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FLUOXETINE AND ENERGY EXPENDITURE IN
OBESE HUMANS SUBJECTED TO ENERGY RESTRICTION

by Rachelle Bross

ABSTRACT

| investigated the effects of continuous administration of fluoxetine, a serotonin reuptake
inhibitor, on energy expenditure, body temperature, and thyroid and catecholamine metabolism
during weight reduction using a very low calornie diet (VLCD, Optifast, 1757 kJ/day) followed by
a balanced deficit diet (BDD, 5016 kJ/day) Fluoxetine (60 mg/day by mouth, n=10) or placebo
(n=10) were administered duning 3 weeks of inpatient VLCD followed by 8 weeks of outpatient
BDD in a double-blind, randomized design A similar amount of weight was lost in both groups
during the VLCD, but by the end of the BDD total weight loss in the fluoxetine group was
significantly greater (110 =11 kgvs 7.0 1 0kg, mean £ SEM, p<0015) Resting metabolic
rate (RMR) increased by 4 4 + 1 8% (p<001) in the fluoxetine group but did not change in th2
placebo group during the first week of the VLCD, but subsequently decreased significantly in
both groups as dieting continued However, RMR remained consistently higher in the fluoxetine
group for the duration of the VLCD period No further change in RMR occured in either group
dunirg the BDD peniod The thermic effect of food did not change after VLC dieting plus
fluoxetine or placebo treatment Body temperature increased within 2 days of fluoxetine
treatment by a mean of 0 3°C, p<0 025 and remained elevated throughout the VLCD but was
unchanged in the placebo group VLCD therapy reduced serum levels of T, free T, Index and
24-hour unnary excretion of dopamine, norepinephrine, metanephrine and normetanepbhrine
equivalently in both gioups A thermogenic effect of fluoxetine is demonstrated in humans for

the first ime The anorectic effect of fluoxetine may be related to its temperature elevating effect.



FLUOXETINE ET DEPENSE ENERGETIQUE CHEZ DES SUJETS HUMAINS
OBESES A LA DIETE

par Rachelle Bross

RESUME

Nous avons examiné les effets de I'administration continue de fluoxétine, agent inhibiteur
du recaptage de la sérotonine, sur les dépenses énergétique, la température corporelle, les
hormones thyroidiennes et le métabolisme des catécholamines pendant une peite de poids
induite par un régime a trés basses calores (RTBC, Optfast, 1 757 kJ/jour) suivi d'une didle
hypocalorique éqguilibrée (DE, 5016 kJ/jour) Des comprimés de fluoxétine (60 mg/jour par voie
orale, n=10) ou de placebc (n=10) ont été administrés pendant 3 semanes aux palients
hospitalises suivant un RTBC puwis pendant 8 semaines dans le cadre d'une BE en clinique
externe organisé sous la forme d’un essal randomis¢ & double msu  Pendant le RTBC, la
quantité de poids perdu dans chaque groupe a 6té comparable mais 4 la fin du DE, c’es' dans
le groupe a qui avait été administrés des comprimés de fluoxétine que les pertes de poids ont
été les plus importantes (moyenne = SEM 11,0 + 1,1 contre 7,0 * 1.0 kg, p<0015) Le
métabolisme de repos (MR) a augmenté de 4,4 + 1,8 % (p<001), dans le groupe avec
fluoxétine mais n'a pas changé dans le groupe avec placebo pendant la premidie semame du
RTBC, pour décroitre de fagon marguée dans les deux groupes pendant la ditte  Toutefois,
le MR a toujours été supérieure dans le groupe avec fluoxétine pendant toute la durée du
RTBC Le MR n'a pas diminué pendant la DE, quel que soit le groupe 1'effet thermique de
I'alimentation n'a pas changé aprés le tratement au fluoxétine ou au placebo La température
corporelle a augmenté en moyenne de 0,3°C, r.<0 025 dans les deux jours qui ont suwi le début
du traitement & base de fluoxétine et elle est restée élevée pendant toute la durée du RTBC,
sans toutefois changer dans le groupe avec placebo Le RIBC s'cst accompagn® d'une
diminution des concentrations sériques de T, et de 'ndice de T, libre, I'excrétion unnaire sur
24 heures de dopamine, norépinéphrine, métanéphrne, et normétanephnne a été équivalente
dans les deux groupes L'effet thermogéne de la fluoxétine est ainsi démontré ches 'elre
humain pour la premiere fois L'effet anorexigéne de la fluoxé&tine est peut etre hié a I'effet que

cette substance exerce sur la température corporelle
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INTRODUCTION

A reduction in the resting metabolic rate (RMR) is a consistent feature of energy restriction
(Shetty, 1990) This effect 1s commonly ascribed to a combination of a reduction in the active
tissue mass of the body, and an adaptive decrease in metabolic rate per unit of active tissue
(Apfelbaum & Fricker, 1990; Benedict & Milus, 1919; Keys et al. 1950; Grande et al. 1958). The
physiological mechanisms governing the reduction in metabolic rate per unit of active tissue are
not fully understood, but are thought to include changes in syriapathetic nervous system (SNS)
activity and catecholamir:e secretion, thyroid hormone metabolism, and insulin secretion (Shetty,
1990)

The use of drugs to preven: the adaptive reduction in RMR during weight reduction is an
attractive concept in obesity treatment, since this would make weight loss faster at any given
energy intake. Fenfluramine, a serotonin-agonist drug long used to treat human obesity has
recently been shown to increase the RMR of obese humans (Yen & Fuller, 1992), and to
potentiate the thermic effect of food (TEF) in both animals (Levitsky et al. 1986b) and humans
(Troiane et al 1990; Astrup et al 1992).

Fluoxetine HCl is a serotonin reuptake inhibitor currently in wide use as an antidepressant.
In early clinical trials, depressed fluoxetine-treated patients were vbserved to lose weight.
Subsequent trials in obese individuals who were not depressed have confirmed that fluoxetine
potentiates weight loss (Yen & Fuller, 1992), this appears largely to be due to cecreased food
intake, but the mechanisms have not been elucidated in detail. The possibility that fluoxetine
might increase weight loss through an effect on energy expenditure has not been previously
studied. The present study was therefore designed to determine if fluoxetirie has such an effect.

The text which follows includes a review of the basic ccncepts of energy balance and the

determinants of energy expenciture. This is followed by a discussion of the effects of starvation
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on energy balance and energy expenditure, an overview of the nutntional and pharmacological

influences on energy expenditure, and finally by a rationale for and description of the research

plan of the present study.

1. ENERGY BALANCE AND THE DETERMINANTS OF ENERGY EXPENDITURE

1.1. Definitions and Basic Concepts

1.1.1. Calorie (cal) the amount of energy required to raise the temperature of

1 g of water from 3.5°C to 4.5°C

1.1.2. Kilocalorie (kcal) the amount of energy required to raise the temperature of

1 kg of water by 1°C

1.1.3. Joule (J) = 0.239 calories

1.1.4. Thermodynamics

The First Law of Thermodynamics is that energy can neither be created nor destroyed
(Park et al. 1992; Brown & Brengelmann, 1965). The human body loses energy continuously to
the environment in the form of heat; to sustain life, this energy must be restored The source of
this energy is the chemical free energy in the highly swuctured carbon bonds in food. This
energy is quantified by measu:ing the heat released when a known amount is oxidized in a bomb
calorimeter This "heat of combustion" is exprassed as kcal per gram. The heat of combustion
of glucose is 3.75 kcal/g; of starch is 4.1 kcal/g; of protein 1s 5 4 kcal/g; of fat 1s 9 1 kcal/g and

of ethanol is 7.1 kcal/g. The commonly accepted values for the usable energy contents of



8
carbohydrate, protein, fat and ethanoi are 4, 4, 9 and 7 kcal/g respectively. They are lower than
the total free energy content because of the variability in absorption of the nutrients, the hydration
of glucose, the energy remaining in the nitrogenous end products of amino acid oxidation, and
the volatiity ot ethanol which resuilts in some loss from the body. In summary, the human body
cannot consume or produce energy; it takes in energy from fnod, converts it into usable forms
to perform Iife functions, and then passes it on to the environment (Brown & Brengelmann, 1965).

The Second Law of Thermodynamics Is that the amount of entropy in a system and its
surroundings always Increases in a spontaneous reaction (Park et al. 1992, Brown &
Brengelmann, 1965). When a nutrient is oxidized, part of its energy is thermodynamically
obligated for conversion to heat since the heat energy content of the metabolic end products is
greater than the fre2 energy content of the initial nutrient. Man increases the entropy of his
surroundings by discharging end products (increased energy) of metabolism of nutrient
molecules (low entropy) ingested. The amount of heat lost is not large, with approximately 95%
of ingested energy available as free energy. However, the conversion of food energy into usable
high energy compounds (such as adenosine triphosphate) is not very efficient. With more than
half of potentialiy available free energy is lost to the environment as heat. This heat loss is
essential since it is the basis for unidirectionality of metabolic pathways and their regulators. The
fraction of free energy retained in ATP in oxidative pathways I1s used to maintain life; this includes
the maintenance ot ionic gradierits across membranes, biosynthesis of new molecules, internal
work such as blood circulation and external work such as lifting a pen (Newsholme & Leech,

1989).

