 32.7
Drug weeks 3 & 4 657.9 + 41.6** 683.8 + 37.2**

Mean + s.e.m. Results expressed as picograms/sample

♦* p <  0.01
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THE EFFECTS OF CLOMIPRAMINE ON BRAIN DOPAMINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 139.5 + 16.3 158.3 + 15.9
Drug weeks 1 & 2 149.2 + 14.9 149.3 + 16.8
Drug weeks 3 & 4 196.4 + 15.9* 199.7 + 15.9

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 258.3 + 16.3 274.8 + 19.4
Drug weeks 1 & 2 249.2 + 17.3 268.4 + 16.8
Drug weeks 3 & 4 295.8 + 16.9 308.8 + 16.9*

The Globus Pallidus
* Supermarket' Diet Pellet Diet

Control 176.9 + 14.8 184.7 + 17.3
Drug weeks 1 & 2 163.8 + 17.3 183.7 + 16.9
Drug weeks 3 & 4 203.6 + 19.3 206.8 + 16.4

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 239.4 + 19.2 201.4 + 16.3
Drug weeks 1 & 2 239.1 + 18.3 219.5 + 17.5
Drug weeks 3 & 4 289.3 + 21.8 285.3 + 24.1*

Mean + s.e.m. Results expressed as picograms/sample

** p <  0.01 * p 0.1
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THE EFFECTS OF CLOMIPRAMINE ON BRAIN 5HT

(Dose lOtngkg-1)

The Ventromedial Hypothalamus
'Supermarket* Diet Pellet Diet

Control 159.2 + 17.4 172.8 + 17.3
Drug weeks 1 & 2 149.4 + 16.9 157.1 + 15.9
Drug weeks 3 & 4 239.3 + 19.2* 238.1 + 18.5*

The Lateral Hypothalamus
• Supermarket' Diet Pellet Diet

Control 349.2 + 26.3 329.6 + 25.9
Drug weeks 1 & 2 367.2 + 29.3 354.9 + 26.9
Drug weeks 3 & 4 469.3 + 31.2** 480.2 + 29.8*

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 529.1 + 34.1 519.5 + 34.5
Drug weeks 1 & 2 496.8 + 37.2 541.8 + 32.9
Drug weeks 3 & 4 689.9 + 41.2** 742.4 + 41.2*

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 296.4 + 26.3 308.9 + 25.8
Drug weeks 1 & 2 325.7 + 23.9 317.4 + 28.4
Drug weeks 3 & 4 563.7 + 31.8** 569.2 + 36.4*

Mean + s.e.m. Results expressed as picograms/sample

** p <  0.01 * p <  0.1
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THE EFFECTS OF CLOMIPRAMINE ON BRAIN 5HIAA

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 89.3 + 7.3 92.5 + 7.9
Drug weeks 1 & 2 93.7 + 9.1 86.9 + 9.3
Drug weeks 3 & 4 51.5 + 4.9** 48.2 + 5.2**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 138.2 + 12.3 129.5 + 11.9
Drug weeks 1 & 2 128.9 + 11.3 132.9 + 12.7
Drug weeks 3 & 4 67.3 + 8.2** 59.3 + 6.9*'

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 152.9 + 14.6 161.7 + 14.2
Drug weeks 1 & 2 149.7 + 13.8 158.3 + 13.5
Drug weeks 3 & 4 98.4 + 10.4** 86.3 + 11.2*

The Central Amygdaloid Nucleus
' Supermeirket ' Diet Pellet Diet

Control 132.6 + 12.6 127.4 + 12.3
Drug weeks 1 & 2 141.8 + 12.9 134.6 + 13.1
Drug weeks 3 & 4 71.2 + 8.1** 65.9 + 7.2*

Mean + s.e.m. Results expressed as picograms/sample

** p <  0.01
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THE EFFECTS OF CLOMIPRAMINE ON BRAIN TRYPTOPHAN

(Dose 1Omgkg-1)

The Ventromedial Hypothalamus
1' Supermarket' Diet Pellet Diet

Control 438.3 + 37.2 452.8 + 40.3
Drug weeks 1 & 2 462.9 + 39.5 471.9 + 45.1
Drug weeks 3 & 4 219.3 + 26.2** 222.5 + 25.4**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 962.4 + 89.4 982.7 + 99.3
Drug weeks 1 & 2 945.2 + 84.9 998.2 + 89.7
Drug weeks 3 & 4 523.9 + 47.2** 548.2 + 48.2**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1262.8 + 94.6 1182.7 + 88.8
Drug weeks 1 & 2 1138.8 + 96.7 1062.8 + 97.0
Drug weeks 3 & 4 682.6 + 59.3** 721.4 + 68.2**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 854.9 + 76.9 793.9 + 79.1
Drug weeks 1 & 2 794.7 + 68.3 785.6 + 84.6
Drug weeks 3 & 4 321.9 + 43.8** 296.8 + 44.8 *

Mean + s.e.m. Results expressed as picograms/sample

** p 0.01
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Section 3
THE EFFECTS OF NOMIFENSINE lOmgkg-1

Nomifensine did not significantly change weight gain or levels of 
blood glucose and liver glycogen.
No effects were observed either in serum total and free tryptophan 
in drug treated animals.
In the results from the brain studies significant changes were seen 
only in dopeimine levels which were significantly raised in all brain 
regions taken.
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THE EFFECTS OF NOMIFENSINE ON BODY WEIGHT Dose lOmgkg-1

• 'Supermarket' diet
O 'Supermarket' diet + drug weeks 3 & 4
■ Pellet diet

90 □ Pellet diet + drug weeks 3 & 4

h 45

•H

14 28
Days
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THE EFFECTS OF NOMIFENSINE ON BLOOD GLUCOSE,

(Dose lOmgkg-l)

60

%

30

B D

A = Supermarket diet control B = Supermarket diet + drug weeks 1-4 
C = Pellet diet control. D = Pellet diet + drug weeks 1-4.

Mean + s.e.m.



EFFECTS OF NOMIFENSINE ON LIVER GLYCOGEN

(Dose lOmgkg-1)
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L30

rH

A = Supermarket diet control. B = Supermarket diet + drug weeks 1-4, 
C = Pellet diet control. D = Pellet diet + drug weeks 1-4.

Mean + s.e.m.
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EFFECTS OF NOMIFENSINE ON SERUM TOTAL AND FREE TRYPTOPHAN

(Dose lOmgkg-1)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2. 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.
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THE EFFECTS OF NOMIFENSINE ON BRAIN NORADRENALINE

Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 452.9 + 24.1 474.9 + 27.2
Drug weeks 1 & 2 426.9 + 23.6 475.9 + 26.1
Drug weeks 3 & 4 468.9 + 21.7 241.9 + 19.3

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 538.1 + 29.3 561.0 + 24.8
Drug weeks 1 & 2 529.6 + 27.8 593.8 + 29.5
Drug weeks 3 & 4 572.8 + 24.8 548.9 + 29.1

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 284.7 + 17.3 303.6 + 19.2
Drug weeks 1 & 2 314.8 + 15.9 302.7 + 17.9
Drug weeks 3 & 4 327.4 + 19.6 316.3 + 21.8

The Central Amygdaloid Nucleus
'Supermarket * Diet Pellet Diet

Control 436.8 + 24.8 482.6 + 27.3
Drug weeks 1 & 2 421.8 + 24.8 444.8 + 24.9
Drug weeks 3 & 4 479.1 + 35.1 472.4 + 29.4

Meem + s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF NOMIFENSINE ON BRAIN DOPAMINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
* Supermarket’ Diet Pellet Diet

Control 163.9 + 15.8 174.8 + 19.3
Drug weeks 1 & 2 163.8 j- 15.9 182.6 + 18.3
Drug weeks 3 & 4 253.8 + 19.2** 242.5 + 17.3*

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 248.2 + 21.7 231.9 + 19.5
Drug weeks 1 & 2 251.7 + 22.6 249.5 + 19.9
Drug weeks 3 & 4 382.7 + 23.7** 361.4 + 24.1*'

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 182.6 + 17.2 193.7 + 18.6
Drug weeks 1 & 2 173.9 + 17.4 199.8 + 20.3
Drug weeks 3 & 4 297.9 + 24.1** 274.8 + 21.5*

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 226.5 + 23.1 239.1 + 24.3
Drug weeks 1 & 2 249.2 + 24.6 227.4 + 24.8
Drug weeks 3 & 4 342.8 + 29.6** 363.9 + 31.2*

Mean + s.e.m. Results expressed as picograms/sample 
** p <  0.01 * p <  0.1
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THE EFFECTS OF NOMIFENSINE ON BRAIN 5HT

(Dose lOmgkg-1)

'Supermarket' Diet Pellet Diet
Control 167.3 + 17.5 156.3 + 19.3
Drug weeks 1 & 2 146.9 + 17.3 173.9 + 19.0
Drug weeks 3 & 4 161.0 + 16.9 195.7 + 19.8

Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 149.4 + 17.9 183.6 + 16.0
Drug weeks 1 & 2 158.2 + 15.9 149.2 + 19.2
Drug weeks 3 & 4 149.1 + 16.9 172.0 + 18.2

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 164.9 + 16.9 173.9 + 19.5
Drug weeks 1 & 2 159.2 + 17.0 168.2 + 16.4
Drug weeks 3 & 4 156.1 + 20.4 183.8 + 19.2

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 182.9 + 17.2 165.5 + 18.2
Drug weeks 1 & 2 159.3 + 19.2 172.1 + 16.9
Drug weeks 3 & 4 152.9 + 17.3 192.5 + 19.0

Mean + s.e.m. Results expressed as picograns/sample
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THE EFFECTS OF NOMIFENSINE ON BRAIN 5HIAA

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket* Diet Pellet Diet

Control 86.2 + 6.9 89.2 + 7.8
Drug weeks 1 & 2 79.3 + 6.5 91.4 + 8.5
Drug weeks 3 & 4 88.5 + 9.3 81.6 + 6.9

The Lateral Hypothalamus
' SupermcLT'ket ' Diet Pellet Diet

Control 139.3 + 12.5 148.2 + 13.3
Drug weeks 1 & 2 129.4 + 13.9 134.8 + 14.1
Drug weeks 3 & 4 143.6 + 12.9 136.3 + 13.7

The Globus Pallidus
' Supermeirket ' Diet Pellet Diet

Control 168.3 + 15.2 159.2 + 14.2
Drug weeks 1 & 2 172.9 + 16.3 163.9 + 16.3
Drug weeks 3 & 4 157.9 + 13.9 164.8 + 15.2

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 126.3 + 13.7 138.4 + 14.6
Drug weeks 1 & 2 132.8 + 14.9 129.2 + 15.2
Drug weeks 3 & 4 141.8 + 13.9 147.3 + 15.7

Mean + s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF NOMIFENSINE ON BRAIN TRYPTOPHAN

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
' Supermarket' Diet Pellet Diet

Control 459.6 + 46.2 451.9 + 45.2
Drug weeks 1 & 2 441.9 + 39.1 472.6 + 45.2
Drug weeks 3 & 4 461.8 + 39.2 439.1 + 40.5

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 1032.5 + 83.8 987.9 + 82.9
Drug weeks 1 & 2 979.3 + 91.5 1016.8 + 95.3
Drug weeks 3 & 4 994.5 + 85.0 992.8 + 86.7

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1284.7 + 94.2 1119.7 + 95.1
Drug weeks 1 & 2 1321.4 + 97.8 1256.1 + 89.2
Drug weeks 3 & 4 1268.7 + 95.7 1152.6 + 99.8
The Central Amygdaloid Nucleus

'Supermarket' Diet Pellet Diet
Control 876.9 + 68.2 901.7 + 83.5
Drug weeks 1 & 2 926.3 + 79.4 936.1 + 78.4
Drug weeks 3 & 4 976.5 + 89.5 946.2 + 82.4

lean + s.e.m. Results expressed as picograms/sample



-7j-

Section 4
THE EFFECTS OF VILOXAZINE lOmgkg-1

As in my previous work, (Fleece 1980), no significant change in 
rate of weight increase was observed at this dose.
In animals treated with viloxazine in weeks 3 and 4 of the study 
there was a significant rise in blood glucose level in rats fed the 
'Supermarket' diet.
There were no significant changes in liver glycogen levels.
Serum total and free tryptophan levels were also unchanged.
In brain studies noradrenaline levels were elevated in pellet fed 
rats in all regions studied except the lateral hypothalamus; in the 
ventromedial hypothalamus the level was also raised in the 
'Supermarket' diet fed animals.
No chsinges were observed in dopamine levels.
5HT was significantly raised in all regions and this was 
accompanied by a significant fall in 5H1AA and tryptophan levels.
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THE EFFECTS OF VILOXAZINE ON BODY WEIGHT dose lOmgkg-1

• 'Supermarket' diet
O 'Supermarket' diet + drug weeks 3.& 4
■ Pellet diet90
□ Pellet diet + drug weeks 3 & 4
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e f f e c t s  OF VILOXAZINE ON BLOOD GLUCOSE

(Dose lOmgkg-1)
90

60

30

B D

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.

