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ABSTRACT

FACULTY OF MEDICINE, HEALTH AND BIOLOGICAL SCIENCES. 
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by Ross John Maclean

Arase et al. (1989) demonstrated that, in Fenfluramine-treated rats, adrenalectomy increased 
body weight loss and prevented the recovery of food intake that otherwise occurs 8-10 days 
after the beginning of drug treatment.

Results presented in this thesis show that the effects of adrenalectomy on fenfluramine 
action were eventually reversed if the animals were studied for longer than the 8-10 day 
period undertaken in the above study. This thesis describes the results of a study designed 
to investigate the effects of adrenalectomy on D-Fenfluramine (D-Fen) in the regulation of 
food intake and energy balance. The aim was to establish possible loci and mechanism(s) 
for these effects and to evaluate the results in terms of possible value for clinical usage.

The pharmacological and physiological systems associated with the modulation of 
D-Fen and adrenalectomy in the reduction of food intake and body weight were 
investigated.

The results presented in this thesis support the hypothesis that there is a potentiation of 
D-Fen action in adrenalectomised rats. The increased half-lives of D-Fen and 
D-Nor-Fenfluramine (D-Nor-Fen), following adrenalectomy, promotes increased body 
weight loss, a reduction in food intake, decreased efficiencies of food deposition, an 
increase in the activity of hypothalamic corticotropin releasing factor and of both the 
hypothalamic and hippocampal serotinergic system.

In conclusion, removal of corticosterone, by adrenalectomy, impairs the pathway for the 
metabolism and subsequent elimination of D-Fen and D-Nor-Fen. The pharmacological 
effect of D-Fen (and D-Nor-Fen) was enhanced, following adrenalectomy, since brain and 
serum levels of drug and metabolite remain elevated for a longer period.

The reversibility of the anorectic effects of fenfluramine observed by Arase et al. {1989) 
in intact animals is therefore retained in the adrenalectomised animals, however due to 
the mechanism postulated above, the time required for this to occur is increased.
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Chapter 1.

Introduction.

The physiological regulation of nutrient intake and energy expenditure is complex and 

multicompartmentalised. Distinct carbohydrate, fat and protein appetites regulate intake 

of energy. Alterations in these regulatory components can lead to changes in the energy 

balance of an individual.

The basic energy balance equation is summarised below:

Failure to meet requirements for carbohydrate, fat and energy leads to a negative 

energy balance and weight loss. Oversupply of a particular nutrient or energy to 

requirement results in a positive energy balance and weight gain. Normally (in 

situations where growth, pregnancy, injury, or inflammation is not occurring) this 

equation is balanced so that energy intake equals energy expenditure.

The question that then arises is why do some individuals select an inappropriately high 

or low energy intake to their requirements?

This question can be answered by the study of the individual control mechanisms 

regulating protein, carbohydrate and fat intake together with the inter-relationships 

between the components. This will, hopefully, lead to a better understanding of the 

homeostatic processes occurring in the nutritional balance of an individual, and provide 

possible tools for the manipulation of nutrient intake in such situations as obesity or 

anorexia.
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1.1. Peripheral regulation of nutrient balance.

1.1.1 Metabolic signals.

The regulation of body weight by circulating metabohc factors has been postulated

(Bray et al. 1989). The role of these factors is discussed below.

Glucose.

The glucostatic theory postulates that the cause of satiation is mediated by the detection 

of the plasma glucose rise that occurs during the second half of a meal, and peaking at a 

meals end (Louis-Sylvestre and Le-Magnen 1980). Administration of glucose intra- 

gastrically causes a reduction in subsequent meal size, whilst 3-0-methylglucose has 

no effect (Booth 1972), which suggests that the effect of satiation is a metabolic and 

not an osmotic effect. Glucose alone is not sufficient to induce physiological satiety. 

Even and Nicolaidis (1986) infused glucose i.v. at 175% the rate of glucose utilisation, 

which resulted in a 40% reduction in food intake. The glucostatic theory may only 

really be demonstrating that glucose metabolism is monitored, and that glucose itself is 

not the causative factor in the control of satiation.

The hUend hypodudauuK (LEQ conUdns ghux^ie-se^&hn^ neunuu^ (CKdfsX 

activity of the GSN’s decreases in a dose-dependent fashion when their plasma 

naanbrmu% amexpo&Mito ^hcose. venhouuxh^ nuchas ofthelr^xdhahunus 

(VMH) contains glucoreceptor neurones (GRlSTs). The GSlSTs and GRNs of the LH and 

VMH are involved in feeding control. Destruction of the LH and VMH with kainic acid 

destroys neurones in these regions, and spares fibres of passage, and results in a 

depression of feeding and obesity respectively (Grossman 1982, Shimizu ar aA 1987), 

however small lesions of the VMH produce no alterations in food intake, and it is only 

if tracts lateral to the VMH are damaged that food intake is increased (Weingarten et al. 

1988). The VMH is thought not to be a feeding centre, but an autonomic centre, and the 

resultant increase in food intake from VMH lesions is probably due to the damage of 

tracts from the PVN running lateral to the VMH. The GSN's and GRN's are also
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sensitive to circulating levels of free fatty acids (oleic and palmitic acid), intermediate 

metabolites, insulin, glucagon, calcitonin, 5-HT and opioids (Oomura et al. 1992).

Insulin.

Feeding produces an initial surge of insulin, which is controlled to produce a 

maintained plasma concentration of glucose (Louis-Sylvestre and Le-Magnen 1980). 

Administration of insulin stimulates food intake and fat deposition with an 

accompanied hypoglycaemia. Insulin is an anabolic hormone that regulates the 

synthesis of proteins at the transcriptional, translational and the post-translational steps 

(Roy et al. 1980). Insulin modulates protein synthesis indirectly, also, by the promotion 

of branched chain amino acid (BCAA/NAA) uptake into muscle, inhibition of the 

oxidation of leucine and decreases protein breakdown (Hutson et al. 1978, Luck et al. 

1928). Insulin, and similarly glucose, infusion cause significant reductions in serum 

levels of branched chain amino acids 20 minutes following injection (Schauder et al. 

1983), due to a stimulation of peripheral amino acid uptake by muscle (Akedo and 

Christensen 1962). Obese patients, and animal models of obesity, display high insulin 

levels (Glass 1989, Bray 1989). This hyperinsulinaemia is a result of increased 

secretion of insulin as a direct result of increased islet tissue, increased vagal drive and 

an increase in sensitivity to glucose. Obese animal models and humans display 

decreased insulin receptor numbers in muscle (heart and skeletal), adipocytes and 

liep:«k)C3d:(:s (F()rgP6 ancl Frerycliet 19^75, ()lefslo/ gf a/. ISfZb, (Dlefslcy 1!)7(), ISoll e/ a/. 

1975, 1976, Amer et al. 1983, Muggeo and Kahn 1981). Studies of insulin resistance in 

regional areas, utilising insulin clamp techniques, shows insulin resistance to be present 

in muscle (the most important area for insulin's amino acid uptake activity), adipocytes 

and hepatocytes (Defronzo 1982, Caballero 1987). Adrenalectomy reverses the muscle 

insulin resistance in ob/ob mice (Ohshima et al. 1984).

The insulin resistance has implications for the synthesis of brain 5-HT. The next 

section shows that the plasma levels of NAA effect regulation of food intake by 

altering the availability of precursors for 5-HT and catecholamines, and so affecting 

synthesis (Femstrom and Faller 1978, Femstrom and Wurtman 1972, Wurtman et al. 

1980). Normally protein and carbohydrate ingestion stimulates amino acid uptake by
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the muscle, with the spaiing of tryptophan, and so the tryptophan:NAA ratio in plasma 

rises and increases CNS 5-HT by the increased availabihty of tryptophan (Femstrom

and Fuller 1978, Femstrom and Wurtman 1972, Wurtman et al. 1980). The reduction in 

plasma NAA (and hence the rise in the tryptophan/NAA ratio) following a 

carbohydrate or protein meal is blunted in the obese individual due to insulin 

resistance, leading to a lower tryptophan availability in the CNS and therefore less 

5-HT activity. Caballero (1987), demonstrated obese humans consuming a 30g 

carbohydrate snack exhibited a blunted reduction in plasma NAA, despite the increased 

insulin response, compared to the lean humans displaying a reduction in the ratio 

tryptophan:NAA.

Amino acids.

Shifts in plasma amino acids caused by food ingestion provide signals to the brain that

act in the control of feeding behaviour (Harper 1978). The signals that produce satiety 

ft-om a high protein diet are acknowledged to be ftom the dietary amino acids (Harper 

et al. 1970). The protein selection of an animal is found to be reflected in the 

concentration of tryptophan in the plasma, expressed as a ratio to the other neutral 

amino acids (NAA), valine, isoleucine, leucine, tyrosine and phenylalanine (Ashley and 

Anderson 1975a/b, Femstrom et al. 1971, 1978). A direct relationship is seen between 

the ratio tyrosine: phenylalanine and the tyrosine:NAA ratio (Anderson and Ashley 

1977) to the amount of energy consumed.

The mechanism behind these observations regarding the control of feeding is thought 

to involve plasma amino acid uptake by the CNS. Uptake of each of these amino acids 

is determined by the individual plasma levels compared to the plasma concentration of 

the other NAA because of a general competitive transport for large NAA uptake into 

the brain (Blasberg and L^tha 1965, Pardiidge 1977). High plasma relative 

concentrations of tryptophan or tyrosine produce concomitant elevations in the CNS 

(Femstrom and Faller 1978, Wurtman 1978, Wurtman 1987, Wurtman 1988). 

Fluctuations in brain tryptophan and tyrosine have eflects on the synthesis of 5-HT and 

catecholamine levels respectively. The synthesising enzymes for 5-HT and 

catecholamines are not saturated at the range of amino acid concentration seen in the
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Iknun 1976, smd \Vurbnan 1978) :UKl the supp^^ of precun^^s

(byph^^hui ^rosuK respedh/dy) am the Ihnhh^g j&KhaR in hninahon. 

Cafbohydnhe hhake hKzeas*^ the tnnhephandN^u\^ nhh) (Fen^hxnn and \Vuhinan 

1971), and protein intake lowers the tryptophan:NAA ratio (Femstrom gr a/. 1971), and 

consequently increases and decreases in brain 5-HT content respectively are seen 

(Anderson 1979). Other manipulations of tryptophan in the plasma by high tryptophan 

intalce or Iby therarurval ofotlKTf47\j\. (Feriishc,iriiand\\^urtoian 15X72) increzwieCnSf) 

5-HT, and ccuiversely ruldidon oftMnmchexi chairi rmuno lacuis (valine, isoleucine and 

letKxhie) dexnnease Imnun 5-HT (Ferrudimn at uY. 1976). Slufts in jphisnia trypitnjpbtm 

rekdh^ to the odKT hngelNVL^ eOeck dKbramcontah offbFTT mul provuk 

regulation of protein consumption by alteration of food preference (Anderson 1979). 

The energy or total food intake is influenced by balances in the plasma tyrosine relative 

to the other large NAA, and the alterations in brain tyrosine and consequently the 

activity c)f(%iteclK)lamioe:siritlu; CHSIS is dtqoerulerd car die ujidikeciftymisinelrcMm die

phwmia (Andcnxm 1979,CahaUeno 1987, Fhdder and Ihndher 1990).

Insulin, glucagon and corticosterone aflect the relative and absolute concentrations of 

plasma amino acids. Insulin secretion, in a response to a meal, or by exogenous 

administration causes an increase in the ratio tryptophaniNAA, with a slight increase or 

no change in the total plasma tryptophan (Femstrom 1976). Plasma tryptophan 

regulation of food intake is seen in the hyperphagic diabetic rat (db/db). Increasing the 

plasma tryptophan so that tryptophan:NAA a^iproaches normal causes the excessive 

protein consumption to be reduced to normal (Caballero 1987). Plasma tyrosineiNAA 

is also low in the db/db mouse and the low tyrosine levels may be a factor in the 

increased energy hyperphagia by reducing noradrenaline synthesis in the CNS.

Section 1.1.3. deals with the importance of 5-HT and catecholamines in the regulation 

of food intake, and the plasma amino alterations seen with food intake and the change 

seen in the CNS clearly are important in the nutrient balance of the animals.
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Fat metabolism.

Dietary fat is absorbed into the lymphatic system, rather than into the venous drainage 

of the GI tract, and so bypasses the hver. Intravenous infusion of emulsions of fat 

reduce 6)od intake, an effect not accompanied by changes in plasma glucose or insulin 

(Woods et al. 1984). The inhibition of fatty acid utilisation with mercaptoacetate 

decreases the latency to eat, with no effect of meal size, which suggests fatty acid 

oxidation is involved in maintenance of satiety after a meal.

The fact that carbohydrate, fat and protein are all needed in i.v. infusion to completely 

suppress food intake (Nicolaidis and Rowland 1976), suggests that the peripheral

signals for regulation of food intake are multiple rather than just a singular entity.

Gonadal factors.

Several congenital obesities such as Prader-Willi syndrome and Laurence-Moon-Biedl 

syndrome display testicular dysfunction. Serum testosterone levels are seen to be 

inversely proportional to the severity of obesity (Glass 1989). The low serum 

testosterone in obese males rises after weight loss (Strain et a/. 1981, Strain et a/.

1987). They display no hypogonadism, and the plasma free testosterone (thought to be 

the physiological active component of plasma testosterone) is increased, due to the 

reduction in plasma levels of sex hormone binding globulin (Strain et al. 1987).

Oestrogen production, in obesity, is increased, and the elevated oestrogen production 

would produce pituitary-hypothalamic suppression and hypogonadotropic

hypogonadism. Adipose tissue can convert androgens to oestrogens (Perel and 

Killinger 1979), and so the increase in adipose tissue in obese men can explain the 

elevated serum oestrogen levels. Ovarian dysfunction is often associated with obesity 

(Hartz et al. 1987), and high serum levels of oestrogens and androgens are seen in 

obese post-menopausal women.

Conflicting results on leutinising (LH) and follicle-stimulating (FSH) hormones levels 

in obese humans exist (Kopelman et nf. 1980, Kopehnan et a/. 1981, Kauftnan et aZ.

1981), and the mechanism of the gonadal factors in obese women remain unclear.
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Ovariectomy, in rats, produces obesity characterised by hyperphagia (Souquet and 

Rowland 1990), although the mechanism of action is uncertain.

Enterostatin

Enterostatin, a five amino acid sequence found in pancreatic procolipase, suppresses 

high-fat diet consumption following central and peripheral administration (Barton et al.

1995, Okada et al. 1993). The inhibition of high-fat intake by enterostatin is attenuated 

by opioid K-receptor agonists (Barton et al. 1995).

Leptin

Leptin, a 167 amino acid hormone, exclusively produced by fat cells (Zhang et al.

1994), was discovered following investigation into the identity of the abnoimal gene 

responsible for obesity in the obese ob/ob mouse. The gene responsible for producing 

leptin is absent in the ob/ob mouse. Injection of leptin into normal and ob/ob mice 

produces a reduction in body weight by a combination of anorexia and increased BAT 

thermogenesis (Halaas aZ. 1995, Levin eZ aZ. 1996). Conversely, obese humans have 

been shown to produce larger amounts of leptin than lean subjects (Considine et aZ.

1996, McGregor et al. 1996). Leptin crosses the blood-brain barrier to interact with 

specific receptors in the hypothalamus to reduce food intake and increase BAT 

thermogenesis (Tartaglia eZ aZ. 1995, Mercer eZ aZ. 1996, Banks eZ nZ. 1996). The ratio 

of leptin blood:CSF is disproportionally lower in obese subjects compared to lean 

individuals (Caro eZ nZ. 1996, Schwartz eZ aZ. 1996). Leptin reduces the amount of NPY 

synthesised and released in the hypothalamus and reduces the eflect of NPY following 

release (Stephens et al. 1995, Smith et al. 1996)

Other peripheral effects.

Growth hormone (GH) is a polypeptide secreted by the adenohypophysis whose 

principal function is the stimulation of growth through the stimulation of somatastatin 

by the liver. GH plays a major role on controlling growth, and obese patients have 

increased body weight, and decreased basal levels of GH and display blunted increases

in GH to pharmacological stimulus i.e. insulin, arginine, glucagon, L-DOPA, glucose 

and propranolol (Glass 1989). GH defects in obese patients are thought to be as a
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consequence of the obesity, and not a cause of the obesity (Kalkhoff et al. 1970, Ball et

a/.1972).

Prolactin is a polypeptide hormone synthesised and released by the adenohypophysis 

under control from hypothalamic dopamine. Hypothalamic dysfrmction, which is 

causal to some of the obesities in humans and animal models, could cause 

hyperprolactinaemia due to a loss of inhibitory factors. Appetite regulation occurs in 

the hypothalamus (Bray et al. 1989), and as hyperprolactinaemia is an early indicator of 

hypothalamic dysfunction, the prolactin status of obese patients is of interest. Although 

obese patients show normal basal and 24 hour prolactin levels, they show decreased 

response to stimulation by factors such as insulin, thyrotropin-releasing hormone, 

sulpride and chloropromazine (Glass 1989).

1.1.2. Role of thermogenesis in body weight and energy regulation.

Obligatory thermogenesis/Maintenance Energy Requirement is the energy required for 

the maintenance of essential bodily functions. This energy expenditure comprises 

functions including protein turnover, ion balance i.e. the resting metabolic rate (RMR) 

and the obligatory component of the thermic effect of feeding (TEE). TEE is part 

obligatory (for nutrient conversion) and part facultative (a variable component from 

individual to individual and probably mediated by the sympathetic nervous system). 

Obligatory thermogenesis can be raised during growth, pregnancy, lactation, by 

tumours, disease, inflammation and hyperthyroidism. The role of thermogenesis 

(whether dietary-induced, cold-induced or the thermic effect of food) is important to 

the equation on page 1. Any changes in the levels of energy expenditure of an animal 

must be compensated by changes to the energy intake, otherwise the body energy stores 

side of the equation will increase or decrease depending on whether energy expenditure 

is lower than or exceeds energy intake respectively.

Eacultative thermogenesis and obligatory thermogenesis together give the total 

metabolic rate of the animal, which is controlled rapidly by the nervous system. 

Thermoregulatory thermogenesis (shivering in muscle and non-shivering in brown
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adipose tissue) balances neural control of heat loss mechanisms, and in energy balance, 

whilst the control of facultative thermogenesis in muscle (exercise-induced) and in 

BAT (diet-induced) balances the control of food intake. The obese rodent models show 

reduction in energy expenditure. DIT is deficient in the fa/fa rats (Holt et al. 1983), in 

the rat made obese by surgical lesioning of the VMH (Hogan et al 1985, Van der Tuig 

et al. 1985) or chemically (Sahakian et al. 1983) or by parasagittal cuts (Coscina et al. 

1985, Romsos et al. 1987), and in obesity-prone old rats (Marchington et al. 1986). The 

obesity is independent of the hyperphagia, as obesity is still manifested when pair fed 

to lean animals, and therefore a metabolic adaptation is occurring in these animals to 

produce obesity. Neuronal circuitry damage is not thought to be an important 

contributory factor in the absence of DIT, as adrenalectomy restores DIT in BAT in the 

rats (Marchington er a/. 1983, York er a/. 1985), in the parasagittal knife cut rats 

(Romsos et al. 1987) and in the obesity-prone old rats (Marchington et al. 1986, 

Rothwell and Stock 1986). Cold-induced non-shivering thermogenesis (NST), in BAT, 

and other organs, is reduced in o6/b6 (Himms-Hagen 1985), and MSG

(Tokuyama and Himms-Hagen 1986) induced obesities. These animals are unable to 

activate DIT. These factors result in altered energy balance and so obesity results from 

the increase in energy available for storage, which is increased in some cases by the 

presence of hyperphagia (Himms-Hagen 1989). Rats with PVN lesion-induced obesity 

have reduced BAT thermogenesis, as do rats with obesity induced by high fat or 

sucrose diets (Weingarten et a/. 1985, Fukushima er a/. 1987). Reduced energy 

expenditure by thermogenesis plays a role in the obesity in rodent models. The;!!^ rat 

obesity, due to a reduction in the facultative component of energy expenditure (DIT), 

may be due to the failure of peripheral signals from the diet to stimulate SNS. The 

obesity in the and mice, due to a deficient DIT and NST, may be due, in 

part, to a defect in the hypothalamic regulatory control of internal body temperature.

The development of safe and efficacious receptor agonists for the treatment of 

obesity in humans has yet to be achieved, despite the extensive research performed by 

many pharmaceutical companies.
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1.1.3. Gastrointestinal signals.

shown ^be a ^chn- mthereguhhkmofibod hbake. 

iVleclumical disteraicMi temiuiates mexUs t)y a negative fetxlbaejc systein, aiwi it is this 

feedback that enables gastric stapling to succeed (i.e. reducing the volume of food that 

can be consumed). The vagus is the principal afferent nerve in processing this 

information (Smith et al. 1989, Garlicki 1990). Another primary consideration for the 

success of gastric stapling is the conscious discomfort experienced by patients due to 

the stomach distension from a smaller volume of food. The gastric peptide 

cholecystokinin (CCK) is thought to mediate this action in producing satiety by 

de;lzr/hig the g^ishic em]pb/hig and so pixunothig the chirahnn ofeffeierh v^igal fanetr/ 

truunfrLUihig a {gastric disfraasion (tVlcHug^h aral hdtmm 1986, Baile er aZ 1986). flbsse 

v^igal noi/es hm/e bexaa bnicedto thetractugscrhtarfas thicaagtitlieiaaralKoancdrialiiucleaus 

to the lateral (LH) and paraventricular nucleus (PVN) of the hypothalamus (Gibbs and 

Smith 1986) via a NA mechanism (Myers and McCleb 1980). CCK is produced in the 

gut wall in animals during and afrer feeding, and an increase in plasma concentration is 

seen fcdlcrwii^g feeclhig ((jreenley and TZhmrqpscui 1984, ^Intin rri'. ISTFS). Tr-eatmerh 

with CCK to rats with open stomach fistulas prevents feeding, which would otherwise 

continue :h)rlioirrs((]ilfbs arxi Sruith 19860. TTbis evicLencele^wl fritlie frioiighit thaf 

is the major humoral satiety factor (Antin et al. 1975). However, gastric vagotomy 

poMrverrk die lrypo]pluigic reauriion to perqxheodly iidrnirusterexi ()CK^ (ind die g^euend 

consensus is that CCK is not a peripheral satiety hormone but may play a part in the 

peripheral events that lead to satiety and the termination of feeding.
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1.2. The Hypothalamic-Pituitary-Adrenal axis (HPAV

The synthesis of glucocorticoids hy the adrenal cortex is contmlled hy a negative 

feedback loop to inhibit the production at the hypothalamic, pituitary and adrenal 

corded (kntkntnqdun ndeadng hKtor(CTlF)reh%^ed bylhe pann^mtncuhu 

nuckus adkofthe]T^x^hahunus(T^/N), (Fhan^ov!UKlInhuekn^l985, \/de atuA

1981), is secreted into the portal blood supply of the median eminence to stimulate the 

i^laKC of tuhenocohicx^n^alhc honnone (VICTTQ fmin adenohypophyds 

(Cunningham et al. 1988, Gangong 1977, Swanson et al. 1983). Pro-opiomelanocortin 

(POMC) is the 31 Kdalton precursor peptide for ACTH, a- and 

p-melanocyte-stimulating hormone (a- and p-MSH), p-lipotropin and p-endorphin. 

POMC is found in the arcuate nucleus, adenohypophysis, the intermediate lobe of the 

pituitary and the medulla (Zakarian and Smyth 1982, Knigge and Joseph 1984). POMC 

cleavage yields ACTH and p-lipotropin. Further cleavage of the ACTH peptide 

produces a- and p-MSH and CLIP; further cleavage of P-hpotropin yields 

p-endorphin. Glucocorticoids inhibit transcription of the POMC molecule in the 

corticotrophs of the adenohypophysis, and so inhibit the stimulation of itself by the 

reduction of the synthesis and therefore the secretion of ACTH (and also P-lipotropin, 

p-endorphin and p-MSH), (Herbert et al. 1980). ACTH release into the systemic blood 

supply stimulates synthesis and release of glucocorticoids from the adrenal cortical 

cells. Glucocorticoids inhibit ACTH secretion (Jones et uJ 1976), and the synthesis of 

hypothalamic CRT, as shown by the increase in CRT mRNA following adrenalectomy, 

and the subsequent reduction in CRf mRNA in corticosterone replacement therapy to 

the adrenalectomised rats (Eberwine and Roberts 1984, Kovacs et al. 1986, Sawchenko 

1987, Kovacs and Makara 1988, Vale et al. 1983, Beyer et al. 1988).

The adrenals lie in the retroperitoneal space near the upper lobe of each kidney and 

consist of two separate endocrine organs. The inner region, the medulla, secretes the 

catecholaminergic hormones, adrenaline and noradrenaline. The outer region, the 

cortex, secretes steroid hormones, primarily the glucocorticoids, and mineralocorticoids 

which regulate sodium balance and extracellular fluid volume. The adrenal cortex has 

only sparse nervous innervation, which are mostly associated with the blood vessels.
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whilst the medulla contains dense nervous innervation hy preganglionic cholinergic 

fibres in the splanchnic nerve. Circulating ACTH stimulating adenylate cyclase in the 

cells of the zona fasiculata and zona reticularis controls secretion of glucocorticoids. 

The increased production of cAMP stimulates steroid synthesis by activating 

glycogenolysis, increasing the availability of glucose-6-phosphate (G-6-POJ and 

stimulating enzymes involved in steroid synthesis (G-6-PO4 dehydrogenase), which 

diverts G-6-PO4 into the pentose phosphate pathway and so increases the amount of 

NADPH. NADPH is involved in the hydroxylation step of steroid synthesis, which 

includes the rate-limiting step of steroid biosynthesis, the conversion of cholesterol of 

pregnenalone in the mitochondria.

The adrenal gland has no storage mechanism for glucocorticoids, therefore the 

stimulation of synthesis is accompanied by an increase in release. Injection of ACTH 

stimulates the synthesis and output of glucocorticoids within 2 minutes, and removal of 

the pituitary (to remove endogenous ACTH) causes a decline of glucocorticoids 

secretion to low levels within 60 minutes. In the absence of a stimulatory process to the 

hypothalamic-pituitary-adrenal axis (i.e. stress, trauma), a diurnal rhythm of ACTH and 

glucocorticoid secretion is seen. In man, peak glucocorticoid secretion is usually at 

0700 hours, falls rapidly over 2-3 hours and then slowly declines to its lowest level in 

early evening. This rhythm slowly adapts to changes to the normal sleep/awake cycle 

i.e. international travellers, night-shift workers, and is controlled by activity in the 

limbic lobes of the cerebral cortex. In rats a circadian rhythm of glucocorticoid 

secretion, in this case corticosterone, is observed, but with peak corticosterone seen in 

the early evening, with low levels at the start of the light cycle.

1.2.1. Role of glucocorticoids.

Glucocorticoids promote the mobilisation of proteins and amino acids firstly from 

skeletal muscle and then from other tissues such as the bone matrix and skin. Amino 

acids and proteins are transported to the liver. Glucocorticoids also stimulate the 

enzymes of gluconeogenesis and glycogenosis (glucose-6-phosphatase and PEP 

carboxylase), (Exton et al. 1979). Amino acids are then converted to glucose and liver
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glycogen storage. There is a net negative nitrogen balance. Glucocorticoids reduce 

insulin secretion and so reduce glucose and amino acid uptake, promoting the previous 

effects.

Glucocorticoids exert a permissive role in relation to lipolysis induced by other 

hormones, but have little direct lipolytic activity themselves. The mechanisms of action 

in terms of fat mobilisation and metabolism are not understood. Glucocorticoids need 

to be present for the storage of fat in the liver and production of ketone bodies from fat 

intake and/or from a decrease in insulin secretion. The role of glucocorticoids in fat 

mobilisation and distribution is shown by the redistribution of fat in the neck and 

shoulder region (buffalo hump) and in the cheeks (moon face), coupled with the loss of 

fat from the extremities, seen in people with exposure to high levels of glucocorticoids 

i.e. Cushing’s syndrome, glucocorticoid treatment, which also produces 

hyperglycaemia and a reduction in peripheral utilisation of glucose, often producing 

insulin-resistant diabetes mellitus, conversely, people with a deficiency in 

glucocorticoids (Addison’s disease) are usually very thin with losses in peripheral fat 

stores.

Other effects of glucocorticoids include osteoporosis, due to the excessive protein 

catabolism inhibiting new bone formation, the antagonism of vitamin D and the 

increase in glomerular frlfration rate observed with high levels of glucocorticoids 

increasing the level of urinary excretion of calcium. Adrenalectomy produces increased 

capillary permeability, reduced blood pressure (due to impaired reactivity of blood 

vessels to noradrenaline) and reduced cardiac output. Heart muscle atrophy and a 

reduction of heart contractility occurs. Excessive glucocorticoids result in hypertension. 

Glucocorticoids reduce the number of circulating eosinophils, basophils and 

lymphocytes by a breakdown in the thymus, lymph nodes and spleen, and an inhibition 

of division of the remaining lymphocytes, and an increase in the number of circulating 

neutrophils and erythrocytes. Reticuloendothelial amoeboid and phagocytic cell 

activity is suppressed by glucocorticoids. These factors produce a net suppression of 

the inflammatory response of an animal.
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Glucocorticoids produce many central effects (Funder and Sheppard 1987). 

Corticosterone crosses the blood brain barrier (Pardridge and Mietus 1979), and 

glucocorticoid receptors are located in many areas of the CNS, mostly densely in the 

hippocampus, and are also located in the hypothalamus and cerebellum (Meyer 1985).

Adrenalectomy increases noradrenaline turnover in the hypothalamus and replacement 

therapy with hydrocortisone abolishes the increase (Fuxe et al. 1973). Tyrosine- and 

dopamine- p-hydroxylase enzymes are stimulated by corticosterone (Markey et al. 

1982, Meyer 1985), and circadian variations of the activities of these enzymes exist (in 

conjunction with the circadian rhythm of corticosterone), (Cahill and Ehret 1981).

5-HT synthesis is reduced with corticosterone treatment (Curzon and Green 1982, 

Green and Curzon 1968, Shah et al. 1968). A possible method for the reduction in 

brain 5-HT activity is the induction of hepatic tryptophan pyrollase by glucocorticoids, 

and therefore a limitation in the availability of tryptophan into the CNS (Meyer 1985). 

However, Yuwiler et al. (1971, 1978) found no relationship between the activity of the 

enzyme tryptophan pyrollase and brain 5-HT levels. Long-term adrenalectomy 

increases brain tryptophan, with plasma tryptophan being unaltered and brain 

indoleamines are in fact being reduced (Miller et al. 1978). Betamethasone reduces 

5-HT and 5-HIAA in rat hippocampus (De Kloet et al. 1983, Balfour et al. 1979) and 

not the hypothalamus (Balfour et al. 1979). Others have demonstrated adrenalectomy 

to have either no effect on brain 5-HT (Shah et al. 1968) or a reduction (Kovacs et al. 

1977, Rastogi and Singhal 1978, Telegdy and Vermes 1975). The changes in 5-HT 

(where occurring) are not apparent until one week following adrenalectomy (Rastogi 

and Singhal 1978). 5-HT turnover, measured by Van Loon (1981,1982), showed 

adrenalectomy-reduced turnover in the hypothalamus and hippocampus, which was 

reversible by corticosterone treatment. Long et al. (1983) have shown a 

non-corticosterone reversible reduction in 5-HT in hypothalamic median eminence and 

nucleus centralis superior. 5-HT uptake by hypothalamic synaptosomes is reduced by 

30% in adrenalectomised animals (Vermes et al. 1976). Corticosterone treatment 

prevents this reduction. Increased release of 5-HT from hypothalamic synaptosomes 

(by depolarisation) occurs after adrenalectomy. It seems that glucocorticoids increase
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uptake and inhibit release from nerve terminals. The influence of corticosteroids on 

hippocampal 5-HT is via a corticosterone receptor mechanism. Corticosterone receptor

bincUdig is low in the iiqthe tunea ([)e BLloet er aZ. 1983), the scmrce of lu;q]ocampal 

aflerents, so it is postulated that there might be a form of negative feedback to the r^he 

fhxn fr^ hq^Kwan^xK OKfrnbk 1968X orasdffreguktmg ^^dem ofluppoounpd

post-synaptic systems involving 5-HT neurones via a corticosterone receptor 

mechanism.

Glucocorticoids stimulate choline uptake by a high affinity Na'^-dependent uptake

rneduuusm (Sze aA 1983, Il&er aA 1979) chohne upfrke by nd

hypothalamic synaptosomes is not affected by adrenalectomy (Vermes et al. 1976). 

Tfhusmle of glrucocxartkxaids ineuzetylclioluie (/tChi) regrulatioriiritlie brairilias uotlDeai 

elucidated.

Glucocorticoids do not affect either glutamate decarboxylase, the enzyme responsible 

for gamma amino butyric acid (GABA) synthesis or GABA aminotransferase, the 

etizyiaie fliat catalyt&es idie fhid step in (3v\BAV rneiihd)olisrn (hdhryer eZ <3/. ISf/S*). 

Although, hippocampal synaptosomes from adrenalectomised rats show increased 

GABA uptake, which is reversed by corticosterone replacement therapy (Miller et al. 

1978). Adrenalectomy causes corticosterone reversible increases in GABA binding to 

corpus striatum and midbrain, but not to hypothalamus, hippocampus, cerebellum, 

cerebral cortex or brain stem (Kendell et al. 1968). Adrenalectomy also fails to change 

thie coiicentmflcm of (jhAdEfAL <)r bigfi affinity (j/ABVl iq)take: in air^ of thus brain areas. 

The causes of the differential effects of GABA are unclear.

Enkephalin brain levels show no changes following corticosterone treatment (Gibson et 

al. 1980). Adrenalectomy reduces vasoactive intestinal peptide (VIP) and neurotensin 

in the hippocampus and adenohypophysis. Corticosterone replacement therapy reverses 

the reduction only in the hippocampus (Meyer 1979), whilst dexamethasone restores 

VIP in all the areas (Meyer 1979).
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1.2.2. Corticotropin Releasing Factor fCRPl.

]bi 1981 "Vlik: is()l:ikxi the liypK)thalairuc .AlCTH-releasiaig factoid It fbimdtc)

Ibe a zll ainirK) zucid jpepiidcLs (IVtv/ -4757.5) slioAvir^g struc^^iral liomi()l()gie8 v/idi 21 

vate;l]rate p(;ptide, saiivajghie (isolated Axam the sjcua of aiid

urotensin-I (isolated from the urophysis of two separate species of sucker fish), (Morley 

and Kay 1986). CRF for many species have now been elucidated. The inter-species 

homology of CRF is presented below.

Structural homologies between mammalian CRF 
(rat/human/porcine/avian/bovine/ovinel. urotensin-T and sauvagine.

CRF (rat/humanl
CRF ('porcine!
CRF (avian)
CRF rbovinel
CRF (ovinet
Sauvagine 

(Phyllomedusd) 
urotensin-I 

(sucker fish)

H-SEEPPISLDLTFHLLREVLEMARAEQLAQQAHSNRKLMEII-NH2
H-SEEPPISLDLTFHLLREVLEMARAEQLAOQAHSgRKLMEHE-NH)
H-SQEPPISLDLTFHLLREVLEMIEADQLAQQAHSNRKLIjgia-NH;
H-SQEPPISLDLTFHLLREVLEMTKADQLAQQAHHNRKLLDIA-NHa
H-SQEPPISLDLTFHLLREVLEMTKADQLAQQAHSNRKLLDIA-NH^

BEGPPIS.IDLSI.ELLRKMIBIEKOOKEKOOAANNRLLLDTI -NH^ 

H-NDDPPISIDLTFHLLRHMIEMARIENEREOAGLNRKYLDEV-NH,

From Vale and Greer 1984, Fisher 1989. One letter amino acid abbreviations (Biochemistry, Stryer, Second Ed.). 
Bold/imderlmed amino acids denotes differences from rat/human CRF,,.

CRF causes a dose-related release of pituitary adrenocorticotropic hormone (ACTH) 

and p-endorphin in vivo and in vitro (Vale et al. 1981). A hypothalamic-infundibular 

CRF pathway is involved in this CRF mediation of ACTH and p-endorphin release, via 

the hypothalamic-hypophyseal portal blood system (Swanson et aZ. 1983, 

Merchenthaler et al. 1984). ACTH release from the adenohypophysis stimulates the 

release of glucocorticoids from the adrenal cortex (see section 1.1.2.). The parvocellular 

neurosecretory neurones responsible for the synthesis and delivery of CRF to the 

median eminence for stimulatory control of ACTH release from the adenohypophysis 

are located in the PVN region of the hypothalamus (Antoni et al. 1983, Agnati et al. 

1985, Merchenthaler et al. 1983b, Swanson et al. 1983). CRF containing neurones play 

an important role in modulating the stress response by projections to the medien 

emminence, brain stem and spinal. CRF also possesses extrahypothalamic actions to 

the potent stimulatory action of ACTH, including inhibition of food intake and 

stimulation of the sympathetic nervous system and energy expenditure.
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Intracerebroventricular injections of CRF lead to autonomic and behavioural responses 

(Brown er aZ. 1982, Morley and Levine 1982, Holt eZ aZ. 1989, Egawa ez aZ. 1990). 

CRF reduces feeding (Arase gZ aZ. 1988) by shifting the animals behaviour to an

increase in grooming (Morley and Levine 1982). CRF reduces feeding induced by 

muscimol, NA, dynorphin and insulin (Levine et al. 1983), and potently inhibits 

feeding in hypophysectomised rats, which indicates that the effects are not secondary to 

CRF effects on pituitary ACTH secretion (Morley and Levine 1983). CRF inhibition of 

food intake can be antagonised with treatment with an oxytocin antagonist [a(CH2)s, 

Tyr(Me)\ Om^] vasotocin, suggesting a possible oxytocin mediated CRF-induced 

anorexia (Olson et al. 1991). CRF decreases carbohydrate intake while not affecting 

other components of dietary intake, not unlike the action of central 5-HT and D-Fen 

(Morley et al. 1986), although low doses of CRF have been shown to reduce fat intake 

whilst carbohydrate intake is only reduced at high doses of CRF (York, personal 

communication).

CRF fulfils the criteria necessary to be the primary hypothalamic factor governing the 

pituitary-adrenal axis (Rivier and Plotsky 1986), by:

# Potently stimulating ACTH, and POMC-cleaved peptides (Zn vZZro and Zn vZvc^.

# CRF immunoreactive staining is present in the hypophysiotropic zone of the 

hypothalamus, as well as in the hypophyseal portal blood (Hiroshige eZ aZ. 1977).

# High-afBnity CRF binding sites (Kd = Inm) in the pituitary, (Hanger gZ uZ. 1988).

# Immunisation of animals with anti-CRF sera/synthetic CRF antagonists 

attenuates or abolishes stress induced ACTH secretion.

# CRF neurones mediating hypophyseal functions located in the PVN. These cells 

project into the external layer of the ME, and terminate on hypophyseal portal 

blood vessels.

Approximately 2000 cells stain positive to CRF in the paraventricular nucleus, with the 

densest region in the medial parvocelluar region. CRF is also located throughout the 

brain and spinal cord, shown by radioimmunological and immunohistochemical 

staining (Swanson et al. 1983). Positive staining has been shown in the corpus
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callosum, hippocampus, septal region, anterior commissure, bed nucleus of the stria 

terminalis, substantia innominata, central nucleus of the amygdala, medial preoptic 

area, median eminence (ME), posterior pituitary, lateral hypothalamus (PEN), medial 

forebrain bundle, locus coeruleus, midline thalamic nuclei, stria terminalis, 

perioculomotor nucleus, central grey, dorsal raphe, median raphe, laterodorsal 

tegmental nucleus, locus ceruleus, parabranchial nucleus, medial vestibular nucleus, 

dorsal motor nucleus of the vagus, A^/A, NA cell groups, propositus hypoglossal 

nucleus, external cuneate nucleus, inferior olive and the medullary reticular formation. 

In particular, the median eminence, lateral septum, bed nucleus of the stria terminalis, 

mesencephalic reticular formation, parabranchial nuclei and nucleus of the solitary tract 

contain large numbers of CRF immunoreactivity also (Sakanaka et al. 1987, Ceccatelli 

et al. 1989, Cummings et al. 1983, Swanson et al. 1983, Skofitsch and Jacobwitz 1985, 

Aguilera er a/. 1987, Berkenbosch ei aA 1986, Merchanthaler er a/. 1982, 1983a/b, 

Olschowa et <3/. 1982a/b, Palkovits eta/. 1985).

The localisation of CRF containing neurones in regions other than the hypophyseal 

zone, has developed interest in CRT's potential role as a neurotransmitter or 

neuromodulator in the CNS. Several results suggest a neurotransmitter status of CRF:

• Depolarising agents and snake venom) cause a release of CRF from brain 

regions, which is Ca^"^ dependent (Smith et a/. 1986).

• CRF receptors show widespread and non-uniform distribution, with high affinity 

(Kd=0.2nm). These receptors are adenylate linked (as in CRF receptors in the 

pituitary), but the second messenger systems and/or the regulation of these 

receptors may be different (Fisher 1989). Evidence for this is shown by the 

apparent different modulations between brain and pituitary receptors. Following 

adrenalectomy there is a selective increase in adenohypophyseal, medium 

eminence and PVN (the anterior and medial paricellular subdivisions 

particularly) CRF immunoreactivity and CRF synthesis, but returns to 

pre-adrenalectomy levels within 5-7 days (Sawchencko e/ a/. 1983, Kovacs e/ a/. 