1.1.5. Enerqgy Balance Energy balance is utilizable energy taker: «. minus energy expended.

When energy in equals energy out, a person is said to be in neutral or zero energy balance. If
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energy in is greater than energy out, a person is said to be in positive energy balance and 1s
storing energy  When energy in is less than energy out, a persor 1s in negative energy balance

and is oxidizing his/her endogenous stores to provide energy (Burszstein et al. 1989)

1.1.6. Energy Storage: When humans ingest carbohydrates, proteins, or fats, they either oxidize

them immediately and use the eriergy released to do work, or transform them nto forms that can
be stored as potential energy (Burszstein et al 1989) The body stores energy as lat, glycogen
and protein. When exogenous energy is not available, as occurs during an overiight tast, the
body derives energy from its endogenous fuels (Garrow, 1978). Energy is stored mainly as fat
A normal 70 kg man has about 13 kg of fat, which can yield approximately 125,000 kcal (525,000
Kj) on oxidation. These stores can theoretically allow an individual to survive for 50 days, given
a daily energy requirement of 2500 kcal Body protein is also lost during a total fast (Danforth,
1985; Brown & Brengelmann, 1965). A normal man has atout 1 kg of protein of which 7 kg are
intracellular and 4 kg are extracellular. The extracellular or structural proteins in bone and
connective tissue are very stable, and are considered to be unavailable for metabolic needs The
intracellular proteins, which make up the body’s active cell mass, serve many functions but are
chiefly enzymes and contractile proteins, there are no storage proteins The estimated 11 kg of
protein can potentially yield approximately 45000 kcal (188,000 ky), or @ maximum of 18 days’
energy at 2500 kcal/day. However, due to the essential function of protein, loss of protein leads
to adverse functional consequences which are conventionally considered to be the cause of
death in long term starvation (Hoffer, 1993; Wu & Marliss, 1992) In addition to fat and protein,
the body contains between 1000-3000 kcal of carbohydrates stored in the liver and muscles as
glycogen. This is available for mmediate energy needs, such as exercise, but i1s of little long-

term value by virtue of its limited supply.
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117 Energy Expenditure Alarge fraction of the energy liberated during substrate oxidation can

be retained because reactions in the degradation pathways are Inked to the formation of ATP
"Energy expenditure” refers to tne hydrolysis of ATF, or of other high-energy bonds. Each
substrate/fuc! has a different heat of combustion and generates a different amount of heat, per
itre of oxygen used to burn it. For example, the oxidation of 1 mol (180 g) glucose involves the
uptake of 6 mol (134 4 litres) of oxygen (0,), and the production of 3 mol (134 4 litres) of carbon
dioxide (CO,), 6 mol (108 g) water and the liberation of 665 kcal (Gairow, 1978). The retained
energy recovered in ATP (and other high-energy phosphate bonds) is then used for both internal
and external work Each fuel also has a characteristic respiratory quotient (RQ), the volume of
CO, divided by the volume of O, consumed for oxidation. The RQ for carbohydrate is 1.0, for
fatis 0 7 and for protein 0 8 Despite the large differences in the heat of combustion and RQ for
the different fuels, they all produce similar amounts of energy per litre of O, used, 5.05 kcal for
carbohydrale, 4 46 for protein and 4 74 for fat For a person consuming an adequate mixed fuel
diet, and hence with an RQ in the range of 0.75 - 0.85, energy production can be calculated by
the following formula (Park et al 1992):
Energy production (kcal/minute) = 4.80 x O, (Litre/minute)

Under these conditions oxygen consumpticn can be used as an indicator of energy expenditure.
This equation slightly underestimates energy production when the predominant fuel oxidized is
carbohydrate (RQ = 1 0), as may occur dunng continuous feeding of a high carbohydrate diet
and shghtly overestimates it when fat 1s the predominant fuel oxidized (RQ = 0.7), as occurs
duning consumption of a all protein/carbohydrate free diet or total fasting (Simonson & DeFronzo,
1990) The abbreviated Weir equation (see section 1.3.2.2.) takes into account changes in the
RQ and is therefore a more accurate measure of energy expenditure under different nutritional

conditions (McClave & Snider, 1992)
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1.2. Determinants of Enerqy Expenditure

Energy expenditure can ke divided conceplually into three major components The
largest component is the resting metabalic rate (RMR) which accounts for approximately 65-75%
of tatal claily energy expenditure The second largest component is the thermic effect of exorcise
(TEE) which includes work done on tha environment. The TEE of an individual not engaged in
heavy labour accounts for 15-20% of total daily energy experditure, but it can increase two fold
with heavy exercise. The third component of energy expenditure is the thernmic eflect of food
(TEF) or diet-induced thermogenesis (DIT) The TEF accounts for 10% of daly enorgy
expenditure, but can vary depending on the amount of eneigy consumed and on the nutnient

composition of the diet (Fugate et al. 1990; Woo et al. 1985; Danforth, 1985)

1.2.1 Resting Metabolic Rate

-

The RMR is the amount of energy expended by a resting mdividual in a thermoncutral
environment without the effects of meal consumption, physical activity, or other physiological or
mental stress (Burszstein et al. 1989; Dantorth, 1985; Clark & Hoffer, 1991) The value may be
slightly greater than the true basal metabolic rate which, in addition to the above conditions, is
measured in the morning upon awakening after 12-18 hours of rest and inciudes the definiion
of conditions with respect to circadian rhythms (Garrow, 1978) The energy expended at rest
includes the costs of maintaining the biochemical and structural integrity of the body, and the
costs of performing internal work, ion pumps, synthesis and degradation of cell constituents,
biochemical cycles, and leakage of protons across the mitochondrial membrane (Burszstein et

al. 1989).
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The RMR is influenced by a number of basic factors, including age, sex and body
temperature (Owen, 1988; Burszstein et al. 1989) Much of the effect these factors have on the

RMR relates to differences in body composition.

1.2.1.1. Age and RMR

Resting energy expenditure decreases with age. Reported energy requirements vary from
102 kcal (4270 kJ)/kg/day at age 1, to =34 kcal (140 kJ)/kg/day between age 30-60 and 20 kcal
(85 kJ)/kg/day beyond age 60 (FAO/WHO/UNU, 1985). These variations relate to differences in
the composition of the fat free mass and to differences in the total quantity of fat free mass

(Weinsier et al. 1992; Holliday, 1971).

1.2.1.2. Sex and RMR

Men have a higher resting energy expenditure than women of the same height and weight
(Owen ot al 1986; Owen et al. 1987). This sex difference appears to be due to the greater lean
tissue mass of males, which appears at age 3, but increases rapidly at puberty, when boys
experience a relatively marked increase in skeletal muscles and girls experience a relatively
greater increase in adipose tissue (Burszstein et al. 1989). These differences diminish with age,
so that by age 70, a man requires only an additional 2.1 kcal (8 kJ)/kg/day as compared to a

woman (Burszstein et al. 1989).

1.2.1.3. Body Temperature and BMR

Humans, being homeothermic, regulate their core temperature independently of
environmental temperature Early in this century, DuBois (1954) concluded that metabolic rate

increases by 13% per degree Celsius (7.2% per degree Fahrenheit) of body temperature when
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the increase in temperature is not due to an increased insulation. A change m temperature is
not an indicator of energy expenditure, but rather reflects the balance between heat production
and dissipation. In the cold, energy expenditure increases to mamtain a nornmal core
temperature. When ambient temperature rises to 27°C, energy expenditure 1s at a minimum in
normal subjects. Above this, energy 1s expended to bring about cooling by sweating or panting,
and total energy expenditure increases. When the ambient temperatuic nses too high, cooling
mechanisms become inadequate, body temperature rises and death eventually occurs Different
adaptations occur when ambient temperature decreases. Energy expenditure incieases to
maintain a core temperature of 37°C, but again death will ultmately occur once these adaptive
mechanisms are overwheimed. Between these extremes in ambient temperature 1s atemperature
zone at which energy expenditure is not influenced, termed the zone of thermal neutrality (Elwyn
et al. 1981). Other deviations from thermoneutrality alter the RMR. For example, the slight
increase in body temperature during the post-ovulatory phase (days 17-26) of the \nenstrual cycle
has been reported to result in about a 5% increase in RMR (Webb, 1986).

Since 1915, when Benedict suggested that the “active body mass" determines the RMR,
it has been recognized that the amount of fat free mass in the body (body mass minus total fat
mass) is highly predictive of the RMR (Owen, 1988). Fat free mass is thought to most closely
reflect the active body mass, but controversy over the proper reference for the active body mass
continues up to the present day. Even though RMR and FFM are strongly correlated, the
correlation is not linear in normal weight individuals, probably because of the varying
compositions of the FFM at different total fat-free masses (Weinsier et al 1992). /ccording to
Holliday (Sims & Danforth, 1987), the average RMR of skeletal muscles is 73.7 kdkg” d'' (176
kcal) and that of visceral organs (brain, heart, kidney and liver) is 1497.2 kd kg™ d”' (357 7 kcal).

During growth the FFM increases, with muscle mass increasing more rapidly than organ mass
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(Weinsier et al. 1992; Holliday, 1971). By adulthood, the less metabolically active muscle mass
represents about 85% of the combined weight of muscle and organ tissue but accounts for only
25% of the RMR (Weinsier et al 1992). In obesity, where FFM is increased, RMR is proportional
to FFM However it is not possible to state the precise contributions of either the increased
muscle or increased organ mass to the RMR (Barrows & Snook, 1987).

The RMR of ar. individual is remarkably constant over periods of 1-2 years); the variations
have been reported to range from 1-2% (Astrup et al. 1890b) to 3-6% (Westrate, 1989; Soares
& Shetty, 1986) By contrast, in subjects well matched for age, gender, height and weight,
internindividual vanations are much larger with between subject variability in the order of 16-20%

(McClave & Snider, 1992, Astrup et al. 1990b).