Mean + s.e.m.
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THE EFFECTS OF VILOXAZINE ON LIVER GLYCOGEN

(Dose lOmgkg-1)
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A B C

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2, 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4,
Mecin 4- s.e.m.
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THE EFFECTS OF VILOXAZINE ON SERUM TOTAL AND FREE TRYPTOPHAN

(dose lOmgkg-1)
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A - Supermarket diet control. B = Supermarket diet + drug weeks 1&2. 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.



THE EFFECTS OF VILOXAZINE ON BRAIN NORADRENALINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
’Supermarket’ Diet Pellet Diet

Control 349.5 + 18.4 321.4 +21.8
Drug weeks 1 & 2 362.9 + 23.6 352.8 + 19.8
Drug weeks 3 & 4 432.7 + 23.7* 452.1 + 22.2*

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 496.9 + 26.2 475.9 + 28.1
Drug weeks 1 & 2 457.2 + 24.1 456.8 + 28.1
Drug weeks 3 & 4 497.5 + 26.2 518.6 + 26.2

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 386.9 + 19.5 359.1 + 20.0
Drug weeks 1 & 2 362.7 + 23.7 341.8 + 27.1
Drug weeks 3 & 4 432.9 + 24.7 472.8 + 21.7

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 428.1 + 23.1 444.4 + 25.3
Drug weeks 1 & 2 483.9 + 29.1 466.0 +27.3
Drug weeks 3 & 4 555.5 +31.9 562.8 + 29.8*

Results expressed as picograms/sample Mean + s.e.m.
♦* p <  0.01 * p <; 0.1
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THE EFFECTS OF VILOXAZINE ON BRAIN DOPAMINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
’Supermarket * Diet Pellet Diet

Control 164.9 + 18.3 169.2 + 16.3
Drug weeks 1 & 2 179.2 + 15.9 159.3 + 18.5
Drug weeks 3 & 4 168.3 + 21.8 173.0 + 17.9

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 264.8 + 16.0 247.2 + 19.2
Drug weeks 1 & 2 259.4 + 19.3 281.7 + 21.9
Drug weeks 3 & 4 294.6 + 23.7 265.9 + 24.1

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 165.9 + 18.5 183.8 + 19.3
Drug weeks 1 & 2 194.2 + 18.4 181.0 + 20.1
Drug weeks 3 & 4 173.0 + 22.8 185.7 + 19.5

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 265.9 + 17.4 275.8 + 19.5
Drug weeks 1 & 2 249.8 + 16.8 259.1 + 17.9
Drug weeks 3 & 4 257.0 + 18.5 267.3 + 19.1

Results expressed as picograms/sample Mean + s.e.m.
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THE EFFECTS OF VILOXAZINE ON BRAIN 5HT

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
1Supermarket* Diet Pellet Diet

Control 174.8 + 19.2 196.8 + 19.2
Drug weeks 1 & 2 183.9 + 21.9 178.5 + 19.5
Drug weeks 3 & 4 272.4 + 17.3** 262.0 + 22.7**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 349.1 + 28.5 333.8 + 25.7
Drug weeks 1 & 2 358.5 + 25.2 290.9 + 24.3
Drug weeks 3 & 4 598.7 + 35.8** 567.2 + 31.6**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 546.8 + 34.2 528.6 + 39.5
Drug weeks 1 & 2 529.4 + 41.0 593.8 +37.2
Drug weeks 3 & 4 789.1 + 67.2** 777.0 + 62.8**

The Central Amygdaloid Nucleus
'Supermarket* Diet Pellet Diet

Control 285.9 + 26.2 279.1 + 25.3
Drug weeks 1 & 2 301.4 + 26.3 296.8 + 24.6
Drug weeks 3 & 4 481.0 + 38.1** 472.8 + 34.2**

Mean + s.e.m. ** p 0.01
Results expressed as picograms/sample
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THE EFFECTS OF VILOXAZINE ON BRAIN 5HIAA

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
\Supermarket' Diet Pellet Diet

Control 85.3 + 7.2 85.7 + 7.8
Drug weeks 1 & 2 95.2 + 8.6 89.3 + 9.1
Drug weeks 3 & 4 45.2 + 4.8** 51.7 + 4.9**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 148.2 + 12.7 139.3 + 12.4
Drug weeks 1 & 2 129.4 + 12.8 136.1 + 13.6
Drug weeks 3 & 4 75.3 + 8.4** 67.2 + 7.3**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 172.6 + 16.3 159.3 + 16.3
Drug weeks 1 & 2 166.3 + 17.5 171.4 + 17.2
Drug weeks 3 & 4 102.1 + 9.4** 95.8 + 8.6**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 116.2 + 10.5 126.2 + 11.1
Drug weeks 1 & 2 109.4 + 9.8 126.3 + 12.1
Drug weeks 3 & 4 55.2 + 7.3** 67.2 + 8.9**

Mean + s.e.m.
** p <  0.01

Results expressed as picograms/sample
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THE EFFECTS OF VILOXAZINE ON BRAIN TRYPTOPHAN

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
' Supermarket' Diet Pellet Diet

Control 421.8 + 36.8 453.8 + 41.2
Drug weeks 1 & 2 462.8 + 44.2 452.9 + 40.6
Drug weeks 3 & 4 251.8 + 31.2** 223.7 + 24.3**

The Lateral. Hypothalamus
'Supermarket' Diet Pellet Diet

Control 886.9 + 79.3 904.2 + 84.6
Drug weeks 1 & 2 936.2 + 91.5 941.6 + 88.5
Drug weeks 3 & 4 562.6 + 48.3** 521.8 + 49.5**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1284.3 + 87.9 1318.4 + 99.5
Drug weeks 1 & 2 1173.6 -k 94.2 1092.6 + 98.6
Drug weeks 3 & 4 658.3 + 59.2** 587.9 + 62.1**

The Central Amygdaloid Nucleus
'Supermarket’ Diet Pellet Diet

Control 869.3 + 75.8 935.1 + 84.9
Drug weeks 1 & 2 936.2 + 87.9 941.7 + 91.2
Drug weeks 3 & 4 431.5 + 51.2** 456.1 + 41.2**

Mean + s.e.m.
** p <  0.01

Results expressed as picograms/sample
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Section 5
THE EFFECTS OF MIANSERIN 7.5mgkg-l

Mianserin had no effect on body weight neither did it influence 
blood glucose or liver glycogen.
Mianserin caused a rise in total tryptophan levels in the serum and 
a fall in free tryptophan.
Noradrenaline levels were increased significantly in all brain areas 
studied but dopamine levels were only slightly raised.
There was no effect on brain 5HT, 5H1AA or tryptophan.
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THE EFFECTS OF MIANSERIN ON BODY WEIGHT

• 'Supermarket' diet
O 'Supermarket' diet + drug weeks 3 & 4
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90 ■ Pellet diet
□ Pellet diet + drug weeks 3 & 4
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THE EFFECTS OF MIANSERIN ON BLOOD GLUCOSE

(Dose 7.5mgkg-l)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2. 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.

Mean + s.e.m.



THE EFFECTS OF MIANSERIN ON LIVER GLYCOGEN

(Dose 7.5mgkg-l)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2, 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.
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THE EFFECTS OF MIANSERIN ON SERUM TOTAL AND FREE TRYPTOPHAN

(Dose 7.5mgkg-l)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2, 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.

A-C and D-F p 0.01
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THE EFFECTS OF MIANSERIN ON BRAIN NORADRENALINE

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 426.8 + 37.4 468.2 + 31.4
Drug weeks 1 & 2 476.8 + 34.8 487.6 + 34.7
Drug weeks 3 & 4 623.6 + 37.2** 712.4 + 41.2**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 546.7 + 35.1 562.8 + 38.2
Drug weeks 1 & 2 572.8 + 39.1 592.1 + 37.1
Drug weeks 3 & 4 892.5 + 51.2** 888.2 + 47.1**

The Globus Pallidus
'Supermarket* Diet Pellet Diet

Control 359.2 + 29.5 329.4 + 27.1
Drug weeks 1 & 2 362.7 +31.3 339.5 + 30.2
Drug weeks 3 & 4 542.8 + 35.1** 549.2 + 32.9**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 431^7 + 29.4 429.5 +31.8
Drug weeks 1 & 2 462.7 + 34.1 461.8 +31.8
Drug weeks 3 & 4 654.9 + 45.1** 669.2 + 39.8**

Mean + s.e.m. Results expressed as picograms/sample

0.01
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THE EFFECTS OF MIANSERIN ON BRAIN DOPAMINE

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
•Supermarket’ Diet Pellet Diet

Control 173.5 + 19.3 162.9 + 17.3
Drug weeks 1 & 2 152.8 + 18.3 159.1 + 16.9
Drug weeks 3 & 4 203.7 + 19.4 231.9 + 18.3*

The Lateral Hypothalamus
• Supermarket• Diet Pellet Diet

Control 257.2 + 21.8 223.7 + 23.1
Drug weeks 1 & 2 243.8 + 21.8 239.5 + 19.4
Drug weeks 3 & 4 289.2 + 23.1 291.7 + 23.9*

The Globus Pallidus
• Supermarket' Diet Pellet Diet

Control 195.8 + 14.3 199.7 + 17.3
Drug weeks 1 & 2 203.7 + 21.9 187.3 + 18.3
Drug weeks 3 & 4 265.8 + 21.7* 251.5 + 19.2

The Central Amygdaloid Nucleus
• Supermarket' Diet Pellet Diet

Control 238.2 + 28.4 229.4 + 27.1
Drug weeks 1 & 2 227.4 + 29.2 246.9 + 26.1
Drug weeks 3 & 4 285.7 + 27.4 301.6 + 28.4*

Mean + s.e.m. Results expressed as picograms/sample

* p 0.1
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THE EFFECTS OF MIANSERIN ON BRAIN 5HT

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
' Supermarket' Diet Pellet Diet

Control 158.3 + 17.3 139.6 + 19.3
Drug weeks 1 & 2 162.8 + 16.9 146.9 + 17.2
Drug weeks 3 & 4 173.8 + 19.3 163.9 + 19.1

The Lateral Hypothalamus
' Supermarket' Diet Pellet Diet

Control 359.6 + 27.3 369.1 + 25.1
Drug weeks 1 & 2 351.9 + 26.3 371.2 + 28.3
Drug weeks 3 & 4 349.2 + 24.8 374.9 + 29.4

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 496.8 + 31.5 444.9 + 29.9
Drug weeks 1 & 2 438.2 + 32.8 467.8 + 31.1
Drug weeks 3 & 4 447.6 + 29.8 451.9 + 31.8

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 305.6 + 28.3 328.5 + 27.1
Drug weeks 1 & 2 316.9 + 29.5 299.5 + 28.3
Drug weeks 3 & 4 341.6 + 31.2 333.3 + 29.7

Mean s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF MIANSERIN ON BRAIN 5HIAA

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
1Supermarket• Diet Pellet Diet

Control 92.8 + 8.2 97.3 + 9.4
Drug weeks 1 & 2 86.9 + 8.4 96.1 + 9.6
Drug weeks 3 & 4 97.4 + 8.7 99.1 + 9.7

The Lateral Hypothalamus
•Supermarket' Diet Pellet Diet

Control 159.1 + 14.3 146.2 + 14.8
Drug weeks 1 & 2 152.8 + 15.2 149.2 + 14.7
Drug weeks 3 & 4 151.9 + 14.6 151.5 + 14.5

The Globus Pallidus
•Supermarket' Diet Pellet Diet

Control 169.2 + 15.7 158.4 + 16.3
Drug weeks 1 & 2 153.9 + 16.5 154.8 + 15.8
Drug weeks 3 & 4 161.9 + 17.2 168.2 + 16.3

The Central Amygdaloid Nucleus
•Supermarket' Diet Pellet Diet

Control 105.8 + 11.5 116.3 + 10.6
Drug weeks 1 & 2 121.8 + 11.5 119.3 + 12.3
Drug weeks 3 & 4 130.1 + 12.6 120.6 + 11.9

Mean + s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF MIANSERIN ON BRAIN TRYPTOPHAN

(Dose 7.5mgkg-l)

'Supermarket' Diet Pellet Diet
Control 568.2 + 47.2 549.8 + 49.7
Drug weeks 1 & 2 555.5 + 51.2 529.4 + 48.5
Drug weeks 3 & 4 529.6 + 46.2 561.9 + 51.4

The Lateral. Hypothalamus
'Supermarket * Diet Pellet Diet

Control 876.4 + 79.3 893.7 + 81.5
Drug weeks 1 & 2 886.9 + 82.8 879.2 + 85.3
Drug weeks 3 & 4 904.2 + 89.3 869.8 + 83.7

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1284.2 + 95.2 1183.6 + 98.1
Drug weeks 1 & 2 1093.6 + 98.3 1163.8 + 97.5
Drug weeks 3 & 4 1116.6 + 94.7 1317.5 + 99.8

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 863.9 + 76.4 891.7 + 79.4
Drug weeks 1 & 2 904.8 + 83.1 883.6 + 79.6
Drug weeks 3 & 4 952.7 + 87.2 847.2 + 81.1

Mean + s.e.m. Results expressed as picograms/sample
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Section 6
THE EFFECTS OF BUPROPION 7.5mgkg-l

Bupropion was the only drug found to significantly reduce weight. 
Blood glucose levels were significantly higher in sinimals fed the 
pellet diet than those fed •Supermeirket' diet where no drug was 
given. Furthermore although bupropion did not effect glucose levels 
in rats fed the 'Supermarket' diet there was a significant fall in 
pellet fed animals.
Liver glycogen and serum total and free tryptophan were unchanged 
by diet or bupropion.
In the brain studies changes were only observed in dopamine levels 
which were significantly raised in all regions.
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THE EFFECTS OF BUPROPION ON WEIGHT INCREASE

Pellet Diet
#'Supermarket * diet90

Supermarket' diet + drug weeks 1-4
Pellet diet + drug weeks 1-4

45Q)
8
ZOc•H

14 28
Days

* P < 0.1 
mean + s.e.m.

p ^  0.05
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THE EFFECTS OF BUPROPION ON BLOOD GLUCOSE

(Dose 7,5mgkg-l)

60

30

B D

A = Supermarket diet control. B = Supermarket + Bupropion weeks 1-4, 
C = Pellet diet control. D = Pellet diet + Bupropion weeks 1-4.
Mean + s.e.m. *♦ p 0.01 A-C, C-D.
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THE EFFECTS OF BUPROPION ON SERUM TOTAL AND FREE TRYPTOPHAN

(Dose 7.5mgkg-l)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1-4
C = Pellet diet control. D = Pellet diet + drug weeks 1-4.
Mean + s.e.m.