1986, Jingami et al. 1985, Kiss et al. 1984, but other brain regions show no 

change in the number of CRF receptors (Koob and Bloom 1985).
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Glucocorticoids act directly on the PVN to inhibit CRF secretion. Glucocorticoid 

administration to the PVN region results in an abolition of the increase in CRF 

immunoreactivity and increased CRF mRNA observed following adrenalectomy 

(Jingami et al. 1985, Kovacs et al. 1986). This agrees with the observation of high 

nuclear concentration of immunohistochemical reactivity to rat liver glucocorticoid 

receptor within the PVN, with a distribution highly correlated to CRF 

immunoreactivity (Agnati et al. 1985). The involvement of CRF on the autonomic 

nervous system output and function of peripheral organs are important observations, 

and because of the involvement of stressful stimuli in stimulating the activity of the 

pituitary-adrenal axis and sympathetic nervous system activity, any alteration to the 

CRF balance may produce alterations in the response to stress.

CRF and the Autonomic Nervous System (ANS).

CRF, administered intracerebroventrically (i.c.v.), intracistemally (i.c.) or 

intraparenchymally stimulates the sympathetic nervous system (SNS), and 

adrenomedullary activity (Brown et al. 1982, Brown and Fisher 1983, Brown and 

Fisher 1985, Holt et al. 1983). These effects are mediated centrally, as the plasma 

elevations of catecholamines are comparable to animals pre-treated with i.v. 

administration of anti-CRF (Brown and Fisher 1985). The site of CRF action to 

stimulate SNS, by increasing NA levels, is thought to be multiple, as this effect is seen 

&om multiple injection sites (Brown 1986). The proposal of multiple sites is supported 

by the wide distribution of CRF immunoreactivity within the CNS, and the similar 

observations of the distribution of CRF receptors within the limbic, hypothalamic, 

brainstem and spinal cord areas, which are associated with the regulation of the 

autonomic nervous system. CRF, centrally administered inhibits vagal tone (Brown et 

al. 1982) and acts centrally to increase the activity of efferent adrenal nerves (Geiger 

and Nagy 1985) and sympathetic firing to BAT (Holt and York 1989). The use of 

a-helical CRF (CRF,^, or CRF,q^,) i.c.v. reduces the rise in plasma adrenaline 

associated with stress (Brown et al. 1985, Brown and Fisher 1985).
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CRF and Central Neurotransmitters.

Kgubdon CRf bem skdkd aM

evidence shows that central acetylcholine, noradrenaline, the opioids and 5-HT are all 

inw^vW in the semch^cf CRF. hgmx^h^ b^h ^hmha^ CRF

seca-edcn (Calc^gero at aZ. 1S*9C0. Slectiori 1.1.3. dieals v/ith th(: iaipoilkmce (]f central 

neurotransmitters involved with the modulation of nutrient intake.

ISkyradremdine irdiibits central (Zfll? releause (Jcines aral lilllhcmse 1977, iSrida gt alL

1987, Szafarczyk et al. 1988). This effect is via an a, adrenergic receptor, and is 

abolished by phentolamine (Yajima et al. 1986). Further evidence to support this 

inhibitory effect is by the presence of catecholaminergic input neurones to CRF

(zontainin;; cells in thelP^/1^ (ICitaz^iv/a cr aZ. IDSif). ak;o ioliibits CIRJF relexase

(Jones and Hillhouse 1977).

Melatonin, one of the metabolites of 5-HT, inhibits CRF secretion (Jones and Hillhouse 

1977), and also inhibits the 5-HT and ACh stimulation of CRF. The inhibition of both 

ACh and 5-HT induced CRF secretion suggests that the inhibitory action of melatonin 

is not due to an antagonist action on 5-HT receptors, but via a direct action on CRF 

neurones. The circadian variation in 5-HT release may underline the circadian control 

of CRF and glucocorticoid levels.

In humans, opioid peptides inhibit the release of ACTH and cortisol secretion (Stubbs 

et al. 1979). In rats, opioids inhibit ACTH and corticosterone secretion. In vitro 

perfusion of rat hypothalamus with p-endorphin and dynorphin suppresses CRF 

secretion (Yajima et al. 1986). These effects are inhibited by naloxone, suggesting that 

opioid peptides act through opioid receptors to inhibit CRF.

5-HT is implicated in both the maintenance of the circadian rhythm of plasma ACTH 

and the modulation of ACTH to stress (Vemikos-Danellis et al. 1974,1977).

Serotoninergic drugs that increase the activity of the hypothalamic-pituitary-adrenal 

(HPA) axis (Calogero et al. 1989, McElroy et al. 1984) include precursors, 5-HTP
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[L>D] (Popova ef aA 1972, Fuller er uA 1975a, 1976), 5-HT releasers, 

p<hk^omup]^±Mnme O^m^r and SmxWy 198^^ Fen ^umer and Sno(k^ 198^ 

^/BzElioy 6^ (zA 1984), T\k)r4Fen (Fiilkar arai Slncxldj/ 198(1) arwi S/l^rieth^diauexlioxr/- 

rruediarrqphe^kunrue er uZ. 1988), 5-HT ufitake irUiibitors, fhicocetiue (T^uller er aZ. 

1976), ORG 6582 and p-bromo EXP 561 (Fuller 1980b), direct 5-HT agonists, 

quipazine (Fuller et al. 1978a), m-trifluromethyl-phenylpiperazine (Fuller and Snoddy 

1979), /M-chloropheny-piperazine (Fuller uA 1981), MK-212 (Koenig er uA 1988), 

RU 24969 (Euvrard and Boissier 1980), 8-OH DP AT (Gilbert er uA 1988a/b, Nash er 

al. 1988), buspirone, gepirone and ipsapirone (Koenig et al. 1988). Systemic and 

peripheral administration of 5-HT stimulate the HPA axis (Abe and Hiroshige 1978, Di 

Renzo et al. 1978, Fuller et al. 1976).

5-HT causes a dose related release of CRF from hypothalamic cultures in vitro 

(Calogero et al. 1989, Jones et al. 1976) and in vivo (Gibbs and Vale 1983), and this 

effect is mimicked by addition of chlorimipramine or D-Fen. The D-Fen stimulation of 

CRF is greatly reduced in the presence of the 5-HT receptor antagonists, methylsergide 

and metergoline (Nakagami eZ uA 1986, Jones and Hillhouse 1977, Holmes eZ uA

1982). This effect is also blocked by hexamethonium (Jones and Hillhouse 1977). The 

stimulation of CRF by 5-HT in explanted hypothalamus is thought to be mediated by 

5-HT2 receptors (Calogera et al 1989). The role of 5-HT (and related compounds) in 

food intake and thermogenesis has been postulated to involve the release of CRF, and 

immunisation against CRF inhibits the thermogenic and anorexic actions of 5-HT 

agents (5-HT, 5-HTP and D,L-Fen), (Le Feuvre et al. 1987).

5-HT-containing nerve terminals make axodendritic and axosomatic synapses with 

CRF containing neurones within the PVN (Liposits et al. 1987). The origin of 5-HT 

terminals is uncertain, but 5-HT projections to the PVN have been reported to originate 

from the By, B, and Bg nuclei of the midbrain (Sawchenko et al. 1983, Van de Kar et al. 

1982, 1985). Lesions of dorsal or median raphe nucleus do not affect stimulation of 

plasma corticosterone by p-chloroamphetamine, whilst the possibility of a 5-HT 

intrahypothalamic network may exist for the 5-HT stimulation of the HPA (Fuller 

1990, Toik 1985).
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A possible role for 5-HT in the regulation of the HPA axis is the negative feedback of 

glucocorticoids by ACTH. Adrenalectomy (in some reports) changes the metabolism of 

5-HT (Van Loon et al. 1982) and corticosterone mediated behaviour (Telegdy et al. 

IGT/S). /tdrenalectotrry inca-txases tlie cbsnsity erf 5-HT, rectqrfors in die elorsal itqihe 

rtucdeiis, liqipercainfrus arwi hyTpotluihuiius, ^Xhich returns hriaoiirudaher cxrrhcxisteroru; 

ttqilacement fherufry ([)e Kloet ef uZ. 1983). Crhicocxirtitxiid rectqitors are feuincliri die 

raplie. Tliese rixiuld; sug:]gest that S-JKfT rweurones froin llie derrsal raplie arwi/or tuarve 

terminal in die hipjioczuiqius an(lliyFK)dialami^re:]gulate feeeh)acle()f,AjCTH sexrrednn. 

TThe 5-HT rntn^ be arlii^idr^; pKist-syruqidic 5-HT,^ reexqitors (in ClRl? synithesisin;; 

neurones in the PVN (Liposits gf uZ. 1987), as PVN lesions, using 5,7-DHT, prevent the 

increase in plasma corticosterone by 5-HT stimuli (Feldman et al. 1987), and together 

\vidi the (idier ariatornical arid pliamiacohigical (lat^ srug^rests 5-HT temiinals in tlue 

PVN stimulate CRF secretion by direct synaptic activation. Hippocampal 5-HT 

receptors are regulated by corticosterone (Chaouloff 1995). Control is exerted at the 

level of the S-HT,^ receptor gene. Information on the role of corticosterone and the 

control of other receptors (5-HT,B, 5-HT2^, and 5-HT2c) is lacking or contradictory.

ACh, choline acetyltransferase and acetylcholinesterase are present in the 

hypothalamus (Jones and Hillhouse 1977). Many hypothalamic nuclei contain choline 

acetyltransferase, with the largest concentration being found in the arcuate, medium 

eminence, dorsomedial and paraventricular nuclei (Uchhnura gf uZ. 1975, Jones and 

Hillhouse 1977). ACh dose-dependently stimulates CRF release from hypothalamic 

nuclei and other brain area cell cultures (Jones and Hillhouse 1977, Hillhouse and 

Reichlin 1990), which is mediated by a mixed receptor system, which is primarily 

nicotinic as hexamethonium fully blocks the response, whilst atropine only partially 

blocks. The pure muscarinic agonist bethanocol does not stimulate CRF secretion 

(Jones and Hillhouse 1977, Tsagarakis et al. 1988).
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CRF and Obesity.

ILxyv/ l^r/els of pituitar/ roRN/l for pro-Kypioinielanocortui CP()^/K]), die pMxxirsor for

several CNS peptides, including ACTH, and reduced levels of PVN CRF are seen in 

obese rats (Nakai et al. 1989, Beyer et al. 1988). Apparent low levels probably reflect 

increased secretion in these animals (i.e high corticosterone levels). Obese rats are more 

regqporuah/e to tlie axhioiis of (CRJ^ thari lean icoimfepparts (/erase .2/ a/. 1988). Ifhe 

alterations in the CRF status of obese rodent models may be a contributory factor in the 

manifestation of obesity, other than the hyperphagia component. The increases in PVN 

CRF associated with adrenalectomy, the reversal of obesity following adrenalectomy 

and the reduced sympathetic activity of obese rats compared to lean animals (which is 

increased by CRF treatment centrally) point to an important interaction between CRF, 

the hypothalamic-pituitary-adrenal axis and the autonomic nervous system in the 

regulation of the energy balance in obesity (see section 1.1.5.). Further interactions are 

seen with other neurotransmitters are also apparent, (Vemikos-Danellis et al. 1974, 

Vemikos-Danellis et a/. 1977).
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1.3. Central regulation of nutrient balance.

Many regions of the brain display a role in the control of food intake and energy 

balance, with the hypothalamus being particularly important. Destruction of brain areas 

using electrolytic, neurotoxic or mechanical lesioning, or stimulation electrically or by 

application of known agonists, enables the function of specific brain regions in energy 

balance regulation to be studied.

Noradrenaline, 5-HT, histamine, GABA and many peptides are seen to be involved in 

the regulation of food intake and energy balance (Chance 1987, Leibowitz 1987, 

Samanin and Garattinni 1982, Samanin et al. 1978).

1.3.1 Stimulatory neurotransmitters.

Noradrenaline/adrenaline

Noradrenaline (NA), with adrenaline (ADR), stimulate food intake via a^- 

noradrenergic receptors, located specihcally in the PVN region of the hypothalamus

(Leibowitz and Brown 1980a/b, Kow and Pfaff 1989). The NA innervation to the PVN 

region, which is involved in the control of appetite, originates primarily from a variety 

of NA containing cells of the lower brain stem (dorsal component of central tegmental 

tract), (Hokfelt et al. 1974, Maeda and Shimizu 1972, Moore and Bloom 1979, Olsen 

andFuxe 1972).

Physiological doses of noradrenaline injected into the PVN of satiated rats causes a 

feeding response within 2 minutes (Booth 1968, Leibowitz 1975a, Leibowitz 1978a). 

Chronic infusion of NA or clonidine causes an increase in daily food intake and body 

weight (Leibowitz et al. 1984). 6-OH DA injection into the PVN, to destroy PVN 

noradrenergic innervation decreases daily food intake and body weight gain (Leibowitz 

and Shor-Posner 1986b). As previously mentioned, PVN lesioning produces 

hyperphagia and obesity (Leibowitz et al. 1981), and abolishes the action of NA 

injection into this region (Leibowitz er a/. 1983). A hypothalamic injection of 

desmethylimipramine, a blocker of NA re-uptake, potentiates feeding in starved rats
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(P/k)ntg;(3m(ary^ er aZ. 1971). TZhis suLjgg;:^^ Hiat feecUiig is atxzoirqparutxi br/ ^171 relesuse, 

lanclipoteiitiiidcm ofe^Uirig can Ibe facilitated tr/ dnigs that panlor^g the actinn ofbOTl in 

tits s)Tia()ti(: cleft the; sthnnlatiori of redexase auadTor hihitihion of ins-ufytakn, ()r tr/

direct agonists.

The stimulation of feeding by destruction of the noradrenergic innervation to the PVN 

is thought to be due to the destruction of NA efferent projections, rather than NA 

aLffsrent iniiervzdicm. his thcruglrttliattlie N7t acts as aaitaalianexsr of food rntalce,iritlie 

PVN, by the inhibition of a PVN controlled satiety signal (Leibowitz et al. 1981, 

McCabe et al. 1984). NA (40nmol into the PVN) potentiates feeding by increasing 

meal size (by 20%) and feeding rate, without affecting meal frequency (Leibowitz et al.

1984), and depletion of brain NA, using FLA-63, an inhibitor of NA synthesis, causes a 

rechictioriiiiineal size (Lxsdaowitz 1986,1,eibcrwitz aaid Slior-Posner 1986^)). ThelPSTN 

aj-noradrenergic receptors modulate the consumption of carbohydrate (Booth 1968, 

Leibowitz 1984). Diet selection studies, in rats, between carbohydrate or protein shows 

that PVN administration of clonidine (a^-adrenoreceptor agonist) and amitriptyline (a 

hicryclic ;intldc]messant that irthibits ISIAL re-iqrtakeO, and per^abcanill]/ tuirnioistered 

chlorimipramine, stimulate food intake preferentially for carbohydrate. NA produces 

sunilar reaailh; (L,eibcn\ntz et zd. 1985). Tshk acts gqpecificajly hi tlw: poterhiatioii ()f 

carbohydrate intake, with a suppression of fat and protein consumption. PVN damage 

]pro(luc(x; the same effect aa hl/t stimulation of tlie I^\7N (stiniulatioii carliolr/dnfre 

intake, with the inhibition of protein intake), (Shor-Posner 1985), as PVN damage is 

thought to damage PVN efferent projections and not NA afferents to the nucleus (the 

so-called "satiety system"), (Hoebel and Leibowitz 1981). Tricyclic anti-depressants 

and clonidine treatment in humans, and rats, causes weight gain (Leibowitz et al. 

1978a/b). This is thought to be due to their potent action on NA release (in the PVN), 

(Leibowitz 1978b). Further evidence for the role of NA in carbohydrate nutrition 

comes from the close association of hypothalamic NA activity with corticosterone and 

insulin (both of which have important impacts on glucose metabolism).

Glucocorticoid status correlates to hypothalamic NA activity. Situations of increased

energy expenditure i.e. food deprivation and stress, cause an increase in NA turnover in
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the PVN (Leibowitz and Shor-Posner 1986), and a site specific down regulation of 

a^nnKMn^irenta-gpciexieptors (Jhturv/ardJiur/al 1986ayb, Jhumwar-Uniyal anci 

Leibowitz 1986). The initiation of the feeding process is thought to be via the PVN NA 

(IkmwanLhhyd er oL 1986:V^ L^Acwik 198^ Levme ^ oL 198^ 

I31iakthiiivaits!ihu]i arid ILeilxiwitz 1985). TTlus o^z-dSLAL rece{)tor feexling; respouae of tlie 

IPA/TM is diependeut cxu iiu irrbuct lp/p()dbal^arrh>^pihartary-2ujreruil aads (L,eib(rwnitz: aiid 

Shor-Posner 1986). Plasma corticosterone, in a dose-dependent manner up-regulates 

tlie rmmlier odTcx^-N/l receqptors iri lire I^VTSl (htart er cdi 1982, J1iarrw^ar-Uni}iil ,2^ <2/. 

1986, Leibowitz 1985). Adrenalectomy abolishes PVN NA-induced hyperphagia, and 

is restored with corticosterone replacement therapy (Leibowitz 1986, El-Rafai and 

Chan 1986a).

GABA

GABA acts on the PVN to stimulate food intake (Cooper 1983, Grandison and Guidotti 

1977, Kelly and Grossman 1979, Kimura and Kiriyama 1975). Injection of muscimol 

(GABA agonist) and benzodiazepines into the PVN cause a stimulation of feeding

which can be reversed by GABA receptor antagonism. GABA receptor antagonists also

inhibit NA-induced feeding by co-injection into the PVN.

Neuropeptide Y

ISkmrofieptidie IT (hlP^Y), a jparaireatic polypieptide, is hig^ily cxanceutratecl ui the 1P3/IT 

inegiori ()f thie lryp()thalamus, arid pcMtenth^ sitirmihtkas Irxid intakae zucthhiti^ insithn 

sexmetkm arid b()d):\vi:^;ht ginr^ and reduces ISLAfr activity ((:larkei (dL 198^1,1.e\irie 

and Morley 1984, Stanley and Leibowitz 1984). NPY is found to co-exist, in afferent 

neuroiies to thie IPi/TSl, with hl/l arid ^II)R (Eh/erid (zf 198X1). TThe ,eftect ofI4I*lf to 

uicr(%U3e teeduig rnar/ rwrtlre rnediated tr/ NA, as blcxckade cdFcr-ZiDBL receqators ckies 

riot prei^aat hEP^f-stiaiulation()fle:ieding;, whilst abelisbir^g the IT/l effect (Stanhey arwl 

Leibowitz 1985). Food deprivation increases PVN levels and release of NPY. Several 

classes of NPY receptors have been classified, called Yl, Y2, Y3 and Y4 subtypes 

(Michel 1991). A NPY receptor, the Y5 (NPY “feeding” receptor) has recently been 

isolated, cloned and characterised (Michel 1991, Gerald et al. 1996).
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Opioids

offeedmg n^pons^ du-ough 6- i^ki 

K-receptors (Leibowitz and Hor 1982, Morley er aZ. 1983, Woods and Leibowitz 1985, 

irini and [jo\vi}r Itlgz^ ()cciins ui die I^VTSi, "VIVIH, IPIFN, iuiiyjgdidiiiincljglotxis paUicbis. 

Opioid peptide induced feeding is abolished by a-ADR receptor blockade (Leibowitz 

and Hor 1982, Tepperman et al. 1981). Morphine-induced eating stimulates NA 

turnover and is attenuated by adrenalectomy and restored by corticosterone 

replacement therapy (Bhakthavatsalam and Leibowitz 1986). Opioids and NA both 

uihitht the Grinjg rate ofl^A/hZ rumroiies (hdxiss eZ aZ. 1972^ Phtrnan gZ aZ. 198C1). Th(%se 

fuidir^gs (Mig^gest la pcissible uiteractioii erf cipioick; arwl ISLA. in tlie ]P\/TS1 regicMU iri 

affecting satiety. Central administration of a K-receptor agonist (U50488) attenuates 

inhibition of a high-fat diet intake induced by enterostatin (Barton et al 1995) and alone 

stimulates high-fat diet intake in sated rats. Galanin similarly induces high-fat 

ctmsiimpticHU iu satkxi rats (Baitcai gZ aZ. 1995a, 19!)6i^ wluch is reeluced rualcixeme; 

(TBarkm 19951i), p-r-eceprkrr aiitagpnisrn but not xjuieceprkir aaitag^inisrn. IKLu-eceqptor 

antagonism, on the other hand, reduces high-fat intake in fasted (but not sated) rats. No 

efkct of p-receptor antagonism was seen in 6sted rats. It is postulated that there is a 

common opioid pathway for the modulation of fat intake with galanin-induced feeding 

of high fat modulated by a p-receptor pathway, with feeding induced by fasting 

modulated by a K-receptor pathway (Barton et al. 1995b).

The role of different opioids in affecting feeding by differing mechanisms is exhibited 

by the observation that the attenuation of opioid hyperphagia by adrenalectomy only 

occurs with p-agonists and the 5- and K-agonists failure to respond to adrenalectomy 

suggests another corticosterone-independent hypothalamic stimulation of feeding (with

or without NA). Lesions of hypothalamic NA, with 6-OH DA, do not affect morphine-

induced feeding, suggesting another NA-independent mechanism.
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1.3.2 Inhibitory neurotransmitters.

Dopamine/noradrenaline/adrenaline

Dopamine (DA), and to a lesser extent noradrenaline (NA) and adrenaline (ADR), exert 

an inhibitory action on feeding behaviour (Leibowitz and Brown 1980b). Opinion is 

that the site of action for the catecholaminergic inhibition of food intake is the 

perifbmical region of the hypothalamus, the lateral hypothalamus, (PFN or LH), 

(Leibowitz and Brown 1980b). The action of DA in this site contrasts to the 

dopaminergic activity in other brain areas, where it generally exerts a stimulatory 

action on motivated behaviour, primarily in the striatum, which includes feeding 

(Leibowitz 1986). The PFN is richly innervated with dopaminergic terminals and 

receptors (Leibowitz and Shor-Posner 1986). Starved rats have a reduced intake, 

compared to control rats, after mjection of DA into the PFN, with chronic treatment 

causing a pronounced anorexia.

Electrical stimulation and electrolytic lesions of the PVN have opposing effects in 

promoting and inhibiting feeding respectively (Leibowitz and Shor-Posner 1986). The 

role of catecholamines in the modulation of feeding behaviour has been greatly 

elucidated by the use of D-amphetamine (AMP) in feeding studies, and the 

manipulations of the anorexia induced by AMP treatment. AMP stimulates 

hypothalamic DA neurones and also inhibits feeding when injected into the PFN 

(Leibowitz and Shor-Posner 1986). DA turnover is increased following AMP 

administration peripherally (Leibowitz and Shor-Posner 1986). DA antagonists 

(haloperidol and chlorpromazine) stimulate feeding also (Leibowitz and Shor-Posner 

1986). The receptors involved are dopaminergic and p-adrenergic (Leibowitz and 

Shor-Posner 1986). The innervation of the PVN may originate j&om the dorsal pons, 

possibly the locus coeruleus and subcoeruleus. The efferent projections follow a 

periventricular route caudally to the dorsal vagal complex (Sawchenko ef n/. 1983, 

Weiss and Leibowitz 1986, McCabe ef a/. 1984). The innervation of the PVN may 

originate in the A„ A^ or A? groups of cells, as damage to the ventral central tegmental 

tract blocks inhibition of feeding by or DA activation of the PFN. The DA 

contribution to this fibre system may originate h-om the A, or Ag cells of the midbrain.
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Tritiated AMP binds densely in the hypothalamus and also stimulates NA neurones, as

v/dliK nouones, rnthe hypnAahunus. l^^aMdlr^xhhahunmu^^chon ofvADR 

produees similar effeets as DA, via a p-adrenergic receptor, and operates in close 

association with hypothalamic DA receptors (Leibowitz and Shor-Posner 1986). 

Injection of 150ng adrenaline into the PVN suppresses food intake with a latency of 1-2 

minutes (Leibowitz and Rossakis 1978), by a p^ receptor mechanism as the effect can 

be repeated using the p^ agonist salbutamol and blocked by the p^ antagonist 

butoxamine (Leibowitz and Brown 1980). The decrease in food intake following AMP 

treatment (peripheral and direct administration into the PFN) is by a selective decrease 

in protein consumption. DA receptor blockade in the PFN, by peripheral or local 

neuroleptic treatment, causes an opposite effect i.e. increasing food intake and weight 

gain (Leibowitz 1985, Leibowitz et al. 1981).

The lateral hypothalamic (perifbmical) dopaminergic and P^-adrenergic inhibitory 

zone, and the a^-noradrenergic feeding facilitatory region of the medial 

(paraventricular) hypothalamus both co-ordinate in the control of meal pattern by their 

opposing effects on food intake and their specific individual effects on protein and 

carbohydrate intake respectively, which are regulated together with energy intake (Li 

and Anderson 1983, Leibowitz 1985).

Peptides

Peptides, administered centrally, which show inhibition of food intake include 

cholecystokinin (CCK), bombesin, neurotensin, CRF, vasopressin, anorectin, insulin, 

calcitonin, somatostatin, thyrotropin-releasing hormone, substance P and satietin 

(Morley et al. 1985, Leibowitz 1985, Smith and Gibbs 1987). The hypothalamic region 

is the most sensitive to these peptides in inducing a satiety effect, but the pons-medulla 

and amygdala also show satiety associated with these peptides (Leibowitz and Shor- 

Posner 1986, Leibowitz 1985). VMH or III ventricular infusion of these peptides 

produces hypophagia (Leibowitz and Shor-Posner 1986, Leibowitz 1985).

Food deprivation reduces hypothalamic CCK levels, which are restored following 

feeding (Baile and Della-Fera 1984). Neurotensin, calcitonin, CCK and CRF are
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adt vd&NA uithel^^Nregbn ofthe]T^x^hahunus(Fans era/. 1983, 

IDcMd&naa 1984^, A/an Hoitskaa afzzZ. 1982^]Freexi(uidck;]3(%Hire;xiuie 19:34, IVIoiie]/ 

et al. 1985), whilst the opioids interact with the catecholaminergic system of the PFN 

(Leibowitz 1986). Peripheral injections of CCK abolish feeding induced by PVN 

injections of NA (Myers and McCaleb 1981). See section 1.1.2.2. on the role of CRf in 

nutrient balance.

Tfhe rmiduhidcm offetxlingliy thexse pe^rhdes is n()tAihh/ urwiersto()d birh ccr^existencx: 

\vidi irK)noamicu3S in Iiyfzothzdaumk; rwmroiies (TJeibov/ib: 1985, IVtorlegz eZ zzA 1985),

suggests a possible interaction with the previous catecholaminergic systems mentioned.

5-HT (5-hydroxytryptamine/serotonin)

PIyi)ottudaoiic 5-HT exeats aiiiiihibitoayreddexztcm fbcxi uitake;(Bluridell 1984k, Blurwiell 

1986, Li and Anderson 1983, Stepheson 1990, Blundell and Latham 1978, Cooper 

1989, Garattini ei a/. 1988, Nathan and RoUand 1987, Silverstone and Goodall 1986b).

Feeding produces an increase in extracellular 5-HT in the LH, as measured by 

microdialysis (Schwartz ei uA 1989). Generally, the serotoninergic inhibition of feeding 

is modulated in the PVN (medial region) of the hypothalamus (and may be opposing 

the NA effect on the PVN) to produce satiety primarily for carbohydrate, with the 

sparing of protein intake (Blundell 1984).

The hypothalamic region, in mammals, contains the highest concentration of 5-HT and 

5-HT receptors (Pazos and Palacious 1985, Sawchenko ei aA 1983). Administration of 

5-HT into the hypothalamus, particularly into the PVN, reduces food intake (Blundell 

1984). Leibowitz and Shor-Posner (1986) demonstrated that the inhibition of food

intake by 5-HT administration to the PVN is dose-dependent. 5-HT injection into the 

PVN reduces size, duration and eating rate of meals, without affecting meal frequency 

(Rowland and Carlton 1986a). Fenfluramine (see section 1.4.) produces the same 

effects, which is known to act by increasing central 5-HT synaptic activity.

The PVN noradrenergic and serotoninergic system act antagonistically in feeding

behaviour, as shown by NA PVN elicited eating being abolished by 5-HT (or
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1983,V/dssg^

a/. 1986i). [tie immexiiate pre(:ursc»r of 5-HT, 5-lr/dr()X}1i}Tptop,]baii (S-IfTTP), injeckxi 

jfifo thie also inlutHls ISLAi incbicexi eadiig (IRxywdaad arui (^ailtoii l()86ilb). TThe 

rn()chaaiisni for S-HTTP irliDbidcm ()f feecUr^g is \da 5-HT7 arwi iK)t b)r direct rexceptcr 

stuiiulatkm, zis injeclioiis o:f PLC) zp.46(X2 Euid }di{-468, \viikli irUiibit the 

5-lr/dro:(ytrypt(qrhjui ckxzarbcocylase (snz^orie, abcrlish 5-HT]P fexxiuig^ said iiot 

5-HT-induced feeding suppression (Rowland and Carlton 1986a/b). Peripheral 5-HT 

administration, at a dose that does not affect locomotor activity, sensorimotor faculties 

or conditioned taste aversion, produces a dose dependent reduction in food intake 

(FkKlier arid Burton 1984, Idelklier and I3urton 1985, P<)lk)ck zind :Rk)v/land 1981). 

Tfhis periplieral effect arrb b^^(ielayir^;]gastrk:eriy)tying;, ancliiotlby centmlsthnulation^ 

as peripherally administrated 5-HT does not cross the blood brain barrier (Oldendorf 

1971).

Central 5-HT synthesis, see figure 1.1, is dependent upon the levels of its precursor,

tr)Tptoplrao, cerdrally (see sixrhcm 1.2.1.4). liy^ptoplian is ccmvertexl h) 

5-h]^dro)[ytry;rk)pliaa (S-HTTP) tr/ die enar/me trypilkqilum 5-tr/dk(r()laax;|lL-tryplr,]phrui, 

tetrahydropteridine-oxygen oxidoreductase (5-hydroxylating), EC 1.14.16.4], which is 

crmvxadexl in to 5-h)xiro)r/hryptarrufK; (5-HT) liy llie (aizyme 54byrirox]rdl(ptopihaii 

decarboxylase [aromatic L-amino acid carboxylase, EC 4.1.1.28]. Oxidative 

metabolism of 5-HT to 5-hydroxyindoleacetic acid (5-HIAA) represents the m^or 

pathway, in mammals, for inactivation of 5-HT. The overall conversion of 5-HT to 

5-HIAA consists of a two step process (see figure 1.2). The Grst step is the oxidative 

deamination of 5-HT to 5-hydroxindoleacetaldehyde catalysed by monoamine oxidase 

[amineioxygen oxidoreductase (deaminating), EC 1.4.3.4]. The second step involves 

dehydrogenation of the intermediate aldehyde by aldehyde dehydrogenase [aldehyde 

NAD^ oxidoreductase, EC 1.2.1.3] to yield 5-hydroxyindoleacetic acid, with lesser 

conversion of 5-hydroxyindoleacetaldehyde by alcohol dehydrogenase [alcohol NAD^ 

oxidoreductase, EC 1.1.1.1] to 5-hydroxytryptophol.
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Figure 1.1. Synthesis of 5-HT.
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The 5-HIAA, diffuses from the braiu (after synaptic release) into the cerebrospinal fluid 

(CSF), and is then eliminated by an anion transport mechanism of the choroid plexus 

(Fuller 1980a, Miyamoto et al. 1990). The transport can be blocked with probenecid, 

with the subsequent 5-HIAA accumulation in the CSF giving an indication of central 

5-HT turnover (Fuller 1980a).

5-HT modulates the intake of carbohydrate, with increasing 5-HT activity resulting in a 

reduction in the proportion of carbohydrate in the diet (Shor-Posner et al. 1987). 5-HT 

injection into the PVN region of the hypothalamus reduces carbohydrate intake, with 

the sparing of protein intake (Leibowitz and Shor-Posner 1986a).

5-HT antagonism, with peripherally administered cyproheptadine, has the opposite 

effect, in that carbohydrate (and fat) intake is stimulated, whilst protein is not affected 

(Shor-Posner et al. 1986). Human studies show that the increase in 5-HT activity 

inhibits the consumption of carbohydrate (reduced craving for carbohydrate rich 

snacks), (Silverstone and Goodhall 1986, Blundell and Rogers 1980, Wurtman and 

Wurtman 1986).
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Figure 1.2. Inactivation of 5-HT.

6-HYDROXYTRYPTOPHOL 5-HYDROXYINDOLEACETIC ACID
(6-HIAA)

Multiple 5-HT receptor subtypes have been isolated, and are divided into seven main 

groups (at the time of writing), the 5-HT„ S-HT^, 5-HT3, 5-HT4, S-HTj, S-HTg, and 

5-HT7 subtypes. The 5-HTi groups are further subdivided into S-HTj^, 5-HT;g 

(previous S-HTjup), S-HTi^ (specifically 5-HTid„), 5-HT,g and 5-HTjp (previous 

S-HTiEp/S-HTg) receptor types (Peroutka et al. 1981, Peroutka and Synder 1983, 

Glennon 1987, Frazer et al. 1990, TIPS supplement 1996, Hartig et al. 1996, Hoyer et 

al. 1994, Peroutka 1995). 5-HTia receptors are located pre-synaptically (autoreceptors), 

with the 5-HTib receptors located post-synaptically (Pedigo 1981, Peroutka 1984). 

DNA sequencing of the receptor types show that the receptor formerly known as the 

5-HTic receptor is more closely related to 5-HT2 receptors than the other 5-HTi types, 

as both are activated by a phosphinositide second messenger system (Hartig 1989, 

Hoyer 1988). The 5-HT]c receptor has now been re-classified as 5-HT2C (TIPS 

Supplement 1996). The secondary messenger system of the other 5-HT, receptors 

involves inhibition of adenylyl cyclase (Schoeffter et al. 1988), although the actions of 

the 5-HT,e receptors are thought to G protein coupled. 5-HT2 groups are further 

subdivided into 5-HT2A (previous D-receptor/5-HT2), 5-HT2B (previous 5-HT2f) and 

5-HT2C (previous 5-HT,c) receptor types (Baxter et al. 1995). The 5-HT3 (previous 

M-receptor) receptor is unique among the seven 5-HT receptor classes in that it
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functions not as a G-protein coupled receptor but as a direct membrane spanning cation

(diarmel-g^tkxi receqrtor (DerkfKji 1989, TfTPS: Srqaplemaat 195)6). TTie 5-]3T^ rece^rbors 

stuiiulate awierr/lyl cy^clase (I)mnuis a/. 1988, (:larka: 19851). TThe S-HTT recejibor is 

divided into 5-HT;^ (previous S-HTjJ and 5-HT^ (previous S-HTjpJ subtypes whose 

rexzeptcMT seccuickury messeng;er haa :yet to l)e claasiliecl. flu: S-HTg and S-lHfT?

(previous 5-HTJ receptors are G protein linked (TIPS Supplement 1996).

The action of 5-HT in the modulation of hypothalamic eating behaviour is thought to 

be niechtuexi \ia S-HTT; rectqators. TTbe 5-lIT rnediiadnn ()f feeduig acts \ia 5-IdT]B 

receptors, and the 5-HT,^ receptors may be the mediator of hyperphagia (Dourish et al. 

1986, Bendotti and Samanin 1987). Evidence for these statements is demonstrated by 

the 5-HTdiidiicecl snipirressioii of feerluig in thielP)/!^ ruat beinjg affectexi b^rlfie S-HT^ 

receptor antagonist ritanserin (Massi and Marini 1987), whilst the antagonism to 

5-HT,A and 5-HT,b receptors using metergoline, antagonises this effect. The anorexia 

induced by quipazine, a 5-HT,g receptor agonist can be antagonised by metergoline 

(Samanin rhl 1977, iSarrraniri e/ <3/. ISf/S, IBlimdell 1984, IDcrurish er ,3/. 1986, 

Ilenclotd arxi Sarntmin Hewson 1988), i^diich further sug;]gestsa:5-HT,B rece^rkxr 

mediation of 5-HT anorexia.

Further support for 5-HT mediation of food intake modulation by the PVN region of

the Iqrpothiakuruis, ui mk, is demionstrated tr/ the presaice of a deru;e jpofrulation of 

5-HT,B receptors in this region. In contrast to the S-HT^g and the 5-HT,D receptors, the 

5-HT,a, 5-HT2C (previous 5-HT,c) and 5-HT,b subtypes exist in all mammalian species 

examined. The human 5-HT;Bp and the rat 5-HT,B are classihed together as 5-HT,B; the 

5-HT]D appellation refers specifically to the 5-HT,D^ receptor. The rat 5-HT,B receptor 

exhibits a unique pharmacology (Oksenberg er aZ. 1992, Hartig er aZ. 1996). The 

5-HT,b receptor is not found in the human, but is similar to the human 5-HT,d receptor.

5-HT,b receptor agonists, RU-24969, quipazine and w-chloro-phenylpiperazine

(m-CPP), induce anorexia whilst the 5-HT,,,, agonist, 8-hydroxy-2(di-M-propylamino) 

tetralin (8-OH DP AT) causes hyperphagia by the inhibition of 5-HT release from the 

pre-synapse (Arvidsson eZ aZ. 1981, Bendotti and Samanin 1986, Chaouloff and
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Jeanrenaud 1988, Dourish aZ. 1986, Hjorth er aZ. 1982, Bendotti and Samanin 1987, 

Tricklebank eZ aZ. 1985). Section 1.1.1.1. dealt with the effect of insulin on the 5-HT 

activity. Following the consumption of a large carbohydrate meal at the beginning of 

the night cycle, in animals, an increase in the plasma insulin causes an increase in the 

amount of tryptophan available for uptake into the brain, and causes brain tryptophan 

and 5-HT levels to rise (Femstrom 1985). Protein ingestion, in animals, decreases brain 

tryptophan uptake and therefore reduces CNS 5-HT activity (Femstrom 1985). Humans 

exhibit similar effects (Femstrom 1985, Femstrom eZ aZ. 1979, Moller 1985). The 

convergence of evidence indicates that the Oz-noradrenergic and serotoninergic 

antagonism in the PVN mediates feeding behaviours between these two systems.

5-HT levels peak in the hypothalamus, during the early hours of the dark cycle (Agren 

et al. 1986, Faradji et al. 1983, Hery et al. 1972, King et al. 1985), i.e. inhibitory effect

on carbohydrate intake at the beginning of the dark cycle, and PVN NA peaks similarly 

at the start of the dark cycle (Agren ez aZ. 1986, Leibowitz et. al. 1988) to stimulate 

food intake during this time period, circadian variations of tyrosine hydroxylase, 

aminotransferase and tryptophan hydroxylase are also seen (Cahill and Ehret 1981).

It would appear that the hypothalamic NA and 5-HT component (with other factors) 

become speciGcally activated at the beginnmg of the nocturnal cycle (where the

majority of feeding behaviour, in rats, occurs), to act antagonistically with each other in 

the control of the ratio of carbohydrate to protein ingestion. The modulation of this 

ratio, by the animal, maintains nutrient balance by affecting individual intake 

components.

The list of inhibitors of feeding behaviour indicated is not exhaustive. Other agents that 

are known to inhibit food intake include satietin, peptide (pyroGlu-His-Gly-OH), (-)- 

hydroxycitrate, threochlorocitrate, atropine, oestrogens, ceruletide, bombesin, 

enterogastrone, somatostatin, thyrotropm-releasing hormone, calcitonin, 

prostaglandins, arachadonate, linolenate, cocaine, naloxone, alcohol, aspartame and 

tetrahydrocannabinol (Blundell 1991).
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5-HT is also closely involved in a wide variety of physiological processes such as 

nociception, cardiovascular function and thermoregulation, and behavioural/ 

environmental processes such as aggression, the modulation of the sleep-wake arousal 

cycle and stress behaviour, together with the previously reviewed modulation of 

feeding/nutrient selection.

The whole process of ingestive behaviour regulation must be inter-linked by hormonal 

and neural connections to integrate the ingestive feedbacks, satiety, specific hunger 

responses, bodily demands for the specific nutrients and energy and the mobilisation of 

nutrients from body stores.
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1.4. Fenfluramine.

tool fbr the iKKkr^andmg oftherokof(MKunpohantrno±^iak^ of

feeding behaviour, 5-HT, has been the development of the drug fenfluramine, and more 

specifically the D(+)-isomer. Manipulations of feeding behaviour, and antagonism to 

the actions of the drug, enable the 5-HT component of feeding behaviour to be isolated 

and also discover interactions with other feeding behaviour signals.

Fenfluramine (Methyl-a-methyl-m-trifluoromethyl-phenylethylamine), is a potent 

tipliethkisiippiressaiitclrug^ siniilar in structure to amiihtdtmiuie (se^iigtires 1.3 and 

but possesses a sedative and tranquillising activity with low abuse potential, rather than 

the ]ps):chonrcdc)r sthiiulatoii/ efleot zuicl higli atmse jpotentuU assciciated lArhli 

amphetamine. Fenfluramine was first presented by Laszlo Beregi et al. (1963), from 

the Science-Union et cie Soci6te Franqaise de Recherche M6dicale, Patent application 

No.FRl, 3244.220 (1960), Beregi and Hugon.

The structure of Fenfluramine reveals a chiral centre at the a-carbon atom, producing 

two optical isomers, the D-(+) S-configuration and the L(-)- R configuration isomers of 

fenfluramine.

Clinically, fenfluramine is prescribed as its hydrochloride salt (CAS 404-82-0, 768S0, 

molecular weight 267.7). Preparations of fenfluramine are marketed worldwide under 

the brand names Ponderax® (20mg and 40mg tablets). Precaps® (sustained release 

capsules), Ponderal®, Pondimin®, Ponderex®, Grazilan®, Minifage®, Miniphage®, 

Ponflural® and Ganal®. The slow release capsules are more effective than single bolus 

dosage tablet forms (British National Formulary (4) 1982 4.5.1 and 4.5.2; ABPI, Data 

Sheet Compendium 1985-1986). As will be discussed later, the D-(+) isomer of 

fenfluramine (D-Fen) exhibits a greater anorectic activity, (Rowland and Carlton 1988), 

this drug is also available clinically (Dexfenfluramine, Adifax®, DF®, Isomeride®).

C:\rxm\lhcsis\word\chpl97.doc 37



Typical dose regimes of approximately 0.3-0.4mg kg'* day * are used, depending on the 

severity of the obesity, with a recommended daily dose of 30mg day'* (Finer et al.