1.2.2. Thermic Effect of Exercise

The TEE is the energy expended above the resting level, both during and after physical
activity (Woo et al. 1985; Sims & Danforth, 1987). The2 contribution of exercise to total energy
expenditure depends on the intensity of the work performed and the duration of the sum of all
activilies over the day The variability of this component means that the rate of energy
expenditure can be as low as 1.5 times the RMR for clerical work or as high as 15 times the RMR
for running In a review of studies pertaining to this issue, Pi-Sunyer and Segal (1992) concluded
that there 1s no effect of exercise on RMR unless the exercise is very prolonged or severe.

it has proven difficult to accurately estimate the true contribution of exercise to energy
expenditure This applies not only to free living individuals but also to pcisons studied in whole
body calorimeters In particular, it is difficult to measure the degree of spontaneous small
movements (fidgeting) which may be a quantitatively significant contributor to inter-individual

differences in energy expenditure (Ravussin et al. 1986). However, recent advances in
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technology and particularly the use of doubly labelled water, have increased our understanding

of the factors affecting the TEE (Goran et al 1993).

1.2.3. Thermic Effect of Food

The TEF is the increase in energy expenditure immediately following meal ingestion, it
includes two components, obligatory and facultative thermogenesis (Woo et al. 1985). Obligatory
thermogenesis 1s the energy expended absorbing, processing and storing nutrients (Danforth,
1985). For example, the cost of converting glucose to glycogen corresponds to about 5% of the
glucose energy content; the c.ost of converting it to lipid accounts for 24% of the glucose energy
content (Simonson & DeFronzo, 1990; Flatt, 1992). Digestion, absorption and storage of
ingested fat amounts to about 4% of the fat energy being storea. Protein induces the greatest
"obligatory" metabolic response, about 25% of the protein energy content  The large thermic
etfect of protein is at least partly due to the high eriergy cost of nrotein synthesis,
gluconeogensis and ureogenesis (Simonson & DeFronzo, 1990, Flatt, i 992)

Measured TEF I1s usually greater than predicted by the obligatory component The
amount of this difference is referred to as facultative thermogenesis (Danforth, 1985) The
determinants of facultative thermogenesis are not fully understood but appear to involve
sympathetic nervous system (SNS) activation (Welle et al. 1981). Empircal evidence for this
include the reduction of glucose-induced thermogenesis by | -adrenergic blockade using
propranolol (Acheson et al. 1984; Acheson et al 1983). Acheson et al (Acheson ct al 1983)
calculated that the energy cost of storing | g glucose as glycogen s 1 5 kd/g With concomitant
infusion of propranolol to block |5 -adrenergic receptors, the energy cost decreased by 0 8 kJ/g,
a value identical to the theoretical biochemical cost of glycogen synthesis This component is

partly due to insulin-mediated activation of the SNS, which in turn exerts its thermogenic effects
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via relecase of norepinephrine (NE) stmulating ' -adrenoceptors (Astrup et al. 1986) Further
evidence of a SNS involvement in the thermic effect of glucose comes from the results of studies
by Welle et al (Welle & Campbell, 1983; Welle et al 1981), who reported that plasma NE
concentration increases after glucose, but not protein or fat consumption.

Another factor thought to be involved in the mechanism controliing the two components
of TEF is insulin. The role of insulin in TEF was established by studies that examined the
response to diet and exercise in lean and obese subjects Glucose is generally the nutrient used
when examining the role of insulin in thermogenesis  Findings over the last few years suggest
that insulin resistance and imparired insulin-mediated glucose disposal are associated with a
diminishea thermic response to glucose. Insulin sensitivity decreases with increasing obesity
(Bonadonna et al 1990) Since many studies (Segal et al 1990, Shetty et al. 1981; Bessard et
al 1983, Schutz et al 1984a, Segal et al 1984, Schutz et al. 1984b; den Besten et al. 1988,
Aslrup et al 1990a) report a blunted TEF in obesity it is thought that the impairments in insulin's
normal functions are partly responsible for the blunted thermic response to glucose in obesit;(.
Several other studies, however, report no blunting of the TEF in obesity (Owen et al. 1986; Nair
el al. 1983, D'Alessio et al 1988, Sharief & MacDonald, 1982; Welle & Campbell, 1983; Felig et
al 1983, Swaminathan et al 1985)

Felber et al (1981) showed that the oxidation and disposal of a 100 g oral glucose load
was different in obese subjects with and without glucose intolerance Obese subjects without
glucose intolerance had a thermic response similar to that of lean subjects; those with impaired
glucose tolerance had a significant decrease in glucose oxidation and a marked reduction in
glucose storage, botn of which would contribute to a blunted TEF. Golay et al (1982) measured

oral glucose TEF in lean subjects and in obese subjects with normal glucose tolerance, impaired

glucose tolerance, type |l diabetes with an increased insulin response, and type Il diabetes with
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a decreased insulin response. The TEF of glucose was significantly lower in the obese subjocts,
with the extent of the reduction in thermogenesis proportional to the severity of nsulin resistance

More recently, Segal et al (1992) determined the ndependent effects of obesity and
insulin resistance on the thermic effect of both a glucose and mixed nutiient load  They
observed that the TEF of intravenous glucose during a euglycemic, hypennsulinenuc clamp 1s
blunted in men with low insulin sensitivity, Independent of obesity The blunted TEF was rolated
to a significant decrease in glucose storage, the rate of glucose oxidation was not altered These
findings are consistent with the greater energy cosi of glucose storage than oxidation On the
other hand, obesity and nsulin resistance are both independently associated with an impaired
thermogenic response to a mixed nutrient meal: the TEF of a mixed meal was significantly lower
in the groups with low versus high insulin sensitivity, across both levels of obesily (lean and
obese), and lower in the obese compared with lean men, at both high or low levels of insulin
sensitivity (Segal et al. 1992)

Another example of the controversy of the role of TEF is the impact of physical acuvity
on the TEF Pi-Sunyer and Segal (1992) reviewed the literature and concluded that in lean
people, the TEF is greater during exercise than at rest, in obese persons the potentiating effect
of exercise on TEF seems to greatly diminish or disappear Also, the TEF after exercise i1s less
in obese than lean subjects. Clearly, the TEF remains controversial as a factor that may
contribute to the development or mamtenance of obesity.

There is no disagreement on the primary determinants of TEF These are the nutnient
composition and energy content of the food consumed (Danforth, 1985; Nair et al 1983)

Information about these twc determinants comes from many of the recent publications on TEF
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All TEF studies agree that protein induces the greatest increase in the metabolic rate (Nair
et al 1983, Swaminathan et al 1985) and with the exception of Nair et al (Nair et al 1983) who
reported that after protein, fat induces the greatest effect, followed by glucose, the results of
other studies concur that after protein, a mixed nutrient meal induces the greatest effect followed
by glucose and fat (Swaminathan et al 1985; Lean & James, 1988; Robinson et al. 1990). When
expressed as a percentage of the energy content of the test meal the TEF for protein is 25%, for
a glucose meal it 1s 7-10% and for fat the TEF is 6-8% (Simonson & DeFronzo, 1990)

The second determinant of tne magnitude of the TEF is the energy content of the test
meal. Itis well established that the magnitude of the TEF is closely correlated to the energy load
provided in the test meal (Segal et al. 1990). Despite this relationship there are significant
differences n the methods used to compare the TEF between subjects. In accordance with
conclusions of Segal et al (1990), many studies use the same energy load for all subjects,
providing anywhere from 300 kcal/1250 kJ to 800 kcal/3340 kJ (den Besten et al. 1988; Welle &
Campbell, 1983; Schutz et al 1984b; Felig et al. 1983; Swaminathan et al. 1985; Nair et al. 1983).
Other studies use variable energy loads that are adjusted relative to some variable of body
weight, composition or basal energy levels (Schutz et al. 1987; Sharief & MacDonald, 1982,
Shetty et al 1981, D'Alessio et al. 1988). The results of these studies are difficult to interpret and
can be misleading due to the confounding eiiccts of varied meal sizes. Furthermore, as Westrate
(1989) points out, when the energy content of a test meal I1s given on the basis of kg ideal body
weight (IBW) or FFM, it is implicitly assumed that the thermic response is correlated to IBW or
FFM, and by adjusting the interindividual differences in these variables, comparisons of
thermogenic responses will be more valid. Data to support this view have not been reported.

In fact Westrate (1989) found that no correlation exists between the TEF, body weight and FFM.
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Very little data i1s available regarding the reproducibility of the TEF Intraindividual
variability and interindividual variability have been reported to be 28% and 36% respectively
(Westrate, 1989). Recently, Piers et al (British Journal of Nutrition 1992, 67 165-175) reported a

somewhat lower intraindividual vanability of 18 7%

1.3. Techniques for Measuring Energy Stores and Expenditure

1.3.1. Enerqy Stores: Body Weight and Body Composition

Body weight measurement is accurate to 0 01% with a simple beam balance (Garrow,
1978). Body weight is a gross measure of the body's mass, but its relationship to the size of the
body's energy stores is not simple, nor are changes in energy stores necessarily or fully reflected
in weight changes (Garrow, 1978). Because of the limitations associated with body weight, more
complex methods are used to describe body composition, and changes in the body's energy
stores as a result of energy imbalances. This field of study is especially relevant to obesity
research since accurate methods for measuring specific components of body composition are
needed to assess the effects of energy restriction