-100-

THE EFFECTS OF BUPROPION ON BRAIN NORADRENALINE

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 357.2 + 21.8 345.2 + 19.4
Drug weeks 1 & 2 401.2 + 23.5 387.9 + 17.6
Drug weeks 3 & 4 396.7 + 19.3 375.8 + 21.6

The Lateral Hypothaleimus
'Supermarket' Diet Pellet Diet

Control 564.7 + 21.7 543.9 + 22.1
Drug weeks 1 & 2 543.2 + 21.9 562.9 + 19.3
Drug weeks 3 & 4 598.9 + 25.1 582.7 + 27.9

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 342.9 +23.1 376.3 + 23.1
Drug weeks 1 & 2 367.1 + 17.6 354.9 + 22.8
Drug weeks 3 & 4 397.4 + 25.3 391.0 + 24.3

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 376.6 + 18.4 376.9 +21.9
Drug weeks 1 & 2 346.8 + 19.6 375.8 + 24.0
Drug weeks 3 & 4 400.3 + 24.1 386.0 +21.5

Results expressed as picograms/sample Mean + s.e.m.
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THE EFFECTS OF BUPROPION ON BRAIN DOPAMINE

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 147.3 + 16.3 165.8 + 16.9
Drug weeks 1 & 2 157.3 + 17.2 148.2 + 15.2
Drug weeks 3 & 4 321.6 + 24.1** 295.2 + 19.2**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 251.8 + 21.9 218.3 + 17.3
Drug weeks 1 & 2 234.1 + 17.8 219.5 + 19.2
Drug weeks 3 & 4 452.8 + 25.1** 439.7 + 26.3**

The Globus Pallidus
'Supermarket' Diet Pellet'Diet

Control 157.3 + 17.3 184.9 + 20.3
Drug weeks 1 & 2 173.9 + 19.2 162.0 + 16.9
Drug weeks 3 & 4 387.9 + 24.1** 321.9 + 23.6**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 257.3 + 24.2 231.9 + 22.9
Drug weeks 1 & 2 231.8 + 19.3 255.4 + 22.2
Drug weeks 3 & 4 456.1 + 29.3** 431.9 + 28.6**

Results expressed as picograms/sample Mean + s.e.m,

** p 0.01
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THE EFFECTS OF BUPROPION ON BRAIN 5HT

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 154.8 + 16.2 148.2 + 17.3
Drug weeks 1 & 2 139.5 + 15.2 156.2 + 13.9
Drug weeks 3 & 4 149.2 + 12.5 135.2 + 15.2

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 354.8 + 23.7 349.2 + 21.9
Drug weeks 1 & 2 328.2 + 24.2 367.2 + 21.6
Drug weeks 3 & 4 333.7 + 23.1 341.9 + 25.3

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 437.2 + 34.2 482.6 + 31.8
Drug weeks 1 & 2 428.5 + 31.7 462.8 + 29.9
Drug weeks 3 & 4 419.6 + 34.1 446.9 + 31.8

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 324.1 + 19.2 354.0 + 21.9
Drug weeks 1 & 2 317.3 + 19.6 336.2 +21.9
Drug weeks 3 & 4 356.2 + 23.7 327.1 + 19.8

Mean + s.e.m.
Results expressed as picograms/sample
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THE EFFECTS OF BUPROPION ON BRAIN 5HIAA

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
'Supermarket* Diet Pellet Diet

Control 97.3 + 8.9 89.4 + 8.3
Drug weeks 1 & 2 84.8 + 7.8 93.6 + 9.0
Drug weeks 3 & 4 96.5 + 8.5 86.8 + 8.6

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 152.8 + 14.7 139.4 + 13.1
Drug weeks 1 & 2 145.2 + 13.6 139.4 + 12.6
Drug weeks 3 & 4 127.6 + 11.8 140.5 + 13.6

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 173.5 + 16.4 168.2 + 16.3
Drug weeks 1 & 2 158.4 + 14.8 157.2 + 15.1
Drug weeks 3 & 4 163.9 + 15.9 171.5 + 16.8

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 119.3 + 12.6 128.4 + 11.3
Drug weeks 1 & 2 131.7 + 12.4 126.2 + 11.7
Drug weeks 3 & 4 118.5 + 12.0 128.3 + 11.8

Mean + s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF BUPROPION ON BRAIN TRYPTOPHAN

(Dose 7.5mgkg-l)

The Ventromedial Hypothalamus
1Supermarket' Diet Pellet Diet

Control 521.8 + 48.2 494.6 + 39.1
Drug weeks 1 & 2 474.9 + 45.2 461.9 + 39.5
Drug weeks 3 & 4 469.2 + 43.8 471.9 + 46.1

The Lateral Hypothalamus
i' Supermarket' Diet Pellet Diet

Control 876.9 + 79.3 889.2 + 79.2
Drug weeks 1 & 2 942.6 + 89.2 904.8 +83.1
Drug weeks 3 & 4 935.2 + 91.2 931.5 + 88.6

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1219.5 + 97.3 1183.7 +89.3
Drug weeks 1 & 2 1231.8 + 96.7 1163.8 + 94.1
Drug weeks 3 & 4 1142.6 + 97.4 1093.7 + 96.8

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 876.9 + 84.7 903.7 + 85.3
Drug weeks 1 & 2 921.5 + 89.3 923.1 + 86.2
Drug weeks 3 & 4 879.4 + 82.6 887.2 + 83.1

Mean + s.e.m. Results expressed as picogram/sample
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Section 7
THE EFFECTS OF MAPROTILINE lOmgkg-1

Maprotiline had no significant effect on weight gain neither did it 
influence blood glucose or liver glycogen levels.
Serum total and free tryptophan was also unchanged.
In the brain studies noradrenaline and dopamine were both raised in 
all regions. There were no significant changes in 5HT, 5H1AA or 
tryptophan levels.
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THE EFFECTS OF MAPROTILINE ON BODY WEIGHT

'Supermarket* diet
90 Supermarket' diet + drug weeks 3 & 4

Pellet diet
Pellet diet + drug weeks 3 & 4
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THE EFFECTS OF MAPROTILINE ON BLOOD GLUCOSE

(Dose lOmgkg-1)
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A B C  D E  F
A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2. 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.
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THE EFFECTS OF MAPROTILINE ON LIVER GLYCOGEN

(Dose lOmgkg-1)

A B C D FE

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2, 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.
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EFFECTS OF MAPROTILINE ON SERUM TOTAL AND FREE TRYPTOPHAN

(Dose lOmgkg-1)
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A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2, 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.
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THE EFFECTS OF MAPROTILINE ON BRAIN NORADRENALINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
* Supermarket' Diet Pellet Diet

Control 436.8 + 19.4 453.8 + 20.4
Drug weeks 1 & 2 427.9 + 17.4 439.2 + 19.6
Drug weeks 3 & 4 768.2 + 27.3** 745.1 + 21.4**

The Lateral Hypothaleimus
•Supermarket Diet Pellet Diet

Control 537.5 + 24.6 568.1 + 23.1
Drug weeks 1 & 2 529.5 + 26.2 583.2 + 24.1
Drug weeks 3 & 4 874.9 + 29.2 ** 852.5 + 26.2 **

The Globus Pallidus
• Supermarket' Diet Pellet Diet

Control 357.3 + 16.3 386.2 + 16.9
Drug weeks 1 & 2 373.7 + 19.2 325.3 + 18.5
Drug weeks 3 & 4 563.9 + 19.2** 589.1 + 21.3**

The Central Amygdaloid Nucleus
• Supermarket' Diet Pellet Diet

Control 384.9 + 17.3 397.4 +_15.9
Drug weeks 1 & 2 404.6 + 23.9 391.8 + 22.2
Drug weeks 3 & 4 658.2 + 30.4** 678.4 + 28.2**

Results expressed as picograms/sample ** p 0.01
Mean + s.e.m.
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THE EFFECTS OF MAPROTILINE ON BRAIN DOPAMINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 149.2 + 12.4 173.5 + 17.3
Drug weeks 1 & 2 139.2 + 14.2 151.3 + 14.9
Drug weeks 3 & 4 213.6 + 13.3** 199.2 + 12.4*

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 236.8 + 14.9 242.6 + 12.8
Drug weeks 1 & 2 251.6 + 14.3 236.1 + 15.2
Drug weeks 3 & 4 300.1 + 16.2** 298.2 + 13.2**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 167.2 + 15.2 184.4 + 15.9
Drug weeks 1 & 2 155.0 + 14.3 175.2 + 16.1
Drug weeks 3 & 4 218.4 + 18.3** 231.9 + 16.4**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 229.9 + 19.2 258.2 + 19.3
Drug weeks 1 & 2 243.8 + 18.2 271.4 + 21.4
Drug weeks 3 & 4 297.1 + 23.1* 372.5 + 22.4**

Results expressed as picograms/sample Mean + s.e.m.
** p 0.01 * p 0.1
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THE EFFECTS OF MAPROTILINE ON BRAIN 5HT

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket Diet Pellet Diet

Control 172.1 + 10.2 162.1 + 14.1
Drug weeks 1 & 2 165.4 + 12.5 178.9 + 14.9
Drug weeks 3 & 4 156.7 + 12.8 189.5 + 15.7

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 345.6 + 12.5 339.2 + 14.9
Drug weeks 1 & 2 369.6 + 17.6 349.5 + 15.3
Drug weeks 3 & 4 326.7 + 18.6 346.9 + 17.4

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 562.4 + 16.9 543.8 + 19.7
Drug weeks 1 & 2 573.8 + 19.5 587.5 + 18.3
Drug weeks 3 & 4 523.8 + 17.6 563.8 + 19.9

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 439.6 + 15.9 456.8 + 18.2
Drug weeks 1 & 2 427.3 + 16.3 444.8 + 21.6
Drug weeks 3 & 4 410.2 + 19.5 462.8 + 21.5

Mean + s.e.m.