1985).

Figure 1.3. Structure of Amphetamine

Figure 1.4. Structure of Fenfluramine

1.4.1. Fenfluramine Pharmacokinetics.

Oral doses (Img kg'*) of D-Fen are well absorbed, in all animals, with peak plasma 

levels of 30-60ng ml * seen after 1 hour for rodents, and 2 to 4 hours in dogs, monkeys 

and humans (Campbell 1991). Almost all the dose is excreted into the urine within 3 to 

5 days, with less than 5% lost in faeces (Campbell 1991).

Fenfluramine is highly hpid soluble with an octanol buffer partition coefiScient of 8.8, 

and a chloroform/water (pH 7.4) coefficient of 32, and has plasma albumin binding of 

between 30 to 40% (Campbell et al. 1991). Because of this high lipid solubility and 

low albumin binding, fenfluramine is highly sequestrated into adipose tissue, muscle 

and brain tissue (Beckett and Salmon 1972, Campbell 1973, Caccia et al. 1982, Bizzi et
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aZ. 1978), with si i/olimie ofclistribirdcMi of 2() h) 4() htres Iqg^. afx^urniiLitss ui 

5-HT (X)ntairur^gl)rain regpkms OiyiiotbaJaiints, striaturn and ooiteac, with l()v/er krvels ui 

the tMnihistsn^ lui]ppo<:ampiis :iad cen^belhim) at ler/els 30 to 4() tiroes plaumia 

ccmeaitndicoi. v\(lif)ose tissue setpiestratkm fields sioaihircxrncxaotratkrus (Iruiiole/g), in 

b()th lean land ()bese golcbtluo]glucose h-eated roice (IBizzi er aZ. ISTZg). ITiis 

sequestradon is afyprccthnatsb/ 2()^6 birun secpiestradcm le\i:ls, Irut ag^aui sdll Irijgher 

than blood levels. The adipose tissue in the obese mice sequester higher amounts of 

fenfluramine (by the presence of increased amounts of adipose tissue present), than 

compared to lean animals, and so act as a slow releasing pool of Fen, and therefore 

prolonging the duration of Fen's action. D-Fen doses, orally, of 2.5 and lOmg kg ' (8 

fold increase) results in an increase of brain deposition of 10 and 335|ig hour ' 

respectively (a 33 fold increase), (Garattini er aZ. 1988). Brain D-Nor-Fen levels for the 

same animals were 34 and 262pg hour' deposited respectively (a rise in proportion to 

the dosage of D-Fen).

Fenfluramine is metabolised principally by the liver by de-ethylation to form the 

Nor-Fenfluramine molecule (see figure 1.5). The anorectic potency of Nor-Fen is 

similar to that of fenfluramine, but has a plasma half-life many fold that of 

fenfluramine (Beckett and Salmon 1972, Campbell et al. 1979). Metabolism of 

Nor-Fen to 3-trifluromethyl-phenyl acetone and then to 3-trifluorobenzoic acid (both of 

which possess no anorectic activity), finalises in conjugation with glycine to produce 

3-trifluorobippuric acid (Beckett and Salmon 1972), the major excretory product of 

Fen, which is excreted in the urine (Bruce and Maynard 1968). In rats, because the 

half-lives of both isomers of Nor-Fen (D-Nor-Fen and L-Nor-Fen) exceed those of their 

precursor drugs, D-Fen and L-Fen respectively, the plasma levels, particularly during 

chronic treatment, exceed that of the drug. The plasma half-life (TJ of Fen varies from 

1 to 2 hours in the guinea pig and rat, 4 hours in the mouse (greater in obese mice) and 

12 to 20 hours in humans (Fuller et al. 1978, Caccia et al. 1982), with the half-life for 

Nor-Fen between 12-24 hours. In humans however, the concentration of Fen always 

exceeds that of the Nor-Fen molecule, despite the slightly higher plasma half-life of the 

latter (T,^ Nor-Fen = 24 hours), (Caccia et. al. 1982, Campbell et al. 1979, Garattini et 

al. 1979, Bizzi et al. 1978, Caccia et al. 1985, Caccia et al. 1981). In rats, therefore, the
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major anorectic compound following fenfluramine treatment is the parent drug for only 

2-6 hours after its administration, after which Nor-Fen predominates. In monkeys and 

dogs the metabolism of Fen is intermediate between that of human and the rat 

(Garattini et al. 1979, Garattini et al. 1986). Mice come closest to displaying a 

Fen/Nor-Fen profile similar to human, in that Fen levels exceed those of Nor-Fen at all 

times, even though the Fen plasma T.^ is only 4 hours (Bizzi et al. 1978, Caccia et al. 

1982, Pawan 1970).

L-Fen is deaUcylated into L-Nor-Fen faster than compared to the dealkylation of D-Fen 

into Nor-Fen. So, at various times of acute, and chronic, treatment with the raceamate, 

the levels of D-Fen may exceed those of L-Fen but L-Nor-Fen may exceed those of 

D-Nor-Fen (Rowland and Carlton 1986b, Morgan et al. 1972). This may have 

importance in the interpretation of results obtained from short-term administration of 

the raceamate of Fen compared to administration of individual isomeric preparations 

alone.

Figure 1.5. Metabolism of Fenfluramine.

Side effects of fenfluramine treatment increase at plasma levels of 120ng ml ' and 

greater, and include symptoms such as nausea, diarrhoea, headache, dizziness, sedation, 

dry mouth, flatulence, abdominal discomfort, constipation, fatigue, reduced or
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lightening of sleep, increased depression, nightmares, palpitations, shivering, fluid 

retention, increased urinary 6equency, impotence, loss of lihido, skin rash, alopecia and 

haemolytis anaemia. Overdosage of Fen results in vomiting, mydriasis and nystagmus, 

tremours, rigidity, hyperpyrexia, sweating, hyper-reflexia, facial flushing, hypertension, 

cardiac arrythmias, convulsions, unconsciousness and death from cardiac arrest 

(Fleisher and Campbell 1969, Gold er aZ. 1969). Many of the symptoms are typical of 

the effects of d-amphetamine over-dosage. Fen overdosage is treated by stomach 

pumping (to remove any remaining unabsorbed GI tract Fen), anticonvulsant treatment, 

chloropromazine or p-adrenoceptor blocking drugs, artificial respiration, artificially 

induced increase in urinary excretion by forced acid diuresis and continual cardiac 

monitoring.

1.4.2. Fenfluramine and body weight changes.

Plasma levels greater than IpM produce weight losses of approximately 0.5-1 kg 

week ' in obese humans (Innes eZ aZ. 1977, Rowland 1986). The associated weight loss

is not sustained, and usually patients maintain a stable lowered body weight 

^proximately 10 kg below that of the initial weight (Douglas eZ aZ. 1983, Innes eZ aZ. 

1977, Stunkard 1981, Finer et al. 1985, 1988, Jori et al. 1978). Discontinuation of drug 

therapy, without a rigid diet control results in reversal of this weight loss (Douglas et 

al. 1983, Stunkard 1981). The recovery of weight loss in humans and animals may be a 

reflection of a metabolic adaptation to a lowered body mass (lowered body set point) 

rather than a tolerance to the anorectic activity of Fenfluramine.

Rats, treated with Fen and D-Fen, display similar proportionate weight losses as in 

humans, with the initial weight loss followed by a weight gain (if in growth phase) or 

the maintenance of a body weight below that of its saline control animals (Duhault eZ 

al. 1979, Brindley 1985, Fantino et al. 1986, 1988). The EDg^, in rats is 1.3mg kg ' 

(Garattini et al. 1987). Fenfluramine produces greater weight loss effects in obese rats. 

Medial hypothalamic obesity is reduced by Fen treatment, compared to saline control 

mice and rats (Abdallah 1968, Bernier eZ aZ. 1969, Duahault eZ aZ. 1979). Cafeteria fed 

rats treated with Fen fail to become obese, or reverses the induced obesity (Kirby et al.
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1978, Yudkin and Miller 1971). Fenfluramine attenuates weight gain in ovariectomised 

rats, whilst saline treated ovariectomised rats become obese (Souquet and Rowland 

1990). The sequestration of Fen by adipose tissue may increase the bioavailability, in 

the obese models discussed here, by its slower sustained release maintaining a plasma 

level of Fen longer than their lean counterparts.

1.4.3. Fenfluramine and food intake.

Chronic treatment with Fen causes the initial fall in food intake, but returns to control 

values after 3-7 days (Even and Nicolaidis 1986, Brindley er a/. 1985). D-Fen, as 5-HT, 

reduces the proportion of carbohydrate in the diet (Leibowitz and Shor-Posner 1986, 

Burton et al. 1981). Meal size is reduced in pre-fasted rats given Fen (Blundell 1986), 

and in non-food deprived rats (Moses and Wurtman 1984). Following a single injection 

of Fen, there is no catch up of food intake in the latter half of a 24 hour feeding 

schedule, when the plasma and brain levels of Fen will be expected to be considerably 

low (Rowland and Carlton 1986b). D-Fenfluramine (D-Fen) and D-Nor-Fenfluramine 

(D-Nor-Fen) cause a similar effect to 5-HT, in reducing carbohydrate intake with a 

sparing of protein intake (Blundell and McArthur 1979, McArthur and Blundell 1983, 

Hirsch et al. 1982, Wurtman and Wurtman 1977, Wurtman and Wurtman 1979). D-Fen 

selectively decreases carbohydrate intake in the early dark period (EDjg 0.1 mg kg'), 

wdtli a cLacrea^iad p()tsnc^^ fu rexfucit^; fbo(l rntak:e hi rats star\^)d fc^ :24 lioim; (EID^o 

1.3mg kg '), (Campbell 1991). Burton et al. 1981 demonstrated that nocturnal feeding 

is rnlulihkxi following; p.m. ihriiecthm^ ami the iiext ckiy (Iqght piznnd) fb()d intalce dcies 

not exceed the normal low food intake, associated with the animals during the light 

period, of saline treated rats. The nocturnal feeding is not affected by either a.m. or p.m. 

injections. Rowland and Carlton (1986) show that a reduction in body weight and food 

intake occurs when given daily i.p. injections of Fen at a.m. or p.m. times. Trials with 

rats, and humans, demonstrate that the reduction of energy intake is the suppression of 

carbohydrate intake with a sparing of the protein component, via a serotoninergic 

system. This specific reduction of carbohydrate intake occurs only at low doses of 

D-Fen, whilst higher doses of D-Fen non-selectively reduced food intake (Hirsch et al. 

1982).
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1.4.4. Peripheral effects of Fenfluramine.

Fen m«lI}4^mLnWbitgagkken^^yn^(Davn^ gfaZ. 1983, rUywhmd and Carbon

1984, Booth et al. 1986, Rowland and Carlton 1986). Stomach, intestinal, duodenum or 

caecum levels of 5-HT are however not depleted with Fen treatment (Duhault and 

\hadavahm^ 1967, (:o^a at a/. 1971, flowhuMl andC^uRon 1986y in vdhch 

gastric accumulation is prevented by a fistula should not display anorexia following 

Fen heahnentifthe of the dn^; is n^dided by a ga^nc udhbhory dfeef

However, Rowland and Carlton (1986) demonstrated that gastric fistulated rats display 

the typical response to Fen, and this indicates that the anorectic effect of Fen is not 

mediated via a gastric mechanism.

Ihm (and EFF^m) ^ found h) lovw^ plaana ghuxx^ (KiKebone 1971, IBhss 1972,

Andersen et al. 1993/ Diabetic humans, mice and rats show impaired glucose tolerance 

and insulin secretion (Dykes 1973), which is improved following fenfluramine 

treaitm(ant. Tlie glucxise efhxitis notares;ult()f11ie hicr(XLse hi histdinrelexise (Finder ef 

al. 1975, Cerrato et al. 1978). Muscle is the major peripheral tissue involved in glucose 

homeostasis. Insulin dependent glucose uptake by peripheral tissues is stimulated by 

Fen (Kilby and Turner 1975, Finder el nA 1975), although Sasson el nZ. (1989, 1990) 

report no change in basal or insulin-stimulated glucose uptake in skeletal muscle of rats 

by Fen. The mechanism of action is not understood, but studies have shown that Fen 

may bind directly to insulin receptors (Harrison et al. 1975), or affect insulin sensitivity 

(Verdy et al. 1983). Some effects of Fen on glucose homeostasis are mediated through 

hepatic interactions. Fen inhibits gluconeogenesis and fatty acid synthesis, and several 

microsomal enzymes. Fen stimulated glucose uptake is 5-HT mediated as it is inhibited 

by methysergide and is stimulated by the addition of 5-HT or 5-HTP, in in vitro tissues 

(Turner and Kirby 1978).

Obese and non-obese humans, treated with Fen, display increased plasma levels of free

fatty acids, glycerol, ketone bodies, and decreased levels of triglycerides and total 

plasma lipids (Pawan 1970). Fen, in animals, reduces the activity of the intestinal 

triglyceride synthesising enzyme, monoacylglycerol acyltransferase, which catalyses
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the formation of triglycerides from monoglycerides in the intestinal lumen 

(Dannenberg et al. 1973), and also decreases fat absorption from the diet (Bizzi et al. 
1973, Garattini etal. 1975).

The peripheral actions of Fen, in afrecting glucose and lipid metabolism, play a role in 

producing the anorexia of D-Fen, but the primary anorexic action of Fen is, as will be 

siuMvn h^er, nuxhafrxicx^dnUh/. frKhnx:t evukaKe fbrth^ischaivadlronis^^faiuc 

u^^cfron sfruhe^ C^«tnd^acfrng, aa opposaito periphenUh^aK^h^^ 5dHT roMqfror 

t)h)clcers anhigcmise tbie dexrrease in fond intalce ITen. I^letergcrhiie, a ceaitral 5-HT 

:uitag;(mist, Imt riot icylanurle, a 5-IiT iintag;(]nist i^dth luirhexi l)loo(l lirain barrier 

diffusion ability, counteracts the reduction of oral sucrose solutions by Fen (Borsini et 

al. 1985). Peripheral 5-HT2 receptor antagonism with xylamide does not block D-Fen 

(effects on gut rnofrlity (S(unarun(er<3/. 1SI!)1) CMrfriocliirbdce (Boisiru of 1982, f^eill 

and Cooper 1989), suggesting that any anorexic effect of D-Fen dependent on gut 

rruotility are iiiediatexl centrally. THbe peripjreral (effects (if E)-Fen f)-Noi--iFerih 

compared to centrally mediated effects, can be largely discounted as the usual 

braimserum ratio of D-Fen (and D-Nor-Fen) are >30-70:1.

1.4.5. Fenfluramine and the hypothalamic-pituitary-adrenal fHPAl axis.

Evidence suggests that Fen produces stimulation of the HP A. Dose-dependent 

increases in plasma corticosterone occur following Fen treatment (Fuller et al. 1981, 

McElroy et al. 1984, Barbieri 1984). Fenfluramine stimulates CRF and ACTH 

secretion from the hypothalamic slices and is antagonised by methylsergide (Holmes et 

al. 1982). An acute dose of D-Fen causes secretion of CRF, ACTH and corticosterone, 

in rats (De Souza et al. 1989, Serri and Rasio 1987). The stimulation of corticosterone 

secretion by D-Fen is dependent on an intact central 5-HT system as electrocoagulation 

of the raphe and 5,7-DHT block the response (Schetti et al. 1979). Chronic D-Fen 

treatment, to rats, however has been shown to decrease the release of corticosteroids 

(and fatty acids) in response to stress (Brindley 1988). Stimulation of corticosteroid 

release, in conscious rats, is abolished by selective 5-HT2A receptor antagonism 

(Barbieri et al. 1984), which does not affect corticosteroid secretion alone.
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exact rok of fhnfhmanuneim dKfandionofdie(fa\A)2odsis]a^knovni, and 

speciGcally the CRF effects may have important imphcations in the understanding of

the modulation of feeding.

Rowland and Carlton (1986b) dismiss any importance of ‘‘the anti-obesity effects of

Wng rg/aW m ^Ag Wrg/zu/ rAg 7Mgru6o/m

g^^2c6y c^"gYL:gogorh'cY)niy ur-g r/ig rgv<^^yg oyrAg TThis rcur/^ be

true, in terms ()f die gliKCocordcoui effects, as gliuioeordcouls arui ferdfiumnuie liave 

opposing effects on such factors as insulin and glucose secretion, but the significance 

of CRF itself (which is not fully understood) may be important. See section 1.1.2.2. for 

5-HT and CRF review.

Arase et al. (1989c) demonstrated that Fenfluramine (racemate) anorexia is potentiated

by adrenalectomy. Adrenalectomy, in Fen treated animals, causes a cessation of the 

recovery to Fen anorexia, (for the study period) and prolonged hypophagia (observed in 

sham Fen-treated animals) and an increase in the sympathetic nervous system activity 

compared to either adrenalectomised or fenfluramine treated animals alone, as 

indicated by the binding of [^H]GDP to BAT. The interaction of adrenalectomy 

(removal of endogenous corticosterone) and Fen, in the potentiation of body weight 

loss by hypophagia and increased activity of the SNS activity, is postulated to be via an 

interaction between central CRF and Fen. Adrenalectomy increases central CRF 

concentration, particularly in the PVN, and CRF is a potent inhibitor of food intake, 

and a sympathetic activator (see section 1.1.2.2.). Fenfluramine stimulates the release 

of CRF centrally (the importance of which is not known), and the interaction between 

Fen and CRF may produce the potentiation of Fen anorexia by an increased stimulation 

of CRF release.

Rowland and Dotson (1993) report ‘'fdata)...do not support the idea of an interactive

ro/g gZwgoco/ficofdiy and Wm fgroroMm m UMorgxm". They observed that the 

increased anorexia and body weight reduction observed in adrenalectomised D-Fen

treated animals, compared to saline controls was accompanied by a loss of appetite for 

NaCl and postulate that the rapid detonation of the animals may have been due to
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excessive loss of sodium ions and extracellular volume (although they did not assess 

this directly).

1.4.6. Metabolic effects of Fenfluramine.

The obsavahon duh body^we^^h b nimnhuned ^ a

treatment, even though food intake is restored to control levels, prompts suggestions 

that D-Fen (and Fen) is causing an additional factor to produce weight loss other than 

the hypophagia. A route for a reduction in body weight is an increase in the metabolic 

rate, the transfer away from storage mechanisms or a reduction in food utilisation of the 

animals. No significant changes in metabolic rate, in humans or animals, have been 

demonstrated using Fen (Yudkin and Miller 1971, Rothwell et al 1981). Other studies, 

however, have demonstrated an increase in the oxygen consumption of Fen treated 

mice (Pawan 1970), and 5% increases in the metabolic rate in obese and non-obese 

hun^KW \vhh Fen QptufrcuhuF/ a cafrxfr^^haW rneal), (l^vhaky and Sfrdkn^ 

1988). Fen stimulates dietary-induced thermogenesis (DIT) in brown adipose tissue 

(BAT), (Lupein and Bray 1985, Underberger er a/. 1985). Further support for increased 

DIT with Fen is shown by Fen stimulating BAT GDP binding and increases the firing 

rate of {n^nipiUbusfic nerve efRauznts uinai/athig the IBVYT (/unase gf a/. 1989). IldFen 

reduces the 3 hour thermic effect of feeding (but not resting metabolic rate) in obese 

patients during very low calorie diets (Recasens et al. 1995).

1.4.7. Central effects of Fenfluramine.

Although Fen is structurally similar to amphetamine (AMP), (see figure 1.3 and 1.4) a 

substituted phenethylamine, their neurochemical actions are very different. 

Amphetamine exerts its anorectic activity primarily by the stimulation of dopaminergic 

and p-adrenergic release and receptor stimulation (Leibowitz 1986, Parada et al. 1988), 

whilst Fen, and its primary metabolite, Nor-Fen, act specifically on the serotoninergic 

system. The racemate of Fen lowers 5-HT and 5-HIAA levels at doses of 3mg kg ' i.p. 

(Duhault et al. 1979, Garattini et al. 1979). At the same dose the levels of dopamine 

niefabolites, dih^nnoxyTplwaiyaucefic acid (I)()Pv\.(]) and bcrmoi/anilhc acui are (deryated.
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whilst at higher doses, (15mg kg ' i.p.), levels of the NA metabohte, 3-methoxy-4- 

hydKoc^dKmyhdhyhme ^^^olsu^dm^(^K)PE(kSC^)areehywded(hr^%nb5d<^<^L
1986). The effect on 5-HT and 5-HIAA lasts several days, whilst the effect on the 

catecholamines lasts only a few hours (Garattini et al. 1975).

As early as 1966, it was noted that the D-(+)- form of fenfluramine (D-Fen) possessed 

almost all of the anorectic activity of the raceamate. Invemizzi et al. (1986)

demonstrated the differing action of the two isomers of fenfluramine, by comparing the 

changes in monoamine levels, metabolism and synthesis in rat brains. D-Fen is more 

potent than L-Fen in decreasing 5-HT and 5-HIAA. Inhibition of 5-HT production, 

using decarboxylase inhibitors (hydroxybenzylhydrazine - NSD 1015, Ro4-4602 and 

MK486), (Invemizzi er a/. 1986, Leibowitz er aZ. 1988), gives an indication of 5-HT 

synthesis, by the measurement of precursor (5-HTP) build up. A low dose of D-Fen 

(2mg kg ' orally) reduces 5-HT synthesis in the hypothalamus and lower brain stem, 

and at a higher doses (5mg kg'), decreases 5-HT synthesis in all brain regions. A much 

higher dose of L-Fen (lOmg kg') is needed to affect 5-HT synthesis. Metergoline, a 

non-selective 5-HT,a and 5-HT,g receptor antagonist, does not modify the effects of 

either D-Fen or L-Fen on 5-HT synthesis. L-Fen (5-20mg kg ') increases MOPEG.SO^, 

homovanilhc acid and DOPAC levels. No change in homovanillic acid and DOPAC 

levels are seen with D-Fen. These results (Invemizzi et al. 1986) demonstrate that that 

the D-Fen isomer of Fen racemate afkcts 5-HT levels, metabolism and synthesis, with 

few effects on catecholaminergic levels and metabolism, whilst the opposite is trae for 

L-Fen. Consistent with these Endings that D-Fen action involves the stimulation of 

5-HT release (Garattini eZ a/. 1986, Mennini eZ aZ. 1985) and the inhibition of re-uptake 

(Garattini eZ aZ. 1986, Mennini ez aZ. 1985), the 5-HIAA levels, following D-Fen 

treatment, initially increase (increased metabohsm of brain 5-HT due to increased 

release) and then fall (due to depletion of central 5-HT).

D-Fen and D,L-Fen but not L-Fen, increases ACh levels in the striatum (Garattini 

1978). The decrease in DA may be causal to the increases in ACh levels, as DA exerts 

an inhibitory action on ACh, in the striatum. GABA shows no change following Fen 

treatment. Hypothalamic m-ENK and p-endorphin are increased following 5 days of 15
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mg kg' day' D-Fen. This elevation is reversed by methergoline (Harsing et al. 1982).

TOhe (uhTdopanunen^o adion(hri^Fen dhTa^ 6om ^l^rtypic^ anddopanhne^pc 

agents, such as haloperidol, in that L-Fen fails to raise the levels of 3-methoxytyramine, 

Idle eidnmeiuDnail rm^ddiolite of ef aZ. 1986). Tiimsstriatal (dialysis luis

sliowri tbih Iv-Foi iiicreastxi I:h\ release, raising suad hiomcryarnllic ticid

((:arrnl)a eZ a/. 1986ayt0. TThis a^^ioti differs to that of,4JV[p, biit is similar to thst of 

halc^ieridolL Ihre-tneatnient, olF aniroals, \vidi ^^ininis^lxityrolactcrne, a Ihloclcer of die 

Gring activity of nigrostriatal DA neurones blocks the release of DA induced by L-Fen 

(and lialopanklol), laut riot ^Is stated iprevitmsly, I^d?en is less etGRxidi/e thaai 

D-Fen in causing anorexia, and its mechanism of action is somewhat different Gom that 

of D-Fen; L-Fen anorexia is not antagonised by the typical anti-serotoninergic agent, 

metergoline, whereas D-Fen anorexia is. The anorexic effect of L-Fen should, in view 

of its effects on dopaminergic, noradrenergic and serotoninergic systems, be considered 

to be different to that of its optical isomer, D-Fen, which is selective to the 

serotoninergic system. The functional significance of the L-Fen interaction with the 

catecholaminergic system remains to be clariGed, and the reduced anorexic effect of 

D,L-Fen compared to D-Fen may be due, in part, to an antagonism of the 5-HT acGons 

of D-Fen by the catecholeaminergic actions of L-Fen.

D-Fen and D-Nor-Fen (and 5-HT) decrease PVN injection of NA induced feeding 

(Leibowitz et al. 1988). The anorexic effect of D-Fen is unaltered by inhibition of 5-HT 

synthesis using/i-chlorophenylalanine (PCPA), (Gibson et al. 1993) or by 5-HT re-

uptake inhibiGon using Guoxetine (Raiten eZ uZ. 1995). The anorexic effect of 

D-Nor-Fen is increased following PC?A administraGon (Gibson ez nZ. 1993).

D-Fen antagonises the feeding induced by PVN (or penfbmical) iigecGon of NPY

(Leibowitz 1991, Brown and Coscina 1995).
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L4.8. Mechanism of central 5-HT depleHnn hv r>-Fpn

Stimulation of 5-HT release.

The stimulation of release of 5-HT by D-Fen and its metabolite, D-Nor-Fen, enhances 

serotoninergic transmission by increasing the availability of 5-HT at the post-synaptic 

rexzeptcrr OFiUler er n/. 1988). Tfhe rexlucticMa ru 5-HT le\^;h; 6)ll(ywinglFen htxitment is 

taken as evidence that release of 5-HT has occurred without the compensatory 

mechanisms of replenishment of the pre-synaptic storage vesicles (by synthesis and/or 

re-uptake).

h/hrldpdeluijgh-close regpunois (BCfsvenandSleiden 1988, Z2uczelc(;rG[jf 1990) arid sing(le 

(loses ((Zlrueselimidt e/ a/. ISf/SI, Fiiherg^ nA 1978:15, Bjowlancl 1986) cd'AaifbiramirK; 

cause reductions in brain 5-HT and 5-HIAA, with a reduction in the ratio 

5-HT:5-HIAA (Fuller e/ aA 1978, Orosco e/ nA 1984, Rowland 1986). Rowland (1986) 

demonstrated a reduction in 5-HT and 5-HIAA levels to 90% and 45% of the control 

animal values respectively with a low dose of D-Fen (3mg kg ' day' for 6 days via 

miniosmotic pumps), with an increase in the 5-HT:5-HIAA ratio to 200% control 

values. A higher dosage of D-Fen (6mg kg' day' for 6 days via miniosmotic pumps) 

results in a reduction in the 5-HT and 5-HIAA levels to 35% and 40% of the control 

animal values respectively, with an slight decrease in the 5-HT:5-HIAA ratio compared 

to control values. Microdialysis studies (Chiara 1990, Schwartz ef uA 1989a/b, Shimizo 

and Bray 1989) indicate that the D-Fen stimulates the release of 5-HT, measured in the 

extracellular dialysis fluid (in the lateral hypothalamus, hippocampus, frontal cortex 

and nucleus accumbens), and is seen to produce a maximal response at 30-60 minutes 

following injection (Laferrere and Wurtman 1989). Short-term therapy with D-Fen 

shows that 5-HIAA level depletion lag behind that of 5-HT depletion (Duhault gr oA 

1981). Extracellular 5-HIAA levels, measured by differential pulse voltammetry, are 

increased 15-70 minutes following D-Fen (but not L-Fen) administration and then fall 

to lower than pre-treatment levels (De Simoni ef nA 1985).

Using in vitro synaptosomes, the D-Fen isomer is more potent than the L-Fen isomer in 

stimulating the release of central 5-HT (Garattini gf oA 1988). D-Fen has a value
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of5pA^ a SC^ (d^ SC^ 6^

EXNbnfenandl^^k^fenare 1 aM2MMrMpa^h^e^^ TheSC^v^^^aK d^ 

c()ncentratioii cd":! dri^g iw^cessiiry to cauuse the sdmulatLon (]f [^EljS-IiT frcMii loawied 

s}Tia{yk)somes Iby 25'>6 ()f maLxima. TTbie rnexdhzmism ()f 2u:d()n ()f I)-]Sk)rTFai iri the 

stimulation of 5-HT release, found in the in vitro studies, is shown to act differently 

ih-cma I)-F(:n (Ilorsiru a/. 1982, (jarattrni er aZ. 1()88). l^re-treatrueait of the 

s)ma{)h)soim:s with resgaqprne, to depli^^e 5-fIT ccmtained v/ithin irresyiiaptic sfcaiige 

{granules, attenuates the; 5df[T releause lay ID-I^en aaid enjiaruaes S-HTT release try 

I)-Nb]^i?erL (TBcrmmi g!r nZ. 1983, IVleruihii er gzZ. 1981). THhe SC:;; vadues Ixrr S-HTT 

release in reseipine-treated syn^tosomes is >100pM and 0.2p,M for D-Fen and D-Nor- 

]?en reiq)eeti\^:hy. TThis su^ggests that I)-Nor-Fen stunulates 5-HT inelease from a 

resairuie-insensith/e extiaijgranidar po()l hideqperulently to the ID-Iuen stimidatexi 5-HT 

release. Fenfluramine-stimulation of release is calcium-independent (Langer and Morel 

1982), which shows that impulse input to presynaptic 5-HT neurones or presynaptic 

auto-receptors does not mediate this action.

Inhibition of 5-HT uptake.

The action of D-Fen in potentiating 5-HT release is synergistically enhanced by the 

ability of Fen to cause an inhibition of the 5-HT high-affinity re-uptake into the

presynq)tic knob (Angel et aZ. 1988, Fuller er aZ. 1988). Re-uptake is the m^or route of 

5-HT inactivation and so inhibition of this uptake, together with the increased release, 

would maintain the synaptic concentration further following Fen treatment, and so 

prolonging post-synaptic receptor occupancy. Garattini eZ nZ. (1988), showed, using 

5-HT synq)tosomes, that D-Fen and D-Nor-Fen inhibits re-uptake. The IC;o values of 

D-Fen and D-Nor-Fen, in inhibiting 5-HT re-uptake are 0.5pM and 1.4pM respectively 

(the IC50 values of L-Fen and L-Nor-Fen are 8.9pM and 14.0pM respectively). The IC50 

values of D-Fen and D-Nor-Fen, in inhibiting NA re-uptake are lO.OpM and 1.8pM 

respectively (the IC;o values of L-Fen and L-Nor-Fen are 13.0pM and 17.8pM 

respectively). D-Fen and L-Fen (and their metabolites) have only a small effect on the 

uptake of DA into synaptosomes. The mechanism of action for blocking of 5-HT 

uptake is thought to be different to another 5-HT uptake blocker, fluoxetine, as D-Fen- 

stimulated 5-HT release can be blocked by fluoxetine but not vice versa (Clineschmidt
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et al. 1978, Fuller et al. 1978b, Harvey 1978, Steranka and Saunders-Bush 1979).

Fluoxetine inhibits the re-uptake of 5-HT by direct antagonism for the uptake receptor

whilst D-Fen is transported into the neurone by the same carrier for 5-HT.

These results suggest that D-Fen and D-Nor-Fen are specific in their inhibition of 5-HT 

re-uptake, and that L-Fen and L-Nor-Fen have very weak inhibitory actions.

Binding to 5-HT receptors.

With the exception of D-Nor-Fen for the 5-HT2 (specifically 5-HT2c) receptor, the 

direct effect of D-Fen and D-Nor-Fen on the binding of various ligands on 5-HT 

subtype receptors are weak (Offermier and du Preez 1978, Garattini et al. 1988).

The effect of D-Fen on 5-HT,a receptors is about 7 times less than its inhibitory action 

on 5-HT uptake. Antagonism of D-Fen using specific a 5-HT2 receptor antagonist, 

ritanserin (Leysen et al. 1982), and metergoline, a non-specific competitive antagonist

with equipotent affinities for 5-HT, and S-HT; receptors (Peroutka et aZ. 1981, De Blasi 

and Menmni 1983) reveals no effect by the former in antagonising the anorexia 

produced by D-Fen, whilst metergoline antagonises the D-Fen anorexia. This result 

suggests that the 5-HT2 receptor is not involved in the mediation of the D-Fen induced 

anorexia. A method to establish the role of either 5-HT,y^ or the 5-HT]B receptor in the 

effect of D-Fen is to discover which receptor is regulated by the administration of the 

drug. Synaptic regulation following the decrease of a neurotransmitter release 

classically produces a post-synaptic supersensitivity. A decrease or increase in the 

density (B^ of a receptor subtype without changes in the affinity (KJ, usually 

indicates a down- or up-regulation of receptor numbers respectively. D-Fen (5.0mg kg’ 

day ’ for 4 weeks i.p.) reduces the B^ of 5-HT, and 5-HT2 receptors to the same extent 

as a 5-HT direct agonist (selective 5-HT2c), /M-chlorophenyl-piperazine (/MCPP) and 

differently fi-om the 5-HT antagonist metergoline. No changes in 5-HT,^ subtypes are 

found with the hgand [’'HJS-OH DPAT (Garattini eZ uZ. 1988), even though there is a 

net reduction in brain 5-HT, receptor numbers. These results suggest that the 5-HT,B 

receptors are down regulated following repeated D-Fen therapy. The specificity of 

D-Fen is demonstrated by the inability of L-Fen to affect 5-HT receptor subtypes
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(Garattini et al. 1988). 5-HT,y^/5-HT,g and 5-HT,g receptor antagonism using 

WAY100635 and GR127935 does not reduce the anorexic effect of Fen (Hartley

1995).

Section 1.4.7 demonstrated that the central effects of D-Fen and D-Nor-Fen are 

mediated by different mechanisms. The D-Nor-Fen, but not D-Fen, anorectic effect 

appears similar to that of the S-HTjc agonist, wCPP, as indicated by the relative 

potencies of antagonists and the lack of effect in mice lacking the S-HT^c receptor 

(Mennini et al. 1991, Kennett and Curzon 1991, Tecott et al. 1995). PCPA increases 

the anorexic effect of D-Nor-Fen and mCPP (but not D-Fen). Chronic mCPP treatment 

attenuates D-Nor-Fen (but not D-Fen) induced hypophagia, (Kennedy et al. 1993). 

Antagonism of 5-HT2c receptors using 1-napthylpiperazin inhibits the anorexic effect 

of D-Nor-Fen (and mCPP) but not D-Fen (Gibson et al. 1993).

Thus we can see a separate serotoninergic effect of D-Fen, a D-Fen stimulation of 5-HT 

release and a D-Nor-Fen activation of S-HTjc receptors.

5-HT synthesis.

Fen decreases the rate of 5-HT synthesis (Clineschmidt et al. 1978). The activity of the 

enzyme tryptophan hydroxylase is reduced following Fen treatment (Steranka and 

Saunders-Bush 1979), although some groups show no changes (Le Douarec and Neveu 

1970). The bioavailability of the precursor to 5-HT, tryptophan, is unchanged following 

Fen administration (Costa ei nZ. 1971). The change in 5-HT synthesis is not thoug)it to 

be limited by the conversion of tryptophan to 5-HT, by tryptophan hydroxylase, as 

giving a tryptophan load to Fen treated animals causes a restoration of the depleted 

5-HT levels, which indicates that the activity of tryptophan hydroxylase is not altered 

(Rowland and Carlton 1986), and tryptophan hydroxylase is not saturated at 

physiological concentrations of tryptophan (Femstrom 1976, Gibson and Wurtman 

1978).
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D-Fen receptor binding.

A specific reversible D-Fen binding site is found in many brain areas, with particular

concenhadon hiregkuKofs^Tohxuneqpc ^jobbie^c^ 1989). \VbdkisiUKiaw^/to 

characterise this binding and establish a functional correlate to D-Fen action (Campbell 

1991).

Neurotoxicity.

The observations that significant 5-HT depletion occurs jh-om a single high dose of Fen 

caril^e seenirp to 30 clays later (THhun/ey arid MclVlaster lSf75), lancltbasrexiuctioirsfrcrni 

naultiple closag;es piinvidir^; dcqfledcm lasting for rncurths (Cluiesclmiidt er aiL ISryg, 

IZnrb^iultiincl'V^srnaii/ainiie 1961% Slteranlca arwi Saurulers-Biadi 1979, ^\p,]oel er a/. 1991) 

led to the possibility of Fen having a neurotoxic effect upon 5-HT neurones. Molliver 

arui h/h)Lhi/er (199(1) ancl Flarviey (19781) clemcrnstratecltliat Low doses ciflCldFen (5 and 

lOmg kg' day') given to rats, produced a reduction of fine 5-HT neurones in the 

neocortex, striatum, hippocampus and medial hypothalamus, whilst sparing 5-HT 

nenrories in lire Imauistem, IJH, raplie rmclens arid clentate jgyriis (v/hicli ail fxossess 

larg;e s])haical varkxosities). fOb diecrea&e in 5-HT tiiarkcans is seen \vith LriFeii err 

L-Nor-Fen administration (Johnson and Nichols 1990). D-Nor-Fen was found to cause 

a significantly greater decrease in 5-HT markers compared to D-Fen. These anatomical 

results may explain the depletion of 5-HT and 5-HIAA associated with chronic Fen 

treatment. Recent studies, however, have challenged the association of D-Fen and a 

neurotoxic effect.

These results suggest that the mode of the serotoninergic action of D-Fen (and

D-Nor-Fen) is mediated by the following mechanisms:

• Increased 5-HT release

• Decreased 5-HT re-uptake

• Acting via the 5-HT2c receptor

• Direct binding to D-Fen receptor

• Neurotoxicity to serotoninergic neurones (5-HT neurone lysis/release 

possibly mediated via D-Fen metabolite, D-Nor-Fen).

C:\rxm\tJicsis\word\cIipl97.doc 53



1,4.9. Effects of serotoninergic lesioning on Fenfluramine anorpyia.

The effect of serotoninergic nerve lesioning on Fen anorexia is confused. It would seem 

probable to assume that if Fen anorexia is a resultant of stimulation through a

serotoninergpic ^ystein^ thai dei^fiictkin ()f 5-HT iietn-ones dtonld atteniiate zibcdisli 

fhis effect. IBreistli (zA (ISfhS) deanoiwititdexl lliat central S-HTT (ieplelicMn 

/z^chlcrroplieiiyalaaiine (1P(:P,A.) causes h)rper]}hai]gia arid olbesity, 5,Tl:fHT tdso ioducxes 

hO^KTphagia in rak (SaUer aad Shidder 19761 Fern arK»exia is aboUshed vddi 

(deNdrocoagpilahcMi of rrwxihm erninience imclei (Sa^ruuihi ef a/. 1972). CMlier shidies, 

however, have failed to reproduce these results using dorsal and medial radiofrequency 

coagulation or 5,7-DHT brain lesioning (Carey 1976, Hollister ef a/. 1975, Fuxe ef aZ. 

1975 Carlton and Rowland 1984). 5,7-DHT, in conjunction with desimipramine, 

ptx)du(:es large inedintdcms in Imahi 5-HTr coirqpared h) 5,6-DHT arwi prcxlrwzes a .small 

eaihtmcenuant of IFen arkyrexla^ tvithcmt arr/ cltanjge of Fan iqrtake into Imain tissue; 

(Mennini et al. 1980). 5,7-DHT and raphe electrocoagulation lesions produces a 

reduction in plasma corticosterone stimulated by D-Fen (Schetti et al. 1979). 5,7-DHT 

has no effect on CRF release by D-Fen. Other groups show that attenuation of Fen 

aunoreoda tr/ nemrotcncui ((Zhriesclmuelt ISf/S) tuid islectmlytic lesiorrs ([)avies gf aZ. 

1983, Samanin et al. 1972), and its action is not affected by destruction of central 

catecholaminergic containing systems (Davies ef aZ. 1983, Samanin ef aZ. 1972).

The conviction in the results may be a result of a difference between deinnervation 

sujpersenhhnty^ o(x:urring beitwexen tlie stuclies. S<), cUfferences iii the ezdent C)f the 

supersensitivity may result in either a reduced, similar or even an increased response 

when 5-HT is released from the remaining nerve terminals, depending on the extent of 

post-synaptic supersentivity. The extent of supersensitivity within discrete brain areas 

is not Ikncrwn, otcepit tliat hi the sqiinal ccird, following; 5,7-I)HT lesioiis, friere is tui 

increase hi motor syndrome to the application of 5-HT and 5-HT agonists (Carlton and 

Rowland 1984).The depletion of 5-HT following lesions with 5,6-DHT and 5,7-DHT 

are not uniform (Carlton and Rowland 1984).
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Lesions of the dopaminergic system, using nigral injections 6-OH DA in animals pre-

^ ^LVDinWbhwjlmver^ e^kdcm Fmanm-ex^ 
(Heffner and Seiden 1979, Hollister et al. 1975).

Lesions to the LH enhance Fen anorexia (Blundell and Leshem 1974, Blundell and 

Leshem 1975), contrary to the abolition or reduction seen with amphetamine anorexia 

(Fibiger et al. 1973, Ahlskog et al. 1984). Lesions to the VMH (and the anterior

IrypodudanuK and]^^x^d^an%Q doi«^aacctthe]FaiarKncxm(BemhT ^ aA 1969, 

Blundell and Leshem 1975).
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1.5. The Autonomic Nervous system.

The previous sections reviewed the effects of various manipulations on the efferent 

central signals of the autonomic nervous system (ANS). Bray (1989a) classifies the 

control of energy intake to be a feedback system of two compartmental systems, of a 

controller (brain) and the peripheral action organs (BAT, muscle, liver, gastrointestinal 

tract). The previous sections dealt with the feedback regulation of energy intake from 

afferent peripheral signals, and the central controller actions. Afferent signals to the 

central controller include hormones such as insulin, glucagon and glucocorticoids, 

peripheral nutrient and metabolite levels, such as glucose, amino acids, ketone bodies 

and fatty acids in the plasma and neural efferent signals from the gut and liver. The 

regulation of the autonomic nervous system (ANS) determines the mode of action in 

terms of the metabolic fate of ingested nutrients (Bray 1986, Dallman and Bray 1986). 