The methods currently in use are based on either a two or four compartment model for
body composition. The two-compartment model assumes that the total body mass is composed
of two chemically distinct compartments, fat and fat-free mass, whereas the four compartment
model divides the body into four chemical groups, water, protein, ash or bone mineral, and fat
(Welle et al 1984). Generally speaking, the body is made up of the living cells and the less
immediately vital matenals such as interstitial fluid, fat and bone (Bray, 1969) Considenng the
living body as comprising fat mass and fat-free body mass, two terms, the lean body mass (LBM)
and the fat-free mass (FFM), are often used synonymously, but are coriceptually different (Bray,
1969). The LBM was initially defined as the weight of the body totally devoid of fat except for a

small amount of essential lipid FFM i1s the mass of the body minus the total fat mass
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The FFM is a heterogenous compartment containing both metabolically active and

inactive components An important am of body composition research is to determine the size
of the metabolically active tissues of the body. Many studies use LBM or FFM to assess the
active component to which RMR is correlated, however a large proportion is metabolically
inactive, and the losses from the active vs. inactive components do not occur at the same rate
in semistarvation The metabolically active component of the FFM is the oxygen-exchanging,
potassium-rich, glucose- and/or free fatty acid-oxidizing, work-performing tissue known as the
body cell mass (BCM) This includes all the cellular components of the body including muscle,
viscera, central nervous system and hematopoietic system as well as cells in cartilage, tendon,
bone and adipose tissue (Moore, 1980; Bray, 1969). The BCM is approximately 75% water and
comprises 50% of the total FFM of a normal adult (Barrows & Snook, 1987; Foster et al. 1990).
The metabolically inactive component of the FFM includes the extracellular fluid (ECF),
extracellular solids (bone and connective tissue), and glycogen (and the water associated with
ity (Barrows & Snook, 1987; Foster et al. 1990). The ECF is distributed both within (1/4) and
without (3/4) the circulation, and n total makes up about 20% of adult body weight. The solid
structural component makes up about 15% o: body weight.

The other compartment of the human body is the adipose tissue. It is 80% lipid, 15%
water, (3% intracellular flurd and 12% ECF) and about 5% protein (Heymsfield & Lichtman, 1992).
Since FFM s defined by subtracting body fat from total mass, the water of adipose tissue is
included in the FFM Consequently, losses of adipose tissue are associated with an obligatory
loss of metabolically inactive FFM.

Obesity evidently alters body composition by increasing total adipose tissue; however,
FFM also increases (Heymsfield & Lichtman, 1992). This increased FFM is due both to the FFM

component of adipose tissue, and hypertrophy of skeletal muscle and visceral organs (Forbes,
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1887). In addition to body composition, fat distribution is also altered in obesity Cbesity can
be upper-body or abdominal, or it can be lower body or gluteofemoral (the former being common
among males and the latter being common among females) (Garrow, 1988) Fat distnbution is
classified using :he 1ato of body circumferences measured at the waist and hip, the waist hip
ratio. Aratio greater than 0.8 indicates upper-body obesity and a ratio lower than 0 8, indicates
lower-body obesity. Interest in the waist:hip ratio has arisen because of the results of population
studies suggesting that upper-body obesity 1s associated with more metabolic complications than

lower-body obesity (Bjorntorp, 1992).

1.3.2. Energy Expenditure

1.3.2.1. Direct Calorimetry

The direct method for measuring metabolic rate involves the measurement of heat lossos.
Direct calorimetry measures the sum of radiant heat exchange and of convective-, conductive-
and evaporative heat transfer. The total heat loss is equal to the rate of energy utilization when
body temperature is constant (Westrate, 1989). Direct calorimetry has the advantage of being
based solely on conservation of energy and not on any assumptions about the physiology of
energy metabolism, but it requires expensive instrumentation. Furthermore, direct calonimetry
cannot be used to measure short-term effects of thermogenic stimul, such as food, on heat
exchange due to the large heat storage capacity of the body (Brown & Brengelmann, 1965). As

a result, direct calorimetry is infrequently used.

1.3.2.2. Indirect Calorimetry

Indirect calorimetry is the method by which metabolic rate I1s estimated from

measurements of oxygen consumption and carbon dioxide production and through a series of
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assumptions and equations (Ferrannini, 1988; McClave & Snider, 1992). The measurement is
based on the assumption that all the O, consumed (VO,) is used to oxidize degradable fuels and
allthe CO,, produced (VCOQ,) is recovered (Burszstein etal. 1989). Calculating energy production
in this situation 1s equivalent to cenverting the chemical free energy of nutrients into the chemical
energy of ATP plus loss of some energy (as heat) during the oxidation process, plus the ultimate
conversion of the chemical energy to heat lost to the environmeri, (plus any external work
performed on the environment) so direct and indirect calorimetry should and do, provide identical
rates of energy expenditure under steady state conditions (Simonson & DeFronzo, 1990).

The abbreviated Weir equation 1s frequently used to determine energy expenditure from
VO, and VCO, [energy expenditure = (3.94 x VO,) + (1.11 x VCO,)] (McClave & Snider, 1992).
The accuracy of respiratory gas exchange has been reported to be accurate to within 2% (Webb,
1992). Indirect calorimetry is therefore ideal as a method for assessing acute effects of

thermogenic stimuli on metabolic rate and for the clinical measurement of RMR.

2, EFFECT OF SEMISTARVATION ON ENERGY BALANCE AND ENERGY EXPENDITURE

21. Adaptation and Semistarvation

The concept of adaptation implies the maintenance of an acceptable state through
adaptive processes (Waterlow, 1986). There are three types of adaptation important for nutrition:
biological/genetic; physiological/metabolic; and behavioral/social (Waterlow, 1986). We are
concerned with adaptation of the second kind. Any discussion of any adagtive process must
begin by defining "adaptation of what in response to what?" In this case, the discussion will
define the adaptation of energy expenditure and body composition to semistarvation.

Semistarvation may be defined as the condition resulting from a prolonged negative

energy balance, in which food energy intake is consistently less than total energy expenditure
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(Hoffer, 1993) In the presence of negative energy balance, endogenous energy stores are
oxidized to make up the energy deficit. This results in weight loss  Senustarvation evokes the

adaptive processes that minimize the effects of negative energy balance (Shetty, 1990)

2.2. Composition of Weight Loss During Semistarvation

Intraceliular protein and glycogen exist in a 25-33% aqueous sotution (Van ltallie & Yang,
1977). Normal weight subjects on an energy deficient a.et lose weight rapidly during the first
several days and much of this initial loss is due to depletion of body glycogen and extiacellular
and intracellular water (Van ltaliie & Yang, 1977). In addition, 15-17 g ot water s lost for every
83-85 g of pure fat loss (Garrow, 1978; Goodman & del Pilar Gomez, 1987) Water loss (both
intra- and extracellular) accounts for most of the early weight loss in obese subjects consuming
energy deficient diets (James et al. 1990).

In the classic Minnesota Experiment, Keys et al (1950) studied the long-term effects of
semistarvation on body composition. Thirty-two young men followed a 1570 kcal (6563 Kj) diet
(vs. a maintenance diet of 3468 kcal (14496 kJ) for 24 weeks. At the end of the first 12 weeks,
water, fat and protein represented 48%, 40% and 12% respectively of the weight lost. By the end
of the study, mean total weight loss was 15.9 kg, water and protein accounted for 37% and 9%
of the lost mass while fat represented 54%. From these results it was observed that the mass
lost corresponded to a mixture of different types of tissues and stored maternials which were
released in proportions differing according to the duration, intensity and other characternistics of
the energy restriction including the nutrient composition of the diet (Keys et al 1950) In other
words, the composition and quantity of weight loss changed with respect to how long the
volunteers were on the semistarvation diet and what the energy balance was between the energy

consumed and energy expended.
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Semistarvation challenges the body to reduce energy expenditure as a life saving
adaptation This i1s accomplished by reducing its lean tissue stores and hence RMR enough to
reestablish energy balance, but not to such a severe extent that the adverse metabolic
consequences of protein deticiency become intolerable. Two processes reestablish protein
homeostasis during semistarvation. First, the body increases its efficiency of protein recycling
and this reduces the rate of body protein loss. Secondly, as time progresses, the rate of lean
tissue loss decreases in part due to the decreasing amount of lean tissue left to be lost. At the
same time, the efficiency of retention of dietary protein increases, partly perhaps due to changes
in lean tissue mass and to adaptive cellular metabolic changes. As semistarvation proceeds, the
lean tissue mass decreases, automatically decreasing endogenous protein loss, while increasing
the efficiency of dietary protein retention, until a new equilibrium is established in whici the
decreased endogenous protein l0ss is matched by the increased retention of dietary protein, and

net body protein loss ceases (Horfer, 1993).

2.3. Decreased Energy Expenditure

Since the beginning of the 20th century, studies have demonstrated a decrease in the
RMR as an effect of experimentally induced or therapeutic semistarvation (Shetty, 1990). It has
been classically taught that the reduced RMR of semistarvation occurs as a result of changes in
body composition and metabolic adaptation (Grande et al. 1958). This new level of energy
balance is believed to occur in different phases (Garrow & Webster, 1989; Grande et al. 1958).
Acute restiiction of energy intake results in an immediate small fall in RMR within a few days
duning which time little tissue loss has occurred. After several weeks of energy restriction,

metabolically active tissue is lost, but this loss does not fully account for the decreased RMR.
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In long term starvation, depletion of the body cell mass accounts for most of the reduction in
RMR.

After 24 weeks of semistarvation, the Minnesota volunteers had decreased their RMR by
40%. The average decrease per unit of body cell mass (BCM), (estimated fiom measurements
of body density and extracellular space) was 15.5% This implies that the deciease in RMR was
not fully accounted for by the loss of active body tissue and that the metabolic rate of the
remaining active tissue mass had to have decreased In short-term studies (3 woeks) of
semustarvation in non-obese subjects, Grande et al (1958) reported a 21 4% decrease in RMR
and a 16.3% decrease in RMR/BCM

Table 1 summarizes the results of studies reporting on the effects of semistarvation on
RMR in obese subjects. Energy deficient diets may be classified as low energy (=~ 800 - 1200
kcalf/ 3400 = 5016 kJ) or very low energy (< 800 kcal/ 3400 kJ). The low energy diets are the
typical balanced deficit diets prescribed to most obese outpatients, while the VLCD's are high-
protein, liquid formulas given to patients who are closely supervised and monitored.