Results expressed as picograms/sample
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THE EFFECTS OF MAPROTLLINE ON BRAIN 5HIAA

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket* Diet______Pellet Diet

Control 98.3 +8.7 94.6+8.3
Drug weeks 1 & 2 89.4+8.2 97.2+9.1
Drug weeks 3 & 4 85.9 +7.9 84.6 +8.6

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 138.4 + 12.3 131.8 + 11.7
Drug weeks 1 & 2 141.6 + 13.2 132.9 + 13.9
Drug weeks 3 & 4 137.4 + 12.7 136.2 + 12.6

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 174.9 + 16.4 169.2 + 15.6
Drug weeks 1 & 2 161.8 + 15.4 173.6 + 16.5
Drug weeks 3 & 4 165.8 + 15.8 172.6 + 17.3

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 113.6 + 11.2 123.1 + 10.7
Drug weeks 1 & 2 117.2 + 11.4 124.7 + 11.6
Drug weeks 3 & 4 128.2 + 12.3 117.3 + 10.4

Mean + s.e.m. Results expressed as picograms/sample
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THE EFFECTS OF MAPROTILINE ON BRAIN TRYPTOPHAN

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
1Supermarket' Diet Pellet Diet

Control 458.3 + 36.4 471.6 + 39.5
Drug weeks 1 & 2 439.1 + 39.7 451.6 + 41.7
Drug weeks 3 & 4 484.2 + 43.8 447.2 +41.7

The Lateral. Hypothalamus
'Supermarket' Diet Pellet Diet

Control 874.9 + 76.3 895.0 + 82.1
Drug weeks 1 & 2 921.7 + 87.5 892.6 + 87.4
Drug weeks 3 & 4 868.2 + 79.5 921.6 + 86.3

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1304.7 + 89.1 1264.8 + 99.5
Drug weeks 1 & 2 1074.7 + 92.7 1153.7 + 96.2
Drug weeks 3 & 4 1143.7 + 95.7 1223.4 + 98.4

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 879.2 + 79.3 904.2 +90.1
Drug weeks 1 & 2 927.2 + 88.4 931.6 +91.4
Drug weeks 3 & 4 886.3 + 85.7 907.2 + 86.7

Mean + s.e.m. Results expressed as picograms/sample
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Section 8
THE EFFECTS OF TRAZODONE lOmgkg-1

Weight gain, blood glucose and liver glycogen were all uneffected 
by trazodone. There was however, a significant fall in serum total 
tryptophan in conjunction with a rise in free tryptophan.
In the brain studies noradrenaline and dopeimine were unchanged.
In animals treated with trazodone during weeks 3 and 4 of the study 
5HT was raised in all regions accompanied by a significant fall in 
5HIAA and tryptophan.
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THE EFFECTS OF TRAZODONE ON BODY WEIGHT

'Supermarket * diet
Supermarket’ diet + drug weeks 3 & 490
Pellet diet
Pellet diet + drug weeks 3 & 4
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14 28
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THE EFFECTS OF TRAZODONE ON BLOOD GLUCOSE

(Dose lOmgkg-1)

60

0 30

A B O D E  F
A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2.
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4.

Meein + s.e.m.
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THE EFFECTS OF TRAZODONE ON LIVER GLYCOGEN

(Dose lOmgkg-1)

60

iH

•H

30

A = Supermarket diet control. B = Supermarket diet + drug weeks 1&2 
C = Supermarket diet + drug weeks 3&4. D = Pellet diet control.
E = Pellet diet + drug weeks 1&2. F = Pellet diet + drug weeks 3&4. 
Mean + s.e.m.



-119-

THE EFFECTS OF TRAZODONE ON SERUM TOTAL AND FREE TRYPTOPHAN

20 -
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A = 'Supermarket' diet B = 'Supermarket' diet + drug weeks 1&2
C = 'Supermarket' diet + drug‘weeks 3&4 D = Pellet diet 
E = Pellet diet + drug weeks 1&2 F = Pellet diet + drug weeks 3&4

* p 0.01 mean + s.e.m.
Significant difference A — C and D — F total and free
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THE EFFECTS OF TRAZODONE ON BRAIN NORADRENALINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 422.5 + 17.9 427.0 + 18.8
Drug weeks 1 & 2 403.1 + 23.1 392.0 + 18.1
Drug weeks 3 & 4 407.8 + 15.6 402.0 + 19.2

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 564.8 + 20.2 554.7 + 20.0
Drug weeks 1 & 2 554.5 + 31.5 553.0 + 25.7
Drug weeks 3 & 4 566.8 + 23.8 565.6 + 22.5

The Globus Pallidus
'Supermarket Diet Pellet Diet

Control 355.7 + 25.3 360.5 + 24.6
Drug weeks 1 & 2 363.3 + 29.2 362.2 j- 24.9
Drug weeks 3 & 4 374.0 + 29.9 371.7 + 19.4

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 441.7 + 21.8 448.8 + 23.1
Drug weeks 1 & 2 451.3 + 16.9 446.6 + 24.1
Drug weeks 3 & 4 443.2 + 17.8 439.9 + 19.5

Results expressed as picograms/sample

Mean + s.e.m.
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THE EFFECTS OF TRAZODONE ON BRAIN DOPAMINE

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
* Supermarket'Diet Pellet Diet

Control 153.1 + 16.0 154.6 + 15.9
Drug weeks 1 & 2 151.6 + 17.5 150.8 + 12.4
Drug weeks 3 & 4 157.0 + 19.3 151.7 + 16.8

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 243.0 + 21.0 254.3 + 19.6
Drug weeks 1 & 2 230.8 + 16.7 264.1 + 21.3
Drug weeks 3 & 4 259.0 + 17.3 251.0 + 15.9

The Globus Pallidus
'Supermarket'Diet Pellet Diet

Control 198.3 +_14.1 179.0 ± 15.3
Drug weeks 1 & 2 183.2 ^17.2 199.0 + 14.6
Drug weeks 3 & 4 200.0 + 18.3 184.2_f 13.2

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 225.0 + 17.3 243.6 + 18.6
Drug weeks 1 & 2 247.0 + 21.3 199.6 + 18.6
Drug weeks 3 & 4 238.3 + 16.2 249.1 + 20.1

Mean + sem

Results expressed as picograms/sample
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THE EFFECTS OF TRAZODONE ON BRAIN 5HT

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
'Supermarket' Diet Pellet Diet

Control 164.2 + 17.9 172.3 + 10.3
Drug weeks 1 & 2 173.6 + 12.3 179.3 + 10.1
Drug weeks 3 & 4 228.4 + 11.3** 239.3 + 13.7**

The Lateral Hypothaleimus
'Supermarket' Diet Pellet Diet

Control 367.2 + 23.0 348.3 +21.2
Drug weeks 1 & 2 368.1 + 22.6 359.3 + 19.7
Drug weeks 3 & 4 463.1 + 23.8** 446.2 + 18.3**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 549.3 + 28.4 583.2 + 31.2
Drug weeks 1 & 2 564.1 + 31.0 568.9 + 28.9
Drug weeks 3 & 4 700.0 + 39.3** 739.6 + 29.1**

The Central Amygdaloid Nucleus
Control 328.4 +21.2 323.5 + 20.4
Drug weeks 1 & 2 346.0 + 19.6 339.0 + 23.4
Drug weeks 3 & 4 494.1 + 21.3** 482.0 + 19.7**

Mean + s.e.m. ** p 0.01

Results expressed as picograms/sample
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THE EFFECTS OF TRAZODONE ON BRAIN 5HIAA

(Dose lOmgkg-1)

'Supermarket' Diet Pellet Diet
Control 102.4 + 9.5 93.6 + 8.7
Drug weeks 1 & 2 96.1 + 8.3 97.3 + 9.1
Drug weeks 3 & 4 43.8 + 4.2** 51.8 + 4.9**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 139.5 + 14.6 147.3 + 13.8
Drug weeks 1 & 2 135.9 + 13.2 143.9 + 14.3
Drug weeks 3 & 4 91.5 + 8.4** 83.7 + 9.1**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 172.9 + 16.3 162.9 + 15.4
Drug weeks 1 & 2 175.9 + 16.5 154.9 + 16.4
Drug weeks 3 & 4 105.7 + 10.3** 99.6 + 10.1**

The Central Amygdaloid Nucleus
'Supermarket' Diet Pellet Diet

Control 119.2 + 10.7 128.4 + 11.2
Drug weeks 1 & 2 129.3 + 12.2 116.9 + 10.5
Drug weeks 3 & 4 71.2 + 8.1** 66.5 + 7.1**

Mean + s.e.m. Results expressed as picograms/sample

0.01
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THE EFFECTS OF TRAZODONE ON BRAIN TRYPTOPHAN

(Dose lOmgkg-1)

The Ventromedial Hypothalamus
1'Supermarket * Diet Pellet Diet

Control 505.2 + 47.2 482.0 + 45.2
Drug weeks 1 & 2 472.6 + 43.1 482.3 + 43.7
Drug weeks 3 & 4 235.1 + 29.5** 269.4 + 31.8**

The Lateral Hypothalamus
'Supermarket' Diet Pellet Diet

Control 854.6 + 78.3 903.5 + 83.1
Drug weeks 1 & 2 926.1 + 79.3 951.4 + 91.2
Drug weeks 3 & 4 562.9 + 48.2** 519.3 + 49.2**

The Globus Pallidus
'Supermarket' Diet Pellet Diet

Control 1052.4 + 93.8 1285.3 + 94.7
Drug weeks 1 & 2 1163.6 + 87.6 1095.3 + 96.3
Drug weeks 3 & 4 605.8 + 53.9** 629.4 + 53.9**

The Central Amygdaloid Nucleus
' Supermarket' Diet Pellet Diet

Control 834.2 + 76.9 927.2 + 83.1
Drug weeks 1 & 2 879.3 + 78.3 905.6 + 85.2
Drug weeks 3 & 4 439.3 + 51.4** 549.2 + 47.3**

Mean + s.e.m. Results expressed as picograms/sample

** p 0.01
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DISCUSSION
In this discussion I shall first discuss the methods used. I shall 
then consider the reasons for looking at antidepressants and feeding 
cind go on to discuss the effects of the individual drugs.

The model of dietary obesity used has been discussed in detail in 
my previous work (Fleece 1980). The primary advantage of the method 
is that it is much closer to the clinical condition of obesity than 
most of the other methods of experimental obesity in animals.
The diet is reasonably well balanced so preventing changes in normal 
metabolism seen when high fat diets are used. (Mickelsen et al 1955). 
Genetic models of obesity are also not representative of the clinical 
state. For example, the Zucker 'fatty' rat (Zucker and Zucker 1961) 
is obese due to an inherited defect in lipid metabolism; the fatty 
acids in the serum are present in 10 fold higher concentrations than 
in normal rats.
The principle disadvemtage of the 'Supermarket' diet is that it is 
very difficult to measure the actual quantities of each food consumed, 
If this information were available it would be possible to establish 
whether weight changes depend solely on food intake or if other 
factors are involved.

The brain punching technique of Palkovits (1973) allows detailed 
investigation of transmitter levels in discrete brain areas.
It has become apparent from the work of Palkovits that there is 
considerable variation between nuclei of transmitter levels.
This suggests that whole brain measurements of transmitters eure not 
particularly informative as the total quantity of these substances
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may remain constant while quite dramatic changes in distribution occur. 
Most of the published work employing the removal of individual 
nuclei from the brain use enzymatic-isotopic techniques to measure 
gunine levels. The advent of H.P.L.C. allows a similar low detection 
limit but, once the method has been developed, it is a much simpler 
method of assay.
The most striking advantage of the H.P.L.C. method used in this work 
is that the substances measured could be extracted from a single 
20 microlitre sample injected into the system (Pleece et al 1982).
This reduced the number of rats needed in each study and allowed 
duplicate readings from each side of the brain in each rat.
The method may also be modified to measure the precursors and 
metabolites of the transmitters thus giving an indication of changes 
in turnover.
The H.P.L.C. system used in this study was relatively quick and the 
sample preparation was minimal allowing the facility for analysis 
of large numbers of samples.

The method was so designed that the sample remains frozen from the 
time it is removed from the rat until it is assayed, all the 
punching procedure being carried out over dry ice. This minimises 
any degradation of the amines.
The punching technique was reliable,the nuclei being easy to 
distinguish under a magnifying lens. In addition because the 
thickness of the slices was only 300 microns it is possible to remove 
a Icirge number of nuclei from a single brain which again keeps the 
number of animals in a study to a minimum.
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I shall discuss possible modifications of the methods I have used 
later in this chapter when considering suggestions for further work.

The role of neurotransmitters in regulation of feeding is widely 
accepted. Grossman (1962) showed that injection of noradrenaline 
into the lateral hypothalamus induced feeding; he also found that 
this response could be prevented by previous treatment with an 
adrenergic blocker. In the introduction to this thesis I discussed 
the effects of brain lesioning in various areas on feeding. Glick et 
al (1973) found that after ventromedial lesioning the degree of 
hyperphagia was proportional to noradrenaline depletion.
More recent evidence suggests that other factors are involved in the 
control of feeding. Ahlskog et al (1975) found that it was possible 
to make rats hyperphagic with ventromedial lesions that cause no 
significant depletion of noradrenaline; however rats with 95% 
noradrenaline depletion were only half as hyperphagic.
Furthermore intraventricular 6-hydroxydopa or ventral noradrenergic 
6-hydroxydopamine in doses that produced moderate depletion of 
noradrenaline without affecting dopamine did not cause hyperphagia 
(Richardson and Jacobowitz 1973). Possibly complete depletion or 
depletion in a specific part of the noradrenergic system is required 
if obesity is to be seen.
Ungerstedt (1971) found that depletion of dopamine in the 
nigrostriatal bundle was associated with starvation and anorexia.
In this work 6-hydroxydopamine was injected into the rat brain to 
cause dopEunine depletion. The evidence suggests that the anorexia 
is caused by dopamine depletion. When lesions Eire made along the 
nigrostriatal tract in the hypothalEimus there is depletion of dopamine
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in the anterior parts and a rise in dopamine levels in parts proximal 
to the lesion due to interruption of axoplasmic transport of the 
amine (Oltmans and Harvey 1972).
Zigmond and Strieker (1972) found that classic lateral hypothalamic 
lesions caused complete depletion of dopamine but only 50% depletion 
of noradrenaline. This led them to believe that dopsunine depletion 
is a central factor in the loss of appetite.