The sympathetic nervous system (SNS) arm of the ANS, in conditions that are 

associated with obesity, including VMH lesions and the listed genetic obesities {db/db, 

fa/fa, ob/ob), display reduced and blunted activities (Sakaguchi et al. 1988), whilst the 

converse is true for conditions that are associated with body weight loss and 

hypophagia, including LH lesions, a high carbohydrate diet, adrenalectomy and CRT 

administration centrally (lesions to the PVN, parasaggital knife cuts, and lesions of the 

ventromedial NA bundle, which produce obesity by hyperphagia have no effect on the 

SNS activity), (Bray et al. 1989a). The parasympathatic nervous system (PSNS) arm of 

the ANS is increased and reduced the obesities and conditions associated with weight

exists, shown by the relationship between the basal firing rate of sympathetic nerves to 

BAT (Bray et al. 1989a). Basal sympathetic firing rate is highest, in rats, at 1200-1600 

hours, when food intake is lowest, and lowest at 2400 hours, when food intake is 

highest (Sakaguchi et al. 1988).
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1.5.1. The Autonomic and Endocrine Hypothesis.

The reciprocal actions of the LH and the VMH regions of the hypothalamus led Bray 

and York to hypothesise their Autonomic and Endocrine hypothesis (Bray 1986, Bray 

and York 1979, Bray 1989a). Lesions of the VMH, as stated, produce obesity by a 

reduction in the SNS drive to BAT, an increase in the PSNS activity to the pancreas 

and hyperphagia. The converse is true for lesioning to the LH region of the 

hypothalamus, which results in weight loss, stimulation of the SNS, reduction in the 

activity of the PSNS and hypophagia (Arase et al. 1987). Stimulation of the VMH and 

LH area electrically produces opposite effects, resulting in body weight loss and 

increase, respectively. The previous sections dealt with the effects of circulating 

hormones, metabolites and fuels on the modulation of nutrient balance. The 

hypothalamic area seems to be the most important area for the integration of these 

signals to modulate the balance between food intake and energy expenditure. It is from 

the observations of various manipulations to the hypothalamus, the effect of 

neurotransmitters on the hypothalamus and alterations of neurotransmitters associated 

with the feeding response (noticed primarily in the hypothalamus), that the 

hypothalamic region is thought to be the central controller in the regulation of nutrient 

balance (Bray 1984, Bray et al. 1989a). All of the experimental obesities have a 

decreased activity of the DIT by the SNS, which is activated by the VMH and inhibited 

bytheLH.
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1.6. Obesity.

The study of nutrient selection enhances our understanding of the aetiology of 

nutritional disturbances, and enables the development of nutritional protocols for the 

treatment of obesity to be evaluated. Obesity not only presents the obvious mobility 

hKap^ri^\ l^d ako pmsods ride 6mn ctwdmvascular

(hypertension, atherosclerosis) and non insulin-dependent diabetes mellitus as the index 

of obesity increases (Renold 1981).

Human obesities can be categorised into either;

• Neuroendocrine caused by, for example, hypothalamic injury (Powley and 

Opsahl 1974, Bray 1984, Sakaguchi and Bray 1988), Cushing's syndrome, 

ovarian cysts, hypogonadism, GH deficiency, insulinoma and 

hyperinsulinaemia.

• Nutritional intake imbalance (Bray 1989b).

• Drug-induced by such agents as tricyclic antidepressants, glucocorticoids, 

phenothiazines, cyproheptadine and lithium compounds (Bernstein 1987).

• Genetic, in such syndromes as Prader-Willi, Bardet-Biedl, Alstrom, Cohen 

and Carpenter.

« Physical inactivity caused by job-related or enforced situations.

1.6.1. Treatment of obesity.

The treatment of obesity, not associated with endocrine or pathological situations, is to

either reduce the energy intake of an individual and/or increase the energy expenditure 

(see equation on page 1). Methods include counselling (Weight Watchers), very low 

caknie(liets (\TjCITsX O^onhddo at ad 1981, ITov^nd 1981), exenrise widic^doric 

restrktdcm (Slegsd ttnd Pi-Simyrer 1989), siiqgical teclmiqties (jaw wiring, jejimo-ileal 

bypass, gastric staling), (Bray 1989b, Pilkington 1980, Mason 1980, Krai 1989, Krai 

and Gortz 1981) and pharmacological manipulations. The main drug therapies that 

exist are bulk forming agents e.g. methylcellulose, thermogenic drugs and centrally 

aclirqg (qpptdite saippaessaids. TThie stucly ()f centmll)/ acting; diiigs <anal)les irnpMortant
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information to be gathered on central interactions in the modulation of body weight and

ibod Cahmhy a^h^ dn^^, i^^d W bo^/ weighh hKh^k

ID-zuiqphuehimine, ferrOuramine (iTK:ena^deOvl)-^eiifbirarnin(: (see section 1.4), fhicooetine, 

sertaline, phentermine, diethylpropion, mazindol and phenypropanolamine. 

IFenfhiramine lias jprotdtiecl aii irnportant tool Ixir tlw; int/estigatioii (if the role ol: 

s(a-otoiihi (5-HT) hi nithi^aitsif^hectioriiriliothliurasuis and anhnalmoclels. Thie sections

1.1.2, 1.1.3 and 1.1.4. detail the actions of fenfluramine and neurotransmitters, and the 

balance of nutrient selection.

L6,2. Use of animal models in the study of obesity and nutrient intake.

Models of obesity in animal models include;

Dietary.

Obesity, in the laboratory (and in humans), can be produced by providing animals with 

liiglitih (UotstfSalmon ami Piatt 1985, iScliemrrudle^ cdL 197C0, introclucirig smiroseirdo 

drinking water (Kanarek and Hirsch 1977, Kanarek and Orthen-Gambill 1982) or by 

the presentation of a cafeteria/supermarket diet, which consists of highly palatable 

carbohydrate and fat rich sweets and snacks (chocolates, sweets, cakes, cheese, peanuts, 

marshmallows etc.), (Hill er aZ. 1984, Gianotti eZ aZ. 1988, Rothwell eZ aZ. 1982, 

Rothwell and Stock 1986).These manipulations are reversible, and the removal of these 

diets normally causes a restoration of body weight to the normal chow food intake 

control animals (Faust gZ uZ. 1976,1978, Armitage eZ uZ. 1983).

Hypothalamic, (see section 1.2.2. on central regions in the modulation of food intake). 

Lesions of the ventromedial hypothalamus (VMH), using electrolytic damage 

(Leibowitz et al. 1981, Bray and York 1979, King et al. 1989), hypothalamic injection 

of bipiperidyl mustard (Laughton and Powley 1981, Scallett and Olney 1986), 

monosodium glutamate (Scallett and Olney 1986), gold-thioglucose or aspartate 

(Burbach et al 1985) produce obesity in experimental animals which is not dependent 

on the induced hyperphagia (Arase et al 1987, Bray 1987). However the hyperphagia 

exacerbates the development of the obesity. Lesions of the paraventricular nuclei of the
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hypothalamus (PVN) produce obesity in laboratory animals, which is dependent on 

hypen^u^^a(thay ^ aZ. 1989). Le^nns ofthelakralbypodudanuK QJH) a 

inhibition of feeding in laboratory animals and conversely, LH stimulation produces an 

obeMb/ (Kisociahxl \vhh hypapdmgia. Ehxdncd shnndahon of Ihe ]%mduces

anorexia (Bray eZ a/. 1989a).

An advantage of studying hypothalamic-induced obesity or anorexia is that it enables 

the contribution of factors, other than nutrient intake imbalance, to be evaluated. As 

seen in the hypothalamic obesities the role of hyperphagia is variable.

Genetic.

vAnhnak disphn^ sponhnwxn^ obe^h^ inchuk the ;^dknv nunKe ^A^^^/dVa^ 

adqxMie nxnKe ^AdX dudxdic ^U^'dbX hd PVVS inouae, obe^

nioiise (cxk/bZf), fatty (2:uc;l(er) rat arai tde (xirpiihait rat (SHlRVhf-c])). ,411 these 

models are hyperphagic (Bray and York 1979). However, the obesity is not dependent 

on thu: fr^peapiba^gia (IBrayr gr (zZ. l()8cr), v/hacJi siiggpests tbid Idle rrieclmnisrn of tlie 

obesity induction is primarily a result of decreased energy expenditure in relation to 

energy intake. A reduction in the metabolic rate (measured by oxygen consumption) 

has been shown in new bomrats and mice (Bray and York 1979, Blanche er 

al. 1983, Bazin et al. 1984). Obese fa/fa rats and ob/ob mice (Holt et al. 1983, Knehans 

and Romsos 1983, Zaror-Brehrens and Himms-Hagen 1983) show normal brown 

adipose response to cold acclimation. These animals, however, display an inability to 

respond to the increase in metabolic rate associated with feeding, dietary-induced 

thermogenesis (DIT), by brown adipose tissue (BAT), (Holt er aZ. 1983, Rothwell er aZ. 

1983, Vander Tuig eZ aZ 1979, Marchington eZ nZ. 1983). The BAT of these animals 

display a low capacity for thermogenesis, as indicated by low blood flow, increased fat 

deposition and low GDP levels (Holt ef aZ. 1983, Hogan and Himms-Hagen 1980, 

Allars et al. 1987) but with intact normal sympathetic afferent innervation. 

Hyperinsulinaemia is associated in all the obese rodent models (Bray and York 1979) 

and is essential for the insulin resistance of all rodent obesities (Penicaud eZ nZ. 1987, 

Grundleger et al 1980).The La/Ncp rats, and db/db, ob/ob and AY/a mice are all
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hrypanglycxiernic arwi ITorlc 19)79^1, aaid thu:<36yc)6 aiui inkx: stuov/ incaxsasexl

ketone bodies, triaeyl-glycerols and cholesterol (Bray 1974).

Plasma corticosterone levels, in the early morning, in fa/fa rats are elevated compared 

to lean littermates (Fletcher 1986). Adrenalectomy reduces the development of obesity 

in fa/fa, ob/ob, AY/a and db/db rodent models (Yukimura and Bray 1978, Saito and 

Bray 1984, Freedman et al. 1985a/b). The suppression of obesity, by the removal of 

endogenous corticosterone, is thought to result from reduction in food intake to that 

seen in lean littermates (Saito and Bray 1984, Dubuc and Wilden 1986), reduction (but 

not quite normalisation) of plasma insulin levels (Fletcher 1986), and the restoration of 

a fully functional sympathetic nervous system (Van der Tuig et al. 1984, York et al. 

1985). Replacement glucocorticoid therapy to adrenalectomised lean and obese rodent 

models demonstrates an increased responsiveness to corticosterone in the obese 

animals (Freedman et al. 1985). The activity of the sympathetic nervous system (SNS) 

in obese rodents is reduced (Knehans and Romsos 1982, Levin et al. 1983, 

Marchington et al. 1983, Young and Lansberg 1983). The SNS drive Xo fa/fa BAT is 

intact, so the decrease in SNS drive seen in fa/fa rats is a result of reduced activity 

under central control and not a defect in SNS afferent pathways. Adrenalectomy 

increases the decreased SNS activity found in obese rodents (Van der Tuig et al. 1984, 

York et al. 1985). The parasympathetic nervous system (PSNS) activity is elevated in 

fa/fa rats (Rohner-Jeanrenaud et al. 1983, Stubbs and York 1991) and in the ob/ob 

mouse (Flatt and Bailey 1981).

The process of nutrient and energy balance can be seen to be a multifactorial and 

multicompartmental process encompassing physiological, biochemical, 

pharmacological, genetic, psychological and environmental factors, and it is only by 

the isolation and study and the inter-relationship of these individual factors (with their 

individual components) and possible malfunctions of these factors, that an 

understanding of body weight maintenance and thus the aetiology of obesity be 

evaluated.
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1.7. Project Outlines.

This thesis describes the results of a project designed to investigate the interaction of 

D-Fenfluramine with adrenal glucocorticoids in the regulation of food intake and 

energy balance. The potentiation of Fenfluramine (racemate) anorexia by 

adrenalectomy has been documented by Arase et al. (1989c).

It seemed logical to investigate this interaction by studying possible loci and a 

mechanism(s) for the interaction by investigation of the pharmacological and 

physiological systems associated with the modulation of D-Fenfluramine and 

adrenalectomy in the reduction of body weight and food intake, and to evaluate the 

results in terms of possible value for clinical usage.

The systems below were studied to show the interaction of D-Fenfluramine and 

adrenalectomy;

• The hypothalamic and hippocampal serotoninergic system:

• The efficiency of energy metabolism and changes in body composition:

• Hypothalamic CRT dynamics: and

• The metabolism of D-Fenfluramine. and elimination of T)-Fenfluramine

and the primary metabolite of D-Fenfluramine. D-Nor-Fenfluramine.

The identity of the adrenal factor that influences the response to D-Fenfluramine was 

investigated.
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Chapter 2.

Materials and Methods.

2,1. Chemicals.

All chemicals listed were obtained from Sigma (Poole) or BDH (Poole), with the 

exception of the following materials:

1,2,6,7 [^H]-corticosterone......... Amersham (Buckinghamshire, UK)

D-Fenfluramine*........................Laboratories Servier (Neuilly, France).

Dextran T70.................................Pharmacia Fine Chemicals (Uppsala, Sweden)

Glucose oxidase.......................... Boehringer Corporation (Lewes, UK)

Norit A® charcoal........................Aldrich Chemical Co. Ltd (Gillingham, UK)

Optiphase hisafe 3®

aqueous scintillation fluid..... LKB-Wallac/Fisons (Loughborough, UK)

Peroxidase II................................Boehringer Corporation (Lewes, UK).

Sodium pentobarbitone

(Sagatal®)..................................May and Baker (Dagenham, Essex, UK)

*D-Fenfturamine specifications (Servier certificate of analysis):

L (-) contamination ...........2.7%
H^O.......................................0.15%
Sulphated ash..................... 0.01%
Heavy metals...................... <20ppm
Optical specifications........+20” < [af^ < +23.2

(Typical 21.1”).
Chloride specification.......12.98% < t < 13.50%

(Typical 13.26%).
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Antisera

Goat anti-guinea pig...........................  ICN, Lisle, IN, USA.

Guinea-pig anti bovine insulin .......... Southampton General Hospital.

Insulin peroxidase conjugate..............  Sigma (Poole, UK).

Anti-corticosterone-21 -

thyroglobulin............................... Sigma (Poole, UK).

Goat anti-rabbit.....................................  Sera Lab. Ltd (Crawley, Sussex).

Rabbit anti-CRF^, ................................ University of Reading (Dr. E. Linton).

Rabbit anti-CRFj^^,.............................. University of Reading (Dr. E. Linton).

Rabbit anti-CRF,.2o............................... University of Reading (Dr. E. Linton).

Antisera generation

Guinea pig anti-bovine insulin serum (Southampton General Hospital) was raised by a 

priming dose of 50pg bovine insulin in Freund's complete adjuvant injected into 

Duncan-Hartley strain 2 guinea pigs, with subsequent boosters, every 2 months, for 6 

months of 50pg bovine insulin in Freund's incomplete adjuvant. Antibody titre was 

assessed initially by ear puncture, with blood collection by cardiac puncture.

Rabbit anti-CRF^, and C-terminal rabbit anti-CRF^g^, (University of Reading). 

Synthetic rat/human-CRF^, peptide (Img) or rat/human-CRFj^^, peptide (Img), was 

coupled to thyroglobulin (2mg) with glutaraldehyde (lOpl of an aqueous 25% (v/v) 

solution) dissolved in O.IM sodium bicarbonate (0.5ml). The mixture was incubated for 

1 hour at 20°C and unreacted groups quenched using lOOpl 0.5M glycine. The mixture 

was desalted on a sephadex G50 column (0.6 x 10cm) using O.OIM sodium bicarbonate 

containing 0.9% NaCl as column buffer, and made up to 12ml using the column buffer. 

Antibodies were raised in a New Zealand white rabbit (code rCRF4) immunised with 

conjugated rat/human-CRF^, (25 pg) emulsified in Freund's complete adjuvant (1:2 v/v) 

for the primary injection and emulsified in Freund's incomplete adjuvant for two 

subsequent booster injections (1:2 v/v). 500pl aliquots of neat serum were stored at 

-2(PC.

C:\rxni\ihcsis\word\chpl297.doc 64



N-terminal CRF peptide, CRF,_2o-NH2, (0.5mg) was conjugated with Img bovine 

thi]/nog;l()buhii usir^g Img 7V:ethnrL^\r:(3-cU^uiieth)dguaiuao]propryl) caitiochinide H(:l aiul 

following the same procedure as for the C-terminal antibodies onwards. The anti- 

CRF|.2o antibody was raised in a guinea pig by immunisation at monthly intervals with 

conjugated CRF, 20 (lOpg) emulsified in Freund's complete adjuvant (1:2 v/v) for the 

primary injection and CRF,.20 (lOpg) emulsified in Freund's incomplete adjuvant for 

subsequent booster injections (1:2 v/v).

The rabbit anti-CRF,^, antiserum (code rCRF4) was used for the immuncytochemistry, 

whilst the IRMA uses both the N-terminal anti-CRF,_2o and the C-terminal anti-CRF^.^, 

antiserum.

2.2. Animals.

All animals were female (except where indicated) albino Wistar rats (6 weeks old at 

initiation, weighing 120-150g) bred and housed at the Southampton University Medical 

School. The animals were housed individually in wire bottom cages in rooms 

maintained at 22 ± UC, with a 12-hour light phase 0700-1900. All animals were fed ad 

libitum on pelleted PRD rat chow (Labsure), with the following dietary composition 

(published manufacturers details):

• Crude oil.................................. 2.7%

• Crude Protein........................... 19.7%

• Crude Fibre.............................. 5.3%

• Calcium.....................................0.6%

• Phosphorous............................ 0.7%

• Sodium chloride......................1.0%

• Metabolisable energy..............2.871kcal g‘‘ / 12.02kJ g"'

• Carbohydrate........................... 53.5%

• Minerals and vitamins.............18.0%

The previous 24 hour food intake (corrected for spillage) and body weights were 

measured between 0900-1030 hours daily.
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2.3. Surgical procedures.

Bilateral adrenalectomies were performed under 50mg kg' sodium pentobarbitone 

(Sagatal®) anaesthesia. The back of the animals were shaved and lightly swabbed with 

(d^^heddme (K3, (wA^ m 50% eOumol (wVy,

Adrenals, together with surrounding fat mass, were removed by a bilateral dorsal flank 

incisions approximately 5mm below the level of the lowest rib, being careful to avoid 

damage to the adrenal capsule. Sham adrenalectomy surgery was performed by a 

similar approach, with the adrenal mass and kidney gently agitated to simulate visceral 

entry. Body wall wounds were sutured with sterile silk sutures and the skin with wound 

clips. The success of adrenalectomy was verified at termination by examination of the 

adrenal bed and the assay of serum corticosterone values below the limits detection of 

the corticosterone RIA (<1.5pg df').

2.4. Drug Administration.

D-Fen was dissolved in 0.9% sterile saline in sterile containers, to give a final 

concentration of lOmg ml ' of D-Fen. Rats assigned to the D-Fen treatment groups 

received lOmg kg' day' of D-Fen injected i.p. Saline control animals received 1ml kg' 

of sterile isotonic saline injected i.p. Fenfluramine or saline injections were 

administrated between 1700-1800 hours daily.

Rats designated to received corticosterone replacement (5mg kg' day') animals 

received corticosterone (s.c.) in an arachis oil suspension (lOmg ml '). All other 

animals, where appropriate, received arachis oil (s.c.) alone (0.5ml kg' day'). 

Fenfluramine or saline injections and corticosterone or arachis oil injections were 

administrated between 1700-1800 hours daily, except for the day of surgery, when 

corticosterone replacement or arachis oil administration immediately followed 

adrenalectomy or sham-adrenalectomy surgery.
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2.5. Termination.

At the termination of each experiment, the rats were killed by decapitation between 

1100 and 1400 hours. The final drug administration (D-Fen/saline/corticosterone/ 

arachis oil, where applicable) that the animals received would have been the previous 

p.m. administration (approximately 18 hours previous). Immediately after decapitation 

the brain was removed and the hypothalamus and hippocampus dissected away for 

HPLC analysis of indoleamines (section 2.7.3.) and trunk blood collected, allowed to 

clot on ice, serum isolated (3000g for 15 minutes) and stored at -20°C until analysis for 

glucose (section 2.7.1.), insulin (section 2.7.4.) and corticosterone (section 2.7.5.). The 

liver and ovarian fat pad were weighed and replaced in the carcass for total carcass 

analysis. The remaining brain regions were stored at -20°C for analysis of D-Fen and 

D-Nor-Fen (section 2.7.9.). The remaining carcass weight, minus gastrointestinal tract, 

was weighed and used for body composition analysis (section 2.7.6).

2.6. Statistical analysis.

All data was analysed by a 2-way ANOVA on SPSS/PC+ statistical data analysis 

software package. A probability level of p<0.05 was taken as significance. Significant 

values were further analysed by the Newman-Keul's procedure. The results of the 

ANOVA are displayed (with F values and degrees of freedom) in appendices 1 and 2, 

for figures and tables respectively. NPAR analysis using Kolmogorov-Smimov 

Goodness of fit showed normal data distribution.
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2.7. Assay protocols.

2^7,1. Measurement of Serum glucose by glucose oxidase reaction.

Glucose was measured directly by the measurement of the formation of glucose oxide. 

The glucose was oxidised by glucose oxidase in a reaction that also oxidises water into 

hydrogen peroxidase. The hydrogen peroxide was reduced back to water by the 

peroxidase with the oxidation of the added chromophore (ABTS).

Working Reagent 0.8mg Peroxidase 

5mg Glucose oxidase

lOOmgABTS

in 100ml O.IM PBS buffer pH 7.0 at room temperature.

Serum (diluted 1:20) and standard solutions of glucose (0 to 75pg ml"' in 15pg 

increments) were made up O.IM PBS buffer pH 7.0. lOpl of diluted serum or standard 

solution was added to microplate wells, and 250pl working reagent added. The plates 

were incubated for 15 minutes at 3TC, and the absorbance at 620nm read against a 

working reagent and O.IM Na^PO^ blank on a plate reader (MR 580, Dynatech, 

Virginia, USA).

Typical serum glucose levels were approximately 0.9-1.3mg/ml (5-7mM). A typical 

Standard curve is shown in figure 2.1. The coefficients of variation for intra- and inter­

assays were 4.3 ± 1.5% and 13.0 ± 7.6% respectively.

2.7.2. Lowry determination of protein.

Lowry Reagent 10ml 2% Na2C03 (wA) in O.IM NaOH 

0.1ml 1% (wA) CU2SO4

0.1ml 2% (w/v) sodium/potassium tartrate 

1ml 10% (w/v) sodium deoxycholate
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lOjxl sample or BSA standard (O-lOOpg) was added to tubes, and incubated with 1ml 

Lowry reagent at room temperature for 10 minutes. 0.1ml Folins and Cioceteau reagent 

added, mixed and incubated at 37°C for 10 minutes. Absorbance was then read at 

750nm against a buffer blank on a spectrophotometer (Pye-Unicam SP8-400). The 

coefficient of variation was 3.14.

Figure 2.1. Glucose standard curve

2.7.3. High-Performance Liquid Chromatography ffllPT.O detection of brain

5-hydroxvindoles and Tryptophan.

Serial UV and amperometric detection using a HPLC system established and 

developed by the author enabled the simultaneous detection of the 5-hydroxyindoles 

and tryptophan.
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Tissue Preparation

Immediately following decapitation the brain was removed from the skull and placed 

dorsal surface upwards, avoiding contact of neuronal tissue with blood, and the cortex 

from one side of the brain removed. The hippocampus was removed, by a dorsal 

approach, from the decorticated region. The brain was then placed ventral side upwards 

and the hypothalamus dissected. A transverse section was made at the level of the optic 

chiasm, which delimits the anterior part of the hypothalamus and passes through the 

anterior commissure. The hypothalamus was dissected by taking the anterior 

commissure as a horizontal reference (approximately 3mm depth) and the line between 

the posterior hypothalamus and the mammillary bodies as the caudal limit, and laterally 

by the hypothalamic fissures. The brain regions were weighed, to the nearest O.lmg, 

and quickly homogenised in 200pl 0.3M perchloric acid containing IxlO'^M HVA, 

(internal standard) and 0.4mM sodium metabisulphite (antioxidant). The homogenate 

was then spun at 9000g (12500rpm in 1ml eppendorphs) at 4“C for 20 minutes. The 

supernatant was aspirated immediately, stored in airtight amber vials and frozen at 

-70°C until immediately before use.

HPLC system.

The liquid chromatographic system consists of a constametric 3000 solvent delivery 

system (LDC Analytical, Stone, Staffordshire) with a liquid pulse dampener in series, 

connected to a 7125 manual Rheodyne (LDC Analytical) with a 20pl injection loop, a 

C,8 37-53pm glass beads Pellicular ODS guard column (Upchurch Sci. C-130B), 

connected to an apex octadecyl C,g reverse phase stainless steel column (25x6.426mm 

o.d., 4.6mm i.d.), packed with 5pm octadecyl bonded silica spheres (Jones 

Chromatography, UK). The reverse phase analytes are partitioned between a 

hydrophobic stationary phase and an aqueous mobile phase. Elution is in the order of 

increasing hydrophobicity.

The mobile phase was a O.IM citric-monohydrogen-phosphate buffer, containing 

17.5% methanol and 0.4mM sodium metabisulphite at pH 4.5. The mobile phase was 

filtered and degassed under vacuum, through 0.45p nylon-66 filters (Rainin Instrument 

Co.), with helium bubbled continuously through the mobile phase reservoir at
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approximately 500ml min ' (to prevent bubble formation in the system). The elution 

flow rate was adjusted to 1ml min' (pressure approximately 1700 to 2000 PSI). The 

HPLC system was run at ambient temperature (typically 18-2TC).

The UV detector (SM 4000 Programmable Wavelength Detector, LDC Analytical) was 

connected in series, and the wavelength set at 220nm. Connected in series to the UV 

detector was an electrochemical detector (BCD), (Model 400 Princeton Applied 

Research). The electrochemical detector consists of a single glassy carbon thin layer 

flow cell electrode. The reference electrode consists of a silver-silver chloride electrode 

filled with 3M NaCl/saturated Ag/AgCl, to provide a stable potential with which the 

working electrode can be compared. The glassy carbon electrode was set at a potential 

of +600mV verses the reference electrode (Range lO-lOOnATV, time constant 5.0 

seconds). Air oxidation of indoleamines is a well-known phenomenon, and it is this 

oxidation that has been harnessed by the electrochemical detector, by carrying out this 

process on the surface of the working electrode. The oxidation was driven by applying 

a positive potential, so that the ring hydroxyl groups of 5-HT and 5-HIAA are oxidised 

to form an orthoquinone derivative with the release of 2 electrons and 2 hydrogen ions. 

The electrons are transferred to the working electrode, and the resultant current 

produced is directly proportional to the number of molecules oxidised. The indoles 

oxidise relatively easily (at +0.5V), whilst the oxidation of tryptophan does not occur 

until above 0.75mV, when background noise levels are consequently increased. The 

UV and EC detector signals were integrated using a computer integrator (CI3000, LDC 

analytical), and stored on disc and displayed on a single channel chart recorder (LDC 

analytical), following integration. Typical retention times for 5-HT, Tryptophan, 

5-HIAA and Homovanillyl alcohol were 7.3, 8.3, 9.8 and 17.2 minutes respectively. 

Examples of typical UV and EC traces for standard solutions and brain tissue samples 

are shown in figures 2.2. and 2.3. respectively.

The 5-hydroxyindole and tryptophan losses during the extraction and storage were 

corrected by calculation of the loss in the concentration of homovanillyl alcohol 

(HVA), the added internal standard. The tissue weights and dilution were taken into 

account to estimate the actual tissue 5-hydroxyindole and tryptophan levels.
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Figure 2.2.

Typical UV chromatographs (220nm) of:

• Af 20pl injection mixture of 61mg hypothalamic extract homogenised in 

200|il 0AM perchloric acid, 0.4mM sodium metabisulphite and IxlO'^M 

HVA (internal standard).

• 20pl injection standard solution containing 0.745x10'^M 5-HT (3.18ng), 

0.816xl0-«M 5-HIAA (3.12ng), 1.109xl0^M HVA (3.73ng) and 1.183xlO^M 

tryptophan (4.83ng).
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Figure 2.3.

Typical electrochemical chromatographs (600mV) of:

• Ai 20pl injection mixture of 61mg hypothalamic extract homogenised in 

200|xl 0.3M perchloric acid, 0.4mM sodium metabisulphite and lxlO‘®M 

HVA (internal standard).

• Bi 20pl injection standard solution containing 0.745xl0^M 5-HT (3.18ng), 

0.816xl0^M 5-HIAA (3.12ng), l.lOPxlO^M HVA (3.73ng) and 1.183xlO^M 

tryptophan (4.83ng).
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The detection limits of 5-HT, 5-HIAA, HVA and tryptophan, for this system, were 2, 5, 

5() arwi lli)g respexyd;^;!]/ ^luoted as die luint ofck^t(x3doii v/hen siigpialmoise rath) is

3:1). Typical hypothalamic concentrations of 5-hydroxyindoles and tryptophan, using 

the previous method, would be expected to, from a 20ml injection volume, have 

approximate levels of 8, 4 and 25ng of 5-HT, 5-HIAA and tryptophan respectively,

(ChaoulofTera/. 1985,LoulhseraZ. 1985, Chance eta/. 1987).

2.7.4. Determination of Serum insulin.

Serum insulin levels were determined using an ELISA method adapted from Kekow et 

al. (1988). The ELISA wells were coated with goat anti-guinea pig antibody, which are 

then bound to guinea-pig anti-bovine insulin antibodies, which compete competitively 

for the insulin (from standards or samples) and the insulin-marker enzyme.

Coating buffer

(pH 9.6 at 4^)

59g 1' Na^CO^, 2.93g 1' NaHCOg, 200mg 1' sodium

azide

Washing buffer

(pH7.2at4°C)

8g 1' NaCl, 0.2g H KCl, 2.9g 1' Na^HPO^.nHzO, 

0.2g H KH2PO4,0.05% (vA) Tween 20

Coupling buffer

(pH 7.4 at 4T)

40mM phosphate buffer (11.6g H Na^HPO^.nH^O,

1.18g 1' NaH2P0,.2H,0), Ig 1' BSA (RIA grade), 

240mg r’ sodium ethylmercurithiosalicylate

Incubation buffer 40mM phosphate buffer (11.6g 1' Na^HPO^.HH^O,

(pH 7.4 at 4"C) 1.18g 1' NaH2P04.2H20), 60g 1' BSA (RIA grade)

240mg r' sodium ethylmercurithiosalicylate, 6g L NaCl

o-Phenvlenediamine 17.9g H Na2HP04.12H20, 7.8g T' NaH2P04.2H20,

reagent

(pH 5.6 at 4^)

0.34g r' o-Phenylenediamine, 0.04% (v/v) H2O2
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Microelisa plates (12x8, 250pl wells) were coated with 150pl weir' with goat 

anti-guinea pig antibody (Img ml ') in coating buffer, and incubated for 2 hours at 

37°C, and then each well was washed with 1ml of washing buffer. lOOpl of guinea-pig 

anti-bovine insulin antibody (1ml aliquot diluted in 14ml in coupling buffer), was then 

added to each well, to conjugate with the goat anti-guinea pig antibodies, and incubated 

for 2 hours at 37°C. The wells were then washed with 1ml washing buffer and then 

either lOOpl of the standards (0, 0.06, 0.1, 0.3, 0.6, 1.0, 3.0 or lOng ml"' rat insulin in 

incubation buffer) or serum samples (diluted 1:5 with incubation buffer) were added to 

each well. The plates were incubated at 4°C for 16 hours, and then lOOpl 

insulin-peroxidase conjugate (Ipg ml"' in incubation buffer) was added to each well, 

and incubated at 4°C for 4 hours. The wells were washed with 1ml of washing buffer, 

and lOOpl o-phenylenediamine reagent was added and incubated at room temperature 

for 30 minutes. The reaction was terminated by the addition oflOOpl 0.5M H2SO4, and 

the ELISA plate read on a plate reader (MR 580, Dynatech, Virginia, USA) set at 

492nm. The linear regression line from a plot of standard absorbance readings against 

log insulin concentration then gave the equation for estimation of serum insulin levels.

Figure 2.4. Insulin RIA standard curve
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The coefficients of variation for intra- and inter- assays were 6.2 ± 1.1% and 14.0%. 

Insulin levels are quoted as |uU ml ' (Ing mf approximates to 23.4pU ml ' or 172pM 

rat insulin). A typical standard curve is shown in figure 2.4.

2.7.5. Serum corticosterone Radioimmunoassay (RIAh

Serum corticosterone levels were determined using competition between 

corticosterone and unlabelled corticosterone, in standards or samples, for binding to an 

anti-corticosterone antibody. Corticosterone not bound to antibody was absorbed by 

dextran-activated charcoal. Increasing concentrations of corticosterone in the samples 

or standards competitively displaces bound ^H-corticosterone from the anti­

corticosterone antibody in the supernatant, leading to increasing ^H-counts in the 

charcoal pellets (containing unbound corticosterone i.e. %-corticosterone and 

unlabelled corticosterone)

RIA Buffer 0.05M Tris-HCl, O.IM NaCl, 15mM NaN,

RIA Diluent 0.05M Tris-HCl, O.IM NaCl, 15mM NaN,, 0.1% BSA

Antiserum anti-corticosterone-21 -thyroglobulin (lyophilised) 

reconstituted in 5ml RIA buffer, then 45ml RIA diluent.

"H-corticosterone 3.7pml l,2,6,7-[^H]-corticosterone (75Cimmol'', ImCi

ml ') dried under N; and 100ml RIA diluent added.

Dextran-coated 0.05% (w/v) dextran T-70,0.5% (w/v) Norit A charcoal 

charcoal stirred for at least 1 hour on ice before use.

50pl of serum samples were extracted, to remove plasma-binding proteins, by the 

addition of 250pl absolute alcohol, mixed for 5 minutes and centrifuged for 10 

minutes. Two lOOpl aliquots were removed and dried under N^. Corticosterone 

standards (0, 0.625, 1.25, 2.5, 5 and lOng ml') were prepared from Ipg ml' 

corticosterone dissolved in ethanol, and diluted accordingly with RIA diluent. lOOpI of 

diluent (200pl to total tubes), 500pl of anti-corticosterone was added (to all except
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blanks, where lOOpl diluent was added). Tubes were then incubated at room 

temperature for 30 minutes. lOOpl of reconstituted %-corticosterone was added and the 

tubes incubated at 37°C for 1 hour. The tubes were then cooled, on ice, and 200pl of 

the dextran-activated charcoal suspension added to all tubes (except total tubes, where 

200pl diluent was added). The tubes were mixed vigorously and left on ice for 10 

minutes. The tubes were centrifuged (1500g for 15 minutes at 4“C). 250pl of the 

supernatant was removed and 5ml Optiphase aqueous scintillation fluid added. 

counts were measured on a liquid scintillation counter (Raytest 4700) for 5 minutes. A 

typical standard curve is shown in figure 2.5.

Figure 2.5. Corticosterone RIA standard curve.

2.7.6. Body composition analysis.

At termination body carcasses (minus brain, approximately 5ml blood and 

gastrointestinal tract) were weighed, combined with 2 parts anhydrous sodium sulphate 

(w/w) and dried for 100 hours at 75°C, in a vacuum oven. The dried animal and sodium
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sulphate mixture was then minced using a manual butchers mincer to produce a fine 

homogenous mixture. This mix was then analysed for carcass body fat, protein and 

energy content.

Protein content.

Total carcass protein was analysed using a Kjeldahl 1030 auto analyser. Approximately 

Ig (weighed to the nearest mg) of mixture, in nitrogen-free weighing boats (Schleicher 

and Schnell/Anderman and Co., Kingston-on-Thames, Surrey, UK), was added to 

boiling tubes, together with 3ml cone. H^SO^, 1 CuSO^ Kjeltab CQ catalyst tablet 

(Thompson and Copper Ltd, Runcorn, Cheshire, UK) and 0.5ml antifoam A silicon 

concentrate (BDH). The mixture was then boiled at 420°C for 40 minutes (until a clear 

green solution is formed), and allowed to cool to room temperature.

The added H^SO^ converts nitrogen in the sample (from protein sources) to ammonium 

sulphate. The ammonium sulphate is then converted to ammonia, by the actions of 40% 

NaOH, and the liberated ammonia titrated against 0.05M H^SO^. Steam distillation, 

using 2% Na^SO^ (w/v), distils the ammonia over into the indicator solution. The 

indicator solution contained 0.1% bromocresol green (w/v) and 0.07% (w/v) methyl red 

in methanol.

The samples were compared to a standard solution of ammonium sulphate, 33.01 g U, 

which corresponds to 7.0mg N ml '. The % nitrogen was assessed using the formula:

%N = Mw Nitrogen x Normality of the acid x mis acid

1ml of 7mg nitrogen ml' would yield a titration value of 5ml 0.05M H^SO^. The

Kjeldahl auto analyser was not used until a reasonable degree of accuracy and 

reproducibility was obtained.

Calculation of the % nitrogen in the animal mixture was obtained using the equation:

%N = Mw Nitrogen x Normality of the acid x mis acid 
weight sample (g)
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Conversion to protein (by multiplication by 6.25), gives mg protein g mixture'. This 

\vaustiien ccxm/erbsd to g pMoteui g v/et bcwiy weig^ir'.lay taking into axxzoimt die chlutioii 

factor by the sodium sulphate and the water loss during drying. The coefficient of 

variation was 2.71.

Lipid content.

Approximately 3g dried sample, weighed to the nearest mg, was added to 30mm x 

80mm dried cellulose extraction thimbles, weighed to the nearest mg, (Whatman), and 

plugged with dried non-absorbent cotton wool, weighed to the nearest mg. The thimble 

was refluxed at 60-80°C with petroleum ether for 6 hours. The final dried weight of the 

thimble gives an indication of the total ether extractable lipid g dry sample'. This was 

then converted to g lipid body weight ', by taking into account the dilution factor by the 

sodium sulphate and the water loss during drying. The coefficient of variation was 

4.01.

Total combustible energy content.

The combustible energy content of the dried mixture was assessed using a ballistic 

bomb calorimeter developed by Fox, Miller and Payne (1959) and improved by Miller 

and Payne (1959). The energy content was quantified using a known weight of the 

universal standard, benzoic acid. The samples and standards were combusted at 25 

atmospheres oxygen, and the temperature change was recorded by a thermocouple, 

which was then displayed on a galvanometer. Benzoic acid, upon combustion, yields 

26434 ± 4J g '. The calibration constant (KJ/ unit deflection) was calculated as:

Calibration constant 
(KJ unit deflection"')

26.434 X mass benzoic acid (g)
Deflection - Blank

The blank deflection value corresponded to the deflection obtained using the 7cm of 

ignition string only.

The energy content of the mixture was obtained using the equation:

Energy content of 
sample (KJ g ')

(Deflection-Blankl x Calibration Constant
Weight sample (g)
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The value obtained gives the energy content g dry sample mixture'. This was then 

converted to energy g wet body weight ', by taking into account the dilution factor by 

the sodium sulphate and the water loss during drying. The coefficient of variation was

159.

2,7.7. Immunocytochemical detection of CRFjj^ in the rat brain.

In this unlabelled antibody enzyme bridge method, described first by Mason et al. 

(1969), primary rabbit anti-(rat/human)-CRF,^, antibody (RACRF) binds directly to 

the recognition portion of tissue CRT,.4, peptide. Rabbit anti-peroxidase antibody is 

bound indirectly to the primary antibody using, as a bridge, unlabelled goat anti-rabbit 

IgG (GAR) in excess. The variable region (Fab regions) of the anti-peroxidase rabbit 

antibody (RAP) bind free peroxidase and the whole complex is developed with 

DAB/H2O2 as substrates. The system is optimised by combining the last two stages of 

the unlabelled antibody enzyme bridge method (RAP and free peroxidase) by reacting 

together to form a soluble peroxidase-anti-peroxidase "PAP” complex. This "PAP" 

complex acts as the final stage in the antigenic detection that is linked to the RACRF 

with GAR. The peroxidase substrate, 3,3'-diaminobenzidine tetrahydrochloride (DAB), 

develops the bound complex by the formation of a brown precipitate. This antibody 

complex is shown in figure 2.6.

Tissue preparation.

Rats were perfused with 250ml ice cold phosphate buffered saline (PBS) by 

transcardial perfusion via cannula placement into the left ventricle of the heart, 

followed by 250ml ice cold 4% formaldehyde in PBS containing 15% (v/v) saturated 

picric acid buffered to pH 6.0 with O.IM sodium acetate (8.2g f'), and finally 250ml of 

the same fixative components buffered to pH 9.5 with O.IM sodium borate (6.2g 1"'). 

The brain was then removed from the skull and immersed in the alkaline fixative for 24 

hours at 4°C. Picric acid was used in conjunction with the formaldehyde in the fixative, 

as it is thought to improve preservation of the peptide antigens (Somogyi and Takagi 

1982) by precipitation and combining to form picrates and intermolecular salt links.
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Brains were then transferred to 20% sucrose (w/v) in PBS solution for 24 hours at 4"C 

to provide cryostatic protection.

A 4% formaldehyde solution was prepared by heat depolymerisation of 

paraformaldehyde. 40g of paraformaldehyde was added to 500ml water and heated to 

75-80°C and 2-3ml of 5M NaOH was added slowly until the solution clears, and 

filtered if necessary. This 8% formaldehyde solution was used to make the final 4% 

formaldehyde and 15% picric acid solution.