In 1969, Bray (1969) studied the effects of 24 days of a 450 kcal/ 1800 kJ diet on the RMR
of 14 obese patients. Patients lost an average of 10 3 kg and RMR decreased 15% between the
beginning and end of the study. It should be noted that these patients were in a 1000 kcal/ 4180
kJ positive energy balancz for 7 days prior to the start of the weight loss diet and this may have
had a quantitative effect on the subsequent fall in RMR. Bessard et al (1983) placed 6 obese
women on an 11 week protein-supplemented modified fast (PSMF) (exact energy content was
not stated). After a 12.1 kg weight loss, RMR fell 14 5% when expressed in absolute terms, and
9.6% when expressed per kg FFM. Welle et al. (1984) reported a 9 4% decrease in RMR In six
obese women who followed a 400 kcal/ 1672 kd diet for 40 days. The fall in the RMR i this

study may be somewhat underestimated since the subjects lost weight during the baseline
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portion of the diet, implying that some degree of adaptation may have taken place. Ravussin and
coworkers (1985) measured RMR before and after a 10-16 week weight loss diet (=830-1120
kcal/3500-4700 kJ) in 7 obese subjects. Overall RMR decreased 9.0%, but when expressed in
terms of FFM, it did not change. In two other studies, investigators (Finer et al. 1986; Barrows
& Snook, 1987) reported 25% and 21% falls in RMR respectively. Barrows and Snook (1987)
also reported a significant decrease in the RMR:FFM ratio. Hill et al. (Hill et al. 1987) also found
a 19.1 and 17 3% reduction in RMR and a 15.3% and 11.6% reduction in the RMR:FFM in both
exercisirg and sedentary obese subjects respectively following five weeks of dieting. den Beston
et al (1988) in perhaps the most valid of the studies showing no change in the RMR:FFM,
reported a minimal decrease in the RMR and no change in the RMR:FFM despite significant
weight loss over an eight week period. Davies et al (1989) compared the metabolic effects of
an eight week energy restrictions with 33C kcal/1379 kJ or 780 kcal/3260 kd per day in two
groups of obese inpatients. RMR decreased significantly by 17% in both groups, but RMR:FFM
was unchanged. In a four month study by Elliot et al. (1989), RMR decreased 22%. RMR:FFM
also decreased significantly by approximately 13%. Garrow and Webster (1989) studied 103
obese women consuming a 800 kcal/3400 kJ diet for three weeks. Mean weight loss was 4.9
kg and RMR fell 8.8%. The adaptive decline in RMR was clearly demonstrated with almost 70%
of the total decline in RMR occurnng after the first week, when only 1.9 kg of weight was lost.
In two other studies, investigators (Hendler & Bonde, 1988; Fricker et al. 1991) placed obese
inpatients on very low energy diets for three weeks. Mean weight losses were 8.8 kg (Hendler
& Bonde, 1988) and 9.2 kg (Fricker et al. 1891) and the reductions in RMR were 15.3% (Hendler
& Bonde, 1988) and 20.0% (Fricker et al. 1991) giving RMR:FFM decreases of 12.5% and 18.0%

respectively  Finally, in the most recent of these studies, Nelson et al (1992) put 24 obese
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women on a 800 kcal/3400 kJ for 3 months and 20 days. Mean weight loss was 12.6 kg, RMR
declined significantly by 15.3% and RMR:FFM fell by 7 9%

Combined, the data from the studies presented in Table 1 reveal or demonstrate several
interesting points aside from the fact that RMR consistently falls 10-20% during the first few
weeks of energy deficiency First, despite similar energy intakes, study durations, and subject
profiles, the changes observed in the RMRs were very different  This illustrates the reported high
degree of interindividual variability in RMR under condition of negative energy balance and weight
loss Secondly, the longer the energy restnction, the smaller 1s the fall in the RMR FFM  This
supports the classical teachings that the reduction in RMR during energy restriction occurs in
phases, with the nitial fall reflecting an increase in metabolic efficiency and further decreases Iin
RMR becoming more and more reflective of the loss of FFM until ulimately RMR FFM is not
different before and after weight loss Wadden and cowcrkers (Foster et al 1990) elegantly
demonstrated these phases in their study on the long term effects of low and very low energy
diets on RMR. The investigators measured RMR and body composition over a 48 week penod
They compared the eifects on RMR of diets with either low (1200 kcal/5021 kd) or very low
energy (420 kcal/17567 kJ). RMR FFM declined by 132+3.5% in the low cnergy diet and
14.2+6.7% in the VLCD from baseline to week 17 of a 48 week study with the rate of the
reductions being greatest in the first five weeks of the study With refeeding, the ratios increased
and ultimately normalized by week 48

It is apparent that several authors have questioned the concept of metabolic adaptation
by reporting no change in RMR FFM after short term semistarvation in obese subjects (Ravussin
et al. 1985, den Besten et al 1988, Davies et al 1989) Both Ravussin et al (1985) who reported
no change in RMR'FFM and Bessard et al (1983) who did, estimated fat mass by measuring

skinfold thickness The discrepancy between their results may Iin part be explained by the
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drawbacks assoctated with this method, particularly the difficulty in obtaining interpretable
measurements in obesity using the calliper method (Fricker et al 1991). Davies et al (1989) also
reported no change in RMR FFM despite significant reductions in weight and BRMR. However
during the first two weeks of energy restriction, RMR fell by 8% and 11% in the 1379 kJ and 3260
kdJ groups respectively During the same period total body potassium and therefore FFM did not
change in either group (1379 kJ. 31x05 vs 3.0+0 4 and 3260 kJ: 3.1+0.4 vs 3.1+0.4, where
FFM was assumed to have a potassium content of 60 mmol K*/kg). Despite the ultimate
changes In RMR and FFM, the authors falled to recognize the obvious Increase in metabolic
efficiency per kilogram of metabolizing tissue during the initial phase of the reduction in RMR.
Furthermore, the author's use of the total body potassium (TBK) to estimate FFM is questionable
since TBK loss has been shown to overestimate the loss of BCM in semistarvation in pant,
because of potassium loss associated with the glycogen-water pool (Welle et al. 19C4). In fact,
the N balance results in the study of Davies et al indicate that minimal body N losses occurred
during weight reduction. It 1s therefore unlikely that the decrease of body potass”um in their
energy restricted obese subjects was due to a loss of the active tissue mass. It appears,
therefore, that their conclusion that the RMR.FFM is unchanged in semistarvation is unjustified.

Finally, a problem with most of the studies listed in Table 1 is the failure of the authors
to define FFM and account in particular for the metabolically inactive components of the FFM
when calculating the RMR:FFM  This may reflect a general imprecision in the literature; Garrow,
for example, defines the LBM as the sum of all tissues of the body minus e adipose tissue
(Garrow, 1978).

In some of the studies discussed thus far, changes in RMR have been evaluated with
respect to a loss of total FFM. These studies have not compartmentalized the loss of the lean

tissues in terms of what proportion was derived from muscle mass, organ mass or the low energy
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metabolizing extracellular tissue In early semistarvation RMR decreases to a greater extent than
could be accounted for by the loss of total FFM  Since, in early senustarvation, the greatest loss
of body protein is from the skeletal muscles which have the lowest metabolic activity of the cells
of the BCM (Cohn et al 1981), the latter explanation 1s unlikely. Furthermore, in the eailiest
stages of semustarvation, the greatest source of loss from the FFM 1s from ECF, glycogen-water
and adipose tissue water. Therefore, if we accept the conclusions of the authors showing no
metabolic adaptation in the metabolically active part of the FFM, RMR per unit FFM should
increase in early semistarvation. The failure to observe such an increase is evidence that
adaptation truly occurs.

Clearly, there is overwhelming evidence for metabolic adaptation in response to
semistarvation. These adaptations are seen in the form of weight loss, changes in body

composition, reductions in RMR and increased metabolic efficiency of the active tissue mass

2.4. Mechanisms Governing Adaptation of Changes in Energy Expenditure During

Semistarvation

Changes in sympathetic nervous system (SNS) activity aid catecholamines, in thyroid
hormone metabolism and in insulin play key roles in the adaptive response to semistarvation
(Shetty, 1990). These changes are not only needed for the use of endogenous fuels during
periods of negative energy balance, but are responsible for increased metabolic efficiency of the
active cell mass (Shetty, 1990).

2.41. SNS and Catecholamines

There is evidence that norepinephrine (NE) released from sympathetic neurons and
epinephrine and NE released from the adrenal medulla can influence metabolic processes (Leiter

et al. 1984). In humans about 15% of the total energy expenditure has heen estimated to be
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sympathetically mediated (Landsberg & Young, 1983) Catecholamines have two effects to
increase energy expenditure (a) by increasing the rate of cellular metabolism (Himms Hagen,
1976) and (b) by stimulating the conversion of stored fuels into usable energy (Young &
LLandsberg, 1977b) The increase in cellular metabolism is shown through an elevaton in heat
production, fuel utiization and O, consumption. Because of the stimulatory effects of
catecholamiries, it 1s thought that decreases in SNS activity partially explains the fall in RMR
observed during semistarvation.