5HT has also been shown to have a role in the control of feeding.
Singer et al (1971) demonstrated that 5HT injected directly into the 
lateral hypothalamus caused aphagia and anorexia. 5HT agonists such 
as yohimbine and fenfluramine cause anorexia (Hoebel 1977). The 5HT 
antagonist cyproheptadine has been shown to increase appetite 
(Chcikrabarty et al 1974). Blundell and Leshsim (1974) found that 
cyproheptadine and another 5HT inhibitor, methylsergide, would 
stimulate feeding when given to deprived rats after they had finished 
feeding for an hour. They suggested these drugs counteracted the 
elevated brain 5HT levels seen after a carbohydrate meal (Fernstrom 
and Wurtman 1973).

Taking this evidence into account it is not unreasonable to expect 
antidepressant drugs, many of which are known to influence brain 
neurotransmitters, to change feeding behaviour and body weight.
Indeed there have been clinical reports of cheinges in feeding behaviour 
during treatment with such drugs (Harto-Truax 1983).
Harris and Heû per (1980) in a letter to the Lancet reported cases 
of disproportionate weight increase in patients treated with mianserin. 
My previous work (Pleece 1980) was involved with viloxazine following 
a report that this drug might have appetite regulating properties 
(Neubauer, personal communication). My studies revealed that
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viloxazine had but a transient effect on weight unless very high 
doses were employed. Although there eure several reports of weight 
change with antidepressant therapy in clinical cases there appear to 
be no reports of this phenomenon in animal studies.

In this study the antidepressants caused no chsaige in body weight 
with the exception of bupropion which I will discuss in greater depth 
later. In discussing this lack of effect, it must first be noted 
that the doses used were sufficient to induce the expected changes 
in neurotransmitter levels within the brain.
Several anorectic agents have their action attributed to central 
effects. Fenfluramine is considered to act by releasing 5HT and 
blocking its uptake (Costa and Garratini 1970).
Amphetamine causes release of catecholamines and blocks reuptake 
(Hoebel 1977).
However these drugs have peripheral effects that may influence feeding. 
Fenfluramine has marked effects of glucose metabolism (Kirby and 
Turner 1975). Amphetamine anorexia has been postulated to be due to 
its stimulant properties which gives rise to behaviour incompatable 
with feeding, (Carlton 1963, Uehling and Venator 1967). It has also 
been reported to activate glucose satiety receptors in the liver 
(Russek et al 1973). There is however overwhelming evidence that 
the greater part of the anorectic action of amphetamine is due to its 
central action (Hoebel 1977).

In my studies on discrete brain Eire as the levels were found to VEiry 
considerably between nuclei but in a consistent way broadly in 
agreement with the results of Palkovits et al (1974a, 1974b).
When significant changes occured they were proportionally similar in
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all the regions studied.
It is possible that if a drug has a generalised effect on brain 
amine levels in all regions concerned with regulation of food intake 
the result will be no change in appetite. If, however, the changes 
occur in a more localised fashion, thus changing the ratios of levels 
between areas there may be an effect on food intake.
The early work of Hetherington and Ransom (1942) showed that brain 
lesioning in the ventromedial hypothalamus caused hyperphagia and 
obesity. There is no data to show how transmitter levels in other 
brain regions are effected, if at all, by the lesion.
Similarly changes in food intsike caused by injection of transmitters 
into specific eu'eas may well be brought about by the disproportionately 
high levels in that particular region and may not occur in the levels 
increased in other regions at the same time, as wsis the case in my 
results.
It is possible that changes in food intake reported clinically are 
due to a change in mood of the patient rather than a direct central 
action on feeding. If this were the ceise one would expect to see 
greater changes in body weight in patients with the clinical symptoms 
of depression and hence disturbed transmitter metabolism rather than 
to normal volunteers.
Harto Trueix et al (1983) presented results for a trial comparing 
bupropion and amitriptyline in depressed patients. They found that 
bupropion caused a small weight loss whereas amitriptyline caused 
meirked weight gain.
Bupropion, as will be discussed later, has a peripheral effect 
similar to, but weaker than that of fenfluramine (Kirby et al 1983); 
Another possible mechanism for amitriptyline-induced weight gain could
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involve the 5HT system. Amitriptyline has been shown to cause a rise 
in brain 5HT by the same mechanism as does clomipramine.
Amitriptyline has been shown to cause weight gain and carbohydrate 
craving (Paykel et al 1973).
As discussed in the introduction Fernstrom and Wurtman (1973) have 
shown that increased carbohydrate ingestion will lead to insulin 
release which in turn caused greater tryptophan transport 
into the brain leading to higher 5HT levels (Fernstrom and Wurtman 
(1974). It is possible that amitriptyline-induced carbohydrate craving 
is a way of providing the extra brain 5HT required by the action of 
the drug. If this were the mechanism of action it would be expected 
that I would have observed similar actions in animal studies using 
clomipramine and the other drugs affecting 5HT levels but this was 
not so (Fernstrom and Wurtman 1974).
I will now discuss the effects of each drug individually.

1. Imipramine
Imipramine caused no significant change in weight gain in this study, 
neither was there any change in blood glucose or liver glycogen 
levels.
Kessler (1978) reported that tricyclic antidepressants can cause 
weight gain clinically; he reported that blood glucose may be 
decreased, especially in diabetics and suggested that this may be 
due to changes in carbohydrate metabolism. As I have previously 
discussed Paykel et al (1973) showed that tricyclics can cause 
carbohydrate craving. This leads to elevated blood glucose and thus 
stimulates release of insulin. Insulin in turn leads to a lowering 
of blood glucose as it is stored in the liver and muscle as glycogen.
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In this study no reduction of blood glucose levels was observed 
presumably because insufficient insulin was secreted to aid storage 
of enough of the blood glucose.
In the brain studies there was a significant increase in noradrenaline 
levels in all the brain regions studied but no change in dopamine 
concentrations. These findings were as expected taking into 
account results of earlier studies on imipramine. For exsunple 
Schildkraut et al (1969) found that imipramine blocked the uptake of 
isotopically labelled noradrenaline which had been injected into the 
lateral ventricle of intact rat brain. Similar results were reported 
by Prange et al (1971).
The indoleamine results were less conclusive. There was no 
significant change in serum total and free tryptophan. Brain 5HT was 
raised however cind there was a fall in brain 5HIAA and tryptophan 
levels; the fall in brain tryptophan was relatively small and 
significcint only at p 0.1.
Asberg et al (1973) found a decrease in 5HIAA in the cerebrospinal 
fluid following treatment with tricyclic antidepressants suggesting 
a change in 5HT metabolism in the brain.

2. Clomipramine
As with imipramine there were no effects on weight gain, blood 
glucose or liver glycogen.
As previously discussed this is not consistent with some clinical 
observations although there appears to be no published data on changes 
in glucose metabolism in einimal studies.
As with imipramine there was a significant rise in noradrenaline 
levels in the brain areas studied. Maxwell emd White (1977) reported 
that clomipramine inhibits noradrenaline uptake in a similar, but
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less potent, way to imipramine.
In the case of clomipramine however there was also a highly 
significant change in indoleamine levels. Serum total and free 
tryptophan was changed, total tryptophan being lower and free 
tryptophan being raised. Brain 5HT was elevated in all regions and 
this was accompanied by a fall in levels of the precursor, tryptophan, 
and the major metabolite, 5HIAA.
Goodwin et al (1978) suggested that clomipramine was specific in its 
action on 5HT and that it did not influence noradrenaline levels at 
all. This was no so in this study.
Goodwin gives no indication of the dose he used when reaching this 
conclusion. It is quite possible that at low doses the central effect 
of clomipramine is selective to 5HT systems.
Tuck and Punell (1973) incubated rat cortical slices with plasma 
taken from patients taking clomipramine or imipramine to determine 
the effects of clinical doses of the drug on uptake of isotopically 
labelled noradrenaline and 5HT. Both drugs inhibited noradrenaline 
uptake but only clomipramine inhibited 5HT uptake.
This concurs with the work of Meek et al (1970) in which clomipramine 
was shown to prevent 5HT reuptake thus potentiating the effect on 
5HT receptors. This potentiation slows the flow of impulses along 
seratonergic neurons (Meek and Werdinus 1970), which depresses 
release and probably synthesis of 5HT (Modig^ 1973).

Nomifensine
Nomifensine had no effect on weight gain in either group of animals, 
neither did it change blood glucose or liver glycogen. There appears 
to be no published data suggesting any weight change in trials of the 
drug or comparison with other antidepressants.
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Of the other parameters measured in this study there was no change 
in serum total Eind free tryptophan nor was there any change in brain 
indoleamines. Noradrenaline levels were not significantly changed 
but dopamine was found to be significantly increased.
Nomifensine is believed to exert its action mainly on catecholamines 
(Bogie et al 1980). The literature suggests a significant rise in 
noradrenaline levels would be expected; however this was not so in 
this study. Hsinks (1977) reported that nomifensine strongly inhibits 
neuronal reuptake of dopamine and noradrenaline and has a very weak 
action on 5HT. Leonard (1980) described studies on nomifensine in 
the bulbectomised rat. He reported a slight fall in noradrenaline 
levels in the mid-brain following bulbectomy which was antagonised 
by chronic nomifensine treatment. However he found no change in 
noradrenaline with nomifensine in sham-treated animals.
Dopamine levels in the mid-brain were raised following bulbectomy.
The levels were further raised by nomifensine treatment, dopamine 
levels were also significantly raised in sham-treated animals 
given nomifensine. These results are broadly in agreement with the 
findings of this study.
Leonard (1980) also noted that nomifensine antagonised the changes in 
5HT and 5HIAA in the mid-brain of bulbectomised rats and elevated 
these levels in the amygdaloid cortex of bulbectomised and sham- 
treated rats. A possible explanation for the lack of effect on 
noradrenaline in this study would be that the dose (lOmgkg-1) was not 
sufficiently high to influence it. However Leonard (1980) was using 
a dose of 5mgkg-l by i.p.injection and although drug were administered 
orally in this study similar blood levels should have been attained.

I Dawling et al (1980) reported absorption of orally administered
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nomifensine to be rapid. It is also possible that the Wistar rats 
(University of Bath strain) used in this study were less susceptible 
to the effects of nomifensine than the strain used in other studies.

Viloxazine
No changes in weight increase were observed with viloxazine.
This is consistent with the results of my previous work (Pleece 1980) 
when working with the same dose of the drug.
In animals fed the 'supermarket' diet there was a significant rise 
in blood glucose^ this effect was also observed in my previous work. 
Noradrenaline levels were raised in some brain regions but dopamine 
concentrations were unchanged.
An interesting result with regards to indoleamine levels may help 
explain the elevated glucose concentration in the blood of obese 
rats.
Brain 5HT levels were raised while tryptophan and 5HIAA were lowered. 
However no change occurred in serum total and free tryptophan.
I have previously discussed the implications of increased insulin 
levels causing an increase in tryptophan uptake into the brain.
If in the case of viloxazine this increase in insulin levels does 
not occur there may well be less marked changes in serum tryptophan 
Eind elevation of blood glucose levels due the increased feeding seen 
with the 'supermarket' diet. Were this the case viloxazine would 
presumably be preventing release of insulin from the pancreas or 
blocking its action after release.

Viloxazine has been shown to block catecholamine uptake peripherally 
(Lippman Eind Pugsley 1976), it was however shown to be less potent 
than imipramine in both rats and mice.
Lippman and Pugsley (1976) also found that noradrenaline levels were

3not raised in the brain but that H -labelled metabolites were altered
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in a similar way to the tricyclics suggesting em action on the 
noradrenaline membrane pump.
In the same study they observed little effect on 5HT levels, a finding 
in agreement with the work of Mallion et al (1972) which indicated 
that viloxazine did not inhibit uptake of noradrenaline into blood 
platelets.
In the Lippman and Pugsley study (1976) viloxazine did, however, 
potentiate the 5HTP-behavioural syndrome in mice.
The SHTP-induced in activity of the hind-limb extensor reflex in 
spinalized rats was also potentiated.
Their results led them to the conclusion that viloxazine affects 
5HT-mediated responses by a mechanism other than decreased uptake, 
possibly a direct action on the 5HT receptor post-synaptically or 
possibly a weak inhibitory action on the 5HT membrane pump.
The possibility of a action on the 5HT membrane pump is interesting 
as my previous work (Pleece 1980) showed that viloxazine inhibits 
the anorectic action of fenfluramine in a dose-dependant manner; 
Fenfluramine is also thought to exert its central action by blocking 
this membrane pump (Fuxe 1975).