The brain was mounted onto a cryostat chuck using O.C.T. tissue-tek tissue embedding 

medium (Miles, Elkhart, Illinois, USA) and frozen using liquid nitrogen cooled iso- 

pentane (methyl-2-butane) and placed into the cryostat (2800 Frigocut, Reichert-Jung, 

Germany) until temperature equilibrated. Coronal sections (20pm) of the brain were 

cut (box and object temperature -25°C and -15°C respectively). Sections were mounted 

onto gelatine coated slides.

Animals that received i.c.v. colchicine were anaesthetised using 50mg kg ' sodium 

pentobarbitone (Sagatal®) and mounted into a stereotaxic frame. The colchicine (75pg 

20pl‘‘ sterile saline) was injected into the lateral ventricle (co-ordinates 1.6mm lateral, 

1.8mm dorsal and 6.06mm anterior to inter-aural line zero), (Konig and Klippel 1974) 

over a period of 15 minutes. The scalp was sutured with silk thread. The animals were 

administered lOOmg kg ' ampicillin in 0.9% sterile saline (i.m.) to prevent infection 

following colchicine injection. The animals were sacrificed for CRT 

immunocytochemistry 48 hours following i.c.v. colchicine injection.

Gelatine-coated slides.

Slides were washed in hot soapy water, distilled water and finally rinsed with ethanol. 

Ig gelatine was dissolved in 100ml distilled water, heated to 50"C and O.lg chromalin 

(CrK(SOj2-12H2O) added. The slides were immersed into the gelatine/chromalin 

solution and left to dry.
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CRF immunocvtochemistry.

The mounted tissue sections (5 per slide) were washed (3x10 minutes) with 0.9% NaCl 

buffered with 0.02M Tris-HCl at pH 7.6 (TBS), and then reacted with the primary CRF 

antiserum (RACRF) diluted 1:1000 with TBS containing 0.1% Triton X-100 (lOOpl 

slice '). The anti-CRF antibody was incubated for 24 hours at 4°C in a humidity 

chamber. The slides were then washed (3 x 10 minutes) and lOOpl slice ' of the 

secondary goat anti rabbit (GAR) antibody (diluted 1:40 with TBS containing 0.1% 

Triton X-100) was added to the slides and incubated for 2 hours at room temperature in 

a humidity chamber. The slides were washed again (three x 10 minutes) and the rabbit 

peroxidase-anti-peroxidase conjugate, (PAP), (diluted 1:40 with TBS containing 0.1% 

Triton X-100) added (lOOpl slice ') and incubated for 1 hour at room temperature in a 

humidity chamber. The sections were then washed (3 x 10 minutes). The DAB/H^Oz 

mix was prepared using lOOmg DAB dissolved into 100ml O.IM Tris-HCl (12.1g f) 

added to 100ml 0.02% H^O^ (v/v), prepared in distilled water (60pl 30% H^O^ 100ml 

water), immediately before use. The slides were left in the DAB/H^O; solution for 4-6 

minutes (until staining had developed), rinsed in TBS then distilled water and 

dehydrated through 50% (v/v), 70% (v/v), 90% (v/v) and absolute alcohol, and finally 

xylene. The slides were then mounted with DPX (BDH) and covered with glass 

coverslips.

Analysis of sections was performed using a Leitz orthoplan microscope (Ernst Leitz 

Wetzlar GMGB, Midland, Ontario, Canada) and appropriate photographs taken using 

Kodak Ektachrome 100 reverse colour film.

No staining was seen in rabbit anti-(rat/human)-CRF,^, (1:1000) preabsorbed with 

1 nmole CRFi^, ml ' (5pg ml '). Abolition of positive staining was not seen with 

preincubation of rabbit anti-(rat/human)-CRF,^, (1:1000) with neurotensin, CCKg, 

bombesin, TRH, substance P, met-ENK or cGRP. Preabsorption of antibody was 

carried out by incubation with respective peptides at 4°C for 24 hours.
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Figure 2.6. Diagramatic representation of 
(anti-CRF)-GAR-PAP complex.

Peroxidase 
rabbit-anti 
peroxidase 
complex (PAP)

GAR

2.7.8. IRMA for brain rat/human CRF

The immimoradiometric assay for CRF,^„ based on the use of radioisotopically 

labelled specific antibodies, has advantages over a RIA in that it is more sensitive, 

quicker and easier to perform. This IRMA uses an antibody directed against the 

N-terminal CRF fi-agment, CRF]_2o-NH2, raised in guinea pigs (see section 2.1.3) and a 

second directed against the C-terminal fi-agment, CRF^g^,, raised in rabbits (see section 

2.1.3), which were affinity-purified and radioiodinated (see Linton and Lowry 1986). 

Both antibodies were added together with standards or samples, and after incubation, 

separation of the guinea pig antiserum was accomplished using a sheep anti-(guinea pig 

Fc region) immunoglobulin (SAGp Fc IgG) solidphase. Radioactive rabbit anti- 

CRFjs^i is only precipitated in samples containing CRFi^i, since the peptide acts as a 

link between the ’^^I-labelled rabbit IgG and the unlabelled guinea pig CRF1.20 specific 

antibodies. The counts precipitated (bound) is directly proportional to the concentration 

of CRF]^, in the added sample or standard.

Tissue preparation.

Rats (170g female Wistar) were killed by decapitation, the brain was immediately 

removed and placed into ice cold PBS for 2 minutes. The hypothalamus together with 

the medien eminence (ME) and pituitary stalk were removed (see section 2.7.3. for
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hypothalamus dissection), weighed to the nearest mg, homogenised in 1ml lOmM HCl 

containing 5.5mM ascorbic acid, heat-treated to destroy degrading enzymes (90”C for 

10 minutes). The homogenates were then centrifuged (3000g at 4°C for 20 minutes), 

(Sorvall RT 7000 bench centrifuge), and the supernatants stored at -20°C until analysis.

IRMA protocol.

Standards or aliquots of samples were neutralised with NaOH, diluted in 200pl assay 

buffer (0.05M sodium phosphate containing 0.25% human serum albumin (Lister 

Institute, Elstree), 0.05% Triton X-100 and 0.01% sodium azide) and incubated for 16 

hours at room temperature with 200pl of the CRF4, IRMA reagent mixture. This 

mixture consists of '^I-labelled rabbit anti-(CRF36.4,) IgG (100000 cpm 200pf'), (see 

Linton and Lowry 1986) and guinea pig-anti-CRF,.2o serum (1:5000) in 0.05M sodium 

phosphate buffer pH 7.4, containing 0.05% human serum albumin (w/v) 10% normal 

rabbit serum (v/v) 0.01% and sodium azide (w/v). Separation of CRF-bound from free 

labelled IgG was achieved using SAGp Fc IgG coupled to Dynospheres (XP-6501, 

Dyno Industrier AS).

For the separation of the CRF-bound from the free labelled IgG, lOOpl of resuspended 

SAGp Fc Dynospheres (prepared as in Linton and Lowry 1986) were mixed with the 

assay reagents and incubated for 30 minutes at room temperature. 1ml O.OIM NaHCOj 

containing 0.15M NaCl and 0.01% Triton X-100 was added, mixed and centrifuged 

(3000g for 20 minutes at 4°C). The supernatant was discarded and the pellets washed 

with 2ml of O.OIM NaHCOj buffer containing 0.15M NaCl and 0.01% Triton X-100, 

recentrifuged, and the radioactivity of the Dynosphere pellet measured in a gamma 

counter. A plot of radioactivity against log CRF,^, per tube was plotted and 

concentrations of unknowns read off. A typical standard curve is shown in figure 2.7.
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Figure 2.7. CRF IRMA standard curve.

pg CRFi_4i / tube

2.7.9. GC analysis of brain and serum D-Fenfluramine and D-Nor-Fenfluramine.

Rat serum and brain samples were analysed for levels of D-Nor-Fen and D-Fen using a 

sensitive gas chromatographic system modified firom Richards et al. 1989.

Preparation of samples.

The remainder of the brain to be analysed (section 2.5.), following the dissection of the 

hypothalamus and one hippocampus, was weighed to the nearest mg and homogenised 

in 6mls 0.5M H2SO4. The homogenate was then centrifuged (10 minutes at 3000g) and 

the supernatant used for analysis. Serum was used neat. Standards and quality control 

samples (brain and serum) were prepared in control brain homogenate and control rat 

serum.
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Extraction and GC analysis.

lOOjal of standard (25, 50, 250, 500 or lOOOng ml '), quality controls (50, 125 or 

lOOOng ml ') or sample were added to tubes. lOOpl of diethylaniline (DBA) internal 

standard (500ng ml '), lOOpl 5M NaOH and 75pl butyl acetate were added, the tubes 

were mixed vigorously on a IKA-Vibrax-VXR vortex mixer for 5 minutes and then 

centrifuged for 15 minutes (2000g). The top (butyl acetate) phase was transferred into 

tapered sample microvials for automatic injection (3pi) onto the gas chromatograph.

GC system.

The GC system consists of a glass column (1.9mm x 2mm i.d.) packed with 10% 

Apeizon L and 10% potassium hydroxideon GasChrom Q support (100-200 mesh) 

mounted in a Hewlett-packard Model 5880 gas chromatograph and a constant flow 

(30ml min') of oxygen-free nitrogen carrier gas. Injection block temperature 250°C, 

detector block temperature 300"C and oven temperature 120"C (isothermal). 3pi of 

injection volume was made with a Hewlett-Packard Model 7672A autosampler. The 

separated products were detected with a nitrogen-specific detector, with hydrogen and 

airflows of 3ml min'' and 60ml min ' respectively. Typical D-Nor-Fen, DBA and D-Fen 

elution times were 3.5, 5.0 and 5.3 minutes respectively. Peaks were integrated and 

corrected for losses by the correlation to the levels of internal standard. Coefficient of 

variations for D-Fen and D-Nor-Fen respectively ranged from 8.4% and 6.2%, 11.6% 

and 7.4%, 10.4% and 9.2%, 11.2% and 9.6%, 10.5% and 8.0% at 1039, 519, 260, 52 

and 26ng ml ' respectively in rat brain homogenate samples. Coefficient of variations 

for D-Fen and D-Nor-Fen respectively ranged from 8.4% and 6.2%, 11.6% and 7.4%, 

10.4% and 9.2%, 11.2% and 9.6%, 10.5% and 8.0% at 1039, 519, 260, 52 and 26ng 

ml ' respectively in rat serum samples.

Typical serum and rat brain homogenate GC traces are shown in figures 2.8. and 2.9. 

respectively.
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Chapter 3,
Results.

TThepiapartr/ .Aunise (l!)8Si,c)(iern(Histratedtb2^ adnsnaJetiikxai)^, ui fsniale Sijpragpie- 

I)awle^/ rats, prer/entexi the ixashxratLon ()f rKxmial fb()d irtkUce ()bs@n/ed v/idi 

D,L-Fenfluramine and increased body weight loss and GDP binding to interscapular 

brown adipose tissue. The experimental design by Arase et a/. (1989c) was such that

the animals were sacrificed 8 days following adrenalectomy.

I discovered that repeating the experiment of Arase et al. (1989c), with D-Fenfluramine

ha "V/istar nds, l)ut (dlcrvdng tlie (uahaaals to srun/rve laei^anii 8 chrys, rewmlted iri the

reversal of these effects.

In view of the apparent adaptation to the synergistic effects of D-Fen and 

adrenalectomy, it seemed logical to study possible loci and a mechanism for the 

interaction by investigation of the pharmacological and physiological systems 

associated with the modulation of D-Fen and adrenalectomy reduction in body weight.

The systems below were studied to show the interaction of D-Fenfluramine and 

adrenalectomy:

• The hypothalamic and hippocampal serotoninergic systems with a view to investigate 

if the actions of D-Fen or adrenalectomy singularly on these central 5-HT systems 

were modified by the combination of treatments.

• Body composition was studied with a view to understanding the relationship between 

anorexia and body set point and any differential effects on protein and lipid 

mobilisation, serum glucose and insulin and/or the efficiency of food deposition 

following the combination of D-Fen and adrenalectomy compared to either treatment 

alone.
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• The hypothalamic CRT profile with a view in light of the previously demonstrated (by 

other investigators) rise in hypothalamic CRF levels following adrenalectomy, the 

effects of CRF on food intake and body weight and the stimulation of CRF release by 

D-Fenfluramine (and 5-HT).

• The metabolism of D-Fenfluramine and subsequent elimination of D-Fenfluramine 

and the primary metabolite of D-Fenfluramine, D-Nor-Fenfluramine was investigated 

to establish if the removal of glucocorticoids, by adrenalectomy, modified the brain 

and/or serum pharmacokinetic profile of D-Fenfluramine and/or D-Nor-Fenfluramine.

The animals were divided into groups allowed to recover (48 days following surgery, 

sacrifice day 51) and another sacrificed before this recovery (4 days following surgery, 

sacrifice 7).

In addition, confirmation of the adrenal factor responsible for the potentiation of the 

effects of D-Fen was investigated by replacement corticosterone therapy to 

adrenalectomised ± D-Fen animals.

The culmination of this investigation is presented in the following six sections:

Chapter 3.. Section 3.1.

• Effect of adrenalectomy in acute and chronic D-Fenfluramine treated female Wistar 

rats on body weight and food intake profiles, serum glucose and insulin, liver weight 

and ovarian fat pad weights.

Chapter 3.. Section 3.2.

• Effect of adrenalectomy in acute and chronic D-Fenfluramine treated female Wistar 

rats on the hypothalamic and hippocampal serotoninergic system.

Chapter 3.. Section 3.3.

• Effect of adrenalectomy in acute and chronic D-Fenfluramine treated female Wistar 

rats on body composition and the metabolic fate of energy intake.
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Chapter 3.. Section 3.4.

• Effect of corticosterone-replacement on the response to adrenalectomy in acute 

D-Fenfluramine treated female Wistar rats.

Chapter 3.. Section 3.5.

• Effect of adrenalectomy in acute D-Fenfluramine treated female Wistar rats on 

hypothalamic corticotrophin-releasing factor (CRF).

Chapter 3.. Section 3.6.

• Effect of adrenalectomy in acute and chronic D-Fenfluramine treatment, and 

corticosterone-replacement to acute D-Fenfluramine treated adrenalectomised 

female Wistar rats on the brain and serum levels of D-Fen and its primary 

metabolite, D-Nor-Fen.

The term acute and chronic D-Fen treatment is applied to the two basic experimental 

designs. Acute D-Fen treatment is applied to those animals sacrificed on day 7 (Section 

3.1-3) or day 8 (section 3.4) whilst chronic treatment is applied to those animals 

allowed to continue beyond the period demonstrated by Arase et al. (1989c) and 

sacrificed on day 51.

c:\rxni\lJiesis\word\chpt3197.doc 91



3.1. Effect of adrenalectomy in acute and chronic D-Fenfliiraminp

treated female Wistar rats on body weight and food intake profiles.

serum glucose and insulin, liver weight and ovarian fat pad

weights.

In view of the apparent adaptation to the synergistic effects of D-Fen and 

adrenalectomy, the animals were divided into groups allowed to recover (48 days

following surgery, sacriSce day 51) and another sacrihced before this recovery (4 days

following surgery, sacrifice 7).

The experimental methods are listed in Chapter 2.

Six week old female Wistar rats were individually housed for an initial seven days to 

allow acclimatisation to handling and the environment. During this period body 

weights and food intake were monitored daily. Nine groups (n=6) were used.

• Group 1 was sacrificed on day 1, (termed the day 1 controls).

The remaining 8 groups were divided thus:

• Four receiving daily (p.m.) injections of sterile isotonic saline (1ml kg ') and

• Four groups receiving daily (p.m.) iiyections of D-Fen (lOmg kg ') in sterile saline

(lOmgmf).

The first day of D-Fen or saline treatment was termed day 1. The body weights and 

previous 24 hours food intake were measured between 0900-1000 hours each day.
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On day 3 the animals were bilaterally adrenalectomised or sham adrenalectomised (see 

Chapter 2 for protocol) to provide:

# Two groups of sham-ADX-operated animals receiving D-Fen (sham-ADX D-Fen),

• Two groups of bilaterally adrenalectomised animals receiving D-Fen (ADX D-Fen),

# TTwo grcmps of sliarn-2\J)](-()pe]Trkxi (uirnials rec(:fving; saline (idiarrr\AJ[))[ saline^ 

and

• Two groups of bilaterally adrenalectomised animals receiving saline (ADX saline).

One each of the experimental groups were maintained until day 7, and were then 

sacrificed, whilst the remaining four corresponding experimental groups were allowed 

to proceed until day 51 (see Chapter 2 for termination details). The table below 

summarises the animal groups and their respective sacrifice days.

Group Treatment Day of Sacrifice

1 None (Day 1 control) 1

2 IShimr^AJClXIl-F'en 7

3 ADX D-Fen 7

4 Sham-ADX saline 7

5 ADX saline 7

6 Sham-ADX D-Fen 51

7 7lI))[]Fen 51

8 Sham-ADX saline 51

9 ADX saline 51

3.1.2 Body weight profiles for acute treatment.

The body weight profiles of animals sacrificed on day 7 are presented in Figure 3.1. 

The body weights of both D-Fen-treated animals demonstrated a fall that was 

maintained at a level below that of the two other saline-treated groups (sham-ADX 

saline and ADX saline), until day 3 when surgery was performed.
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Figure 3.1. The effect of acute D-Fen and adrenalectomy on the change in body 

weight.

The following groups were studied; sham-ADX saline (open square), ADX saline (open 

triangle), sham-ADX D-Fen (cross) and ADX D-Fen (open circle).

Data points are means ± SEM. All data groups contain six animals. The solid bar 

represents the period of daily D-Fen injections (lOmg kg' day') in sterile saline (lOmg 

ml ') or sterile saline vehicle (1ml kg ') alone between 1700 and 1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on 

days 4 to 7 with a p value of <0.001 for all days. See appendix 1 for F values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 2 to 7 with a p 

value of <0.001 for all days. See appendix 1 for F values.

* ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).
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The sham-ADX saline group (open squares) showed a slight fall in body weight 

associated with surgery, but body weight was restored to a normal growth pattern by

day 4. The ADX saline-treated animals displayed the usual anorexia, following 

adrenalectomy, with a maintained body weight significantly below that of the sham- 

ADX saline group (p<0.01). The body weight of sham-ADX D-Fen-treated animals fell 

following surgery but recovered at a similar rate to the ADX saline animals. The body 

weight of the ADX saline animals was maintained at a significantly lower level to that 

of the sham-ADX saline animals (p<0.05), and was non- significantly different from 

sham-ADX D-Fen treated animals. The body weight of the ADX D-Fen-treated 

animals fell approximately lOg, following surgery, and then remained stable until the 

end of the study (day 7).

The ADX D-Fen group had significantly reduced body weights compared to all groups 

(p<0.001 to all groups). A significant effect of surgery and D-Fen treatment, by 2 way 

ANOVA, was seen for days 4 to 7 and 2 to 7 respectively (p<0.001 for all days). See 

appendix for F values.

3.1.3 Food intake profiles for acute treatment.

The 24 hour food intake profiles of the animals in Figure 3.1. are presented in Figure

3.2. The food intake profiles reflected the responses in body weight. D-Fen 

administration produced an approximate 60% reduction in food intake on day 1, but 

food intake returned towards control levels (at approximately 75% control levels) on 

day 2. Surgery, on day 3, produced a fall in food intake for all groups with food intake 

of sham-ADX saline>sham-ADX D-Fen>ADX salinOADX D-Fen. The food intake 

for the sham-ADX D-Fen animals was restored to control sham-ADX saline levels by 

day 4, and remained so until termination on day 7. The food intake of sham-ADX 

D-Fen rats was non-significantly different from sham-ADX saline rats from day 3 

onwards except for day 5. The food intake of ADX saline rats remained significantly 

reduced compared to the sham-ADX saline groups from day 3 until termination

(p<0.001).
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Figure 3.2. The effect of acute D-Fen and adrenalectomy on daily food intake.

The following groups were studied; sham-ADX saline (open square), ADX saline (open 

triangle), sham-ADX D-Fen (cross) and ADX D-Fen (open circle).

Data points are means ± SEM. All data groups contain six animals. The solid bar 

represents the period of daily D-Fen injections (lOmg kg'* day'*) in sterile saline (lOmg 

ml'*) or sterile saline vehicle (1ml kg ') alone between 1700 and 1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on 

days 3 to 6 with a p value of p<0.001 for all days. See appendix 1 for F values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 1 to 3, 5 and 6 

with p values of p<0.001, p<0.001 and p=0.004 respectively. See appendix 1 for F values.

Significant interaction between groups is seen on day 3 (p=0.040) F(l,24)=4.8.

*. ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

c:\rxniUlicsi5\word\chpt3197.doc 97



CM
CO
CD
Z3
O)

"O ^
O O)
o
= # o 

Q — ”

o (Mo
CO

CO
D

r CO

- lO

o - CO

CM

lO
CM

-r~
o
CM

lO o lO

00O)

- O

_ CM
I

|_ CO
I



The ADX D-Fen animals showed a significant reduction in food intake which was

maintained at approximately 50% control levels, and was signiGcantly lower than all 

other groups until termination (p<0.001). Two way ANOVA revealed a significant 

efiect of surgery and D-Fen treatment for days 3 to 7 and 2 to 7 respectively (p<0.001

for all days). See appendix for F values.

3.1.4. Body weight profiles for chronic treatment.

The body weight profiles of the animal groups that were allowed to continue until day 

51 are presented in Figure 3.3. The body weight profiles in these animals, for the period 

up to day 7, were identical to the profiles of the acutely treated animals displayed in 

Figure 3.1., and therefore can be assumed to be an accurate reflection of the acute 

treatment animals if they were allowed to continue until day 51. The body weights of 

both ADX saline and sham-ADX D-Fen groups were maintained at levels below the 

sham-ADX saline animals until termination on day 51. Sham-ADX D-Fen body 

weights were significantly lower than sham-ADX saline animals from day 2 until 

termination. ADX saline animals body weights were not significantly lower than sham- 

ADX saline animals, but clearly were following a growth pattern maintained below that 

of the sham-ADX saline animals.

The body weight profile of the ADX D-Fen animals is clearly important. The anorexia 

was maintained until day 10, after which an accelerated recovery phase appeared for 7 

days. This was followed by a more gradual recovery back to the sham-ADX D-Fen 

levels by the end of the study. ADX D-Fen animals had significantly lower body 

weights compared to sham-ADX D-Fen animals from day 5 until day 14 only. The 

body weights of these animals were significantly lower than the sham-ADX saline 

animals from day 2 until the end of the study.
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Figure 3.3. The effect of chronic D-Fen and adrenalectomy on the change in body 

weight.

The following groups were studied; sham-ADX saline (open square), ADX saline (open 

triangle), sham-ADX D-Fen (cross) and ADX D-Fen (open circle).

Data points are means ± SEM. All data groups contain six animals. The solid bar 

represents the period of daily D-Fen injections (lOmg kg' day') in sterile saline (lOmg 

ml ') or sterile saline vehicle (1ml kg ') alone between 1700 and 1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on 

days 6 to 15, days 19 to 31 and days 37 to 44. See appendix 1 for F values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 2 to 51 with a p 

value of <0.001 for all days. See appendix 1 for F values.

Interaction between groups is seen on days 6 (p=0.023) F(l,24)=6.2, day 7 (p=0.010)

F(l,24)=8.4, day 8 (p=0.012) F(l,24)=7.8, day 9 (p=0.006) F(l,24)=10.0 and day 10 

(p=0.011)F(l,24)=8.3.

Student Newman-Keul’s analysis shows significant differences sham-ADX saline and 

sham-ADX D-Fen on days 3 to 10 (p<0.05), 11 to 18 (p<0.01), 19 to 29 (p<0.05), 30 to 35 

(p<0.01), 36 to 40 (p<0.05) and 41 to 51 (p<0.01). Significant differences between ADX 

saline and ADX D-Fen is seen on days 4 and 5 (p<0.01), 6 to 13 (p<0.001), 14 and 15

(p<0.01), 16 to 21 (p<0.05), 30 to 33 and 39 to 42 (p<0.05).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).
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3.1.5. Food intake profiles for chronic treatment.

The food intake profiles for the animals in Figure 3.3. are presented in Figures 3.4. and

3.5. The food intake profiles in these animals, for the period up to day 7, were identical 

to the profiles in Figure 3.2. This data further supports the assumption that there was no 

inherent difference between the acute and chronic treatment groups. The sham-ADX 

D-Fen animals food intake was significantly lower than the sham-ADX saline animals 

only for days 1 to 3, there being no statistically significant difference between the 

groups thereafter. The ADX saline animals showed a significant reduction in daily food 

intake from sham-ADX saline for day 3 to day 12, and periodically during the study 

some days had a significantly reduced intake. Food intake in the ADX D-Fen animals 

was significantly lowered compared to ADX saline on days 1 to 3 and 7 to 10, and 

significantly lower than sham-ADX D-Fen from day 3 until day 10, and was non- 

significantly different for the remainder of the study.
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Part 1. The following groups were studied; sham-ADX saline (open square), ADX saline 

(open triangle), sham-ADX D-Fen (cross) and ADX D-Fen (open circle). This figure 

shows the D-Fenfluramine treated animals.

Data points are means ± SEM. All data groups contain six animals. The solid bar 

represents the period of daily D-Fen injections (lOmg kg'' day') in sterile saline (lOmg 

ml') between 1700 and 1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on 

days 3 to 10, day 20 and 23 with p values of p<0.001, p=0.026 and p=0.010 respectively. 

See appendix 1 for F values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 1 to 3, 5, 8, 9, 12, 

13, 23 with p values of p<0.001, p=0.014, p=0.035, p=0.005, p=0.007, p=0.046 and 

p=0.016 respectively. See appendix 1 for F values.

Student Newman-KeuFs analysis shows significant differences sham-ADX saline and 

sham-ADX D-Fen on days 1 and 3 (p<0.001) and 2 (p<0.01). Significant differences 

between ADX saline and ADX D-Fen are seen on days 1 (p<0.001), 2 and 3 (p<0.01) and

7 to 10 (p<0.05).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-KeuFs procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

Figure 3.4. The effect of chronic D-Fen and adrenalectomy on daily food intake.
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Part 2. The following groups were studied; sham-ADX saline (open square), ADX saline 

(open triangle), sham-ADX D-Fen (cross) and ADX D-Fen (open circle). This figure 

shows the saline treated animals.

Data points are means ± SEM. All data groups contain six animals. The solid bar 

represents the period of daily sterile saline vehicle injections (1ml kg ') between 1700 and 

1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on 

days 3 to 10, day 20 and 23 with p values of p<0.001, p-0.026 and p=0.010 respectively. 

See appendix 1 for F values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 1 to 3, 5, 8, 9, 12, 

13, 23 with p values of p<0.001, p=O.014, p=0.035, p=0.005, p=0.007, p=0.046 and 

p=0.016 respectively. See appendix 1 for F values.

Student Newman-KeuFs analysis shows significant differences sham-ADX saline and 

sham-ADX D-Fen on days 1 and 3 (p<0.001) and 2 (p<0.01). Significant differences 

between ADX saline and ADX D-Fen is seen on days 1 (p<0.001), 2 and 3 (p<0.01) and 7

to 10 (p<0.05).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-KeuFs procedure between respective sham-ADX and ADX dmg groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

Figure 3.5. The effect of chronic D-Fen and adrenalectomy on daily food intake.
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3.1.6. Serum glucose and insulin levels, liver and ovarian fat masses for acute and

chronic treatment.

Serum levels of glucose and insulin, and liver and ovarian fat masses, of the animals 

from Figures 3.1. to 3.5. are presented in Table 3.1.

In the chronic ADX D-Fen treated group, liver and ovarian fat masses increased from 

day 7. These changes were in line with the body weight recovery profiles exhibited in 

Figure 3.3. By day 51 all liver weights were non-significantly different to each other, 

and the ovarian fat masses in both adrenalectomised groups (ADX saline and ADX 

D-Fen) were non-significantly different but still significantly reduced compared to both 

sham (sham-ADX saline and sham-ADX D-Fen) animal groups.

Serum insulin levels were significantly reduced in both adrenalectomised animal 

groups, compared to both sham-ADX groups, sacrificed on day 7 and day 51 (p<0.001 

and p=0.008 respectively). No significant effect, by 2 way ANOVA, of D-Fen versus 

saline was seen. Serum glucose was significantly reduced in adrenalectomy versus 

sham-ADX animals for both day 7 and day 51 (p=0.03 and p=0.040). No significant 

effect, by 2 way ANOVA, of D-Fen versus saline was seen.
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Table 3.1. The effect of acute and chronic D-Fen and adrenalectomy on serum 

glucose (mM), insulin (|liU ml '), liver weights (g) and ovarian fat mass weight (g) for 

the animal groups depicted in Figures 3.1. to 3.5 (Section 3.2).

Data points are means ± SEM. All data groups contain six animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively) 

for respective sacrifice days.

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX dmg groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively) 

for respective sacrifice days.
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3.L7. Total food intake and change in body weight during acute and chronic

studies of D-Fen and adrenalectomy.

The cumulative food intake and the change in body weight for the animals sacrificed on

(hry 7 ameipreserrkxl rn Tlible 3.2. TZhe cuniulative irxod intalce ancl die ctiang^: ui bcxly 

\veig^itfc,r(hrys 1 h) 7 and clays 1 to 51 are prcxManted in Tidale 3.3. The total fooclirdalce 

Euad txad]: i^a;^;bt ctumgea, I)-F(ai animals, fhani din^ 1 to 7 sliow sigthficaad

rechictkms coiujpared to allcidier grou]3s(j]<(f(K)l in bodi cases), \vith significance;, tr/ 

two way ANOVA, of both surgery and D-Fen (p<0.001 in both cases), with a 

significant interaction between adrenalectomy and D-Fen (p=0.016 and p=0.024 

rcxqaectively). Tfhis trerul \vas (iutilicaied in the: total fbcxi inialoe arid liodj^ v/eigld 

changes for the period day 1 to 7 in the animals allowed to continue to day 51, with the 

effect of adnanalectcmry and I)-Fen at chry 7 fcrr lliese anunals sijgnificantly rexiucir^g 

cumulative food intake (p<0.001 in both cases) and producing a significant interaction 

(pF=0.Ckll arid p=0.011 respiectively). TTiis liirdier ccmfhms Hie fact that theisie anirnals 

can be assurncd to be: accimah: insfhsctions ciftlie aciitetiexabnent anunahs iUfthery were 

allowed to continue until day 51. By day 51 the effect of surgery, by two way ANOVA, 

is signidcant (p=0.019), whilst the effect of D-Fen was non-signidcant. The total food 

intake of ADX D-Fen can be seen to have been restored to the level of sham-ADX 

D-Fen and ADX saline. The change in body weight showed a significant effect, by two 

way ANOVA, of D-Fen versus saline (p<0.001), with the effect of surgery being non­

significant.

3.1.8. Serum corticosterone at day 7 and 51 for acute and chronic treatment.

Serum corticosterone levels in all four adrenalectomised animals are below the limits of 

quantidcation (<15mg f).

The corticosterone values for the sham-ADX D-Fen and sham-ADX saline animals 

sacridced on day 6 are 1659 ± 333 and 1450 ± 382 ng ml ' respectively, with the 

animals sacrificed on day 51 displaying levels of 1837 ± 365 and 1605 ± 444 ng ml ' 

respectively.
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Table 3.2. The effect of acute D-Fen and adrenalectomy on total food intake and the 

change in body weight for the period from the initiation of D-Fen treatment (day 1) 

until termination on day 7 for the animal groups depicted in Figures 3.1. and 3.2 

(section 3.1).

Table 3.3. The effect of chronic D-Fen and adrenalectomy on total food intake and 

the change in body weight for the period from the initiation of D-Fen treatment (day 

1) until day 7 (A) and termination on day 51 (B) for the animal groups depicted in 

Figures 3.3., 3.4. and 3.5 (section 3.1).

Data points are means ± SEM. All data groups contain six animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-KeuFs procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively) 

for respective sacrifice days.

a, b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-KeuFs procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively) 

for respective sacrifice days.
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Table 3.2.

Treatment S Food Intake (g) Change in Body 
Weight (Ag)

Sham D-Fen 84.5 ± 0.6 9 ± 2
*** *

ADXD-Fen 57.9 ± 2.3 -8 ±4
*** Q *** c

Sham Saline 113.94:2.0 18 ±2

ADX Saline 88.2 ±1.3 8 ± 2
b b

2 Wav Anova
Sham V ADX p<0.001 (1) p<0.001 (4)
D-Fen v saline p<0.001 (2) p<0.001 (5)
Interaction p=0.016(3) NS (6)

Table 3.3.

Treatment (A) 2 Food
Intake (g)

(8)2 Food
Intake (g)

(A) Change in
BW(Ag)

(B) Change 
inBW(Ag)

Sham D-Fen 87.4 ±2.9 
***

938 ± 23 4 ± 5 
***

72 ± 3 
***

ADXD-Fen 57.9 ±2.3 873 ± 20 -11 ± 3 66 ± 6

Sham Saline 109.5 ±3.7 1000 ±38 20 ± 1 104 ± 6

ADX Saline 85.4 ±3.2
c

909 ± 16 9 ± 4
b

86 ±9

2 Wav Anova
Sham V ADX p<0.001 (1) p=0.019 (4) p=0.009 (7) P=0.07(10)
D-Fen v saline p<0.001 (2) NS^^ p=0.013 (8) p<0.001 (11)
Interaction p=0.041 (3) NS^) p=0.011 (9) NS (12)
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Although the trend is for the sham-ADX D-Fen animals to have higher corticosterone 

levels for both days, all groups are non-significantly different from each other.

3.1.9. Discussion.

The body weight profile for sham-ADX D-Fen animals were typical of the body weight 

changes seen in free-feeding rodents and in humans administered with Fen or D-Fen 

(Innes et al. 1977, Duhault et al. 1979, Stunkard 1981, Douglas et al. 1983, Brindley et 

al. 1985, Rowland and Carlton 1986b). There was an initial weight loss relative to 

controls, followed by restoration of the normal growth rate but at a trajectory below 

that of controls (sham-ADX saline) of approximately 40g after 51 days of 

administration. This action is not thought to be a reflection of tolerance to the actions of 

D-Fen, but possibly to metabolic adaptations to the lower weight.

The recovery in food intake to control levels by 3 days after D-Fen initiation was 

typical of the food intake profiles demonstrated by other investigators (animals 

(Duhault et al. 1979, Brindley 1985, Fantino et al. 1986, 1988). Tolerance to the 

actions of Fen were observed within 2 to 5 days, using various feeding paradigms 

including food deprivation schedules (Antelman et al. 1981, Curtis-Prior and Prouteau 

1983, Heffer and Seiden 1979, Goudie et al. 1974, Rowland et al. 1982), a dessert test 

(Carlton and Rowland 1984) or tail-pressure eating (Antelman et al. 1981). 5mg kg ' of 

Fen initially suppressed dessert intake by 80%, with 50% and 20% suppression on days 

2 and 3, and a non-significant effect thereafter (Carlton and Rowland 1984).

Adrenalectomy produces anorexia and an increase in energy expenditure, in rodents, by 

the transference of energy away from storage mechanisms to energy wastage by the 

mitochondria of brown adipose tissue (Holt and York 1982, 1983). Adrenalectomy 

produces an increase in BAT NA turnover and GDP binding to mitochondria in 

interscapular brown adipose tissue (Holt and York 1982, 1983). Treatment of 

adrenalectomised animals with corticosterone reduces GDP binding. The anorexia, in 

this study, was maintained at a body weight approximately 20g below sham-ADX 

controls.
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The observation that adrenalectomy and D-Fen both produce weight loss prompted the 

hypothesis that combination of the two might produce enhanced weight loss. This was 

indeed the case, with adrenalectomised D-Fen treated female Wistar rats maintaining 

anorexia below that of either treatment alone. This data confirms the results obtained 

by Arase et al. (1989), using D,L-Fen, in the maintenance of a body weight 

approximately lOg below sham-ADX D-Fen animals 9 days following surgery. 

However, prolonging the experimental period produced a reversal in the body weight 

profile and anorexia seen by Arase et al. (1989c).

The normal feeding pattern, in rodents, is to eat during the dark cycle (1900-0700 

hours), with minimal feeding during the light cycle. The restoration of feeding in ADX 

D-Fen animals at day 10 does not reflect a change of feeding to the light cycle when the 

levels of D-Fen and D-Nor-Fen would be expected to be lower. Rowland and Carlton 

(1989b) demonstrate that the time of injection of Fen made no difference between to 

feeding during the dark cycle.

Adrenalectomy reduced both serum insulin and glucose levels. The reduction in 

glucose levels by adrenalectomy may be attributable to a loss of hepatic-stimulated 

glucose production and the removal of glucocorticoid inhibition of glucose uptake. 

Insulin levels were decreased by the removal of glucocorticoid stimulation of PSNS- 

stimulation of insulin secretion. This underlines the importance of glucocorticoid 

effects on insulin secretion. It would be expected that a lowering of serum insulin 

would cause an increase in glucose levels not the reduction observed, suggesting the 

glucocorticoid effects on glucose production are greater than insulin secretion.

Liver and ovarian fat pad weights reflect the final changes in body weight, although 

ADX saline animals at both day 7 and 51 had lower ovarian fat masses than sham- 

ADX D-Fen even though ADX saline body weight > sham-ADX D-Fen body weight. 

The anomaly in ovarian fat masses between adrenalectomised and sham-ADX-operated 

animals can possibly be explained by the lipid mobilisation effect of glucocorticoids. 

Glucocorticoids are known to promote the mobilisation of fat stores and cause specific 

relocation (as in Cushing's syndrome where fat distribution is seen to be localised
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groups was seen at both days 7 and 51.

The trend for sham-ADX D-Fen animals to display higher corticosterone levels than 

sham-ADX saline animals (although non-significant) at both day 7 and 51 may be a 

reflection of the stimulation of the HPA axis by D-Fen. The stimulation of the HPA 

axis by D-Fen has been demonstrated by other investigators (Fuller et al. 1981, 

McElroy et al. 1984, Barbieri 1984, Holmes et al. 1982, De Souza et al. 1989, Serri 

and Rasio 1987). The levels of corticosterone, at the time of sacrifice, would be 

expected to be low, and together with the reduced levels of D-Fen and D-Nor-Fen at 

this time (18 hours following injection) make the interpretation of the results difficult. 

Initially, D-Fen would stimulate the HPA and produce elevated corticosterone levels 

compared to sham-ADX saline animals, but this effect would only be pronounced as 

long as the levels of D-Fen are maintained. So, although the results suggest a non­

significant effect of D-Fen on corticosterone levels, at the time of sacrifice, the early 

response to D-Fen must be considered.
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3 J, Effect of adrenalectomy in acute and chronic D-Fenfliiraminp

treated female Wistar rats on the hypothalamic and hippocampal

serotoninergic system.

3.2.1.

As 5-HT has been implicated in the control of the hypothalamic-pituitary-adrenal axis, 

and as fenfluramine is recognised to affect serotoninergic (5-HT) systems, the 

interactions of D-Fen and adrenalectomy on the serotoninergic system of the 

hypothalamus and hippocampus were investigated.

3.2.2. Effect of acute and chronic treatment on levels of hypothalamic

S-hydroxytryptamine f5-HT>. 5-hydroxyindoleacetic acid f5-HTAAl. the

5-HT:5-HIAA ratios and tryptophan levels.

The hypothalamic levels of 5-HT (ng g ' wet brain tissue), 5-HIAA (ng g ' wet brain

tissue), the ratio 5-HT:5-HIAA and levels of tryptophan (mg g ’ wet brain tissue) for

the animals depicted in Figure 3.1. to 3.5. and Tables 3.1. and 3.2. are presented in 

Table 3.4. (see Chapter 2 for experimental protocols).

The 5-HT levels, at day 7, in sham-ADX D-Fen animals were significantly reduced to 

50% control (ADX and sham-ADX saline levels) levels, (p<0.01), whilst ADX D-Fen 

animals demonstrated further reduced levels to approximately 20% control (ADX and 

sham-ADX saline levels), (p<0.001), which were significantly lower than sham-ADX 

D-Fen levels (p<0.05). There was no difference between ADX saline and sham-ADX 

saline groups. Two way ANOVA showed significant effects of surgery and D-Fen 

(p=0.007 and p-0.021 respectively). By day 51 5-HT levels of the ADX D-Fen animals 

were non-significantly different to sham-ADX D-Fen, but both were significantly 

reduced compared to saline treated animals, by two way ANOVA, (p=0.003).

5-HIAA levels were similarly reduced by 50% on day 7 in D-Fen treated animals 

compared to saline treated animals (p=0.013), the levels of 5-HIAA were lower in the
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D-Fen amm^s to sham-AIXK D-Fen, bi^ non-

a^pbGuu± e8ect of sundry cm 5^aL\Ak^ob;v^a!K^n./U (1^51 i^efkct of 

siu-jgery^ l^y t\vo v/ai/ /LbfO^/Vl, \vaa seen v/bilst the effect of jO-JFai treatmeait v/as 

signiGcant (p=0.009). Sham-ADX D-Fen and ADX D-Fen levels of 5-HIAA were non-

significantly different.

The ratio of 5-HT: 5-HIAA is quoted as an indicator of possible changes in the turnover 

of 5-HT, Adrenalectomy versus sham-ADX surgery and D-Fen treatment versus saline 

both produce significant reductions in the ratio 5-HT:5-HIAA (p<0.001 and p=0.004 

respectively). The joint effect of D-Fen and adrenalectomy potentiated the reduction in 

the ratio 5-HT:5-HIAA in ADX D-Fen animals (0.62 ± 0.15 - see table 3.4) compared 

to either sham-ADX D-Fen (1.45 ± 0.19 - see table 3.4) or ADX saline (1.44 ± 0.19 - 

see table 3.4), (p<0.01 in both cases). By day 51, there was no statistically significant 

difference in 5-HT: 5-HIAA ratios between any of the groups.

No effect on hypothalamic tryptophan was seen with either D-Fen or adrenalectomy on 

day 7 or 51.
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Table 3.4. The effects of acute and chronic D-Fen and adrenalectomy on the 

hypothalamic concentrations of 5-HT, 5-HIAA and tryptophan for the animal groups 

depicted in Figures 3.1. to 3.5 (Section 3.2).