When considerning catecholamines and the regulation of energy metabolism, the SNS must
be distinguished from the adrenal medulla Increased levels of epinephrine in urine or plasma
1Is good evidence of adrenal medullary stimulation, however, when the adrenal medulla is
stimulated, changes in plasma or urinary norepinephrine cannot be assumed to originate from
sympathelic nerves, since the adrenal medulla may contrnbute significantly to the circulating pool
of norepinephrnine (Landsberg & Young, 1983). SNS activity can be accurately assessed by
measurement of NiZ turnover In individual sympathetically innervated tissue and is a technique
not biased by simultaneous changes in adrenal medullary activity (Young & Landsberg, 1981,
Landsberg & Young, 1983) This technique is commonly used in animal studies, while studies
involving humans, assess SNS activity by plasma and unne levels and to a lesser extent, tracer
techniges Measuring SNS actvity through plasma or urine concentratons remains
controversial 1t 1s known that the majority of circulating NE arises from stimulation of the SNS.
The fraction of neurotransnmitter measurable in the blood (the "spillover concentration”) however,
1s quite small and depends on many complex processes including synthesis, release re-uptake,
metabolism and clearance (Fernandez et al 1988) An alternative to measuring NE in plasma
1S to determine its rate of excretion in urine  Animal studies (Kopp et al. 1983) suggest that there

1S a reasonably good relationship between arterial NE concentration and the rate of urinary NE
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excretion, however, it is not clear to what extent this applies in man. Furthermore, it 1s not clear
how changes in catecholamine metabolism may change the proportions of free NE, conjugated
NE and the methylated or deaminated metabolites excreted, thus weakening the relationshup
between SNS activity and urinary NE excretion (MacDonald, 1992) There are limited data
reporting on the validity of using urinary catecholamines as a measure of a SNS activity One
study reported intraindividual correlations between plasma and urine measuiements of 07
(p<0.001) for epinephrine and NE in experimentally stress-stimulated catecholamine levels in
young men (Akerstedt et al 1983). Many researchers, however, rely on unnary catecholamines
to demonstrate the eftects nutiitional factors have on SNS activity (Romotf et al 1979, Kopp et
al. 1983, McCargar et al 1988; Troist et al. 1991, Pasqual et al 1992) It is essental o
understand the limitations of the methods used to assess SNS activity when making conclusions
about its involvement in metabolic adaptation to energy restriction

Landsberg and Young (1983) established a Iink between energy intake and SNS activity
in a series of rat experiments. Using measurements of NE turnover to estimate sympathetic
activity, they demonstrated a reduction in SNS activity during fasting with a controlled sodium
intake (Young & Landsberg, 1977a) and stimulation during sucrose overfeeding with controlied
sodium intake (Young & Landsberg, 1977¢). To avoid the confounding effects of sodium
depletion on SNS activity, sodium intake 1s controlled in studies assessing the cttecis of altered
nutritional status on catecholamines. The SNS is one of the principal pathways involved in the
maintenance of blood pressure A reduction in body sod'.m caused by an inadequate intake
will cause blood volume depletion leading to activation of the SNS to maintain blood pressure
(MacDonald, 1992). This concept of a reduced catecholaminergic drive duning energy restriction
has also been demonstrated in human subjects Leiter et al (1984) reviewed studies in which

sodium intake was not controlled during energy restriction and found very different results, with
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fasting having a stimuiatory effect on indexes of adrenergic activity (Romoff et al. 1979). In their
studies on the effects of fasting and very low energy diets on sympathetic activity, they observed
that both sodium and nutrient intakes interact to determine net catecholamine responses, with
the former having a greater impact than the latter. Shetty et al (1979) reported reductions in
circulating levels of NE and in an earlier report Kolanowski et al (1975) reported a decrease in
daily urinary excretion of NE. More recently Bessard et al (1983) have shown a decrease in
urinary NE along with a decrease in RMR:FFM during semistarvation in obese subjects. As in
animals, these responses have been shown to relate to the carbohydrate content of the diet
(Welle et al 1981; DeHaven et al. 1980). In experimental animals and man, glucose and sucrose
stimulate the SNS. In the rat, free access to dilute solutions of sucrose increases NE turnover
in heart, liver, pancreas and kidney tissues within one day of administration (Young & Landsberg,
1977c). In human studies, a standard glucose tolerance test increases plasma NE levels in
association with increased pulse rate, pulse pressure and systolic blood pressure (Welle et al.
1981) The carbohydrate content of the diet affects SNS activity during energy restriction as well.
Obese subjects following a low carbohydrate diet (1370 kcal, 24% carbohydrate) experienced a
significant decrease in plasma and urinary NE, while subjects following a high carbohydrate diet

(1400 kcal, 59% carbohydrate) had no change in plasma or urine levels (Fagerberg et al. 1984).

With respect to the adrenal medulla, energy restriction of humans has a stimulatory effect
causing an increase in urinary epinephrine excretion (Young et al. 1984; Young & Landsberg,
1981). This increase however, has no thermogenic effect, since levels needed to stimulate RMR
are considerably higher (Shetty, 1990). Young et al (Young et al. 1984; Young & Landsberg,
1981) have identified specific conditions under which there is a dissociation of sympathetic

activity from adrenal medulla secretion. These investigators demonstrated that a brief period of
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fasting is associated with sympathetic suppression and adrenal medullary stimulation in normal
humans.

Taken together, these results demonstrate that while catecholamines can have a role in
metabolic adaptation to semistarvation, they do not prove that the changes found are causal with
respact to the known changes in metabolic rate (Leiter et al. 1984).

The TEF was also shown to be an important component of the adaptive response to over
and underfeeding in small animal studies (Rothwell & Stock, 1981), where 1t varies proportionately
with food intake to minimize weight change. On this basis, the TEF was suggested to be a
component ot the adaptive response to underfeeding in man as well (James & Trayhurn, 1981).

As was previously discussed, much of the facultative component of the thermic effect of
food is thought to be related to the SNS response to glucose. Several investigators have studied
the TEF in obese and lean individuals, before and after weight loss, with the aim of establishing
whether altered thermogenesis mediated by the SNS is a cause or an effect of the obese state
Some (Nelson et al. 1992; den Besten et al. 1988; Astrup et al. 1990a; Bessard et al. 1983,
Hendler & Bonde, 1988) have concluded that the TEF does not change after weight loss,
whereas others have concluded that it decreases (Schutz et al. 1984b; Apfelbaum et al 1971),
another has reported that the TEF actually increases following weight loss (den Besten ot al.
1988). Astrup et al (Astrup et al. 1990a) found that severely obese patients (vs lean controls)
showed an impaired TEF and a blunted increase in plasma NE concentrations in response to oral
glucose. After weight loss, despite normalized plasma glucose and lipid profiles, the increase
in plasma NE and the thermic response to glucose were still lower than that of the lean controls.
Schutz et al (Schutz et al. 1984b) also found that weight loss in obese subjects was associated
with a blunted thermogenic response to a glucose load. However in both these studies, the

reduced obese were still obese and had insulin resistance compared to the control group. It has
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also been found thatacute [3 -blockade reduced 24 hour energy expenditure (including both RMR
and TEF) in the reduced obese but nad no effect on lean controls (Buemann et al. 1982). These
findings were taken to suggest that SNS activity is enhanced in the obese. The TEF was lower
in the reduced obese compared to the controls, despite empirical evidence of enhanced SNS
activity. These findings together with the inconsistent conclusions in the literature suggest that
factors in addition to SNS activity are involved in mediating the thermic response to food in the

obese.

2.4.2. Thyroid Hormones

Thyroid hormones play an important role in the regulation of the resting metabolic rate
(Danforth, 1983). They are also important components of the metabolic adaptations associated
with energy restriction (Shetty, 1990). Energy restriction does not affect circulating levels of
thyroxine (T,) since there is no evidence of a change in production rates of T, (Shetty, 1990).
However, the peripheral conversion of T, to the active hormone triiodothyronine (T5) decreases
rapidly (30-40% below normal within 3-4 days), while reverse T,, which is devoid of activity,
increases due to a decrease in its metabolic clearance (Shetty et al. 1979). Gelfand and Hendler
(1989) summarized several representative studies showing the magnitude in the fall of T over
time in subjects consuming very iow calorie diets. From these studies it was also observed that
the level of carbohydrate intake has the predominant effect on Ty rather than the total energy
intake. However, both energy and the specific amount of carbohydrates consumed affected the
conversion of T, to T, possibly through their effect on insulin secretion (Azizi, 1978; Danforth &
Burger, 1989). The concept of T, playing a key role in the adaptive fall in metabolic rate remains
controversial. Those supporting the concept emphasize the correspondence between the

magnitude of the fall in T5 and changes in metabolic rate (Phinney et al. 1988); whereas others
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report no correlation between changes in T levels and metabolic rate (Barrows & Snook, 1987).
Gelfand et al. (1987) showed in obese dieters receiving about 800 kcal/3400 kJ per day, that the
fallin both T; and RMR are significantly blunted if carbohydrate makes up 80-100% of the energy
as compared to a regimen containing no carbohydrate.

In addition to the role T, is thought to have in metabolic adaptation, it has also been
postulated to play an important role in body protein conservation and in the fall in protein
turnover that ocurs during semistarvation (Gelfand & Hendler, 1989), given the known effects
of thyroid hormone to stimulate whole body and muscle protein breakdown (Gelfand et al. 1987).

As with the SNS and catecholamines, the precise impact of the fall in T4 with energy
restriction is not fully understood, nor is T the only modulating factor (Gelfand & Hendler, 1989).
In fact, thyroid and catecholamines interact at the periphery (Shetty, 1990). For example,
epinephrine is known to enhance the peripheral conversion of T, to Ty; thyroid hormone
deficiency is associated with an enhanced SNS activity (NE turnover and plasma appearance
rates increase); and Tj increases the number of tissue T receptors (Shetty, 1990). These

interactions may influence their mutual roles in regulating thermogenesis.