Mianserin
Mianserin had no significant effect on weight gain in this study. 
Neither did it significantly change blood glucose levels from control 
levels. There was an interesting rise in total tryptophan in the 
serum and a fall in free levels. This was not reflected in the 
brain data where there were no changes in 5HT, 5HIAA or tryptophan. 
Noradrenaline levels were significantly raised in all regions but 
dopamine was not changed.
The rise in serum total tryptophan is difficult to explain.
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Leonard (1974, 1977) found that there was evidence for increased 
reuptsike of 5HT. If this is the case it is possible that synthesis 
of 5HT would be depressed leading to increased serum levels.
In practice this is unlikely because 90% of serum tryptophan is 
metabolised in the liver and any small change in transport into the 
brain would be compensated for by this pathway. (Samsonova and Lapin 
1973).
Kafoe Sind Leonsurd (1973) and Leonard and Kafoe (1976) studied the 
effects of mianserin on amine turnover by studying the rate of 
incorporation of an isotopically labelled precursor into the simine 
in specific brain regions. Mianserin was found to increase 
noradrenaline turnover without effecting the other transmitters.
Leonsird (1978) suggested that mianserin was not sin uptake inhibitor 
and discussed possible alternative mechanisms for increased turnover 
of noradrenaline.
It was found that the effects of mianserin persisted after the drug 
had been illiminated (Kafoe et al 1976). A possible explanation 
given was that a metabolite of mianserin was formed that increased 
noradrenaline turnover. An alternative mode of action postulated 
was that the drug triggered a presynaptic membrane change that was 
maintained for several hours after the drug had been removed.
There is also a possibility that mianserin blocks presynaptic 
alpha-adrenergic autoreceptors. Leonsu'd (1978) suggested that mianserin 
has an inhibitory effect on these presynaptic receptors suid, due to 
its lack of effect on blood pressure, that it acts on selected 
limbic structures.
Mianserin has been shown to increase the release of labelled
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noradrenaline from pre-loaded synaptosomes in vitro presumably by 
blocking these presynaptic receptors (Baumann and Maitre 1977).
Doxey et al (1978) concluded from their study of the peripheral 
autonomic actions of mianserin that there was evidence of some 
uptake inhibition as well as emteigonism of both pre- and post- 
synaptic alpha-adrenoreceptors.

Bupropion
Bupropion is the only compound investigated that caused a significant 
loss of weight. The blood glucose levels in 'supermarket' diet fed 
animals were lower than in pellet fed controls possibly due to a 
stimulation of insulin secretion by the increased food intake seen 
with the 'supermarket' diet.
Bupropion did not further decrease blood glucose levels in the obese 
rats but did significantly lower them in the pellet fed einimals.
Kirby et al (1983) showed that bupropion had similar, but weaker, 
effects on glucose uptake mechanisms as does fenfluramine (Kirby 
and Turner 1974) This peripheral action is thought to add to the 
anorectic properties of fenfluramine and it is possible that the 
effect of bupropion on weight is peripherally mediated in this way 
rather than being of central origin.
Unlike fenfluramine which exerts its central action on 5HT mediated 
mechanisms (Costa and Garratini 1970), bupropion has been shown to 
inhibit neuronal dopamine uptake (Butz et al 1982).
This was found to be the case in this study; there were no changes 
in serum total and free tryptophan and the only amine to be influenced 
in the brain was dopamine.
Soroko et al (1977) and Ferris et al (1981) found bupropion to be 
a competitive inhibitor of dopamine and noradrenaline uptake and a
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very weaik inhibitor of 5HT uptake. Bupropion has been found to be 
an effective antidepressant drug (Peck et al 1979).
During clinical trials simileir changes in body weight have occured 
clinically as in this study. Harto-Truax et al (1983) found a small 
weight loss in patients undergoing antidepressant therapy; no possible 
pharmacological mechanism for the effect has been postulated.

Maprotiline
Maprotiline did not effect weight increase neither did it change 
blood glucose or liver glycogen levels.
Serum tryptophan levels were unaltered and in the brain 5HT, 5HIAA 
and tryptophan levels were also unchanged.
Noradreneü.ine and dopamine levels were significantly raised.
This is consistent with the work of Delina-Stula (1972) and Maitre 
et al (1971).
They demonstrated potent inhibition of noradrenaline upteike in 
several symathetically innervated organs in the rat, cat and chick.
This dose dependant inhibition of uptake was also found to be 
very pronounced in the brain (Finder et al 1977).
Several studies have been carried out to investigate the possibility 
of maprotiline effecting central 5HT mechanisms, these have all given 
negative results. Although maprotiline inhibited noradrenaline 
uptake after noradrenaline depletion with 4-alpha- dimethylmetatyramine 
it had no effect on 5HT uptake following depletion with alpha-ethyl- 
4-methylmetatyramine (Waldmeier et al 1976).
No changes were found in endogenous brain levels of 5HT and 5HIAA 
following maprotiline treatment^Maitre et al 1975), and there were no
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changes in the rate of 5HT synthesis in the brain stem following oral 
maprotiline.

Trazodone
Trazodone had no effect on weight gain neither did it influence 
blood glucose or liver glycogen levels.
There was a significant fall in total serum tryptophan accompanied by 
a rise in free tryptophan levels. This was reflected in the brain 
by a rise in 5HT eind a fall in 5HIAA and tryptophan levels.
No effect was observed on noradrenaline or dopamine levels.
Other groups have made similar observations and trazodone is 
considered to be a potent central antagonist of 5HT which also blocks 
reuptake of 5HT. It has been found to have little effect on 
catecholamine systems except at very high doses. (Al-Yassiri et al 
1981).
Trazodone has been shown to potentiate behavioral changes induced 
by 5HTP in the presence of a monoamineoxidase inhibitor (Massotti et 
al 1976). It has also been shown to block 5HT uptake by synaptosomes 
Eind platelets (Garratini et al 1976, Riblet et al 1979).
Maj et al (1979) postulated that trazodone heis a dual effect on the 
central 5HT system acting in low doses as a 5HT antagonist and at 
higher doses as a 5HT agonist. It was suggested that the latter 
effect may be connected with the formation of the 1—(m—chlorophenyl)— 
piperazine metabolite.
Angelucci eind Bolle (1974) found that a high doses noradrenaline
and dopamine levels were reduced. At lower doses which do not change
brain dopamine levels its metabolites homovanillic acid eind
3,4 dihydroxyphenyl-acetic acid are both increased (Stefanini et al
1976).
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Trazodone may block the presynaptic receptors of the dopamine nerve 
terminals and thus block the inhibitory control of dopamine on its 
own synthesis (Al-Yassiri et al 1981).

Having discussed the results for individual drugs it is apparent 
that the original hypothesis that the effect of antidepressant drugs 
on brain transmitter levels may influence feeding behaviour has not 
been proved in this study. However there are still the reports in 
the literature that changes in weight are observed in clinical cases.
It is important to remember that all the reported cases have been 
noted in depressed patients undergoing treatment.
It is widely accepted that depressive illness is linked with 
abnormalities of concentrations and/or distribution of tranmitter 
substances in the brain. It is also generally accepted, as discussed 
throughout this thesis that antidepressant drugs act by modifying in 
various ways these abnormalities.
In this study the changes in catecholamine and indoleamine levels 
have changed proportionally in all areas of the brain studied, therefore 
after treatment the concentrations in the various aæeas are relative 
to each other the same.
Where there is disturbance of the normal concentrations of 
transmitters antidepressants may not have this generalised effect 
which may be the mechanism of the changes in feeding behaviour 
observed. It would perhaps be more informative to consider the 
problem in animals with behavioural abnormalities.
A limitation of the method is that measurement of concentrations of 
amines in various areas gives no indication of turnover.
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However, as previously discussed the H.P.L.C. method could be adapted 
to measure the major metabolites of the amines to give an indication 
of rate of turnover.
Although this would be a useful modification for further studies it 
should be noted that measurement of actual concentrations in individual 
nuclei does provide useful information. This is illustrated by the 
fact that my results are basically in agreement with those of other 
groups who have investigated the mode of action of antidepressants 
by other means.



Suggestions for future work
Throughout my discussion the subject of tricyclic antidepressants 
and carbohydrate craving has recurred. A further modification of the 
'supermarket' diet in order to allow measurement of intake of each 
food would be informative. It would also be worthwhile to meeisure 
insulin levels to see if these correlate with carbohydrate intake 
and tryptophan transport into the brain.
As previously discussed it would be possible to modify the H.P.L.C. 
to measure the levels of metabolites to give an indication of 
turnover.
H.P.L.C. is a very versatile method of analysis and it would also 
be possible to measure concentrations of the drug in brain areas and 
also its metabolites.
In this study four brain regions were chosen for investigation 
because of their postulated role in the control of feeding. In future 
studies it would be of interest to investigate drug effects in a 
wider range of nuclei. Palkovits (1980) claims that it is possible 
to remove 220 cell groups or brain eureas from the rat brain by the 
punch technique. Study of even a relatively small number of these 
areas could provide a much more detailed picture of the mode of 
action of centrally acting drugs than has ever been available before. 
There is also the possibility of looking at transmitter release from 
brain slices using H.P.L.C. and investigating how it may be 
modified by drugs.
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The effect of viloxazine on drug-induced inhibition of food intake in the rat
s. A. F L E E C E ,  M A R I L Y N  J. K I R B Y  A N D  P. H. R E D F E R N *

School o f  Pharmacy and Pharmacology, University o f  Bath, Claverton Down, Bath BA2 7A Y, U.K.

In male W istar rats trained to eat their norm al daily dietary requirem ent in a restricted 
2 h period, dose-dependent decreases in food consum ption were produced by fenfluram ine, 
tiflorex, mazindol and am phetam ine. The antidepressant drug viloxazine (Vivalan) alone 
did not alter food intake significantly, nor did the drug prevent the inhibitory effects of 
either mazindol or am phetam ine. However, com plete prevention o f the inhibitory effect of 
fenfluramine was achieved with 7-5 mg kg"^ viloxazine, while 40 mg k g -' viloxazine similarly 
prevented the anorectic action of tiflorex. An interaction involving 5-hydroxytryptam inergic 
mechanisms is suggested; and since viloxazine given after fenfluramine or tiflorex produced 
no reversal of the inhibition of food intake, it is suggested that viloxazine prevents access 
o f the anorectic agents to their site o f action. The clinical significance of these interactions 
is discussed.

A norexia nervosa, first described as a ‘nervous 
consum ption’ by Richard M orton in 1694, is 
recognized as one of the m ost intractable psychiatric 
disorders, and one of the m ost resistant to pharm a
cological intervention.

T he group of drugs m ost comm only cited in 
discussion of the treatm ent o f anorexia are the 
tricyclic antidepressants, particularly am itriptyline 
(M ills 1976), but a wide variety o f drugs, ranging 
from  phenothiazines to ‘appetite stim ulants’ such as 
cyproheptadine, have been tried (Halm i & G old
berg 1978), the diversity perhaps reflecting the fact 
tha t so far none has proved satisfactory.

The experiments reported here stemmed from 
clinical observations that the antidepressant viloxa
zine (Vivalan) had a beneficial effect in patients 
suffering from  anorexia nervosa (H . N eubauer, 
personal comm unication). The reported clinical 
responses were rem arkable but inevitably isolated, 
and for obvious reasons not readily confirmed by 
p roper clinical trial. A search of the literature 
revealed no previous reports of increased food intake 
after viloxazine, either in man or in anim als; on 
the contrary, the more com m on clinical finding is 
o f nausea and decreased appetite. It was therefore 
decided to  investigate the effects of viloxazine on 
appetite using an animal model. Clearly, no true 
behavioural model of anorexia nervosa exists in 
laboratory  animals, and, because of the lack of 
understanding of the underlying causes o f the 
disease, it is impossible to simulate the appropriate 
biochemical lesion. Our approach has therefore

• Correspondence.

been to use drugs to decrease food intake, and  the 
effects o f viloxazine on this pharm acologically- 
induced anorexia are reported here.

M E T H O D S
Male W istar ra ts (University of B ath  strain), 
120 g ±  2 g at the start o f the experim ents, were 
individually housed. W ater was freely available bu t 
the anim als were deprived o f food for 22 h o u t o f 
every 24 h. A fter an initial loss o f weight, the 
anim als quickly adapted to this restrictive regime 
and subsequently consum ed their norm al daily 
requirem ent of food in the 2 h feeding period 
between 14.00 h and 16.00 h. The anim als were 
weighed daily, and no drugs were adm inistered 
until a regular pattern of eating had  been established, 
and  the anim als were gaining weight norm ally. 
This training period was generally between 12 and
14 days, after which time the am ount o f  food 
consum ed in the 2 h period had risen to  between
15 and 20 g. A m easured quantity , 30 g, o f Oxoid 
41B pellets was provided at the beginning o f  each 
feeding period, and at the end, the rem ainder, 
including any that had dropped through the grid- 
floor o f the cage, was weighed. All drugs were 
given by i.p. injection, dissolved in 0 9%  N aC l 
(saline); mazindol was first dissolved in m /30 H Cl 
before dilution in saline. Viloxazine was injected 
1 h before feeding began, all the others half-an-hour 
before. Statistical analysis was carried  o u t using 
S tudent’s f-test.