Data points are means ± SEM. All data groups contain six animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).
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3.2.3. Effect of acute and chronic treatment on hippocampal 5-hvdroxytryptamine

(5-HT), 5-hydroxyindoleacetic acid (5-HIAA). the ratio of 5-HT:5-HIAA and

tryptophan levels.

The hippocampal levels of 5-HT (ng g ’ wet brain tissue), 5-HIAA (ng g' wet brain 

tissue), the ratio 5-HT:5-HIAA and levels of tryptophan (mg g'‘ wet brain tissue) for 

the animals depicted in Figure 3.1. to 3.5. and Tables 3.1. and 3.2. are presented in

Table 3.5

D-Fen significantly reduced 5-HT in the hippocampus compared to saline treatment 

(p<0.001). The 5-HT level in the sham-ADX D-Fen animals, at day 7, was reduced to 

30% of the level seen in the saline treated group and ADX D-Fen 5-HT levels were 

further reduced to 10% of saline levels (although not significant different from sham- 

ADX D-Fen levels). By day 51 the reduction in 5-HT was reversed with 5-HT in the 

ADX D-Fen animals > sham-ADX D-Fen animal levels; both D-Fen animals having 

significantly reduced 5-HT levels compared to their saline controls (p<0.001 in both 

cases). No effect of adrenalectomy on hippocampal 5-HT surgery was seen.

5-HIAA levels were similarly reduced at day 7 with D-Fen (p<0.001) with sham-ADX 

D-Fen levels > ADX D-Fen levels (although non-significantly different). By day 51 a 

significant reduction in 5-HIAA levels was seen with D-Fen (p=0.001), with the levels 

in ADX D-Fen > sham-ADX D-Fen (again not significant). No effect of surgery was

seen on day 7. Hippocampal 5-HIAA levels are significantly higher in 

adrenalectomised animals compared to their sham-ADX controls (p=0.029) at day 51.

The trend towards a reduction of the hippocampal ratio 5-HT:5-HIAA at day 7 was 

similar to that seen in the hypothalamus, although the effect of D-Fen versus saline was 

non-significant (with no difference between ADX saline and ADX D-Fen, and between 

sham-ADX saline and sham-ADX D-Fen). By day 51, D-Fen versus saline produced a 

significant reduction in the ratio 5-HT:5-HIAA (p<0.001), with no significant 

differences between the two D-Fen groups (although ADX D-Fen animals tended to 

have a lower ratio, as in the hypothalamus). No effect of surgery was seen.
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Table 3.5. The effects of acute and chronic D-Fen and adrenalectomy on the 

hippocampal concentrations of 5-HT, 5-HIAA and tryptophan for the animal groups 

depicted in Figures 3.1. to 3.5 (Section 3.2).

Data points are means ± SEM. All data groups contain six animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*. ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a, b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).
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Adrenalectomy significantly reduced hippocampal tryptophan at day 7 (p=0.028). By 

day 51 both adrenalectomised groups had significantly elevated tryptophan compared 

to sham-ADX (p=0.016). No effect on hippocampal tryptophan was seen with D-Fen 

on either day 7 or 51.

3.2.4. Discussion.

Both hypothalamic and hippocampal 5-HT and 5-HIAA were reduced with chronic 

D-Fen treatment at day 7 and 51. This data supports the observations by other 

investigators (Kleven and Seiden 1989, Zaczek et al. 1990, Rowland 1986). D-Fen 

treatment similarly caused a reduction in the 5-HT:5-HIAA ratio at day 7 in both the 

hypothalamus and hippocampus, which has also been demonstrated by other groups 

(Fuller et al. 1978, Orosco et al. 1984, Rowland 1986). Chronic D-Fen administration 

for 51 days resulted in slight non-significant lowering of this ratio in the hypothalamus, 

with only the hippocampus maintaining a significant reduction in the ratio by day 51. 

With chronic D-Fen treatment, there was a recovery in the levels of 5-HT with 

hypothalamic 5-HT levels at day 7 and 51 being approximately 30% and 60% of saline 

controls respectively. Hippocampal 5-HT levels were, however, maintained at 

approximately 25% and 30% of saline controls at days 7 and 51 respectively.

The ratio of 5-HT: 5-HIAA is quoted as an indicator of possible changes in the turnover 

of 5-HT. Adrenalectomy versus sham-ADX surgery and D-Fen treatment versus saline 

at day 7 both produce significant reductions in the ratio 5-HT:5-HIAA. The joint effect 

of D-Fen and adrenalectomy potentiated the reduction in the ratio 5-HT:5-HIAA in 

ADX D-Fen compared to either sham-ADX D-Fen or ADX saline. By day 51, there 

was no statistically significant difference in 5-HT:5-HIAA ratios between any of the 

groups. These results are discussed in depth in Chapter 4.

D-Fen had no effect on hippocampal tryptophan (also demonstrated [brain levels] by 

Costa et al. 1971). Adrenalectomy produced a decrease and increase in hippocampal 

tryptophan at days 7 and 51 respectively. In confirmation, Miller et al. 1978 

demonstrated increases in brain tryptophan following long-term adrenalectomy. In 

contrast, neither D-Fen nor ADX had any effects on hypothalamic tryptophan.
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3.3. Effect of adrenalectomy in acute and chronic D-Fenfluramine

treated female Wistar rats on body composition and the metabolic

fate of energy intake.

The effect of D-Fen, adrenalectomy or of both treatments on the body composition of 

the animals of section 3.1. and 3.2. were assessed to quantify body weight changes to 

the specific alterations in body store of fat, protein and energy.

The total body protein, fat and energy content of the experimental animals described in 

sections 3.1. and 3.2. are presented in Table 3.6 (see chapter 2 for experimental 

protocols).

3.3.2. Effect of acute and chronic treatment on body protein.

Animals sacrificed on day 7 demonstrated significant effects of D-Fen versus saline 

and adrenalectomy versus sham-ADX in reducing body protein (p=0.006 and p-0.018 

respectively). There were no significant reductions in protein in either ADX saline or 

sham-ADX D-Fen animals compared to sham-ADX saline animals, all having 

deposited approximately lOg in the study period of day 1 to 7 (p<0.01 compared to day 

1 controls). ADX D-Fen animals, however, showed a significantly lower level of body 

protein compared to sham-ADX D-Fen, sham-ADX saline and ADX saline animals 

(p<0.01, p<0.01 and p<0.05 respectively), with a non-significant change compared to 

day 1 controls.

By day 51, no effect of D-Fen versus saline or adrenalectomy versus sham-ADX in 

reducing body protein was observed.
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3.3.3. Effect of acute and chronic treatment on body lipid.

Unexpectedly, at day 7, fat deposition by D-Fen verses saline treatment had no 

significant effect, whilst adrenalectomy produced a significant reduction (p=0.004). 

The fat content of the animals was in the order sham-ADX saline > sham-ADX D-Fen 

> ADX D-Fen = ADX saline, with both ADX groups being significantly lower than the 

sham-ADX saline controls (p<0.01), with ADX D-Fen being non-significant firom 

sham-ADX D-Fen. For the study period, days 1 to 7, both adrenalectomised groups 

showed no net change in fat deposition, with sham-ADX D-Fen and sham-ADX saline 

depositing approximately 2 and 4g respectively. By day 51, both ADX D-Fen and 

ADX saline had significantly reduced body fat compared to sham-ADX controls 

(p<0.001), with both adrenalectomy groups having similar values. Total body fat was 

in the order sham-ADX saline>sham-ADX D-Fen>ADX saline>ADX D-Fen, 

corresponding to fat deposition from day 1 to 51 of 27, 20, 10 and 7g respectively. No 

effect of D-Fen versus saline was seen, although the fat deposition in sham-ADX 

D-Fen animals was lowered compared to sham-ADX saline animals.

3.3.4. Effect of acute and chronic treatment on gross energy.

Total carcass energy, at day 7, showed a significant reduction in adrenalectomised rats 

(p<0.001), with no significant effect of D-Fen versus saline. Sham-ADX D-Fen 

animals were non-significantly different to sham-ADX saline animals. ADX saline 

animals had significantly reduced body energy content compared to sham-ADX saline 

(p<0.05), and ADX D-Fen animals having further reduced levels being significant from 

sham-ADX D-Fen and ADX saline animals (p<0.001 and p<0.01 respectively). The 

energy deposition was in the order sham-ADX saline = sham-ADX D-Fen > ADX 

saline > ADX D-Fen, which corresponds to a change of approximately +0.15MJ, OMJ 

and -0.15MJ.
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Table 3.6. The effects of acute and chronic D-Fen and adrenalectomy on total body 

protein (g animal '), fat (g animal ') and energy content (MJ animal ') for the animal 

groups depicted in Figures 3.1. to 3.5, and day 0 controls (Section 3.3).

Data points are means ± SEM. All data groups contain six animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively) 

for respective sacrifice days.

a, b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively) 

for respective sacrifice days.
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By day 51 the energy content of the animals similarly reflected the body weight 

profiles, with carcass content of sham-ADX saline > sham-ADX D-Fen > ADX saline 

> ADX D-Fen, corresponding to approximate increases from day 1 of +1.15MJ, 

+0.95MJ, +0.65MJ and +0.55MJ respectively. Day 51 animals showed significant 

reductions for adrenalectomy versus sham-ADX (p<0.001), with no significant effect 

of D-Fen versus saline.

3.3.5. Effect of acute and chronic treatment on the gross efficiency of food

deposition.

One method for establishing the metabolic fate of food is to correlate the known 

amount of energy consumed during a study period (day 1 to either 7 or 51) to the 

changes in energy content. This factor is termed the gross energetic efficiency of food 

deposition (GEEFD). This can be illustrated by the case of an animal experiencing a 

change in energy composition of +100KJ associated with a gross energy intake of 

lOOOKJ: the animal can be said to express a GEEFD of 10% (0.1). The GEEFD values 

can give an indication of changes in body weight of animals to discover if weight loss 

is solely a hypophagic factor, or whether a change in the usage of energy intake in 

addition has occurred. Reductions in GEEFD could be attributable to decreased 

efficiency of GI absorption, decreased efficiency of nutrient usage and/or an increase in 

the transfer of energy away from storage by the increase in energy expenditure of the 

animals (DIT, resting metabolic rate, thermogenesis).

The GEEFD for animals sacrificed on day 7 (GEEFD?) and 51 (GEEFD^^y 5,) are 

presented in Figures 3.6A. and 3.6B. respectively. Adrenalectomy verses sham-ADX 

produces a significant reduction in GEEFD7 and GEEFDj^y 5, (p<0.001), with the 

effect of D-Fen verses saline being non-significant on both days. ADX saline 

GEEFDj^y 7 is reduced compared to sham-ADX saline (although just non-significant), 

whilst ADX D-Fen is significantly reduced further, being significantly lower than 

sham-ADX saline, sham-ADX D-Fen and ADX saline animal groups (p<0.001, 

p<0.001 and p<0.01 respectively.
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Figures 3.6.A and 3.6.B. Gross energetic efficiency of food deposition (GEEFD) for 

the animals shown in figures 3.1 to 3.5 and tables 3.1 to 3.6.

The following groups were studied; sham-ADX D-Fen, ADX D-Fen, sham-ADX saline 

and ADX saline for the acute (Figure 3.6.A) and chronic (Figure 3.6.B) study.

GEEFD was determined from the difference between the energy content of individual 

animals, calculated using the combustible energy values shown in table 3.6, on day 0 and 

termination, in relation to the energy consumption between day 0 and the sacrifice day. 

The GEEFD is expressed as the change in body energy content (KJ animal ') per unit 

energy consumption for period of study (KJ). (PRD chow energy content 12.02KJ g ').

Data points are means ± SEM. All data groups contain six animals.

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery in 

animals sacrificed on day 7 and 51 with p values of <0.001 in both cases F(l,24)=26.58 

and F(l,24)=20.14 respectively.

2 way ANOVA shows no significant effect of D-Fen versus saline in animals sacrificed on 

either day 7 or day 51.

Interaction between groups is seen on day 7 (p=0.011) F(l,24)=7.95.

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-KeuFs procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).
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GEEFDj^y 7 values are in the order sham-ADX D-Fen = sham-ADX saline > ADX saline > 

/II)X I)-Fu3n, c<mn3spc»idlr^g to (jEELFDj^yy vidues of (qyproximately (1)^ arid -2(194 

reiqpeetiveih^. Interardicai bistw^sen IDdFeai arid arlreruaLectonr/, ui retlucir^g GRRFDj^^ ^ is 

seen (p-O.Oll).

The negative GEEPD^gy 7 values of both adrenalectomised groups is postulated to be a 

result of the decreased usage of energy intake due to increases in the energy expenditure of 

the animals.

By day 51, the ADX D-Fen animals have restored GEEFD levels to the levels of ADX 

saline animals, which are both significantly lower than sham-ADX animals (p<0.001).

(jlElifTD^^y.;, \rihies are; iri tire orck;ridiarn-:AJ[tX:]:kl?en:= stuun-ZillX saline :> /iDX saline 

= /iI)X ID-lFen, cconexqpcmdir^; to CrE:]EI\[)^^\^ihies ()f aL]ppinximatel)i S.S'X), aird ^194

respectively.

3.3.6 Discussion.

The body composition data generally agrees with the changes in body weights observed, 

although there are some important points. Only the ADX D-Fen animals, at day 7, show a 

reduction in total body protein, which is a reflection of the lower body weight of the 

individuals, with both the sham-ADX D-Fen and ADX saline animals showing small 

reductions (non-significant) compared to sham-ADX saline animals (again a reflection in 

the reduced body weight, and the expected lower lean body mass). By day 51, all animals 

have similar body protein.

The total body lipid at both day 7 and 51 was reduced in adrenalectomised animals 

compared to sham-ADX animals. The large difference in ovarian fat mass in the ADX 

D-Fen animals compared to ADX saline animals is not reflected in the total lipid content 

of these animals, with ADX D-Fen = ADX saline < sham-ADX D-Fen < sham-ADX 

saline. Sham-ADX D-Fen shows slight reductions in total lipid compared to sham-ADX 

saline at both day 7 and 51 (as seen in the ovarian fat masses). The day 51 profiles of total 

lipid reflect the ovarian fat masses seen at this time in all treatment groups. The reduction
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in total body lipid confirms the observations by other investigators of fenfluramine 

decreasing the deposition of fat in epidydymal pads (Brindley et al 1985) and the 

reduction in body fat more markedly than protein and muscle in animals (Beyen et al. 

1986, Fantino and Faion 1986).

Total energy of the animals reflects the changes in lipid and protein status, and the body 

weight profiles. The calorific value of fat is over ten times that of protein, meaning that 

changes in lipid mass will have a greater effect on the total energy composition of an 

individual than equivalent changes in protein mass. The large reduction in lipid observed 

in adrenalectomised animals is reflected in the lower energy composition of the animals. 

The ADX D-Fen animals have even further reduced total energy content compared to 

ADX saline by the lower levels of protein in comparison. D-Fen alone appears not to 

affect total body energy composition at day 7, but at day 51 the energy content is lower 

than the sham-ADX saline animals (although non-significant).
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3.4. Effect of corticosterone-replacement on the response to

adrenalectomy in acute D-Fenfluramine treated female Wistar

rats.

3.4.1.

To establish whether the adrenal component in the potentiation of D-Fen anorexia by 

adrenalectomy is the removal of endogenous glucocorticoids, corticosterone was 

administered to adrenalectomised animals.

A similar protocol to section 3.1. (acute treatment) was adopted, except that the two 

adrenalectomy groups (ADX D-Fen and ADX saline) were duplicated and 

administered with corticosterone replacement (5mg kg ') in arachis oil carrier (10 mg 

ml"'). All the other groups received arachis oil alone (0.5ml kg '). Arachis oil ± 

corticosterone was injected s.c. (intrascapular). D-Fen and saline administration, and 

surgery, was performed as previously reported in Section 3.1., with the initial 

corticosterone or vehicle administration at the time of surgery (1100-1300 hours) on 

day 3. Subsequent injections of arachis oil ± corticosterone was at the same time as 

D-Fen or saline injections (1700-1800 hours).

The animals were allowed to proceed as before, and were terminated on day 8.

3.4.2. Effect of corticosterone-replacement on acute treatment body weight profile.

The body weight profiles of the animal groups are presented in Figure 3.7. A 

significant effect of adrenalectomy verses sham-ADX was seen on days 3 to 8, and of 

D-Fen verses saline for days 2 to 8. The body weight profile of the ADX D-Fen, sham- 

ADX D-Fen, sham-ADX saline and ADX saline animal groups exhibited similar 

profiles as seen in Figure 3.1, in that D-Fen produces a reduction in body weight in 

both treated animals (p<0.001) and sham-ADX D-Fen animals body weight growth 

stabihsed at a level below the sham-ADX saline animals. The ADX saline animals 

showed the reduction in body weight growth maintained below the sham-ADX saline
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animals till the end of the study (p<0.05), with the ADX D-Fen animals maintaining 

body weights till the end of the study at a level of 20g, 25g and 30g below sham-ADX 

D-Fen, ADX saline and sham-ADX saline respectively (p<0.001 ADX D-Fen to all

groups).

The two corticosterone-replacement groups, ADX D-Fen plus corticosterone (open 

double triangle) and ADX saline plus corticosterone (asterisk), are presented in Figure 

3.7. The ADX saline plus corticosterone group followed a body weight profile identical 

to that of sham-ADX saline for the whole study, abolishing the effect of 

adrenalectomy. The ADX D-Fen plus corticosterone group do not completely mirror 

their supposed controls (sham-ADX D-Fen), but towards the end of the study the 

difference in body weights of these two groups decreases, so that from day 6 onwards 

there is no significant difference between them. The ADX D-Fen plus corticosterone 

group body weight is significantly higher than ADX D-Fen animals from day 5 

onwards (day 5 p<0.05, day 6 p<0.01 and p<0.001 for days 7 and 8).

A significant effect of adrenalectomy verses sham-ADX and D-Fen verses saline was 

seen on days 3 (p=0.040), days 4 (p=0.007), days 5 to 8 (p<0.001) and days 2 to 8 

(p<0.001) respectively.
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Figure 3.7. The effect of corticosterone treatment on the changes in body weight of 

adrenalectomised rats treated with D-Fenfluramine.

The following groups were studied; sham-ADX saline (open square), ADX saline (open 

triangle), sham-ADX D-Fen (cross), ADX D-Fen (open circle), ADX D-Fen plus 

corticosterone treatment (open double triangle) and ADX saline plus corticosterone treatment 

(asterisk).

Data points are means ± SEM. All data groups contain five animals. The solid bar represents 

the period of daily D-Fen injections (lOmg kg' day') in sterile saline (lOmg ml') or sterile 

saline vehicle (1ml kg ') alone between 1700 and 1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on days

3 to 8 with p values of p=0.040, p=0.007 and p<0.001 for days 5 to 8. See appendix 1 for F 

values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 2 to 8 with a p value of 

<0.001 for all days. See appendix 1 for F values.

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective surgical saline control groups (sham- 

ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

!. !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between corticosterone treatment groups and their group 

control (ADX saline and ADX D-Fen to ADX saline plus corticosterone and ADX D-Fen plus 

corticosterone respectively).

#. ## and ### indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between corticosterone treatment groups and their sham- 
ADX control group (sham-ADX saline and sham-ADX D-Fen to ADX saline plus 

corticosterone and ADX D-Fen plus corticosterone respectively).
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3.4.3. Effect of corticosterone-replacement on acute food intake profile.

The food intake proxies of these animals are presented in Figure 3.8. Food intake, for

the four appropriate groups, mirror the profile seen in the animals for section 3.1 

(Figure 3.2), with a significant effect of adrenalectomy verses sham-ADX and D-Fen 

verses saline on days 3 to 7 and 1 to 7 respectively (see legend for p values).

The food intake profiles for the corticosterone-replacement animals, following surgery, 

did not exactly mirror their sham-ADX equivalents. The ADX D-Fen plus 

corticosterone animals show food intake levels 200% of sham-ADX D-Fen levels, 

whilst the ADX saline plus corticosterone levels are 30% of sham-ADX saline levels 

on day 3. However, by day 5 there was no difference in food intake levels between 

sham-ADX D-Fen and ADX D-Fen + corticosterone nor between sham-ADX saline 

and ADX saline + corticosterone. ADX D-Fen plus corticosterone animals have 

significantly elevated food intakes compared to ADX D-Fen from day 3 onwards 

(p<0.001), with ADX saline plus corticosterone significantly higher than ADX saline 

on days 4, 6 and 7 only (p<0.001, p<0.001 and p<0.05 respectively).
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Figure 3.8. The effect of corticosterone treatment on the daily food intake of 

adrenalectomised rats treated with D-Fenfluramine.

The following groups were studied; sham-ADX saline (open square), ADX saline (open 

triangle), sham-ADX D-Fen (cross), ADX D-Fen (open circle), ADX D-Fen plus 

corticosterone treatment (open double triangle) and ADX saline plus corticosterone treatment 

(asterisk).

Data points are means ± SEM. All data groups contain five animals. The solid bar represents 

the period of daily D-Fen injections (lOmg kg' day') in sterile saline (lOmg ml') or sterile 

saline vehicle (1ml kg ') alone between 1700 and 1800 hours (i.p.).

2 way ANOVA shows significant effect of adrenalectomy versus sham-ADX surgery on days

3 to 7 with p values of p=0.048 for day 4 and <0.001 for rest. See appendix 1 for F values.

2 way ANOVA shows significant effect of D-Fen versus saline on days 1 to 7 with a p value of 

<0.001 for days 1 to 3, days 4 and 5 p=0.001, day 6 p=0.008 and day 7 p=0.006. See appendix 

1 for F values.

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective surgical saline control groups (sham- 

ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

!■ !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.00Respectively) by 

Student Newman-Keul’s procedure between corticosterone replacement groups and their 

group control (ADX saline and ADX D-Fen to ADX saline plus corticosterone and ADX 

D-Fen plus corticosterone respectively).

#■ ## and ### indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between corticosterone replacement groups and their 

sham-ADX control group (sham-ADX saline and sham-ADX D-Fen to ADX saline plus 

corticosterone and ADX D-Fen plus corticosterone respectively).
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3.4.4. Effect of corticosterone-replacement on serum Plucose and insulin, and liver

and ovarian fat pad mass.

Serum glucose and insulin, liver and ovarian fat pad weights for the above animals are 

presented in Table 3.7. Sham-ADX D-Fen, ADX D-Fen, sham-ADX saline and ADX 

saline all showed similar prohles to that exhibited in Table 3.1. Corticosterone 

replacement reversed decreases in serum glucose and partially restored insulin levels 

towards their sham-ADX controls. ADX D-Fen plus corticosterone and ADX saline 

plus corticosterone liver and ovarian fat pad weights were fully restored to their 

respective sham-ADX controls, with both ADX D-Fen plus corticosterone and ADX 

saline plus corticosterone having significantly increased liver and ovarian fat weights 

compared to ADX D-Fen and ADX saline respectively (see table for p values).

3.4.5. Effect of corticosterone-replacement on total food intake and change in

body weight.

The total food intake and the change in body weight for the period day 1 to 8 are

presented in Figure 3.8. Sham-ADX D-Fen, ADX D-Fen, sham-ADX saline and ADX 

saline all showed similar profiles to that of the animal groups in Table 3.2. 

Corticosterone replacement restored the food intake of both groups to their sham-ADX 

controls. ADX D-Fen plus corticosterone and ADX saline plus corticosterone (together 

with sham-ADX D-Fen and sham-ADX saline) show significantly elevated food 

intakes compared to ADX D-Fen and ADX saline respectively (p<0.001 in all cases). 

Body weight profiles were similarly restored with ADX D-Fen plus corticosterone and 

ADX saline plus corticosterone significantly higher than ADX D-Fen and ADX saline 

(p<0.001 and p<0.05 respectively).
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Table 3.7. The effect of corticosterone treatment to adrenalectomised rats receiving 

D-Fen on serum glucose (mM), insulin (|rU ml ’), liver weights (g) and ovarian fat 

mass weights (g) for the animal groups depicted in Figures 3.7. and 3.8 (Section 3.4).

Data points are means ± SEM. All data groups contain five animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX dmg groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

!■ !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between corticosterone replacement groups and their 

group control (ADX saline and ADX D-Fen to ADX saline plus corticosterone and ADX 

D-Fen plus corticosterone respectively).

#, ## and ### indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between corticosterone replacement groups and 

their sham-ADX control group (sham-ADX saline and sham-ADX D-Fen to ADX saline 

plus corticosterone and ADX D-Fen plus corticosterone respectively).
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Table 3.8. The effect of corticosterone treatment to adrenalectomised rats receiving 

D-Fen on total food intake and the change in body weight for the period from the 

initiation of D-Fen treatment (day 1) until termination (on day 8) for the animal 

groups depicted in Figures 3.7. and 3.8 (Section 3.4).

Data points are means ± SEM. All data groups contain five animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*. ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX dmg groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

!. !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between corticosterone replacement groups and their 

group control (ADX saline and ADX D-Fen to ADX saline plus corticosterone and ADX 

D-Fen plus corticosterone respectively).

#. ## and ### indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between corticosterone replacement groups and 

their sham-ADX control group (sham-ADX saline and sham-ADX D-Fen to ADX saline 

plus corticosterone and ADX D-Fen plus corticosterone respectively).
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Table 3.8.

Treatment Food Intake Change in BW

Sham D-Fen 114.8 ±0.6 10 ± 1
*** ***

ADX D-Fen 82.2 ± 2.9 -13 ± 2
*** g

Sham Saline 144.5 ± 3.5 23 ±2

ADX Saline 118.7 ±3.5 17 ±2
c a

ADX D-Fen + 118.4 ±2.3 8 ± 1
Corticosterone !!! !!!

ADX Saline + 131.7 ±2.4 22 ± 1
Corticosterone !!! ## !

2 Wav Anova
Sham V ADX p<0.001 (1) p<0.001 (4)
D-Fen v saline p<0.001 (2) p<0.001 (5)
Interaction p=0.018(3) p<0.001 (6)
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3.4.6. Effect of corticosterone-replacement on hypothalamic S-hvdroxytrvptamine

rS-HT), 5-hvdroxvindoleacetic acid fS-HIAAX the ratio f>-HT:5-HTAA and

tryptophan levels.

TTie h^(pothuihuiLk:]profih;()f S-HT (r^; wet brain tissue), S-Bn/LAiijig g '

tissue), the ratio 5-HT;5-HIAA and levels of tryptophan (mg g' wet brain tissue) for 

the corticosterone replacement animals are presented in Table 3.9. (see Chapter 2 for 

experimental protocols).

The hypothalamic proGle of 5-HT, 5-HIAA, the ratio 5-HT:5-HIAA and tryptophan in

sham-ADX D-Fen, ADX D-Fen, sham-ADX saline and ADX saline animals displayed 

a similar trend to that observed in section 3.1. The levels of 5-HT and 5-HIAA in the 

ADX D-Fen plus corticosterone animals were non-significantly different from the 

levels observed in ADX D-Fen animals, and the ratio 5-HT:5-HIAA (1.7) was only 

partially restored to sham-ADX D-Fen levels (2.2), although it remained non- 

significantly different, with the ADX D-Fen plus corticosterone 5-HT:5-HIAA ratio 

being signifrcantly higher than the ADX D-Fen 5-HT:5-HIAA ratio (0.90), (p<0.01). 

The levels of both 5-HT and 5-HIAA in the ADX saline plus corticosterone animals are 

significantly lower than sham-ADX saline levels (p<0.01 in both cases), although the 

ratio 5-HT:5-HIAA is non-significantly different from the sham-ADX saline level.

No effect on hypothalamic tryptophan of surgery, D-Fen or corticosterone replacement

was seen.
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Table 3.9. The effects of corticosterone treatment to adrenalectomised rats receiving 

D-Fen on the hypothalamic concentrations of 5-HT (ng g ’), 5-HIAA (ng g ‘) and 

tryptophan (pg g'*) for the animal groups depicted in Figures 3.7. and 3.8 (section 

3.4).

Data points are means ± SEM. All data groups contain five animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a^ b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between respective sham-ADX and ADX drug groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

!, !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between corticosterone replacement groups and their 

group control (ADX saline and ADX D-Fen to ADX saline plus corticosterone and ADX 

D-Fen plus corticosterone respectively).

#■ ## and ### indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between corticosterone replacement groups and 

their sham-ADX control group (sham-ADX saline and sham-ADX D-Fen to ADX saline 

plus corticosterone and ADX D-Fen plus corticosterone respectively).
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3.4.7. Effect of corticosterone-replacement on hippocampal 5-hvdroxytryptamine

(5-HT), 5-hydroxyindoleacetic acid (5-HIAA). the ratio 5-HT:5-HTAA and

tryptophan levels.

The hippocampal profile of 5-HT (ng g ’ wet brain tissue), 5-HIAA (ng g ’ wet brain 

tissue), the ratio 5-HT:5-HIAA and levels of tryptophan (mg g'' wet brain tissue) for 

the corticosterone replacement animals are presented in Table 3.10. (see Chapter 2 for 

experimental protocols).

The hippocampal profile of 5-HT, 5-HIAA, the ratio 5-HT:5-HIAA and tryptophan in 

sham-ADX D-Fen, ADX D-Fen, sham-ADX saline and ADX saline animals displayed 

a similar trend to that observed in section 3.1, except that ADX D-Fen did not display 

the lowering of 5-HT and 5-HIAA compared to sham-ADX D-Fen, which is due to the 

large variation seen in the 5-HT levels in these animals, which presented a 

5-HT:5-HIAA ratio 2 fold higher than sham-ADX D-Fen.

Corticosterone replacement animals had similar 5-HT, 5-HIAA and ratio levels 

compared to their sham-ADX controls, except that 5-HIAA in ADX saline plus 

corticosterone was significant lower compared to sham-ADX saline (p<0.05).

No effect of surgery, D-Fen or corticosterone replacement on hippocampal tryptophan 

was seen.
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Table 3.10. The effects of corticosterone treatment to adrenalectomised rats receiving 

D-Fen on the hippocampal concentrations of 5-HT (ng g ’), 5-HIAA (ng g ’) and 

tryptophan (pg g ') for the animal groups depicted in Figures 3.7. and 3.8 (section 

3.4).

Data points are means ± SEM. All data groups contain five animals.

See appendix 2 for ANOVA F values (reference number in parentheses).

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-KeuFs procedure between respective surgical saline control groups 

(sham-ADX saline and ADX saline to sham-ADX D-Fen and ADX D-Fen respectively).

a, b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-KeuFs procedure between respective sham-ADX and ADX dmg groups 

(sham-ADX saline and sham-ADX D-Fen to ADX saline and ADX D-Fen respectively).

!■ !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-KeuFs procedure between corticosterone replacement groups and their 

group control (ADX saline and ADX D-Fen to ADX saline plus corticosterone and ADX 

D-Fen plus corticosterone respectively).

#■ ## and ### indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-KeuFs procedure between corticosterone replacement groups and 

their sham-ADX control group (sham-ADX saline and sham-ADX D-Fen to ADX saline 

plus corticosterone and ADX D-Fen plus corticosterone respectively).

c:\rxin\lhcsis\word\cliptcr34.doc 149



W W
OO C/2 Oz z a

OO 00 00
Z Z Z

^00 o 00

_ao
^ o ^

^1!

I
CN

>

oVO

M Q



3.4.8. Serum corticosterone levels.

Serum corticosterone levels in the two adrenalectomised (with arachis oil control) 

animal groups (ADX D-Fen and ADX saline) were helow the limits of quantification.

TThe oofihxx^enx^ 'wfiues the shmrn/dOX 13-Fen and shaan/dD)[ sadhu: (hvhh

arachis oil control) animals were 255±103 and 341±106 ng mf respectively, whilst the 

ADX D-Fen plus corticosterone and ADX saline plus corticosterone serum 

corticosterone levels were 122±37 and 191±75ng ml'. There was no significant 

(hffiaence befiveeu ^^amr/DX IDdFen and diam:-/d)X salhe, and behveen 

D-Fen plus corticosterone and ADX saline plus corticosterone. The only significant 

difference occurred between sham-ADX saline and ADX D-Fen plus corticosterone 

(p<0.05). Both corticosterone replacement animals displayed reduced serum levels 

ccmrparefi h) shaair^AJCfK suahriah: fidiarn-/l[))( saluie arid I)-F(ai gacmps ^/erses 

saline and D-Fen corticosterone replacement groups by 2 way ANOVA p<0.01). The 

lower corticosterone levels could possibly of been a reflection of the exhaustion of 

corticosterone in the arachis oil pool, as the animals were sacrificed between 18 to 20 

hours following the last corticosterone injection.

3.4.9. Discussion.

Corticosterone replacement would appear to reverse the effects of adrenalectomy in 

both the saline and D-Fen treated adrenalectomised animals.

The final body weights (day 8) of ADX D-Fen plus corticosterone and ADX saline plus 

corticosterone are restored to their respective sham-ADX animal controls (sham-ADX 

D-Fen and sham-ADX saline respectively). The profile of ADX saline plus 

corticosterone mirrors that of the sham-ADX saline animals, but the profile of the ADX 

D-Fen plus corticosterone animals is off-set by a fall in body weight following surgery 

which is greater that that seen with the sham-ADX D-Fen animals, and takes until the 

end of the study to be restored to the sham-ADX D-Fen level. This observation is 

further explained in Chapter 4.
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Corticosterone replacement restored serum glucose and insulin to their respective 

sham-ADX controls, and restored fully the reductions in liver and ovarian fat masses 

associated in the two adrenalectomy groups. The only discrepancy in the total food 

intake occurs in the ADX saline plus corticosterone animals. This group has a 

significantly lower total food intake compared to the sham-ADX saline group and may 

be a reflection of the lower pre-surgical levels in the corticosterone replacement 

animals and/or the failure to reproduce sham-ADX-operated conditions immediately 

following surgery in terms of blood levels of corticosterone.

The decrease in hypothalamic 5-HT system associated with adrenalectomy in D-Fen 

treated animals is partially restored to the sham-ADX D-Fen profile by the replacement 

of corticosterone, together with an increase in the 5-HT;5-HIAA ratio in the ADX 

D-Fen plus corticosterone animals compared to ADX D-Fen to the level seen in sham- 

ADX D-Fen animals. This suggests that the adrenal factor removed responsible for the 

reduction of hypothalamic 5-HT and the reduction in the ratio of 5-HT:5-HIAA ratio 

observed in ADX D-Fen animals compared to sham-ADX D-Fen is corticosterone. 

Less information can be obtained from the hippocampal data because of the large 

variation associated with 5-HT, and the large 5-HT:5-HIAA ratio. Although, 

adrenalectomy can be seen to restore the 5-HT:5-HIAA ratio in both corticosterone 

replacement groups to their respective sham-ADX controls. The significance of these 

observations is discussed further in Chapter 4.
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3.5. Effect of adrenalectomy in acute D-Fenfluramine treated

female Wistar rats on hypothalamic corticotrophin-releasing factor

(CRD.

3.5.1

The stimulation of the hypothalamie-pituitary-adrenal (HP A) axis by 5-HT, and D-Fen, 

is well documented (Fuller and Snoddy 1980, McElroy et al. 1984, Van de Kar et al.

1983). It is hypothesised that one or more of the components of the HP A axis plays a 

role in the body weight-reducing effects of D-Fen. Corticotrophin-releasing factor, in 

particular, plays a fundamental role.

Sections 3.2 and 3.4. demonstrated that ADX D-Fen animals have increased 

hypothalamic 5-HT activity. A possible mechanism for the potentiation of D-Fen 

anorexia by adrenalectomy is postulated to be a result of increased activity of 

hypothalamic activity in these animals. Hypothalamic CRF content is raised in 

adrenalectomised animals (see Chapter 1.), and 5-HT/D-Fen both stimulate the release 

of CRF. The rise in CRF is postulated to be one of the factors contributing to the 

anorexia associated with adrenalectomy. The increase in hypothalamic CRF dynamics, 

associated with adrenalectomy, may, with D-Fen treatment, cause a stimulation of the 

release of the high levels of CRF associated with adrenalectomy to further inhibit food 

intake and increase SNS activity, compared to either adrenalectomy or D-Fen treatment 

alone.

3.5.2. Immunocytochemical detection of CRF.

Initial studies began with immunocytochemical (ICC) localisation of CRF containing 

regions within the CNS (see Chapter 2.7 for protocol). Initially, ICC failed to detect 

CRF except within the end terminals of the medien eminence (ME). CRF is, however, 

located within many brain regions (seen Chapter 1.1.2.2.). To detect CRF within these 

other brain regions it was deemed necessary to administer colchicine (i.c.v) to block 

CRF transport from the cell bodies by axonal transport to the end terminals. Colchicine
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(and other drags including vinca alkaloids, podophyllotoxin and griseofulvin) bind to 

microtubules and cause them to disrupt into subunits. Microtubules play an essential in 

maintenance of intracellular structure, the movement and exocytotic release of 

secretory products. Colchicine (75p,g 20ml'') is injected into the lateral ventricle at the 

same time as adrenalectomy or sham-ADX surgery under pentobarbitone anaesthesia 

(see Chapter 2 for experimental protocol) on day 3. The animals were sacrificed 48 

hours later on day 5. Colchicine completely abolished food intake in all rats, and of the 

24 rats originally assigned to receive colchicine, only 5 survived to day 5. Colchicine 

treatment revealed positive CRT staining in the PVN region of the hypothalamus. 

Because the process of the potentiation of D-Fen anorexia by adrenalectomy is a 

dynamic process involving the modulation of food intake, use of ICC as an 

investigative technique was deemed inappropriate for this study and not pursued 

further.

3.5.3. IRMA of whole hypothalamic CRF.

The direct measurement of hypothalamic CRF of tissue by IRMA (see Chapter 2.8 for 

protocol), in hindsight, would allow changes in hypothalamic CRF to he measured 

quantitatively, whilst ICC detection of CRF would only establish the total number of 

CRF-positive cells.

Animals for ERMA measurement of CRF followed the same protocol as animals 

presented in section 3.1., to produce 4 groups:

• sham-ADX D-Fen

• ADX D-Fen

• sham-ADX saline

• ADX saline

See Chapter 2. for experimental protocol and tissue dissection.
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The animals were sacrificed on day 6. Figure 3.9. shows the hypothalamic (including 

ME and pituitary stalk) level of CRF expressed as ng g ' wet tissue.

Sham-ADX saline animals show hypothalamic levels of CRF of 22.2 ± 1.9 ng g '

(range 14.4-28.0) with ADX saline CRF levels of 31.7 d: 1.8 ng g ' (range 26.2-37.1),

which were significantly different from each other (p<0.05).

Sham-ADX D-Fen animals level of CRF were 19.1 ± 3.2 ng g' (range 5.1-30.3) with

ADX D-Fen CRF levels of 9.1 ± 1.7 ng g ' (range 2.5-19.7). ADX D-Fen CRF levels 

i^^are signifrctmth/ lower tlum sliam-7k[))[ sham-TkCDC saline tind .AJEDC saline

CRF levels (p<0.01, p<0.001 and p<0.001 respectively).

3.5.4. Discussion.

This increase of hypothalamic CRF, in the adrenalectomised saline-treated animals, is 

postulated to be a result of the loss of negative feedback inhibition by corticosterone 

and confirms the observations of other investigators (Eberwine and Roberts 1984,

Kovacs er nZ. 1986, Sawchenko 1987, Kovdcs and Makara 1988, Vale eZ aZ. 1983, 

Beyer eZ aZ. 1988).

The reduction in the hypothalamic levels of CRF, by D-Fen, in ADX D-Fen animals, is 

taken as an index of stimulation of CRF release from CRF-containing cells, by the 

depletion of storage without replenishment. Other investigators have demonstrated that 

D-Fen (and 5-HT) causes a release of CRF from the hypothalamus (Calogero et al. 

1989, Jones et al. 1976, Gibbs and Vale 1983, Nakagami et al. 1986, Jones and 

Flillhouse 1977, Holmes et al. 1982) and thus confirms this observation. The reduced 

hypothalamic CRF in ADX D-Fen animals compared to either sham-ADX D-Fen or 

ADX saline animals may be due to the increased hypothalamic 5-HT activity 

associated with these animals (see section 3.2.), causing an increase in CRF release 

compared to the sham-ADX D-Fen animals.
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Figure 3.9. The effect of acute D-Fen and adrenalectomy on hypothalamic 

corticotropin-releasing factor (ng g"' wet tissne)

See Section 2.5 for experimental protocols.

Data is shown as mean ± SEM with plots of individual data points (open circles).

Analysis by Student Newman-Keul's procedure between groups is shown by *, ** and 

*** (p<0.05, p<0.01 and p<0.001 respectively), together with non-significant 

comparisons.
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3.6 Effect of adrenalectomy in acute and chronic D-Fenfluramine

treatment,___and of corticosterone-replacement in acute

D-Fenfluramine treated adrenalectomised female Wistar rats on

the brain and serum levels of D-Fen and its primary metabolite.

D-Nor-Fen.

3.6.1.

A possible mechanism for the potentiation of D-Fen's action by the removal of 

endogenous glucocorticoids could involve changes in the metabolism of D-Fen into 

D-Nor-Fen and/or the modification of the pharmacokinetic profile of one or both of 

these compounds. The effect of glucocorticoids on the modulation of D-Fen and 

D-Nor-Fen metabolism and excretion is unknown.

3.6.2. Effect of adrenalectomy in acute and chronic D-Fen treated female Wistar

rats on brain and serum levels of D-Nor-Fen. D-Fen and the ratio

D-Nor-Fen :D-Fen.

Brain and serum levels of D-Nor-Fen, D-Fen and the ratio D-Nor-Fen:D-Fen for 

animals sacrificed on day 7 and 51 (section 3.1., 3.2. and 3.3.) are presented in Table

3.11.