2.4.3. Insulin

Insulin is another pre-eminent hormone that regulates energy balance. In the fed state,
insulin regulates the disposition of absorbed nutrients and in the postabsorptive state, with
decreases in blood glucose levels, reductions in circulating insulin levels allows for the
mobilization of endogenous fuels (Hoffer, 1993).

The thermegenic roles of insulin are demonstrated through its stimulatory effect on Na*-
K* pumping across the cell membrane (which alone is estimated to account for adout 20% of

the RMR) (Durnin, 1967), and through its stimulatory effects on SNS (Acheson et al. 1984).
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Insulin is said to mediate cellular thermogenesis by two mechanisms, the former obligatory by
increasing glucose uptake, and the latter facultative by increasing catecholamine activity (Shetty,

1990).

Fasting is associated with a significant lowering of circulating insulin levels. This decrease
is the primary signal for amino acid mobilization, gluconeogenesis, lipolysis and ketogenesis, all
of which are aimed at the mobilization of endogenous fuels as substrates to prevent the
development of hypoglycemia (Snetty, 1990). These changes may also be involved in the
reduction in RMR during semistarvation.

In assessing the mechanisms which operate to decrease RMR in humans with
semistarvation, the importance of the reduction in the activities of SNS and catecholamines,
thyroid hormones and insulin cannot be overlooked. How they are each specifically involved in

metabolic adaptation clearly remaing an area for further study.

3. NUTRITIONAL AND PHARMACOLOGICAL INFLUENCES ON ENERGY EXPENDITURE

The ideal therapy for obesity would maximize fat loss and at the same time maintain
protein stores appropriate to the changing size of the person. However, since obesity is a
condition characterized by both an increase in fat mass and lean tissue mass (Heymsfield &
Lichtman, 1992), weight loss induced by an energy deficit must be composed of both fat and
protein (Garrow & Stalley, 1977; Elliot et al. 1989; Barrows & Snook, 1987; Hendler & Bonde,
1988; Fricker et al. 1991). This loss of body protein as well as the reduction in the RMR are part
of a successful adaptation to semi-starvation (Hoffer, 1993). One goal of weight reduction
therapy is to manipulate these normal responses with the aim of maximizing fat loss. Two
approaches can be envisioned to prevent or modify adaptation. The first is to minimize body

protein losses and the second approach involves the modification of the changes occurring in
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SNS activity and thyroid hormone metabolism. Both modifications should result in smaller
reductions in RMR which in turn allows for energy balance to remain negative longer and fat loss

to be maximized. The following sections summarize some of these approaches.

3.1. Agents That Influence Fat Free Mass

3.1.1. Exercise

Exercise increases energy expenditure. It can also increase lean tissue mass and hence
the RMR, but only when the exercise is geared toward strength training and is combined with an
increased energy intake (Smith, 1976).

Exercise is considered a useful component of obesity treatment. However, the specific
benefits on energy expenditure and body composition, of combining a weight loss diet with
exercise remains uncertain (Heymsfield et al. 1989). Total weight loss, fat and fat free mass loss
and change in RMR are among the key variables studied when comparing the effects of diet
alone to diet and exercise. Some researchers have reported that diet and exercise produces
greater weight loss (Hagen, 1986; Paviou et al. 1989), greater loss of boay fat and preservation
of FFM (Hill et al. 1987; Ballor et al. 1988), and a smaller drop in RMR (Lennon et al. 1985; Mole
et al. 1989) as compared to diet alone. Other researchers however, have not found such effects
with exercise (Heymsfield et al. 1989; Goranzon & Forsum, 1985; Sweeney et al. 1993) Exercise
has not been proven as a means to limit lean tissue loss during weight loss programs for the
obese. The other benefits of fitness training, including increased aerobic capacity, decreased
blood pressure and decreased insulin levels (fasting and after a glucose load) are clearly
sianificant encugh to continue recommending exercise as an important component of obesity

therapy (Bjorntorp, 1992).
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3.1.2. Growth Hormone

Administration of growth hormone (GH) to experimenta’ animals or humans can result in
increased mobilization of free fatty acids from adipose tissue, protein accretion and tissue growth
(Snyder et al. 1989). The protein sparing actions of GH are thought to be mediated through
insulin-ike growth factor-l (IGF-1) which is stimulated by GH (Snyder et al. 1989). There is
considerable variation in the results of studies assessing the impact of energy restriction on GH.
Some show no increase in GH while others show marked increase during fasting (Shetty, 1990).
The first study on the metabolic response to GH during fasting in obese subjects reported that
fasting caused GH resistance, obliterating the ability of GH to improve negative nitrogen balance
(Felig et al. 1971). Danforth (1993) recently reported transiently increased circulating GH
concentrations during energy restriction, an effect that is suppressed by the level of carbohydrate
in the diet, and stimulated by protein. The increase in GH during energy restriction could have
a role in sparing the active tissue mass. This idea stems from the finding that short-term GH
administration conserved FFM during energy restriction in obese subjects (Clemmons et al.
1987). Similar results were reported by Snyder et al. (1989) who also noted that an intake of
between 12-18 kcal(50-75 kJ)/kg, with >70% of energy as carbohydrate is required for optimal
nitrogen-sparing responses to GH. The investigators found that fat loss was significantly greater
in the GH-treated group vs placebo, although there were no differences in total weight loss. RMR
was not measured in this study. However, similar doses of GH have been shown to increase

basal O, consumption in obese subjects (Bray, 1969).

3.1.3. Very Low Calorie/Enerqy Diets (VLCD)

In 1979 an expert panel under the auspices of the Life Sciences Research Office of the

Federation of American Societies for Experimental Biology defined "very low calorie diets" as diets
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containing Iless than 800 kcal per day (Life Sciences Research Office, 1979). The current
widespread use of these diets stems from the renewed interest, in the 1950's, of total fasting as
an alternative treatment for obesity (Gelfand & Hendler, 1989). Unfortunately, total fasting
provoked protein malnutrition, which was considered the common cause of fasting related death
(Gelfand & Hendler, 1989). In the late 1960's, Bolinger et al (1966) and Apfelbaum et al. (1967)
noted that body protein stores could be significantly spared by supplementing a total fast with
modest amounts of high quality protein. Today's VLCDs typically consist of fewer than 800
kcal/day and contain complete protein of high biological value, varying low amounts of
carbohydrate, and vitamins, minerals and electrolytes (Atkinson, 1990). Gelfand and Hendler
(1989) conducted an extensive review of over 100 research papers in order to examine the
impact of different nutrients on body protein economy and energy balance during severe energy
restrictior. N balance was shown to demonstrate a time-dependent pattern whereby daily
excretion of N declines over a 2-3 week adaptation period before reaching a stable plateau.
Another major conclusion from this review is that when VLCDs of varying coinposition are
compared, the protein intake appears to be the most important determinant of N balance. For
example, Hoffer et al (1984) compared a diet containing 1.5 g protein/kg IBW with one containing
0.8 g/kg IBW and 0.7 g carbohydrate/kg IBW. A total energy intake of 550 kcal was the same
in both diets. By day 14, all the subjects on the high protein intake achieved N equilibrium;
subjects on the lower protein diet were not in N equilibrium and were still in negative balance at
the end of the 8 week study. In general, when protein intake was between 30 to 60 g, daily N
loss of =1g/day persisted after three weeks on the diet. Increasing protein to above 60-70 g
resulted in almost consistent achievement of N balance by the third week of dieting (some

subjects never attain zero N balance). All of the studies provided energy intakes of 200-720 kcal.
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These findings support the current guidelines which emphasize the importance of providing
generous quantities (=70 g/day) of high quality protein in VLCDs (Gelfand & Hendler, 1989).
As was discussed previously, metabolic adaptation is a proven response to VLCDs which
for the sake of this discussion can be considered synonymous with semi-starvation. Unlike the
response to a total fast, the fall in RMR following initiation of a VLCD is not as severe and it
seems reasonable to attribute this to its ability to spare lean tissues. The metabolic changes
described earlier, including decreased insulin sccretion, decreased levels of T, (when sodium is
provided), and reduced SNS activity, occurred in response to both a severe energy restriction
and a limited intake of carbohydrates, typical characteristics of VLCDs. Despite these
adaptations, VLCDs continue to be used in selected patients because of their ability to produce

rapid and safe weight loss (Atkinson, 1390).

3.2. Agents That Influence Thyroid Hormone Metabolism and the Nervous System

3.2.1. Thyroid Hormones

Results suggesting that the fali in RMR during energy restriction may be related to the
concomitant fall in plasma levels of thyroid hormones prompted researchers to evaluate the
effectiveness of exogenous T4 administration in fasting or dieting subjects. The results indicated
that T, administration prevented both the fall in its plasma levels and the decline in RMR (Welle
& Campbell, 1986; Webb, 1986). A problem with these studies however, is that such large
amounts of T, were administered that T, levels actually increased compared to baseline levels.
Furthermore, studies revealed that with thyroid hormone therapy, both muscle protein breakdown
and body N losses increased (Gardner et al. 1979; Burman et al. 1979) such that weight loss was

mainly due to a decrease in FFM,
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3.22. Nicotine

Nicotine has known appetite-reducing effects and these effects are though to be the
cause for the weight gain that occurs after the cessation of smoking (Dallosso & James, 1984).
Furthermore, cross-sectional and longitudinal data on en2rgy intake and physical activity indicate
that smokers do not differ from non-smokers (Fisher & Gordon, 1985, Stamford et al 1984)
Given the findings that smokers weigh less than non-smokers the only remaining determinant of
energy balance to account for these differences is metabolic rate. In a recent review (Warwick
et al. 1987) of 14 studies that assessed the mstabolic effects of smoking, 57% found positive
evidence. Audrain et al. (1991) recently reported that nicotine increases RMR by 7.0%. This
agrees with results of other investigations reporting similar increases The thermogenic effect of
nicotine is thought to be mediated in part through autonomic nervous system activity since
nicotine stimulates nicotinic acetylcholine receptors which form part of the autonomic nervous
system (of which the SNS is one division) (Vander et al. 1985). Because nicotine has also been
shown to stimulate SNS activity (Cryer et al. 1976), the effects of smoking after a meal on the TEF

have also been assessed. The resuits to date are inconclusive (Audrain et al. 1991).