Drugs used: viloxazine HCl (Vivalan), IC I L td , 
fenfluram ine HCl, Servier Laboratories L td , am phet
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am ine HCl, Smith, Kline and French L aboratories 
Ltd, tifluorex HCl, Synthalabo Laboratories, 
m azindol, Sandoz Products Ltd. The gift o f drugs 
from the C om panies is gratefully acknowledged.

R E S U L T S
Viloxazine was adm inistered alone in doses varying 
from  2*5 to 40 mg kg~h A lthough viloxazine-treated 
anim als consistently ate m ore than control anim als, 
this trend never reached the level o f statistical 
significance. N o other behavioural effects were 
observed after viloxazine in this dose range.

Fenfluram ine, 2-5 to 10-0 mg k g - \  caused a dose- 
dependent decrease in food intake. A contro l value 
o f 17-8 ±  1-9 g was decreased to 13-9 ±  0 9 g, 
10-8 ±  0-6 g, 6-7 ±  1-4 g and 6-7 ±  2-4 g by doses 
o f 2-5, 5-0, 7-5 and lO m gkg-^  respectively. The 
81%  decrease in food intake produced by 10 mg 
kg -i fenfluramine was therefore chosen as the 
response against which to test viloxazine. Fig. 1 
shows the dose-dependent inhibition of the fen
fluram ine response by previous adm inistration of 
viloxazine. A dose of 7-5 mg kg~‘ viloxazine was 
sufficient to abolish the fenfluram ine-induced 
‘anorexia’ completely.

A sim ilar effect was observed with tiflorex, a  close 
analogue o f fenfluramine (Fig. 2). Again, com plete 
inhibition o f the anorectic effect was produced, 
a lthough  a higher dose o f viloxazine, 40 mg k g - \  
was required. In contrast, the same dose of viloxazine 
failed to affect the inhibition o f food intake produced 
by either am phetam ine or m azindol (Figs 3 and  4).

A B C 0

D I S C U S S I O N
The experim ents reported here were carried out 
after clinical observations had suggested that 
viloxazine was able to stim ulate appetite and to 
increase food intake in patients suffering from 
anorexia nervosa. Each of the four anorectic agents 
against which viloxazine has been tested are, or 
have been, successfully used to reduce food intake 
and to prom ote weight loss. The results o f our 
experim ents show a clear difference between the 
effect o f viloxazine on fenfluramine and tiflorex on

•o

C EA B D

Fig. 2. Influence of viloxazine on tiflorex-induced 
inhibition of food intake. A =  control; B =  tiflorex, 
5 m g k g -‘; C =  tiflorex, 10 mg kg ';  D =  tiflorex, 
10 mg kg-^ +  viloxazine, 20 mg k g -'; E =  tiflorex, 
10 mg kg-i 4- viloxazine, 40 mg kg-‘. Statistical signifi
cance of differences. A-B P < 0  01, t = 3-7; A-C 
P < 0  001, t =  6-2; C-D  P < 0 0 1 , t =  3-3; C-E 
P < 0  001, t =  6 9.

Fig. 1. Influence of viloxazine on fenfluramine-induced 
inhibition of food intake. In this and all subsequent 
figures, n =  6 unless otherwise indicated; means are 
shown ±  s.e.m. A =  control; B =  fenfluramine, 
1 0m gkg"‘ ;C  =  fenfluramine, 10 mg k g '  -t- viloxa
zine, 5 mg kg ' (n =  5); D =  fenfluramine, 10 mg k g -' 
+  viloxazine, 7-5 mg kg-' (n =  5). Difference between 
B and C n.s.; difference between B and D =  
P < 0  01. / =  4 0.

(n=5)

■D

(n= 5

0 2 3 5 6A

Ampfietamine (mg kg-') Viloxazine 
AO mg kg-'

F i g. 3. Effect of amphetamine 4- viloxazine on food 
intake. Difference from control: ** = P < 0 0 1 ; 
***P < 0  001.
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0 u 0 a
MazindoKmg kg-') Viloxazine 

40 mg kg-'

F ig. 4. Effect of mazindol 4- viloxazine on food intake. 
Difference from control: ** = P < 001 , *** =  P 
< 0  001 .

the one hand and am phetam ine and mazindol on 
the other. The most obvious correlate of this 
dichotom y is the established relationship between 
5-hydroxytryptam ine (5-HT) and the anorectic 
action o f both  fenflui amine and tiflorex (Costa et al 
1971). Am phetam ine and m azindol are not reported 
to have any significant effect on central 5-HT and 
it is generally assumed that the appetite-suppression 
produced by these agents is caused by interference 
with central catecholamines (M oore & Lariviere 
1963). It has further been asserted that the action of 
fenfluramine on tryptam inergic mechanisms repre
sents a stim ulation of satiety, while am phetam ine 
produces the same end response by decreasing 
hunger drive (Blundell & Lesham 1975).

It would appear, therefore, that any projected 
action of viloxazine on neuronal mechanisms con
trolling appetite and food intake is likely to be 
m ediated through interference with tryptam inergic 
mechanisms. Viloxazine has been shown to be 
virtually devoid of uptake-inhibitory activity 
against 5-HT in synaptosomes (Blackburn et al 
1978) and in platelets (M allion et al 1972). 
In contrast. Von Voigtlander & Losey (1976) 
reported that viloxazine was capable of inhibiting 
/7-chloromethylamphetamine-induced release of 5- 
HT in mouse brain, and it might be suggested that 
similar action against fenfluramine-induced depletion 
of 5-HT might account for the results of ou r experi
ments. However, the effects of viloxazine on 5-HT 
mechanisms are not invariably inhibitory. Thus 
Lippm an & Pugsley (1976) showed a potentiation

o f 5-hydroxytryptophan (5-HTP)-induced hyper
activity as well as an increase in the facilitation o f 
the extensor hindlim b reflex by 5-HTP in spinalized 
rats. A similar potentiation has been show n after 
m icroiontopheretic application o f 5-HT to  cortical 
neurons in the ra t (Jones & R oberts 1977) and it 
has been suggested that these effects resulted from  
facilitated release of 5-HT from synaptosom es 
(M artin  et al 1978). These apparently  paradoxical 
and contradictory results also extend to the 
mechanism of food intake, since, in con trast to the 
results reported here, in experim ents using obese 
anim als given unlimited access to a varied diet, 
viloxazine decreased food intake and weight gain 
(Fleece et al 1978).

The m ost likely explanation for our results is tha t 
viloxazine has some ability to facilitate 5-H T release, 
an ability that may account for the ‘anti-obesity’ 
action of the drug. It may be further suggested tha t 
in prom oting 5-HT release, viloxazine interferes 
with the access of drugs such as p -chlorom ethyl- 
am phetam ine and fenfluramine, which them selves 
deplete intraneuronal stores of 5-HT. W hile p rio r 
adm inistration of viloxazine prevented the fen
fluramine-induced decrease in food intake, the action  
o f fenfluram ine was not modified by viloxazine 
when the order of drug adm inistration w as reversed.
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Biogenic Amine Resolution in Tissue Extracts of 
Rat Brain Using lon-pair High-performance Liquid 
Chromatography with Electrochemical Detection*
s. A. Pleece, P. H. Redfernj and C. M. Riley
School of Pharmacy and Pharmacology, University of Bath, Claverton Down, Bath, BA2 lA  Y

E. Tomlinson
Sub-faculty of Pharmacy, University of Amsterdam, Plantage Muidergracht 24, Amsterdam, The Nether
lands

A m ethod for determ ining biogenic am ine concentrations in ex trac ts  of brain 
tissue using high-perform ance liquid ch rom atography  w ith  electrochem ical 
detection is described. Using a H ypersil s ta tio n a ry  phase and a mobile 
phase based on m ethanol and containing 0.1%  VfV su lphuric acid, th e  effects 
of varying m ethanol concentrations and of varying concen tra tions of the  ion- 
pairing sodium  octy lsu lphate  have been investigated .

The optim um  separation  conditions were achieved w ith a  mobile phase 
containing 10% VjV m ethanol, 0.1%  VjV sulphuric acid and  6 x  10~* m  
sodium octylsulphate. U nder these conditions, and w ith a  po ten tia l of 1.1 V 
(positive) a t the glassy carbon working electrode, it is dem onstra ted  th a t 
picogram am ounts of noradrenaline, dopam ine, 5 -hydroxy tryp tam ine , try p to 
phan and 5-hydroxyindole acetic acid can be determ ined in tissue ex trac ts  
of ra t brain.

K eyw ords: H igh-perform ance liqu id  chrom atography, catecholamines', indole- 
am ines ; electrochemical detection

Investigation  of the m ode of action of centrally  acting drugs com m only requires m easurem ent 
of neurotransm itter concentrations in sm all sam ples of brain tissue. U ntil recently, radio- 
enzym atic assays by, for exam ple, P a lk ovits et al.^ have provided the m ost sensitive m ethod  
for the determ ination of non-peptide transm itters such as noradrenaline (NA), 5 -h ydroxy
tryptam ine (5HT) and related com pounds. H ow ever, w ith  the developm ent of high- 
perform ance liquid chrom atography it has becom e w idely  recognised that this technique can  
form the basis of an assay system , w hich is equally  sen sitive and at the sam e tim e considerably  
sim pler and quicker.

Many groups have developed high-perform ance liquid chrom atographic assays for either  
catecholam ines, e.g., Moyer and Jiang^ and W agner et al.,^ or indoleam ines, e.g., K och and  
Kissinger.^ The procedure described here, developed during the course of an in vestigation  
of the effects of antidepressant drugs on neuronal m echanism s controlling appetite, allow s 
the determ ination of both  catecholam ines and indoleam ines in the sam e sam ple. T he  
m ethod, w hich uses an ion-pairing agent to  optim ise the separation of cationic and neutral 
species of interest, is w idely applicable for th e  determ ination  of m onoam ines in body fluids 
and tissue extracts.

Experimental
Apparatus

The high-perform ance liquid chrom atographic system  w as custom  built from a C onstam etric  
III pum p (Jones C hrom atography, Llanbradach), an R E  541.20 Servoscribe recorder (Jones 
Chrom atography), a 7125 R heodyne injection va lve  fitted  w ith  a 20-/al loop (Jones Chrom ato
graphy) and a B ioanalytical System s LC-4 am perom etric detector (Anachem Ltd., L uton, 
Bedfordshire) connected to  a flow cell fitted  w ith  a g lassy carbon working electrode and a 
silver - silver chloride reference electrode. T he colum n com ponents were supplied b y  H E T P  
(Macclesfield, Cheshire). The colum n tem perature w as m aintained at 35.0 ±  0.1 °C b y  
im m ersion in a therm ostatically  controlled w ater-bath  (Gallenkam p, T ype 400-010 , L ondon).

* A preliminary account of this work was presented as a poster communication at the Joint NL - UK  
Symposium on Quantitative Organic Analysis, Noordwijkerhout, The Netherlands, April 22-24, 1981. 

t To whom correspondence should be addressed.
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Materials
D opam ine hydrochloride, 5-hydroxyindole-3-acetic acid, 5-hydroxytryptam ine oxalate  

and tryptophan were supplied as Sigm a-grade reagents by Sigm a (Poole, D orset); nor
adrenaline bitartrate (puriss grade) w as supplied by K och-Light (Colnbrook, B uckingham 
shire) and sodium octylsu lphate w as supplied as 98% pure by Cambrian Chemicals and  
w as used as received. A ll other chem icals were of A nalaR  grade and were supplied by either  
B D H  Chemicals (Poole, D orset) or F isons (Loughborough, Leicestershire). The chrom ato
graphic stationary phase used w as 5 ODS H ypersil (Shandon) supplied by Jones Chroma
tography. A lum ina (Type A, 100 - 200 mesh) w as supplied by Laport Industries (W idnes, 
Cheshire). W ater w as doubly d istilled  from an all-glass still.

Procedures
ODS H ypersil (2.7 g) \vas slurried in m ethanol - chloroform (1 - f  9, 75 ml) and packed  

upwards into a 200 x  5 m m  i d. stain less-steel colum n as described b y  Bristow  et al.^ The  
m obile phases were freshly prepared each day and de-gassed by purging w ith helium . A t 
the end of each working d ay , the colum n was cleaned by the passage of 100 ml of m ethanol - 
w ater (I +  I) followed by 100 ml of m ethanol. All other chrom atographic procedures were 
as described previously.®

Fem ale W istar rats (U niversity  of B ath  strain) were used throughout this stu d y  and were 
sacrificed at the sam e tim e each day b y  decapitation. The hypothalam us w as rem oved, 
transferred im m ediately in to  a sealable polythene bag and stored in liquid nitrogen. A t the  
tim e of assay each hypothalam us, w hile still frozen, w as crushed to a fine powder in a m etal 
anvil. The contents of the anvil were transferred into a centrifuge tube and extracted  into  
1 ml of w ater contain ing 10% V /V  m ethanol, 0.1%  sulphuric acid and 6  X 10~® m  sodium  
octylsu lphate by  vortex  m ixing for 5 min. The tube w as centrifuged for 5 min at 5 000  g, 
the supernatant liquid w as rem oved by aspiration and the extract then  passed through a 
0.5-p.m filter (Millipore, L ondon). A  20-p.l a liquot w as then injected on to  the high-perform 
ance liquid chrom atographic colum n.