ADX D-Fen animals sacrificed on day 7 showed significantly elevated brain 

D-Nor-Fen and D-Fen levels of 2.6 and 5.5 fold (p<0.001 in both cases) compared to 

sham-ADX D-Fen animals, with the ratio of D-Nor-Fen:D-Fen in the ADX D-Fen 

significantly lowered to 50% of sham-ADX D-Fen levels (p<0.05). Serum levels of 

D-Nor-Fen and D-Fen were similar to brain levels, with a significant 1.7 and 2.9 fold 

increases respectively of D-Nor-Fen and D-Fen (p<0.01 and p<0.05 respectively) in 

ADX D-Fen animals compared to sham-ADX D-Fen animals, and a significant 

reduction of the D-Nor-Fen:D-Fen ratio to 70% of sham-ADX D-Fen levels (p<0.05).
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Table 3.11. The effect of acute and chronic D-Fen and adrenalectomy on brain and 

serum levels of D-Nor-Fen and D-Fen for the animal groups depicted in Figures 3.1. 

to 3.5 (Section 3.1).

Data points are means ± SEM. Data groups contain six animals.

*■ ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between sham-ADX D-Fen and ADX D-Fen 

animals for respective sacrifice days.
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By day 51, ADX D-Fen levels of both brain and serum D-Nor-Fen and D-Fen were not 

significantly different from sham-ADX D-Fen animals. The ratio of D-Nor-Fen:D-Fen 

was similarly not significantly different between the two groups. Therefore the increased 

D-Fen and D-Nor-Fen and reduced D-Nor-Fen:D-Fen ratio noted in the ADX D-Fen 

animals compared to the sham-ADX D-Fen animals is no longer evident at day 51.

3.6.3 Effect of corticosterone-replacement and adrenalectomy in D-Fen treated

female Wistar rats on brain and serum levels of D-Nor-Fen. D-Fen and the ratio

D-N or-Fen: D-Fen.

The brain and serum levels of D-Nor-Fen and D-Fen, with the ratio D-Nor-Fen:D-Fen, in 

the corticosterone replacement animals seen in section 3.4. are presented in Table 3.12.

A similar pattern to the day 7 animals (section 3.1 to 3.3) was seen in brain D-Nor-Fen 

and D-Fen, with statistically significant 2.2 and 6.7 fold increases respectively in levels in 

the ADX D-Fen animals compared to sham-ADX D-Fen animals (p<0.001 and p<0.01 

respectively). The ratio D-Nor-Fen:D-Fen was also similarly significantly 40% lower in 

the ADX D-Fen animals compared to sham-ADX D-Fen animals (p<0.001). Serum levels 

of D-Nor-Fen and D-Fen were also similarly significantly elevated by 1.5 and 4.7 fold 

respectively in ADX D-Fen animals compared to sham-ADX D-Fen (p<0.05 and p<0.01 

respectively). The ratio D-Nor-FenD-Fen was similarly significantly 36% of the sham- 

ADX D-Fen level (p<0.001).

Corticosterone replacement has some interesting results. Brain D-Nor-Fen and D-Fen 

were significantly lower in the ADX D-Fen plus corticosterone animals compared to ADX 

D-Fen animals (p<0.001 in both cases), and non-significantly different from sham-ADX 

D-Fen levels (although D-Fen was 50% sham-ADX D-Fen levels). The ratio 

D-Nor-Fen D-Fen was significantly 1.9 and 5.1 fold higher in the ADX D-Fen plus 

corticosterone animals compared to sham-ADX D-Fen and ADX D-Fen respectively 

(p<0.001 in both cases). One animal in the ADX D-Fen plus corticosterone displayed non- 

detectable levels of D-Fen, and was not included in the D-Fen table and subsequent 

D-Nor-FenD-Fen analysis.
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Table 3.12. The effect of corticosterone treatment on the effect of acute and chronic 

D-Fen and adrenalectomy on brain and serum levels of D-Nor-Fen and D-Fen for the 

animal groups depicted in Figures 3.7. and 3.8 (Section 3.4).

Data points are means ± SEM. All data groups contain five animals.

BLQ indicates that all samples were below the limits of quantification.

In the group receiving ADX D-Fen plus corticosterone, one animal showed no detectable 

level of brain D-Fen and is not included in the table, and in the subsequent calculation of 

the ratio D-Nor-Fen to D-Fen.

*. ** and *** indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) 

by Student Newman-Keul’s procedure between sham-ADX D-Fen and ADX D-Fen 

animals.

a. b and c indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between ADX D-Fen and ADX D-Fen + 

corticosterone replacement.

!■ !! and !!! indicate a significant difference (p<0.05, p<0.01 and p<0.001 respectively) by 

Student Newman-Keul’s procedure between sham-ADX D-Fen and ADX D-Fen + 

corticosterone replacement.
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This makes the levels of D-Fen and the ratio D-Nor-Fen:D-Fen even more exaggerated 

when compared to the other two groups. Serum levels of D-Nor-Fen were 60% and 

40% sham-ADX D-Fen and ADX D-Fen levels respectively, only significantly lower 

than the ADX D-Fen levels (p<0.001). No animal in the ADX D-Fen plus 

corticosterone group displayed detectable levels of D-Fen, and no calculation of the 

D-Nor-Fen:D-Fen is performed for this group.

3.6.4. Brainrserum ratios of D-Fen and D-Nor-Fen in acute and chronic treatment.

and corticosterone-replacement treatment.

Table 3.13 expresses the data shown in Tables 3.11. and 3.12. in terms of the 

brain:serum ratio of both D-Nor-Fen and D-Fen. The brain:serum ratios of D-Nor-Fen 

and brain: serum D-Fen between respective termination groups show no significant 

difference (the value for D-Fen in corticosterone replacement cannot be calculated).

The ratio of (brain D-Nor-Fen:serum D-Nor-Fen):(brain D-Fen:serum D-Fen) is also 

shown in Table 3.13. The ratio of these two ratios shows similarity between respective 

sacrifice day animals, with day 7, day 51 and day 8 ratios of 1.12:1.12, 0.83:0.95 and 

1.06:1.07 respectively for sham-ADX D-Fen:ADX D-Fen.

No significant difference in these ratios occurs between groups at any sacrifice time 

and to other sacrifice days.
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Table 3.13. Brain:Serum ratios of D-Nor-Fen and D-Fen and the ratio 

Brainrserum [D-Nor-Fen:D-Fen] for the data presented in tables 3.11 and 

3.12 (section 3.1 and 3.4).

Data points are means ± SEM.

No significance difference, between corresponding groups, is seen for any of the 

measured ratios.

Treatment
RATIO 

(Brain: Serum) 
D-Nor-Fen

RATIO
(Brain:Serum)

D-Fen

RATIO
(Brain:Serum)

D-Nor-Fen:D-Fen

Sham D-Fen
(Day?)

51.1 ±4.4 45.7 ±2.8 1.12 ±0.07

ADX D-Fen 
(Day?)

62.6 ± 4.7 56.0 ±2.5 1.12 ±0.08

Sham D-Fen
(Day 51)

62.1 ±3.1 72.9 ±3.6 0.83 ± 0.04

ADX D-Fen 
(Day 51)

59.8 ±2.6 62.9 ±1.9 0.95 ± 0.04

Sham D-Fen
(Day 8)

39.0 ± 6.4 37.8 ±6.4 1.06 ±0.10

ADX D-Fen 
(Day 8)

56.8 ± 12.0 51.4±7.6 1.07 ±0.13

ADX D-Fen-t 
corticosterone 

(Day 8)

65.1 ±9.7 - * - *

* cannot be calculated
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3.6.5. Correlation of D-Nor-Fen and D-Fen levels to parameters measured in

sections 3.1 to 3.5.

The change in the body weight horn day 1 to 7 (BWl), for the short-term animals

correlates highly with levels of both brain and serum D-Nor-Fen and D-Fen:

• BWl to brain D-Nor-Fen r = -0.9326 (p<0.001)

• BWl to brain D-Fen r = -0.9399 (p<0.001)

• BWl to ratio D-Nor-Fen:D-Fen r - 0.8631 (p<0.01).

Correlations to the levels seen in the serum show similar degrees of 

significance.

The food intake for the period day 1 to 7 also highly correlates with:

• Food intake to brain D-Nor-Fen r = -0.9616 (p<0.001)

• Food intake to brain D-Fen r - -0.8814 (p<0.01).

Correlations to the levels seen in the serum show similar degrees of 

significance.

No correlation between D-Nor-Fen or D-Fen levels is seen between serum levels of 

glucose or insulin.

Weights of liver and ovarian fat mass correlate to levels of brain D-Nor-Fen and 

D-Fen:

• r == -0.9237 (p<0.01) and r = -0.9305 (p<0.01) for liver weights

• r = -0.902 (p<0.01) and r = -0.8369 (p<0.01) for ovarian fat masses.

The only significant correlation in hypothalamic and hippocampal 5-FIT, 5-HIAA, the 

ratio of the two and tryptophan occurs between hypothalamic 5-HT and the brain ratio 

of D-Nor-Fen:D-Fen.
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The efficiency of food deposition (GEEFD) also highly correlates to the levels of 

D-Nor-Fen and D-Fen (and the ratio D-Nor-Fen:D-Fen) in both the brain and serum:

• GEEFD to brain D-Nor-Fen r = -0.9498 (p<0.001)

• GEEFD to brain D-Fen r = -0.9200 (p<0.001)

• GEEFD to ratio D-Nor-Fen:D-Fen r = 0.7969 (p<0.01).

Correlations to the levels seen in the serum are similarly significant.

By day 51, no significant correlations between the levels of D-Nor-Fen and D-Fen to 

any of the measured parameters are seen.

The D-Fen treated animals in the corticosterone-replacement experiment display 

identical profiles to the animals sacrificed on day 7 in terms of correlations of levels of 

brain and serum D-Nor-Fen and D-Nor-Fen to change in body weight and total food 

intake for day 1 to 8, and ovarian fat masses and hypothalamic 5-FIT.

3.6.6. Discussion.

The levels of D-Nor-Fen, D-Fen and the ratio D-Nor-Fen:D-Fen in day 7, and the 

recovery of these by day 51 in the ADX D-Fen animals fit the profile exhibited in terms 

of body weight, food intake, the hypothalamic 5-HT system and the actions on the 

hypothalamic CRF levels with high correlates to body weight changes and total food 

intake to the levels of D-Nor-Fen and D-Fen experienced by the individual animals.

Adrenalectomy would appear to enhance the effect of D-Fen (and D-Nor-Fen) by 

prolonging its actions by maintaining brain and serum levels. The adrenal factor 

removed that is responsible for this effect would appear to be corticosterone. These 

results are discussed further in Chapter 4.
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Chapter 4.
Discussion.

The p^er by Arose et al. (1989c) demonstrated that adrenalectomy prevented the 

restoration of normal food intake observed with D,L-Feniluramme and increased body 

weight loss and GDP binding to interscapular brown adipose tissue, in female Sprague- 

Dawley rats. The experimental design of the above study was such that ariimals were 

sacrificed 8 days following adrenalectomy.

When I repeated the experiment of Arose et al. and the animals allowed to survive for 

longer than 8 days, a reversal of these effects was observed. This thesis describes the 

results of a project designed to investigate the interaction of D-Fenfluramine with 

adrenal glucocorticoids in the regulation of food intake and energy balance, to establish 

possible loci and mechanism(s) of the interaction, and evaluate the results in terms of 

possible value for clinical usage.

The results presented in this thesis are a culmination of over 3 years work to eventually 

prove to one of the co-authors of the above paper that prolonging the experimental 

period produced a reversal in the body weight profile and anorexia. To account for the 

observation, and finally present the results in this thesis, the action of D, L-Fen, D-Fen 

and L-Fen was investigated in male and female Wistar rats, to show that the effects 

demonstrated by Arase et al. (1989c) were eventually reversed.

The terms "’acute” and "chronic” D-Fen treatment mentioned in this discussion refer to 

my two basic experimental designs. The term "acute” D-Fen treatment refers to those 

animals sacrificed on days 7 (Section 3.1-3.3) or 8 (section 3.4), and is comparable to 

the study period applied by Arase et al., whilst the term "chronic” treatment refers to 

those animals allowed to continue beyond the period demonstrated by Arase et al. 

(1989c) and sacrificed on day 51 (section 3.1-3.3).
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At the end of each section in Chapter 3 (sections 3.1 - 3.6) the results were discussed 

briefly. All these results are summarised in the following two tables.

• Table 4.1. (page 169) summarises the results (compared to sham-ADX 

saline controls) of the acute and chronic experiments (section 3.1), the body 

composition analysis of these animals (section 3.3), the hypothalamic and 

hippocampal serotoninergic system (section 3.2), the hypothalamic CRT 

levels (section 3.5) and the brain/serum levels of D-Fen and D-Nor-Fen 

(section 3.6).

• Table 4.2. (page 170) summarises the results (compared to sham-ADX 

saline controls) of the corticosterone-replacement study (acute period), 

(section 3.4), including the hypothalamic and hippocampal serotoninergic 

system and the brain/serum levels of D-Fen and D-Nor-Fen (section 3.6)

It can be seen that the body weight profiles (acute and chronic period) for sham-ADX 

D-Fen animals were typical of the body weight changes seen by other investigators, i.e. 

an initial weight loss relative to controls, followed by restoration of the normal growth 

rate but at a trajectory below that of controls (sham-ADX saline) of approximately 40g 

after 51 days of administration (Innes et al. 1977, Duhault et al. 1979, Stunkard 1981, 

Douglas et al. 1983, Brindley et al. 1985, Rowland and Carlton 1986b). This action is 

not thought to be a reflection of tolerance to the actions of D-Fen, but possibly to 

metabolic adaptations to the lower weight.

The recovery in food intake to control levels by 3 days after D-Fen initiation was 

typical of the food intake profiles demonstrated by other investigators. Tolerance to the 

actions of Fen (and D-Fen) were observed by other investigators within 2 to 5 days, 

using various feeding paradigms including food deprivation schedules, dessert test or 

tail-pressure eating (Duhault et al. 1979, Brindley 1985, Fantino et al. 1986, 1988, 

Antelman et al. 1981, Curtis-Prior and Prouteau 1983, Heffer and Seiden 1979, Goudie 

et al. 1974, Rowland et al. 1982, Carlton and Rowland 1984, Antelman et al. 1981).

C:\rxin\tiiesis\word\ciipt497.doc 168



Table 4.1 Acute and Chronic treatment experiments

Comparison to control (Sham-ADX saline). Rounded to nearest 5%.

D-Fen only ADX only D-Fen and ADX

Acute phase Chronic
phase

Acute phase Chronic
phase

Acute phase Chronic
phase

Body weight profile - lOg -30g -lOg -20g -25g -40g
[-15g] [-lOg] [-30g]

Total food intake 75% 95% 75% 90% 50% 85%
[80%] [80%] [55%]

Serum glucose No change 95% 95% 90% 85% 90%
Serum insulin 115% 85% 60% 55% 50% 65%

Liver weight 85% 95% 80% 85% 60% 85%
Ovarian fat weight 75% 80% 35% 25% 15% 30%

Total body protein 95% No change 95% 105% 80% 10594
Total body fat 85% 85% 70% 60% 75% 50%

Total body energy No change 90% 85% 75% 70% 70%

HYPOTHALAMIC

5-HT 45% 65% 110% No change 20% 65%
5-HIAA 60% 65% 110% 105% 45% 75%
5-HT:5-HIAA 80% No change 80% No change 35% 95%
Tryptophan 90% 145% No change 125% 95% 120%
HIPPOCAMPAL
5-HT 25% 20% 75% 115% 5% 40%
5-HIAA 40% 35% 85% 130% 20% 65%
5-HT:5-HIAA 90% 50% 85% 90% 70% 60%
Tryptophan 105% 120% 95% 130% 80% 13594
Hypothalamic CRF 85% NP 145% NP 40% NP
BRAIN

D-Nor-Fen 100%* 100%** N/A N/A 26594 No change
D-Fen 100%* 100%** N/A N/A 53594 75%
D-Nor-Fen;D-Fen 100%* 100%** N/A N/A 55% 130%
SERUM

D-Nor-Fen 100%* 100%** N/A N/A 170% 105%
D-Fen 100%* 100%** N/A N/A 29094 75%
D-Nor-Fen:D-Fen 100%* 100%** N/A N/A 70% 135%

Bracketed figures [body weight profile/total food intake] - chronic phase values at acute phase time 

NP Not performed * Acute phase control Chronic phase control

N/A not applicable (saline-treated group)

point
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Table 4.2 Corticosterone-replacement experiment

Comparison to control (Sham-ADX saline). Rounded to nearest 5%.

D-Fen only ADX only ADX
(-(■corticosteron e)

D-Fen and 
ADX

D-Fen and ADX 
(4-corticosterone)

Body weight profile -15g -5g No change -35g -15g

Food intake 80% 80% 90% 55% 80%

Serum glucose No change 95% No change 95% No change

Serum insulin 115% 70% 85% 75% 95%

Liver weight 90% 85% 95% 65% 90%

Ovarian fat weight 60% 40% 70% 25% 65%

HYPOTHALAMIC

5-HT 35% 80% 60% 20% 20%
5-HIAA 55% No change 65% 50% 50%
5-HT:5-HIAA 70% 85% 90% 30% 55%
Tryptophan 125% 150% 155% 110% 145%
HIPPOCAMPAL

5-HT 20% 85% 75% 50% 35%
5-HIAA 35% 105% 65% 30% 45%
5-HT;5-HIAA 65% 80% 120% 165% 95%
Tryptophan No change 120% 145% 145% 135%
BRAIN

D-Nor-Fen 100%* N/A N/A 215% 105%
D-Fen 100%* N/A N/A 665^6 45%
D-Nor-Fen;D-Fen 100%* N/A N/A 35% 190%
SERUM

D-Nor-Fen 100%* N/A N/A 155% 60%
D-Fen 100%* N/A N/A 470% (BLQ)
D-Nor-Fen:D-Fen 100%* N/A N/A 35% **

*

N/A

BLQ

Sham-ADX D-Fen control values 

Not applicable (saline-treated groups) 

Below limit of quantification 

Cannot be calculated

Adrenalectomy produces anorexia and an increase in energy expenditure, in rodents, by 

the transference of energy away from storage mechanisms to energy wastage by the 

mitochondria of brown adipose tissue. The anorexia produced by adrenalectomy, in 

these studies, was maintained at a body weight approximately 20g below sham-ADX 

controls, in agreement with other investigators.
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The normal feeding pattern, in rodents, is to eat during the dark cycle (typically 1900- 

0700 hours), with minimal feeding during the light cycle. The restoration of feeding 

observed in ADX D-Fen animals at day 10 does not reflect a change of feeding (light 

and dark feeding measured) to the light cycle (when the levels of D-Fen and D-Nor-Fen 

would he expected to be lower).

The anomaly in ovarian fat masses between adrenalectomised and sham-ADX-operated 

animals after acute and chronic treatment, compared to their body weight profiles (see 

section 3.3), can possibly be explained by the lipid mobilisation effect of 

glucocorticoids. Glucocorticoids are known to promote the mobilisation of fat stores 

and cause specific relocation (as in Cushing's syndrome where fat distribution is seen to 

be localised around shoulders and face). The acute and chronic treatment total body 

lipids was reduced in all adrenalectomised animals compared to sham-ADX animals. 

The large difference in ovarian fat mass in the ADX D-Fen treatment animals 

compared to ADX saline animals was not reflected in the total lipid content of these 

animals, with:

sham-ADX saline > sham-ADX D-Fen > ADX saline = ADX D-Fen

To correlate the changes in body weight, body composition was studied with a view to 

understanding the relationship between anorexia and body set point and any differential 

effects on protein and lipid mobilisation and/or the efficiency of food deposition following 

the combination of D-Fen and adrenalectomy compared to either treatment alone. Acute 

and chronic treatment sham-ADX D-Fen animals showed slight reductions in total lipid 

compared to sham-ADX saline (as observed in the ovarian fat masses). The chronic 

treatment profiles of total lipid reflect the ovarian fat masses seen at this time in all 

treatment groups. The reduction in total body lipid confirms the observations by other 

investigators of fenfluramine decreasing the deposition of fat in epidydymal pads 

(Brindley et al. 1985) and the reduction in body fat more markedly than protein and 

muscle in animals (Beyen et al. 1986, Fantino and Faion 1986).
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The acute ADX D-Fen treatment animals show a reduction in total body protein, which 

is a reflection of the lower body weight of the individuals, with both the acute sham- 

ADX D-Fen and ADX saline treatment animals showing small reductions (non-

sigtrfhrxmt) ccmipaaxxi to sluioi-/L[))[ saline (mimals (again a reflection hi the lexiuexsd 

b()d)ri\ns^ghf and the eatpecdexl rediicecllexm brxlyrrniss). (Zbronic treatment zmhnials all 

htr/e similar b()d):]proteiii lervels, coiifhnhrig tlw) results shown try Bey^en (zA 1986,

Fantino and Faion 1986 in the reduction of body fat more markedly than protein and 

muscle.

Total body energy of the animals reflects the changes in the body weight profiles and 

the lipid/protein status. The calorific value of fat is over ten times that of protein, 

meaning that smaller change in lipid than protein can affect total energy composition of 

an individual. The large reductions in lipid observed in adrenalectomised animals are 

reflected in the lower energy composition of these animals. The acute treatment ADX 

D-Fen animals have even further reduced total energy content compared to acute 

treatment ADX saline by the lower levels of protein in comparison. Acute D-Fen alone 

appears not to affect total body energy composition, but at day 51 the energy content is 

lower than the sham-ADX saline animals (although non-significant).

The acute period (day 1 to 7) is a short period in terms of the analysis of changes in the 

dynamic profile of fat and protein deposition and/or mobilisation, and because of this, 

changes in the body weight profiles of an animal may be difficult to interpret in terms 

of very small discrete changes in the protein/fat/energy content. Although it is obvious 

that adrenalectomy produced dramatic changes in lipid and energy content, and 

adrenalectomised D-Fen treated animals had reduced protein content. The non­

significant changes in lipid, protein and energy in the sham-ADX D-Fen animals 

compared to the sham-ADX saline animals, even though their body weight profile 

clearly suggests a reduction in one or a combination of these components may be a 

reflection of the short time scale and the errors associated. The chronic study 

demonstrated that the changes in body weight mirrored the changes in body 

composition for all groups, during which period the errors would have been reduced.
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If the changes in body weight for the periods 1 to 7 (acute period) and 1 to 51 (chronic 

period) are correlated to the total food intake (from tables 3.2. and 3.3.), then the 

following intake of food necessary for Ig unit increase in body weight is demonstrated;

Acute period

• sham-ADX D-Fen

• ADX D-Fen

• sham-ADX saline

• ADX saline

9.5g g body weight '

- 7.3g g body weight"' * 

6.3g g body weight"' 

llgg body weight"'

* (7.3g food associated with a reduction of Ig body weight)

The ADX D-Fen value is rather ambiguous but the others clearly demonstrate that the 

food intake necessary to increase the body weights of the sham-ADX D-Fen and ADX 

saline animals is higher than the sham-ADX saline animals, and that the ADX D-Fen 

animals produced a net loss of body weight even with the intake shown.

The following intake of food necessary for Ig unit increase in body weight is 

demonstrated in the chronic study (day 1 to 51):

Chronic period 

sham-ADX D-Fen 

ADX D-Fen 

sham-ADX saline 

ADX saline

13gg body weight"' 

13g g body weight"' 

lOgg body weight"' 

llgg body weight"'

This shows that, for days 1 to 51, the sham-ADX D-Fen, ADX D-Fen and ADX saline 

animals consumed more food per unit increase in body weight compared to sham-ADX 

saline animals. The consumption of increased energy intake for unit changes in body 

weight suggests an increase in the ADX D-Fen, ADX saline and sham-ADX D-Fen 

individual’s energy expenditure or a decrease in the utilisation of the energy from their 

diet. The values mirror the body weight profiles exhibited with sham-ADX saline > 

ADX saline > sham-ADX D-Fen = ADX D-Fen. These results confirm the observation
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of other investigators in adrenalectomy and D-Fen increasing diet-induced 

thermogenesis (DIT) and increasing energy expenditure by stimulating thermogenesis 

and basal metabolic rate (Arase et al. 1989, Holt and York 1982, 1983 and Lupein and

Bray 1985).

The gross energetic efficiency of food deposition (GEEFD) is very important. The 

evidence presented above is further supported by the GEEFD values. The calculation of 

the GEEFD is very similar to that of the values above for energy intake per unit change 

in body weight, with the exception that the intake of energy is correlated to the changes 

in total energy content of the animal by ballistic bomb calorimetry.

The acute treatment GEEFD values (GEEFDas would be expected, mirror the 

above results, with adrenalectomy producing a decreased utilisation of energy intake 

compared to sham-ADX animals (confirming the observations of other investigators) 

and the combination of adrenalectomy and D-Fen producing an even lower utilisation 

of energy intake at day 7. The lower GEEFDj^y? values suggest that the reductions in 

body weight associated with adrenalectomy are not singularly due to hypophagia but 

include an increased energy expenditure component. The further reduction of 

GEEFDin ADX D-Fen animals demonstrated a higher energy loss compared to 

adrenalectomy alone. The lower acute treatment body weights in sham-ADX D-Fen 

animals compared to sham-ADX saline is not reflected in a significant difference in 

GEEFDeven though D-Fen is known to increase DIT and resting energy 

expenditure. This discrepancy may be due, in part, to the errors that may occur in such 

a short time period of the acute study.

Chronic treatment GEEFD values (GEEFDof both adrenalectomised animal 

groups are similar (although the ADX saline value is slightly lower than ADX D-Fen) 

at approximately 50% sham-ADX saline levels, with the GEEFDof sham-ADX 

D-Fen slightly lower than the sham-ADX saline animals (non-significant).

The acute and chronic treatment GEEFD values (GEEFDj^y? and GEEPD^^yj,) 

demonstrate that there is a recovery in the efficiency in food utilisation in ADX D-Fen

C:\rxiii\ijicsis\word\chpt497.doc 174



animals in line with the recovery in body weight, food intake and the hypothalamic 

5-HT system, with both adrenalectomised GEEFD values still below that of sham- 

ADX animals. This supports the evidence that the removal of endogenous 

glucocorticoids by bilateral adrenalectomy increases energy wastage by brown adipose 

tissue. D-Fen alone appears to have no effect on the GEEFD values (GEEFDj^y? and 

GEEFD^ysi), suggesting that, from this data, that the actions of D-Fen in reducing body 

weight are solely a result of a reduction in food intake.

Adrenalectomy reduced both insulin and glucose. The reduction in glucose levels by 

adrenalectomy may be attributable to a loss of hepatic-stimulated glucose production 

and the removal of glucocorticoid inhibition of glucose uptake. Insulin levels were 

decreased by the removal of glucocorticoid stimulation of the PSNS. This underlines 

the importance of glucocorticoid effects on insulin secretion. It would be expected that 

a lowering of serum insulin would cause an increase in glucose levels not the reduction 

observed, suggesting the glucocorticoid effects on glucose production was greater than 

insulin secretion.

The trend for sham-ADX D-Fen animals to display higher corticosterone levels (acute 

and chronic treatment) than sham-ADX saline animals (although non-significant) may 

be a reflection of the stimulation of the HP A axis by D-Fen. The levels of 

corticosterone, at the time of sacrifice (1100-1400 hours), would be expected to be low, 

and together with the reduced levels of D-Fen and D-Nor-Fen at this time (18 hours 

following injection) make the interpretation of the results difficult. Initially, D-Fen 

would stimulate the HPA and produce elevated corticosterone levels compared to 

sham-ADX saline animals, but this effect would only be pronounced as long as the 

levels of D-Fen were maintained. So, although the results suggest a non-significant 

effect of D-Fen on corticosterone levels, at the time of sacrifice, the early response to 

D-Fen should be considered.

The hypothalamic and hippocampal serotoninergic systems were investigated with a view 

to investigate if the actions of D-Fen or adrenalectomy singularly on these central 5-HT 

systems were modified by the combination of treatments. Both acute and chronic D-Fen
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treatment levels of hypothalamic and hippocampal 5-HT and 5-HIAA were reduced. 

This data supports observations of other investigators (Kleven and Seiden 1989, Zaczek 

et al. 1990, Rowland 1986). Acute D-Fen treatment (sham-ADX and ADX) similarly 

caused a reduction in the ratio 5-HT:5-HIAA in both the hypothalamus and 

hippocampus, which has also been demonstrated by other groups (Fuller et al. 1978, 

Orosco et al. 1984, Rowland 1986).

The acute treatment levels of hypothalamic 5-HT, 5-HIAA and the ratio 5-HT:5-HIAA 

were further reduced in ADX-Fen treatment animals compared to sham-ADX D-Fen. 

Chronic D-Fen administration produced a reversal of the 5-HT depletion and reduced 

ratio 5-HT:5-HIAA observed in the ADX D-Fen group compared to their sham-ADX 

D-Fen controls, although the 5-HT levels in both D-Fen treatment groups were 

maintained significantly lower than both saline-treated groups.

Adrenalectomy alone had no effect on the hypothalamic 5-HT profile. Neither D-Fen 

nor adrenalectomy alone had any effects on hypothalamic tryptophan. Others have 

demonstrated adrenalectomy to have either no effect on brain 5-HT (Shah et al. 1968) 

or a reduction (Kovacs et al. 1977, Rastogi and Singhal 1978, Telegdy and Vermes 

1975). The changes in 5-HT (where occurring) are not apparent until one week 

following adrenalectomy (Rastogi and Singhal 1978).

The acute treatment levels of hippocampal 5-HT, 5-HIAA and the ratio 5-HT:5-HIAA 

were further reduced in ADX-Fen treatment animals compared to sham-ADX D-Fen 

(as seen in the hypothalamus). Chronic D-Fen administration produced a reversal of the 

5-HT depletion and reduced ratio 5-HT:5-HIAA observed in the ADX D-Fen group 

compared to their sham-ADX D-Fen controls. However, unlike the hypothalamus, the 

ratio 5-HT:5-HIAA in both the chronic D-Fen treatment groups is maintained at a 

significant level below that of the saline controls.

Adrenalectomy alone had no effect on the hippocampal 5-HT profile. Other 

investigators have demonstrated that corticosteroids reduces 5-HT and 5-HIAA in rat 

hippocampus (De Kloet et al. 1983, Balfour et al. 1979) and not the hypothalamus
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(Balfour et al. 1979). Adrenalectomy produced a decrease and increase in acute and 

chronic treatment hippocampal tryptophan levels respectively. In confirmation, Miller 

et al. 1978 demonstrated increases in brain tryptophan following long-term 

adrenalectomy. D-Fen had no effect on hippocampal tryptophan (also demonstrated 

[brain levels] by Costa et al. 1971).

Confirmation of the adrenal factor responsible for the potentiation of the effects of 

D-Fen was investigated by replacement corticosterone therapy to adrenalectomised 

D-Fen animals (results presented in section 3.4). The final end point body weight of the 

ADX D-Fen plus corticosterone and the ADX saline plus corticosterone groups 

(section 3.4), (at day 8 instead of day 7 as with the previous acute study), were restored 

to their respective sham-ADX animal controls (sham-ADX D-Fen and sham-ADX 

saline respectively). However, the body weight profiles are slightly different. The 

profile of the ADX saline plus corticosterone group mirrors that of the sham-ADX 

saline animals, but the profile of the ADX D-Fen plus corticosterone animals is off-set 

by a fall in body weight following surgery which is greater than that seen with the 

sham-ADX D-Fen animals, and takes until the end of the study to be restored to the 

sham-ADX D-Fen level. The significance of this is discussed later.

Corticosterone replacement restored serum glucose and insulin to their respective 

sham-ADX controls, and restored fully the reductions observed in liver and ovarian fat 

masses associated in the two adrenalectomy groups. The only discrepancy in the total 

food intake occurred in the ADX saline plus corticosterone animals. This group had a 

significantly lower total food intake compared to the sham-ADX saline group and may 

be a reflection of the lower pre-surgical levels in the corticosterone replacement 

animals and/or the failure to reproduce exactly the sham-ADX-operated conditions 

immediately following surgery in terms of the physiological levels of plasma 

corticosterone.

The decrease in the hypothalamic 5-HT profile associated with adrenalectomy in D-Fen 

treated animals was partially restored to the sham-ADX D-Fen profile by the 

replacement of corticosterone. This suggests that the adrenal factor removed that is
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responsible for the reduction of hypothalamic 5-HT and the reduction in the ratio of 

5-HT:5-HIAA ratio in ADX D-Fen animals compared to sham-ADX D-Fen is 

corticosterone. Less information can be obtained from the hippocampal data because of 

the large variation associated with 5-HT, and the large 5-HT;5-HIAA ratio. Other 

investigators have demonstrated that corticosteroids reduce 5-HT and 5-HIAA in rat 

hippocampus (De Kloet gf a/. 1983, Balfour gr a/. 1979) and not the hypothalamus 

(Balfour et al. 1979). Others have demonstrated adrenalectomy to have either no effect 

on brain 5-HT (Shah et al. 1968) or a reduction (Kovacs et al. 1977, Rastogi and 

Singhal 1978, Telegdy and Vermes 1975). The changes in 5-HT (where occurring) 

were not apparent until one week following adrenalectomy (Rastogi and Singhal 1978).

No effect of surgery (adrenalectomy), D-Fen or corticosterone replacement on either 

hypothalamic or hippocampal tryptophan was observed.

The failure to completely abolish the effect of adrenalectomy in the ADX D-Fen 

animals by corticosterone replacement, could be a reflection of the lack of normal 

adrenal corticosterone secretion for the initial period of adrenalectomy. This is 

hypothesised to be a result of the time taken for the arachis oil preparation to release 

corticosterone and raise plasma levels, for the period immediately following surgery, to 

a physiological level.

The failure of corticosterone replacement to, in the initial stages, restore 

adrenalectomised animal's food intake profiles to sham-ADX levels further suggests 

that the corticosterone pool in arachis oil does not compensate fully for the normal 

endogenous corticosterone secretion.

In hindsight, it would probably have been more appropriate to begin corticosterone 

replacement some time before the animals were adrenalectomised. The corticosterone 

was administered immediately following the adrenalectomy of the animals and 

therefore the surgical- and anaesthetic-induced increases in the HP A axis activity and 

associated increases in adrenal corticosterone (and noradrenaline) levels would not be 

seen by these animals. Therefore, for a short period, the corticosterone-replacement-
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adrenalectomised animals will, in theory, have experienced a period of 

"adrenalectomy" until the arachis oil pool increased blood levels of corticosterone to a 

physiological level. The blood levels of corticosterone would appear to be resumed to 

normal levels by the observation that ADX D-Fen plus corticosterone food intake was 

restored to sham-ADX D-Fen levels by day 4.

The immunocytochemistry localisation of CNS CRF provided no positive data into the 

interpretation of the previous results, but appeared, at the time, a logical step to 

investigate the possible loci and mechanism of the interaction of adrenalectomy and

D-Fen.

IRMA detection of CRF, however, allowed hypothalamic CRF levels to be measured 

quantitatively. The CRF levels like 5-HT, however, give an indication of release 

activity. The lower levels of CRF are taken that stimulation of release has occurred and 

presented the animal with an increased exposure to the actions of CRF and a reflection 

of the inability to compensate for the increased release by CRF synthesis. D-Fen has 

been demonstrated to significantly lower CRF levels specifically in the hypothalamus, 

with no significant change in any other regions excepting small increases in the 

hippocampus, midbrain and spinal cord (Appel et al. 1991). Appel et al. (1991) also 

demonstrated that the tolerance to the actions of chronic D-Fen administration may be 

associated with a reduction in the responsiveness of the HPA axis. Chronic D-Fen 

treated animals show significant reductions in the stimulation of corticosterone 

production compared to acute treatment. The tolerance may be due, in part, to the lower 

pool of available 5-HT and/or CRF for the production of the D-Fen effects on body 

weight, food intake and energy expenditure. Also, as with 5-HT, consideration of the 

extent (if any) of super-sensitivity needs to be considered in the interpretation of long­

term studies producing alteration in the levels of a neurotransmitter (5-HT or CRF in 

this case).

The increase of hypothalamic CRF observed, in the adrenalectomised saline-treated 

animal group (ADX saline), is postulated to be a result of the loss of negative feedback 

inhibition by corticosterone (also observed by other investigators). The reduction in
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hypothalamic CRF, by D-Fen, is taken as an index of stimulation of CRF release from 

CRF-containing cells, by the depletion of storage without replenishment.

The reduced hypothalamic CRF in ADX D-Fen animals compared to either sham-ADX 

D-Fen or ADX saline animals may be due to the increased hypothalamic 5-HT activity 

associated with these animals (see section 3.2.), causing an increase in CRF release 

compared to the sham-ADX D-Fen animals.

The results clearly demonstrate that increases in hypothalamic CRF content associated 

with adrenalectomy are reduced with D-Fen treatment. The non-significant reduction of 

hypothalamic CRF in sham-ADX D-Fen animals compared to sham-ADX saline may 

be a reflection of the lower 5-HT activity in the sham-ADX D-Fen animals compared 

to ADX D-Fen animals. Simply, it may be hypothesised, that the stimulation of CRF 

release by 5-HT is greater in the ADX D-Fen animals compared to sham-ADX D-Fen 

purely by the increase in 5-HT activity associated with these animals. The fact that 

ADX D-Fen CRF levels (approximately 8 ng g"’) are lowered below that of the sham- 

ADX D-Fen levels (approximately 20ng g ') from the high levels associated with 

adrenalectomy (approximately 30ng g ') suggests an even higher CRF release by D-Fen 

in adrenalectomised animals, and so promoting increases in CRF actions in inhibiting 

food intake and stimulating the sympathetic nervous system.

The failure of D-Fen to reduce CRF levels in sham-ADX D-Fen animals is, as 

mentioned previously, probably a result of lowered 5-HT activity. Appel et al. (1991), 

however, demonstrate a 50% reduction in hypothalamic CRF in animals receiving 

24mg kg ' Fen twice daily for 4 days. Acute treatment, by this group, showed no 

significant lowering of hypothalamic CRF and may have been the result of 

replenishment of CRF by synthesis in the hypothalamus (Berkenbosch and Tilders 

1988, Berkenbosch et al. 1989).

The results of the measurement of hypothalamic CRF levels clearly show that the 

potentiation of body weight loss and hypophagia in ADX D-Fen animals, compared to 

either treatment alone, is associated with an increase in the activity of hypothalamic
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corticotrophin-releasing factor. However, the complete dynamics of the CRF system 

may not be completely interpreted from this data because of possible changes in 

receptor numbers, CRF synthesising dynamics and/or changes in cell populations 

producing CRF.

The results that are clearly of most importance are the measurements of D-Fen and 

D-Nor-Fen performed on all the D-Fen treated animals (presented in section 3.1-3.4).

Acute treatment ADX D-Fen (section 3.1-3.3) animals demonstrated significantly 

elevated brain D-Nor-Fen and D-Fen levels of 2.6 and 5.5 fold (p<0.001 in both cases) 

compared to sham-ADX D-Fen animals, with the ratio of D-Nor-Fen;D-Fen in the 

ADX D-Fen significantly lowered at 50% of sham-ADX D-Fen levels (p<0.05). Serum 

levels of D-Nor-Fen and D-Fen were similar to brain levels, with a significant 1.7 and 

2.9 fold increase respectively of D-Nor-Fen and D-Fen (p<0.01 and p<0.05 

respectively) in ADX D-Fen animals compared to sham-ADX D-Fen animals, and a 

significant reduction of the D-Nor-Fen:D-Fen ratio to 70% of sham-ADX D-Fen levels 

(p<0.05).

Chronic treatment ADX D-Fen animals demonstrated levels of both brain and serum 

D-Nor-Fen and D-Fen that were non-significantly different from sham-ADX D-Fen 

animals. The ratio of D-Nor-Fen:D-Fen was similarly non-significant to sham-ADX 

D-Fen animals. The trend for acute treatment ADX D-Fen animals to display increased 

D-Fen and D-Nor-Fen and a reduced D-Nor-Fen:D-Fen ratio (brain and serum) seems 

to have been reversed.

A similar trend for the acute animals, section 3.4. (corticosterone replacement 

experiment), was seen in terms of the brain D-Nor-Fen and D-Fen levels, with a 

significant 2.2 and 6.7 fold increase respectively in the ADX D-Fen animals compared 

to sham-ADX D-Fen animals (p<0.001 and p<0.01 respectively). The ratio 

D-Nor-Fen:D-Fen was also similarly significantly 40% lower in the ADX D-Fen 

animals compared to sham-ADX D-Fen animals (p<0.001). Serum levels of D-Nor-Fen 

and D-Fen were also similarly significantly elevated by 1.5 and 4.7 fold respectively in
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ADX D-Fen animals compared to sham-ADX D-Fen (p<0.05 and p<0.01 respectively). 

The ratio D-Nor-Fen:D-Fen was similarly significantly 36% of the sham-ADX D-Fen 

level (p<0.001).

Corticosterone replacement provided some interesting results. Brain D-Nor-Fen and 

D-Fen levels were significantly lower in the ADX D-Fen plus corticosterone animals 

compared to ADX D-Fen animals (p<0.001 in both cases), and non-significantly 

different from sham-ADX D-Fen levels (although D-Fen was 50% sham-ADX D-Fen 

levels). The ratio D-Nor-Fen:D-Fen was significantly 1.9 and 5.1 fold higher in the 

ADX D-Fen plus corticosterone animals compared to sham-ADX D-Fen and ADX 

D-Fen respectively (p<0.001 in both cases). One animal in the ADX D-Fen plus 

corticosterone displayed non-detectable levels of brain D-Fen, and was not included in 

the D-Fen table and subsequent D-Nor-Fen:D-Fen analysis. This makes the levels of 

D-Fen and the ratio D-Nor-Fen:D-Fen even more exaggerated when compared to the 

other two groups. Serum levels of D-Nor-Fen were 60% and 40% sham-ADX D-Fen 

and ADX D-Fen levels respectively, only significantly lower than the ADX D-Fen 

levels (p<0.001). No animal in the ADX D-Fen plus corticosterone group displayed 

detectable levels of serum D-Fen, and therefore no calculation of the serum 

D-Nor-Fen:D-Fen ratio is possible for this study group.