Results
In high-perform ance liquid chrom atography, the isocratic separation of com pounds 

exh ib iting a w ide range of affinities for the stationary phase requires optim isation  of the  
m obile phase com position, so th at the com pound retained longest is eluted  w ithin a reason
able analysis tim e and the com pound w ith  the shortest retention tim e is w ell separated from  
the so lvent peak.

U sing the ion-pair high-perform ance liquid  chrom atographic m ode, R iley  et al.'’ in vesti
gated  these criteria by exam in ing the effect of m ethanol concentration and pairing-ion  
concentration on the retention  of the five solutes of interest. Under the conditions em ployed  
(H ypersil stationary phase w ith  a m obile phase containing 0.1%  V jV  sulphuric acid), 5- 
hydroxyindoleacetic acid (5H 1AA) w as un-ionised and noradrenaline (NA), dopam ine (DA), 
5-hydroxytryptam ine (5HT) and tryptophan  (TRY) were in their cation ic form.

The effect of increasing the concentrations of the ion-pairing agent, sodium  octy lsu lphate, 
is shown in Table I, from w hich it can be seen th at the retention of the cationic species w as 
directly  related to the sodium  octy lsu lphate concentrations, whereas, as w as to be expected , 
the retention of the un-ionised 5H 1A A  w as unaffected.

T able II show s th at the effect of increasing the m ethanol concentration in the m obile  
phase w as to decrease the retention of all five solutes.

Potential of the Electrochemical Detector
The effect of changing the potentia l difference betw een the electrodes of the electro

chem ical detector is show n in Fig. 1. For NA  and DA the critical potential is betw een  
-fO .4 and -fO .6 V; 5H 1A A  and 5H T  also show  a significant increase in peak height at this 
potential, presum ably indicating conversion of the arom atic OH group into a quinone  
structure. A higher potential, betw een 0.8 and 1.2 V (positive) w as required to  d etect 
ionisation of the heterocyclic nitrogen of T R Y , 5H T  and 5H 1AA.

Optim um  separation conditions were achieved w ith  a mobile phase containing 10% V jV  
m ethanol, 0.1%  V jV  sulphuric acid and 6 x  10"^ m  sodium octylsu lphate.
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T a b l e  I

E f f e c t  o f  i o n - p a i r i n g  a g e n t  (s o d i u m  o c t y l s u l p h a t e )
CONCENTRATION ON RETENTION

S od iu m  o c ty ls u lp h a te  con cen tration * /M  x 10"*

7 5 7

0 4 6 8

Solute e' k e' k e' k
NA 0.12 0.00 0.58 0.00 0.63 0.00 0.77
DA . . 0.27 0.01 1.07 0.01 1.30 - 0 .0 2 1.63
6-HT . . 0.64 0.02 2.60 0.03 3.02 — 0.03 3.47
TRY 2.69 0.00 10.00 -0 .0 1 13.1 - 0 .0 4 14.7
6-HIAA 1.66 t 1.77 Î 1.62 t 1.61

* k =  Capacity ratio and e' =  mobile phase enhancement factor. 
I Not retained by ion-pair mechanism.

T a b l e  II

E f f e c t  o f  m e t h a n o l  c o n c e n t r a t i o n  o n  r e t e n t i o n

Methanol concentration, % F/F’

20 10

Solute k t' k
NA 0.63 0.00 0.67
DA 1.30 0.07 0.63
6HT 3.02 0.13 4.61
6HIAA 1.62 0.13 2.78
TRY 13.1 0.14 18.7

180

5HIAA
160

5  120 5HT NA
TRY DA

a! 40

0.5 1.01.00.5
PotentialA/

Fig. 1. Effect of electrode potential on peak height.

Fig. 2(a) shows that chrom atography of hypothalam ic extracts under these conditions 
produced separation of the five solutes from each other, although N A  w as not adequately  
separated from unidentified m aterial present in the m obile phase.

Tw o strategem s were adopted to  overcom e this problem w ithout prolonging the appearance 
of T R Y . The first [as illustrated in Fig. 2(6)] involved  the use of tw o flow-rates. In itial 
separation of NA and DA is achieved w ith  a flow-rate of 1 ml min~^; w ith  the appearance of 
DA, the flow-rate is then increased to 2 ml min^h The second m ethod avoided the use of 
tw o flow-rates but included a separation stage for NA  and DA. A fter the m ethanol ex trac
tion of powdered brain, a 0.5-m l aliquot of the centrifuged supernatant liquid w as adjusted  
to pH  8.6 w ith  3 *M Tris buffer and shaken for 15 min w ith  90 m g of activated  alum ina. 
The supernatant liquid was rem oved and the alum ina washed, once w ith  1 m l of 0 .06  M 
Tris buffer at pH 8.6 and tw ice w ith  water. D esorption from the alum ina w as achieved
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5HT 5HIAA 
DA 5HIAATRY

DA NA5HTTRY

NA 5HIAA
DA

5HT

Inject alum ina  
extract

Fig. 2. (a) Elution of amines from hypothalamic extract;
(i) use of two flow-rates, 1 ml min~* initially, increased to 
2 ml min~i after the appearance of DA; and (c) prior alumina 
separation of NA and DA.

using 0 .5  m l  of 0 .05 m  perchloric acid. I t  w as conven ient to  inject the 20-/xl aliquot of this 
sam ple contain ing N A  and D A  10 m in after th e  20-/zl aliquot of the original extract con
ta in ing  the indoleam ines, so that N A  and D A  were d etected  betw een the peaks of 5H T  and  
T R Y  [Fig. 2(c)]. T his m ethod has the further attraction  of producing tw o D A  peaks, thus 
providing an added cross-reference of extraction  efficiency and reproducibility.

A  com parison of aqueous standards and brain extracts, together w ith an indication of 
percentage recovery is given  in T able II I .

T a b l e  II I

C o m p a r i s o n  o f  a q u e o u s  s t a n d a r d s  a n d  b r a i n  e x t r a c t s

Aqueous standards of: NA, 1 pg ml~* and DA, 5HT, 5HIAA and TRY, 200 ng m l-'.

Parameter 
Peak height of standard/cm . .  
Peak height of sample/cm  
Peak height of spiked sample/cm  
Recovery, % .............................

Solute

NA DA 5HT 5HIAA TRY
7.0 6.5 4.7 7.5 4.1
6.2 2.4 3.1 2.8 3.1

12.8 8.1 7.0 7.8 6.9
94 88 83 67 93

Discussion
Increasing the pairing-ions concentration enhanced the retention of the cationic species, 

and decreasing the m ethanol concentration  enhanced the retention of all solutes. A m obile 
phase enhancem ent factor, e, m ay be defined as the effect of changing the m obile phase 
com position  so as to  produce an enhancem ent of retention  and is given by:

e =  log(^2̂ r^)  (1)

w here and are the capacity ratios of a particular solute under different mobile phase
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conditions. The relative mobile phase enhancem ent factor, c', m ay be defined as the  
enhancem ent factor of a solute, X , relative to the enhancem ent of a reference com pound. 
In this instance the least retained solute, NA, w as chosen as the reference solute. The 
relative m obile phase enhancem ent factor is given by

e — N̂A ' . .  . .  . • • • (2)

The relative m obile phase enhancem ent factors for each subsequent change in m obile phase  
com position that produced an increase in retention are given  in T ables I and II and it can  
be seen that e' is independent of the pairing-ion concentration but is dependent solely on the  
m ethanol concentration. This shows that sodium octylsu lphate enhances the retention of 
the cationic species to  the sam e ex ten t; how ever, the m ethanol has the greatest enhancing  
effect on the m ost retained com pound, because e' increases w ith increasing retention. T hese  
results are ind icative of a non-concom itant relationship betw een pairing-ion concentration  
and organic modifier concentration and m ay be rationalised further by the application  of 
linear free energy relationships. The relationship betw een the capacity  ratio of a solu te  
X , ks and the capacity  ratio of the least retained, reference com pound, is given  by

log(Ax^KA"^) =  r ............................................................ (3)

where t is an extra therm odynam ic param eter describing the physico-chem ical difference 
betw een the tw o solutes responsible for their separation.

Rearranging equation (3) gives

logAi =  log/^NA 4- T .............................................  (4)

Previously it has been shown® that selectiv ity , r, in both  ion-pair and non ion-pair reversed  
phase high-perform ance liquid chrom atography, m ay be related to hydrophobic fragm ental 
constants {e.g., H ansch v  values®) by m eans of linear free-energy relationship, e.g.,

T — aYjf *4-6 . .  . .  . .  . . . .  (5)

Substitution  of equation (5) into equation (4) g ives

logAx =  log^NA - f  f lX / - f  6 .............................................  (6)

It has been shown that when alcoholic m obile phases are em ployed in conjunction w ith  
hydrophobic stationary phases containing no residual silanol groups, the intercept term  is 
not significantly different from zero and equation (6) reduces to

logAx =  log^NA +  a X / .............................................  (7)

E quation  (7) is a linear free energy relationship betw een logA^ and relative solute hydro- 
phobicity. The retention data given in T ables I and II have been analysed b y  least-squares 
linear regression (Table IV) using hydrophobic fragm ental constants,^® calculated  relative to

T a b l e  IV

R e t e n t i o n  d a t a  a n a l y s e d  b y  l e a s t - s q u a r e s  r e g r e s s i o n

Hydrophobic fragmental constants calculated relative to NA {i.e., — 0).

Regression analysis

Mobile phase Log^wA

M ethanol, Sodium  o c ty lsu lpha te / 
%  y / F  M X  10-*

S ta n d ard S ta n d ard Correlation S ta n d a rd  d ev ia tio n
Coefficient dev iation Coefficient dev iation coefficient of correlation

20 0 - 0 .9 4 4 0.044 1.16 0.058 0.997 0.049
20 4 -0 ..1 4 7 0.041 1.17 0.061 0.997 0.051
20 6 -0 .2 4 7 0.051 1.16 0.075 0.997 0.063
20 8 - 0 .1 6 1 0.075 1.14 0.079 0.994 0.067
10 6 - 0 .1 8 9 0.056 1.27 0.081 0.994 0.069
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noradrenaline, that is X/na =  0. It can be seen from Table IV that the slope coefficient, a, 
(which determ ines the m agnitude of the se lectiv ity  of the chrom atographic system ), is 
independent of pairing-ion concentration and that it decreases w ith  increasing m ethanol 
concentration. The intercept term , log^uA, on the other hand, depends on both  m ethanol 
and pairing-ion concentration. These conditions indicate that the desired retention  of the  
reference com pound, N A , m ay be achieved w ith  different com binations of m ethan ol and  
pairing-ion concentrations, and th at ideally  the over-all analysis tim e could be reduced  
ow ing to a reduction in the value of a b y  using higher concentrations of both  m ethan ol and  
sodium  octylsu lphate.

U nfortunately  this particular rationale is inapplicable in the present stu d y  as the decrease 
in retention for 5H IA A  owing to increasing m ethanol concentration cannot be com pensated  
for by  an increase in sodium  octylsu lphate concentration. Therefore, for the com pounds 
discussed, in order to produce separation w ith in  an acceptable tim e span, it is necessary  
either to change the flow-rate or to use alum ina to separate out NA  and D A . B o th  of these  
m ethods can be successfully used to assay catecholam ines and indoleam ines in picogram  
am ounts in fragm ents of brain tissue. T he peak heights (in centim etres ±  standard error 
of the m ean, n =  4) obtained for a 20 pg m M  standard solution were as follow s: NA  
9.5 ±  < 0 .1 ;  DA  2.3 ±  0 .1; 5H IA A  2.5 ±  0 .1 ; 5H T  1.5 ±  < 0 .1 ;  and T R Y  1.1 ±  0.1. 
W ith apparatus that is only sligh tly  more sop histicated  it should be possible to  incorporate 
the alum ina separation of DA and N A  in to  a preparative pre-colum n ; equally, if the num ber 
of assays to be performed warranted tw o high-perform ance liquid chrom atographic system s  
in parallel, NA and DA could be assayed in a system  incorporating ion-pairing sodium  
octylsu lphate, w hile if indoleam ines are separated using a m obile phase devoid  of sodium  
octylsu lphate, the T R Y  peak w ill appear w ith in  8 m in.

S .A .P . is in receipt of a research studentsh ip  from the Pharm aceutical S ociety  of Great 
B ritain.
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