Rowland and Carlton, 1986b, indicate that brain levels of D-Fen and D-Nor-Fen, in 

rodent animal studies (although only single injection figure are quoted), are often about 

10-40 fold higher than the corresponding plasma levels. In confirmation, the results 

presented in table 3.13 demonstrate brain values of between x40 and x70 serum levels 

(both D-Fen and D-Nor-Fen).

The brain:serum ratios of D-Nor-Fen and brain:serum D-Fen between respective 

termination groups show no significant difference (the value for D-Fen in 

corticosterone replacement cannot be calculated), although the trend in the early 

sacrifice days (day 7 and 8) is for the adrenalectomised animals (ADX D-Fen) to have 

increased brain: serum ratio's for both D-Nor-Fen and D-Fen, suggesting a slight
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increase in the brain uptake for D-Nor-Fen and D-Fen and/or an inhibition of the 

processes governing the removal of D-Nor-Fen and D-Fen from the brain.

The ''ratio of these two ratios’" shows similarity between respective sacrifice day 

animals, with acute (day 7), chronic (day 51) and acute (day 8) ratios of 1.12:1.12,

0.83:0.95 and 1.06:1.07 respectively for sham-ADX D-Fen:ADX D-Fen. No significant 

difference in these ratios occurs between groups at any sacrifice time and to other 

sacrifice days. The significance of this is discussed later.

At the acute treatment point (day 7 or day 8), it would appear that adrenalectomy 

removed some mechanism responsible for the metabolism of D-Fen to D-Nor-Fen and 

the removal of both from the brain and serum. At the chronic treatment point (day 51), 

it would appear that this effect has been restored to sham-ADX levels.

The corticosterone-replacement data suggests that the replacement of corticosterone to 

adrenalectomised animals restored a previously inhibited metabolic pathway for D-Fen 

and thus restoring D-Fen and D-Nor-Fen to the levels seen in sham-ADX D-Fen 

animals. In fact, corticosterone-replacement, in these animals would appear to have 

increased metabolism, which may be a result of over-stimulation of the metabolic 

process of D-Fen elimination (compared to sham-ADX D-Fen animals). The reduced 

levels of brain and serum D-Nor-Fen and D-Fen in the corticosterone-replacement 

animals (ADX D-Fen plus corticosterone) compared to sham-ADX D-Fen animals 

would appear, at first, not to be associated with higher levels of corticosterone. At 

termination, the levels of serum corticosterone are in the order sham-ADX D-Fen > 

sham-ADX saline > ADX saline plus corticosterone > ADX D-Fen plus corticosterone. 

This anomaly can possibly be explained by the profile of corticosterone exposure these 

animals would have experienced. Corticosterone-replacement animals, as previously 

mentioned, received a corticosterone and arachis oil bolus injection (s.c.) at 

approximately 1800 hours, and the animals were sacrificed 18 to 20 hours later. The 

injection of corticosterone was given just before the start of the dark cycle in an attempt 

to mimic the rise in blood corticosterone associated before the dark cycle in sham-ADX 

operated rats.
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The observation that ADX D-Fen plus corticosterone animals display lower levels of 

brain D-Nor-Fen and D-Fen and low levels of D-Nor-Fen (with no detectable D-Fen) 

suggests that the corticosterone dosage presented these animals with an initial ""hyper- 

to corticosterone compared to their sham-ADX controls, which increased the 

metabolism of D-Fen. The lower levels of serum corticosterone in the ADX D-Fen plus 

corticosterone animals (and ADX saline plus corticosterone) could be attributed to an 

exhaustion of the corticosterone in the arachis oil pool and secretions of corticosterone 

at sub sham-ADX levels.

The fact that the brain:serum ratios of D-Nor-Fen and brain:serum ratio of D-Fen 

showed no significant difference suggests that surgery (adrenalectomy) does not affect 

the ability to sequestrate D-Nor-Fen and D-Fen into the brain, although the trend in the 

early sacrifice days (day 7 and 8) is for the adrenalectomised animals to have increased 

brain:serum ratio's for both D-Nor-Fen and D-Fen, suggesting a slight increase in the 

brain uptake for D-Nor-Fen and D-Fen and/or an inhibition of the processes governing 

the removal of D-Nor-Fen and D-Fen from the brain. This trend is absent at the chronic 

treatment stage. These ratios suggest that the uptake, deposition and metabolism of 

D-Nor-Fen compared to D-Fen are identical for adrenalectomy and sham-ADX 

surgery. A ratio of 1 for all the cases also suggests that surgery has no effect on the 

ability to sequester either D-Nor-Fen or D-Fen preferentially, and the high levels of 

D-Nor-Fen and D-Fen, together with the reduction of the ratio D-Nor-Fen:D-Fen, in 

ADX D-Fen animals suggests that adrenalectomy removes a process(es) responsible 

for the metabolism of D-Fen to D-Nor-Fen and elimination of both from the brain and 

serum.

Glucocorticoids are known to protect against the toxic effects of many drugs by 

inducing UDP-glucuronosylfransferase, NADPH-cytochrome P^^ oxidoreductase and 

cytochromes P^^ PCN. Cytochrome P450 PCN is the most sensitive to glucocorticoid 

induction. The mechanism of glucocorticoid (dexamethasone) induction is both 

transcriptional and post-transcriptional (message stabilisation), unlike phenobarbital 

and polycyclic aromatic hydrocarbons that induce the mixed-function oxidase system 

by stimulation of gene transcription. It is one of these stages that, I propose, is removed
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following adrenalectomy to inhibit a pathway(s) for the metabolism of D-Fenfluramine 

(and D-Nor-Fenfluramine). The primary route of D-Fen and D-Nor-Fen metabolism is 

by hepatic enzymes.

High correlations between the levels of brain and serum D-Fen or D-Nor-Fen are 

seen for acute changes in body weight and food intake (section 3.1. and 3.6), 

GEEFDj^yy and the hypothalamic 5-HT profile. The acute D-Fen (day 8 sacrifice) 

treated animals in the corticosterone-replacement experiment display identical profiles 

to the animals sacrificed on day 7 in terms of correlations of levels of brain and serum 

D-Nor-Fen and D-Nor-Fen to change in body weight and total food intake for day 1 to 

8 and hypothalamic 5-HT.

The acute levels of D-Nor-Fen, D-Fen and the ratio D-Nor-Fen:D-Fen and the recovery 

of these at the chronic phase treatment, in the ADX D-Fen animals, fit the profile 

exhibited in terms of body weight, food intake, the hypothalamic 5-HT system and the 

actions on the hypothalamic CRF levels.

Conclusion

In summary adrenalectomy, in female Wistar rats, would appear to enhance the effect 

of D-Fen (and D-Nor-Fen) by prolonging its actions by maintaining brain and serum 

levels. The adrenal factor removed that is responsible for this effect would appear to be 

corticosterone. The removal of corticosterone by adrenalectomy removes a metabolic 

process for the metabolism of D-Fen and/or the elimination of D-Nor-Fen.

The results presented in this thesis (sections 3.1 - 3.5) would appear to support the 

hypothesis of an increased exposure to the effects of D-Fen and D-Nor-Fen in 

adrenalectomised rats, namely increased body weight loss, reduction in food intake, 

decreased efficiencies of food deposition and body composition analysis, increased 

hypothalamic and hippocampal serotinergic system and hypothalamic CRF activity.
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There are no reports of use of D-Fen in adrenal disease states or listings of 

contraindications/wamings against use in patients with corticosteroid insufficiency or 

concomitant administration with corticosteroids (Sender Medical Information 

Department February 1997, Adifax® datasheet, ABPI Compendium of Datasheets 

1996-1997) or indicated in Drug Interactions, Fourth Edition (Ed. I.H. Stockley, The 

Pharmaceutical Press).

It is possible to conclude from my results that there would be a possible interaction 

of D-Fen and corticosteroids to produce a reduction in D-Fen efficacy by promoting 

metabolism of D-Fen and D-Nor-Fen.

It must always be borne in mind, however, that animal experiments only give an 

indication of the situation that may arise in humans. However, it is clear, from my 

results presented in this thesis, the interaction of D-Fen and glucocorticoids deserves 

further investigation.
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APPENDIX 1. (FIGURES: 2 way ANQVA F / p values^

Figure 3.1. Body weight profile to day 7. Page 94.

Adrenalectomy verses sham D-Fen verses saline
Day-2 1.02 (NS,p=0.325) Day-2 F, 24 = OJ? (NS, p=0.552)
Day-1 (101 (NS, p=0.932) Day-] F,j4 = 0.61 (NS, p=0.444)
DayO F,^4 = 0.3? (NS, p=0.553) DayO F,j4 = 0.03 (NS, p=0.95?)
Dayl F,_^ = 2.36 (NS,p-0.]40) D^^l = 3.82 (NS, p=0.065)
Day 2 F,^ = 0.56 (NS,p=0.462) Day 2 F,^^^ 2A96 (p<0.00])
Day 3 F,^^ = 2.31 (NS, p=0.]44) Day 3 F,^^^ 47.19 (p<0.00])
Day 4 F,^^ = 15J2 (p=0.001) Day 4 F,j4 = 553? (p<0.001)
Day 5 F,^^ = 20.96 (p<0.001) Day 5 F^^^ 393U (p<0.00])
Day 6 F,j4 = 2&44 (p<0.00]) Day 6 314? (p<0.001)
Day? F,^ = 29.28 (p<0.001) Day? F,^4- 2938 (p<0.001)

Interaction
Day-2 = 11J5 (p=0.03)
Day-1 F,^ = 8d9 (p=0.01)
DayO F^^ = 2.54 (NS,p=0.]2?)
D^^l :Z.81 (NS,p=0.109)
Day 2 F,j^ = 1J^ (NS, p=0.2?4)
Day 3 F,^ = 0.45 (NS, p=0.511)
Day 4 F,j^ = OJ^ (NS,p-0.55?)
Day 5 F,j4 = (X21 (NS, p=0.652)
Day 6 F,j^ = 0.52 (NS, p-0.4?8)
Day? F,j,- 0.41 (NS, p-0.529)

Figure 3.2. Food intake profile to day 7. Page 97.

Adrenalectomy verses sharp D-Fen verses saline
Day-3 F,j4 = 0.44 (NS, p=0.515) Day-3 F,^^^ 2.91 (NS,p=0.104)
Day-2 F,^ = 0.6? (NS,p=0.424) Day-2 0.06 (NS,p=0.804)
Day-1 F,24 = 0.02 (NS,p=0.884) Day-1 F, 24 = 0.48 (NS, p=0.49?)
DayO F,j4 = 1.68 (NS,p-0.209) Day 0 F|24= 3.96 (NS, p=0.061)
Day] F,^ = 133 (NS, p=0.280) Day] F,224= 911.39 (p<0.001)
Day 2 F^^^ 03? (NS,p=0.553) Day 2 F,^4= 38.50 (p<0.001)
Day 3 F.^^^ 385.66 fiXO.OOl) Day 3 F,j4= 41.14 (p<0.001)
Day 4 F,j4 = 32.32 (p<0.00]) Day 4 Fj24~ 1.68 (NS, p=0.293)
Day 5 F,_M = 2&00 (p<0.00]) Day 5 F,^4= 50.90 (p<0.001)
Day 6 F,j4 = 55.0? (p<0.00]) Day 6 F,^^- 10.76 (p=0.004)

Interaction
Day-3 F,^4 = 3.84 (NS, p-0.064)
Day-2 = 43? (p=0.05)
Day-1 F|24 = 134 (NS,p=0.2?9)
DayO F,j4 = 043 (NS, p-0.720)
D^^l 239 (NS,p=0.]38)
Day 2 F,^^^ 0^3 (NS,p=0.435)
Day 3 F,j4 = 433 (p=0.04)
Day 4 F.^^^ F6] (NS, p=0.219)
Day 5 F,^4 = 133 (NS, p=0.281)
Day 6 F.^w^ 0.84 (NS,p=0.369)
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Figure 3.3. Body weight profile to day 51. Page 100.

Adrenalectomy verses sham D-Fen verses saline
Day-2 0.87 (NS,p=0.362) Day-2 = 327 (NS,p=0.083)
Day-1 F,24 = 1.24 (NS,p=0.280) Day-1 F,j,= 1.91 (NS, p=0.183)
DayO = 2IG (NS,p=0.173) DayO F,j,= 020 (NS,p=0.663)
Day) = 0.63 (NS,p=0.438) Dayl F,^ = 022 (NS, p=0577)
Day 2 = 0.06 (NS,p=0.940) Day 2 F,j.,= 525 (p=2.034)
Day 3 F,j4 = 0.04 (NS,p=0.952) Day 3 F^^^ 10.81 (p=0.004)
Day 4 F,j4 = 1.28 (NS,p-0.273) Day 4 F,_2,= 2023 (p<0.001)
Day 5 F^^- 3J5 (NS,p=0.069) Day 5 F,j^ = 2220 (p<0.001)
Day 6 F,;;4 = 5.06 (p=0.037) Day 6 F^^- 19.06 (p<0.001)
Day? F|j4 = 10.40 (p=0.005) Day? F,;;4 = 2129 (p<0.001)
Days F,j4 = 1T49 (p=0.001) Days F,j^ = 2520 (p<0.001)
Day 9 F,^- 16X^ (p=0.001) Day 9 F,j,= 2427 (p<0.001)
Day 10 F,_24 = 16J3 (p=0.001) Day 10 F| 24 = 3020 (p<0.001)
Day 11 F,^ = 14.63 (p=0.00l) Day 11 F,j4 = 2924 (p<0.001)
Day 12 F^^- 13.65 (p-0.002) Day 12 F^4 = 2920 (p<0.001)
Day 13 F,^^^ 9J7 (p=0.006) Day 13 F,^^^ 2927 (p<0.001)
Day 14 F,_24 = 8.02 (p=0.011) Day 14 F, 24 = 2226 (p<0.001)
Day 15 F.^^^ 6.07 (p=0.024) Day 15 F.^^- 18.02 (p<0.001)
Day 16 F,^ = 3.85 (NS, p=0.065) Day 16 F^4 = 15.11 (p=0.001)
Day 17 2.88 (NS, p=O.I07) Day 17 F,^ = 17.64 ^.001)

Day 18 F,_24 = 3.94 (NS,p=0.063) Day 18 F.^^^ 17.87 (p=0.001)
Day 19 F.^^^ 51^ (p=0.037) Day 19 F.^^^ 13.92 (p=0.002)
Day 20 F,j4 = 6.82 (p-0.018) Day 20 F.^^^ 11.33 (p=0.003)
Day 21 F,j4 = 8.54 (p=0.009) Day 21 F,^^^ 18.83 (p<0.001)
Day 22 F,j4 = 8J8 (p=0.010) Day 22 F,^- 13.83 (p=0.002)
Day 23 F,j4 = 644 (p=0.023) Day 23 11.96 (p=0.003)
Day 24 F,^^^ 7.45 (p=0.014) Day 24 F,^4 = 11.41 (p=0.003)
Day 25 5.60 (p=0.029) Day 25 F,^- 12.80 (p=0.002)
Day 26 F,j4 = 627 (p-0.022) Day 26 F,j4 = 1229 (p=0.003)
Day 27 6.55 (p=0.020) Day 27 9.04 (p=0.008)
Day 28 F,j4 = 4.48 (p=0.049) Day 28 F,j4 = 823 (p-O.OOS)
Day 29 F,j,= 5.57 ^.030) Day 29 F,^ = 9A3 (p=0.007)
Day 30 F^^^ 9.24 (p=0.007) Day 30 F,^ = 1827 (p<0.001)
Day 31 F,^4 = 5.89 (p=0.026) Day 31 F,j4 = 1725 (p=0.001)
Day32 = 4.17 (NS, p=0.056) Day 32 F.^^^ 1723 (p=0.001)
Day 33 F,^^^ 3.95 (NS, p=0.062) Day 33 F,j4 = 1421 (p-0.001)
Day 34 F,^^^ 3.34 (NS, p=0.084) Day 34 F,^^- 1225 (p=0.002)
Day 35 3.85 (NS, p=0.065) Day 35 1224 (p=0.003)
Day 36 F,^ = 4.09 (NS,p=0.058) Day36 1125 (p=2.003)
Day 37 F,^ = 4A0 (p=0.050) Day 37 F,^ = 1146 (lM).004)
Day 38 F,^^^ 420 (p=0.044) Day 38 1024 (p=0.005)
Day 39 429 (p=0.042) Day 39 F.^^- 1120 (p=0.004)
Day 40 F, j4 = 5.04 (p=0.038) Day 40 F,j4 = 12.16 (p=0.003)
Day 41 F|;24 = 528 (p=0.034) Day 41 F,j4 = 1323 (p=0.002)
Day 42 F,^ = 4.66 (p=0.045) Day 42 F,j4 = 14.17 (p=0.001)
Day 43 F,^ = 4^2 (p=0.048) Day 43 F,j4 = 1224 (p=0.002)
Day 44 F,^ = 4^7 (p=0.044) Day 44 F,^ = 1129 (p=0.004)
Day 45 F,^^^ 3.81 (NS,p=0.067) Day 45 F,j4 = 1093 (p=0.004)
Day 46 F.^^^ 325 (NS,p=0.084) Day 46 F,^ = 13^2 (p=0.002)
Day 47 F,^4 = 2^9 (NS, p=0.132) Day 47 F,^4 = 1348 (p=0.002)
Day 48 F,_24 = 229 (NS,p=0.125) Day 48 F,224 = 10^9 (p=0.005)
Day 49 228 (NS,p=0.149) Day 49 F|j4 = 11.43 (p=0.003)
Day 50 F,j4 = 240 (NS, p=0.165) Day 50 F|j4 = 1298 (p=0.002)
Day 51 F,^ = 248 (NS, p=0.157) Day 51 = 15.11 (p=0.001)
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Figure 3.3. Body weight profile to day 51. Page 100 (continued).

Interaction
Day-2 3.54 (NS, p=0.076)
Day-1 F,j,= 2.49 (NS,p=0.132)
DayO F,^^ = 3J^ (NS, p-0.087)
Dayl = 139 (NS, p=0.253)
Day 2 F,^ = 130 (NS,p=0.940)
Day 3 F,j4 = 0.03 (NS,p=0.858)
Day 4 F,j4 = 1.14 (NS,p=0.300)
Days F,;;4 = 0.46 (NS, p=0.507)
Day 6 F,j.,= 3.08 (NS,p=0.096)
Day? F,^ = 135 (NS,p=0.191)
Days F,j4 = 3.09 (NS,p=0.096)
Day 9 F,j,= T24 (p=0315)
Day 10 F| 24 = 535 (p=0.026)
Day 11 F,^4- 436 (NS,p-0.056)
Day 12 F,^^^ 238 (NS, p=0.107)
Day 13 F,^ = 030 (NS,p=3.352)
Day 14 F,^ = 039 (NS, p=0.671)
Day 15 034 (NS,p=0.710)
Day 16 F,^ = <031 (NS, p-0.949)
Day 17 = <031 (NS,p-0.931)
Day 18 F,24 = <031 (NS, p=0.943)
Day 19 F,j4- 031 (NS, p=0.655)
Day 20 F,^4 = <031 (NS, p=0.986)
Day 21 F,j4 = 033 (NS, p=0.550)
Day 22 F^4 = 038 (NS,p=0.674)
Day 23 F^4 = 032 (NS,p=0.891)
Day 24 F.^^^ 035 (NS,p=0.825)
Day 25 F,j4 = 032 (NS,p=0.886)
Day 26 Fj^4 = 033 (NS,p=0.855)
Day 27 F,j4 = 0.02 (NS,p=0.899)
Day 28 F,^4 = 0.04 (NS, p=0.844)
Day 29 F,_^- <031 (NS, p=0.946)
Day30 <031 (NS, p=0.945)
Day 31 F,j4 = 038 (NS,p=0.786)
Day 32 F,j4 = <031 (NS, p=3.979)
Day 33 F.^^^ 032 (NS, p=0.886)
Day 34 F, ^ = 037 (NS, p=0.789)
Day 35 F,^4 = 030 (NS,p=0.754)
Day 36 F^4 = 035 (NS,p=0.819)
Day 37 F,^4 = (101 (NS, p=0.918)
Day 38 F,^ = <031 (NS, p=0.934)
Day 39 F,^4 = <031 (NS,p=0.966)
Day 40 F,^ = 0.06 (NS,p=0.807)
Day 41 F,j4 = 035 (NS,p=0.831)
Day 42 032 (NS,p=0.731)
Day 43 F,^^^ 036 (NS,p=0.557)
Day 44 F,j4 = 034 (NS, p=0.373)
Day 45 = 039 (NS, p-0.453)
Day 46 = 036 (NS, pM).555)
Day 47 F,^ = 0.64 (NS,p=0.434)
Day 48 F,^4 = 036 (NS,p=0.396)
Day 49 F,^ = 030 (NS, p-0.413)
Day 50 F, ^4 = 032 (NS,p-0.478)
Day 51 F,j4 = 037 (NS, p=0.549)
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Figure 3.4. and 3.5. Food intake profile to day 51. Pages 103 and 105.

Adrenalectomy verses sham D-Fen verses saline
Day-3 = 2.40 (NS,p=0.139) Day-3 F,24- 1.09 (NS,p=0.309)
Day-2 = 338 (NS.p=0.083) Day-2 F,_24 = 037 (NS,p=0.688)
Day-1 F,^^ = 1.94 (NS, p=0.181) Day-1 F,^ = 030 (NS,p=0.662)
Day 0 F, 24 = 133 (NS, p=0.302) Day 0 F|,24 = <031 (NS, p-0.974)
Dayl F,;M = 232 (NS,p=0.153) D^^l 222.60 (p<0.001)
Day 2 F,^ = 038 (NS,p=0.546) Day 2 F,j4 = 2335 (p<0.001)
Day 3 F.^,- 178.13 (p<0.001) Days F,_24- 3038 (p<0.001)
Day 4 F,^ = 1939 (p<0.001) Day 4 F,j4 = <031 (NS, p=3.958)
Day 5 F,j^ = 2631 (p<0.001) Day 5 F,^4 = 742 (p=0.014)
Day 6 F,j^ = 4933 (p<0.001) Day 6 F,j4 = 1.77 (NS,p=0.200)
Day? F,j,= 14,14 (p=0.001) Day? F,j4- 030 (NS, p=0.450)
Days F,^^ = 1038 (p=0.005) Day 8 F,^^^ 532 (p=0.035)
Day 9 F,^ = 17.14 (p=0.001) Day 9 F,^4 = 10.31 (p=0.005)
Day to F,j^ = 1336 (p-0.002) Day 10 F,^ = 0.04 (NS,p=0.836)
Day 11 F,;M = 038 (NS,p=0.362) Day 11 F,j4 = 030 (NS, p=0.384)
Day 12 = 230 (NS, p=0.147) Day 12 F,^4- 937 (pO.007)
Day 13 F.^ = 033 (NS,p=0.719) Day 13 F^4 = 439 (p=0.046)
Day 14 F,^ = <031 (NS, 0.946) Day 14 F,_24 = 1.06 (NS,p=0.3]8)
Day 15 F,j4 = <031 (NS, 0.946) Day 15 F,^ = 1.06 (NS, p=0.318)
Day 16 F,^ = 037 (NS, 0.425) Day 16 F,j4- 234 (NS, p=0.109)
Day 17 F^^- 1434 (pO.OOl) Day 17 F,^^^ 033 (NS,p=0.726)
Day 18 = 333 (NS, p=0.073) Day 18 = 0.04 (NS,p=0.850)
Day 19 F,^- 230 (NS,p=3.147) Day 19 F,_24 = 034 (NS,p=0.7]0)
Day 20 F,^,= 531 (p=0.026) Day 20 F,_24 = 1.71 (NS,p=0.207)
Day 21 F,j^ = 039 (NS, p=3.597) Day 21 F,_24 = 030 (NS,p=0.660)
Day 22 F,= 236 (NS,p=0.114) Day 22 F,^4- 036 (NS,p=0.395)
Day 23 F,j4 = 843 (p=0.010) Day 23 = 735 (p-0.016)
Day 24 F.^^^ 0.31 (NS,p=0.587) Day 24 F,_24 = 036 (NS,p-0.465)
Day 25 F,^^^ 035 (NS,p=3.623) Day 25 F,j4 = 6.04 (p=0.024)
Day 26 F,j^ = 037 (NS,p=0.459) Day 26 F,j4 = 038 (NS, p-0.784)
Day 27 F,_^- 037 (NS, p=0.459) Day 27 F,^4- 031 (NS,p=0.584)
Day 28 F,^ = 036 (NS,p=0.339) Day 28 Fj^^- 538 (p=0.037)
Day 29 F,_^ = 331 (NS,p=0.090) Day 29 = 236 (NS,p=0.142)
Day 30 F,^ = 032 (NS,p=0.627) Day30 033 (NS, p=0.856)
Day 31 F,_M = 032 (NS,p=0.351) Day 31 F,^ = 032 (NS, p=0.878)
Day 32 = 039 (NS,p-0.670) Day 32 F,j4 = 0.06 (NS, p-0.817)
Day 33 F,j4 = 031 (NS, p=3.655) Day 33 F,^=: 031 (NS,p=0.747)
Day 34 F,j,= <031 (NS,p=0.955) Day 34 F,;M = 1.40 (NS,p=0.25])
Day 35 F,_,,- 238 (NS, p=0.158) Day 35 F,^ = 437 (NS, p-0.059)
Day 36 F,j^ = 033 (NS,p=0.478) Day 36 F|^ = 037 (NS, p=0.795)
Day 37 F,^- 033 (NS,p=0.863) Day 37 F,^4 = <331 (NS, p=0.954)
Day 38 F,^ = 037 (NS,p=0.337) Day 38 F|^ = 742 (p=0.014)
Day 39 Fi^*- 032 (NS,p=0.441) Day 39 F|2;4 = 041 (NS,p=0.530)
Day 40 F,j4 = 236 (NS, p=3.]59) Day 40 F, 24 = 032 (NS,p=0.967)
Day 41 F,^ = 233 (NS, p=0.153) Day 41 F,j4 = 035 (NS, p=0.370)
Day 42 F,j4 = 338 (NS,p=0.087) Day 42 F,j4 = 435 (p=0.039)
Day 43 F,;^^ <031 (NS,p=0.987) Day 43 F,;;4 = 045 (NS,p=0.511)
Day 44 F.^^- 232 (NS,p=0.130) Day 44 F.^^^ 1.73 (NS,p-0.204)
Day 45 F,^ = 0.04 (NS,p=0.841) Day 45 F.^^^ 047 (NS, p-0.500)
Day 46 F,24 = 0.46 (NS,p=0.505) Day 46 F,^- 637 (p=0.018)
Day 47 F,_,4 = 336 (NS,p=0.068) Day 47 F,^,^ 032 (NS, p=0.731)
Day 48 F, j4 = 0.15 (NS,p=0.706) Day 48 F,^4 = 039 (NS, p=0.598)
Day 49 F.^^^ 139 (NS,p=0.271) Day 49 F,j4 = 032 (NS, p=3.646)
Day 50 = 234 (NS,p=0.152) Day 50 F,^ = 732 (p=0.015)
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Figure 3.4. and 3.5. Food intake profile to day 51. Pages 103 and 105 (eontinued).

Interaction
Day-3 = 3.92 (NS,p=0.063)
Day-2 3.25 (NS,p=0.088)
Day-1 F,j4 = 3.43 (NS,p=0.081)
DayO Fi ;,4 = 0.94 (NS,p=0.345)
Day 1 F,j4 = 0.46 (NS, p=0.504)
Day 2 F,,24 = 0.30 (NS, p=0.588)
Days F,,24 = 0.27 (NS, p=0.612)
Day 4 F, 24 = 2.18 (NS,p=0.157)
Day 5 = 0.10 (NS,p=0.760)
Day 6 = 2.33 (NS,p=0.144)
Day? F,_24 = 6.80 (p=0.018)
Days F,,24 = 1.80 (NS,p=0.197)
Day 9 F, 24 = 0.18 (NS,p=0.675)
Day 10 F,24 = 0.81 (NS,p=0.379)
Day 11 F,,24 = 11.81 (p=0.003)
Day 12 = 4.97 (p=0.039)
Day 13 = 1.34 (NS, p=0.263)
Day 14 F,,24 = 0.51 (NS,p=0.483)
Day 15 F,,24 = 0.51 (NS,p=0.483)
Day 16 = 1.18 (NS, p=0.292)
Day 17 = 0.01 (NS,p=0.911)
Day 18 = 0.14 (NS,p=0.709)
Day 19 F,,j4 = <0.01 (NS, p-0.978)
Day 20 = 1.83 (NS,p=0.193)
Day 21 = 0.10 (NS,p=0.753)
Day 22 F,24 = 0.33 (NS,p=0.574)
Day 23 = 1.63 (NS,p=0.218)
Day 24 F,,24 = 0.50 (NS, p=0.487)
Day 25 F,24 = 0.53 (NS,p=0.477)
Day 26 = 0.11 (NS, p=0.749)
Day 27 = 2.03 (NS,p=0.172)
Day 28 F,,24 = 0.04 (NS, p=0.850)
Day 29 = 0.73 (NS, p=0.404)
Day 30 = 4.86 (p=0.041)
Day 31 = 0.32 (NS, p=0.578)
Day 32 F,24 = 3.99 (NS, p=0.061)
Day 33 = 3^^ (NS, p=0.064)
Day 34 = 2.10 (NS,p=0.164)
Day 35 = 0.05 (NS,p=0.829)
Day 36 F,,j4 = 0.40 (NS,p=0.535)
Day 37 = 2.62 (NS,p=0.123)
Day 38 = 0.05 (NS, p=0.834)
Day 39 = 0.63 (NS, p=0.439)
Day 40 F,24 = 0.44 (NS,p=0.517)
Day 41 F, 24 = 0.08 (NS,p=0.786)
Day 42 = 0^3 (NS,p=0.621)
Day43 6.48 (p=0.020)
Day 44 = 2.73 (NS,p=0.116)
Day 45 = 0.01 (NS,p=0.911)
Day 46 F,24 = 0.48 (NS, p=0.495)
Day 47 = 0^6 (NS, p=0.427)
Day 48 = 0.59 (NS, p=0.453)
Day 49 = 0.02 (NS, p=0.903)
Day 50 F,,24 = 4.52 (p=0.048)
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Figure 3.7. Body weight profile to day 8. Page 135.

Adrenalectomy verses sham D-Fen verses saline
Day-2 = 0.02 (NS, p=0.884) Day-2 F,2o = 0.02 (NS,p=0.884)
Day-1 = 1.58 (NS, p=0.22?) Day-1 F,j(,== 138 (NS,p=0.22?)
DayO F,^ = 3.52 (NS, p=0.0?9) DayO F,jo- 238 (NS, p=0.115)
Dayl F,^ = 9.11 (p=0.08) Dayl F,^o = 234 (NS, p=0.]l?)
Day 2 = 18^^ (p=0.128) Day 2 F,jo = 3048 (p<0.001)
Day 3 F,jo = 4.99 (p=0.004) Day 3 F,jo = 3413 (pKO.OOl)
Day 4 F,jo = 9^^ (p=0.00?) Day 4 F,;^)^ 2182 (p<0.001)
Day 5 F,^ = 2532 (p<0.001) Day 5 F,jo = 2128 (p<0.001)
Day 6 36J1 (iXO.OOl) Day 6 F,jg = 44.03 (p<0.001)
Day? F,;^ = 5342 (p<0.001) Day? F,^ = 93 36 (p<0.001)
Days 4&0? (p<0.001) Days F,jo = ?185 (p<0.001)

Interaction
Day-2 F,;K,= 030 (NS, p=0.662)
Day-1 F,^ = 033 (NS,p=0.5?5)
DayO F,^ = 0.04 (NS,p=0.83?)
D^M 1.15 (NS,p=0.300)
Day 2 F,^ = 1.21 (NS,p=0.288)
Day 3 F,jo = <aoi (NS,p=1.000)
Day 4 = 10.2? (p-0.006)
Day 5 F,^ = ?^9 (|M).012)
Day 6 F,^ = 4.08 (NS,p=0.061)
Day? F,_2o = 830 (p=0.010)
Days F,jo = 11.44 (p=0.004)

Figure 3.8. Food intake profile to day 8. Page 138.

Adrenalectomv verses sham D-Fen verses saline
Day-3F,;^ = KhO? (p=0.006) Day-3 F, 2o = 441 (NS,p=0.060)
Day-2 = 139 (NS,p-0.189) Day-2 F,^ = 036 (NS, p=0.368)
Day-1 F|2o = 448 (NS,p=0.058) Day-1 F,jg = 1.75 (NS, p=0.205)
DayO F,jo- 033 (NS, p=0.636) DayO F,;K,= 032 (NS, p-0.479)
Dayl F,jo = 031 (NS, p=0.928) Dayl F,jo = 175.53 (p<0.001)
Day 2 F,^ = 15.33 (p=0.001) Day 2 F,^ = 37^3 (p<0.001)
Day 3 F,_2o = 760.1? (p<0.001) Day 3 F,j.= 973.50 (p<0.001)
Day 4 F,j(,= 438 (p=0.048) Day 4 15.65 (p=0.001)
Day 5 F,jo = 18t93 (p<0.001) Day 5 F,j.= 14.89 (p=3.001)
Day 6 26.78 (p<0.001) Day 6 F,_2o = 933 (p=3.008)
Day? F,_2(,= 17.05 (p=0.001) Day? F,^- 10.14 (p=0.006)

Interaction
Day-2 F, 2o- 230 (NS, p=0.120)
Day-1 F|2o = 039 (NS,p=0.418)
Day 0 F|2o = 0.11 (NS, p=0.?48)
D^^l 033 (NS,p=0.5?4)
Day 2 F,,2o = 144 (NS,p=0.303)
Day 3 F,jo- 1330 (p=0.002)
Day 4 F,^ = 938 (p=0.008)
Day 5 F,^ = 033 (NS, p=0.5?4)
Day 6 F,j.= 0.41 (NS,p=0.529)
Day 7 F, 20 = 23? (NS,p=0.169)
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APPENDIX 2. rrABLRS 2 wav ANOVA F / p

Table 3.1 Glucose, insulin, liver fat mass for day 7 and 51. Page 108.

1. 11.14 (p=0.003)
2. 1^^ (NS, p=0.174)
3. 0.67 (NS,p=0.422)
4. 4.66 (p=0.046)
5. Pl.24 - 3.54 (NS, p=0.077)
6. F^ = 0.97 (NS,p=0.339)
7. F.,.4 = 21.57 (p<0.001)
8. F^ = 006 (NS, p=0.696)
9. F^- 1.29 (NS,p=0.269)
10. F,,4 = 905 (p=0.008)
11. F^ = 01^ (NS, p=0.794)
12. F^ = 0.87 (NS,p=0.364)
13. F^ = 141.74 (p=0.001)
14. F^- 11.61 (p=0.003)
15. F^ = 0J7 (NS,p=0.607)
16. Fw = 50^ (p=0.030)
17. F|,24 "= 0.25 (NS, p=0.623)
18. F^- 0.40 (NS,p=0.538)
19. Fw = 34.03 (p<0.001)
20. F^ = 5.99 (p=0.024)
21. F^ = 0.09 (NS,p=0.768)
22. Fw = 34.85 (p=0.001)
23. F^- 0.98 (NS,p=0.336)
24. F^ = 138 (NS,p=0.256)

Table 3.2. Total food intake and body weight change for day 7. Page 111.

1. F^ = 243.66 (p<0.001)
2. F^ = 318t93 (p<0.001)
3. F^ = 6.95 (p=0.016)
4. Fw = 3035 (p<0.001)
5. F^ = 2837 (p<0.001)
6. F^ = 13^ (NS,p=0.177)

Table 3.3. Total food intake and body weight change for day 51. Page 111.

1. F^- 6533 (p<0.001)
2. F^ = 5532 (p<0.001)
3. F,,24 = 435 (p=0.041)
4. F^ = 630 (p<0.019)
5. F^- 2^9 (NS, p=0.101)
6. F^ = 0.09 (NS,p=0.763)
7. F|,24 ~ 9.66 (p=0.009)
8. F^ = 831 (p=0.013)
9. F^ = 630 (p<0.011)
10. Fu4 = 330 (NS, p=0.07)
11. F,,24 = 20.22 (p<0.001)
12. Fw = 1.14 (NS,p=0.300)
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Table 3.4. Hypothalamic 5-HT, 5-HIAA, Ratio and Tryptophan day 7 and 51. Page 118.

1. 939 (p=0.007)
2. 430 (p=0.021)
3. 030 (NS, p=0.450)
4. 032 (NS,p=0.901)
5. 1237 (p=0.003)
6. F,,24 = 031 (NS,p=0.916)
7. F,,24 = <031 (NS, p=3.956)
8. F^ = 737 (p=0.013)
9. F^ = 035 (NS, p=3.561)
10. F^ = 031 (NS,p=0388)
11. Fw = 836 (p=0.009)
12. F^ = <031 (NS, p=0.944)
13. F^ = 1133 (p=0.003)
14. F^ = 1037 ^.004)
15. F^ = 234 (NS,p=0.129)
16. F^ = 034 (NS,p=0.629)
17. F^ = 034 (NS, pM).631)
18. Fw = 033 (NS, p=0.876)
19. F^ = <0.01 (NS, p=0.997)
20. F^ = 0^^ (NS,p=0.494)
21. F^ = 033 (NS,p-0.867)
22. F,,24 = 035 (NS, p=0.819)
23. F,,24 = 238 (NS,p=0.144)
24. F^ = 237 (NS, p=0.145)

Table 3.5. Hippocampal 5-HT, 5-HIAA, Ratio and Tryptophan day 7 and 51. Page 121.

1. F,,24 = 1.71 (NS, p=0.207)
2. F^ = 19U62 (p<0.001)
3. F^ = 0.01 (NS, p=3.935)
4. Fw = 1.77 (NS, p=0.203)
5. F^ = 3232 (p<0.00])
6. F|,24 = 034 (NS, p=0.713)
7. F^ = 132 (NS, p=0.326)
8. F^ = 1436 (p=0.001)
9. F^ = 035 (NS, p=0.824)
10. F|.24 = 534 (p=0.029)
11. F^ = 29.98 (p<0.001)
12. F^ = 0.01 (NS, p=0.925)
13. F^ = 033 (NS, p=0.438)
14. F^ = 0.71 (NS, p=0.409)
15. F^- 035 (NS, p=0.820)
16. F^ = (XOl (NS, p=0.928)
17. Fw = 29.47 (p<0.001)
18. Fur= 135 (NS,p-0.301)
19. F^ = 537 (p=0.028)
20. F^ = 038 (NS,p=0.389)
21. Fw = 336 (NS, p=0.087)
22. F^ = 135 (NS,p=0.232)
23. 036 (NS, p=0.397)
24. 0.10 (NS, p=0.758)
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Table 3.6. Body composition analysis day 7 and 51. Page 126.

1. F,,24 = 9.28 (p=0.006)
2. 6.60 (p=0.018)
3. 1.78 (NS, p-0.197)
4. F|,24=' 040 (NS, p=0.757)
5. 031 (NS, p=0.589)
6. 11.01 (NS,p=0.330)
7. 10.49 (p=0.004)
8. 037 (NS, p=0.459)
9. F^- 1.64 (NS, p=0.214)
10. Fw = 2849 (pKO.OOl)
11. Fw = 1.09 (NS, p=0.313)
12. F^ = 2.04 (NS,p=0.172)
13. F^ = 27701 (p<0.001)
14. F^ = 241 (NS, p=0.162)
15. 3^^ (NS,p=0.098)
16. F^- 16.74 (p<0.001)
17. F^ = 032 (NS, p=0.580)
18. Fi,24 = 2.06 (NS,p=0.170)

Table 3.7. Glucose, insulin, liver fat mass for day 8. Page 141.

1. F^ = 121.98 (p=0.002)
2. F|,20 = <0.01 (NS, p=0.951)
3. 242 (NS,p-0.164)
4. F^ = 232 (NS,p=0.]32)
5. F^- 043 (NS, p=0.719)
6. F^ = <0.01 (NS,p=0.965)
7. F|,20 = 18.43 (p=0.001)
8. F^ = 944 (p=0.008)
9. F^ = 142 (NS,p=0307)
10. F^- 24.51 (p<0.001)
11. F^ = 832 (p=0.009)
12. F^ = 1.53 (NS, p=0.234)

Table 3.8. Total food intake and body weight change for day 8. Page 143.

1. F^ = 104.83 (p<0.001)
2. F^ = 134.51 (p<0.001)
3. F^ = 63^ (p=0.018)
4. F^ = 6132 (p<0.001)
5. Fi,20 = 136.04 (p<0.001)
6. 19t67 (p<0.001)
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Table 3.9. Hypothalamic 5-HT, 5-HIAA, Ratio and Tryptophan day 8. Page 146.

1. F|,20 414 (NS,p=0.064)
2. 46.78 (p<0.001)
3. <0.01 (NS, p=0.971)
4. 0.07 (NS, p=0.798)
5. F^ = 43.00 (p<0.001)
6. F^== <0.01 (NS,p=0.925)
7. Fi,20 “ 6.00 (p-0.027)
8. F^ = 19.20 (p=0.001)
9. F^ = 120 (NS, p=0.290)
10. F^ = 1.03 (NS, pM).327)
11. F^" 021 (NS, p=0.651)
12. F^ = 2J5 (NS, p=0.131)

Table 3.10. Hippocampal 5-HT, 5-HIAA, Ratio and Tryptophan day 8. Page 149.

1. F^ = 0.57 (NS, p=0.461)
2. F^ = 3627 (p<0.00])
3. F^ = 4^9 (p=0.048)
4. F^ = 0^8 (NS, p=0.780)
5. F|,20 = 105.89 (p<0.00])
6. F^= 022 (NS,p=0.645)
7. F,,20 = 1.58 (NS, p-0.229)
8. F,^r 0.24 (NS, p=0.635)
9. F^= 0d6 (NS, p=0.692)
10. F^ = 442 (NS, p=0.054)
11. F^- 1.31 (NS, p=0.272)
12. F^ = 622 (p-0.025)
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