3.2.3. Caffeine

Studies in animals demonstrate that caffeine and other methyixanthines reduce body
weight and fat mass by both anorectic and thermogenic effects (Dulloo & Miller, 1984). The
stimulatory effect of caffeine on metabolic rate is also well established in man, both at high doses
(Acheson et al. 1980) and in the amounts present in a cup of coffee (Dulloo et al 1989) Dulloo
et al. (1989) recently reported that administration of 100 mg caffeine increased the RMR of both
lean and postobese human volunteers by 3-4% and potentiated the TEF by 25-30% in postobese

subjects, but had no significant effect in nonobese subjects. Twenty-four hour energy
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expenditure was increased by 5% in both obese and nonobese subjects. They also found that
repeated 100 mg doses of caffeine given every two hours for 12 hours immediately increased
energy expenditure by 8-11% but had no effect on the subsequent 12 hours. These results
support previous findings showing that the thermogenic effects of caffeine are short-lived (Arch
et al. 1987). The means by which caffeine increases ensrgy expenditure are not fully understood;
however, caffeine has been shown to augment the thermogenic effects of certain sympathetic
stimulants (Astrup et al. 1991) which in itself may suggest that caffeine potentiates ti.ese effects

via adrenergic mechanisms.

3.2.4. Amphets nine

Amphetamine and similar drugs induce weight loss primarily by reducing food intake. A
recent study revealed that when administered at a dose of 10 mg/70 kg body weight, twice a day,
amphetamine reduced energy intake by 30% (Foltin et al. 1990). Amphetamine seems to exert
its effects in the CNS by releasing norepinephrine from central noradrenergic neurons. In man,
drug-induced loss of acuity of smell and taste, and increased physical activity are also thought
to contribute to weight loss. Several factors make amphetamine less than ideal as a treatment
for obesity. Tolerance develops rapidly because the releasable stores of norepinephrine become
depleted. Furthermore, amphetamine causes mood enhancement, elation and euphoria and
improved physical performance, all of which can lead certain individuals to abuse and addiction.

In addition, cessation of this drug appears to be associated with onset of depression.

3.2.5. Ephedrine

Ephedrine is another sympathomimetic drug which stimulates both a and f3

adrenoceptors; it not only stimulates the release of norepinephrine from sympathetic neurons,
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but also has a direct agonist effect on |3 -adrenergic receptors (Bukowieck et al 1982). Studies
in both lean and obese animals show that chronic ephedrine administiation promotes a decrease
in body weight and an increase in energy expenditure, without significantly affecting energy
intake (Yen et al. 1981). The thermogenic effect of ephedrine has also been demonstrated in
humans (Astrup et al. 1985). Recently, Pasquali et al. (1992) demonstrated that in obese subjects
following a VLCD, administration of ephedrine partially prevented the fall in RMR significantly
improved the N balance, and maintained serum T, and urinary catecholamine metabolite levels
near pretreatment values. Body weight loss however, showed no difference between ephedrnine
and placebo therapies possibly because of the short period of drug treatment (2 weeks) Horton
and Geissler (1991) confirmed the stimulatory effect of ephedrine on metabolic rate in both lean
and obese subjects. They also found that addition of ephedrine to a meal significetly increased
the TEF in obese but not lean subjects. The greatest absclute nse in metabolic rate was
produced by the combination of meal, ephedrine and aspurin; this enhancement of TEF was also
not observed in the lean subjects. The investigators suggested that the aspirin potentiated the
effects of ephedrine on sympathetically mediated thermogenesis by preventing the prostaglandin-

mediated inhibition of NE release.

3.2.6 L-3,4- Dihydroxyphenylalanine (L-DOPA)

L-DOPA is converted in the neuron to dopamine which acts as a sympathomimetic agent
to displace norepinephrine from sympathetic nerve endings (Landsberg & Bruno, 1973). Shetty
et al. (1979) administered L-DOPA or placebo to obese subjects at the start of a 24 day VLCD.
Venous norepinephrine increased in the L-DOPA group and RMR failed to decrease, as occurred

in the placebo group. Serum T, levels decreased to the same extent in both groups
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The release of stored norepinephrine induced by sympathomimetic drugs occurs widely
throughout the body and this norepinephrine can act at a wide variety of adrenergic receptors
(a and |1 ). Because of norepinephrine's diverse activities, cardiovascular side effects are
common with these drugs and concerns about their safety persist (Cawthorne, 892). Research
Is currently being done to develop drugs that act on specific receptors, such that a better

separation between cardiac 2nd thermogenic effects can be achieved (Jequier et al. 1992).

3.2.7. Serotonin Agonists

Serotonin, like the catecholamines and histamine, is a monoamine neurotransmitter. It
is produced in axon terminals fiom the essential amino acid, tryptophan. Changes in blood
levels of tryptophan, resulting from changes in macronutrient intake, or changes in the rate of
iryptophan transport from the blood into the extracellular space of the nervous system and into
the synaptic terminals, can affect the rate at which serotonin is produced (Vander et al. 1985).
Serotonin pathways exist in both the CNS and the peripheral nervous system. "In the periphery,
serotonin acts in collaboration with other neuromodulators in a complex network that links
sensory receptors generating moment to moment information on the state of the gastrointestinal
tract with effectors in musculature, secretory, and absorptive epithelium, blood vasculature; and
entero-endocrine cells” (Blundeil, 1892). Serotonin releasing neurons occur in virtually all regions
of the brain  When considering the diffuse serotonergic innervation of the brain, it is easy to
understand that the serotonergic system is involved in many cerebral functions, such as control
of emotional behaviour, sleep and wakefulness, endocrine function, appetite, body temperature,
blood pressure and pain perception (Gothert, 1992).

Serotonin-containing cell bodies can be divided in many distinct nuclei separated into

rostral and caudal brainstem groups (Blundell, 1992). The caudal group consists of five main
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nuclei and descending projections from this group modulate sensory and motor processing in
the spinal cord. The rostral group consists of four main nuclei and they send long axonal
pathways projecting into the forebrain to make contact with zones known to be important
integrative sites for the control of feeding (eg hypothalamus) (Blundell, 1992).

In addition to the marked diffusion of serotonergic axon terminals in the brain, the
heterogeneity of the serotonin (5-hydroxytryptamine, 5-HT) receptors and the differences In
distribution of the various 5-HT receptor types and subtypes within the brain makes serotonergic
neurotransmission in the brain very complex (Gothert, 1992) The current classification scheme
of 5-HT receptors is based on the integrated resuits of pharmacological, biochemical,
electrophysiological and molecular investigations There are currently four receptor types (5-HT,,
5-HT,, 5-HT3, and 5-HT,) and five receptor subtypes (6-HT;* 5-HT,, 5-HT,y, 5-HT,, and 5-HT,
5-HT, and 5-HT, ) (Gothert, 1992). The functions of each of these receptors have not been fully

described at present.

3.2.7.1. Serotonin and Thermoreqgulation

Among the varied cerebral functions involving the serotonergic systems, thermoregulation
is a function that may be implicated in the control of energy expenditure The autonomic and
central control mechanisms regulating body temperature have been well described Based on
these results, serotonergic pathways in the hypothalamus were implicated as part of the central
mechanisms for heat production (Myers & Waller, 1978) The role of serotorin in thermore guiation
is based on anatomical, pharmacological, physiological and metabolic evidence

First, serotonergic nerve endings terminate in the hypothalamic region that has been
classically implicated in thermogenesis (Myers & Yaksh, 1969) Destruction of thesa neurons

impairs thermoregulation.
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Direct injection of serotonin into the anterior hypothalamus causes a dose-dependent rise

in body temperature (Myers & Waller, 1978). Many of the studies involving centrally injected
antagonists also support the conclusion that serotonin affects body temperature (Myers & Waller,
1978) Peripherally administered serotonin In mice induces a dose-dependent hypothermia
(Sugimoto et al 1992) The hypothermic effects of serotonin are antagonized by peripheral 5-HT,
antagonists, suggesting that activation of peripheral 5-HT, receptors induces hypothermia. This
offect may be due to cutaneous vasodilation, which accelerates heat loss from the body
(Vanhoutte et al 1981, Myers & Waller, 1978). Temperatures changes have been demonstrated
in both animals and humans with a number of serotoninomimetic phenylpiperazines and related
agents (M-CPP, MK-212) Body temperature increases temporarily after acute M-CPP
adminstration (Mueller et al 1985; Mueller et al. 1986; Charney et al. 1982; Wozniak et al. 1989;
Kahn et al 1992). However, the available antagonist studies are inadequate to identify 5-HT
receplor subtypes involved in M-CPP’s temperature effects. MK-212 has also been shown to
increase temperature in rats (Gudelsky et al. 1986) and in healthy humans but not in
schizophrenic subjects (Lee et al. 1992). Through antagonist studies, central 5-HT, receptors
were implicated In MK-212's hyperthermic response (Murphy et al. 1931). None of these
compounds are used clinically and all of the studies involved single dose administration.
Azapirones are another group of serotonin agonists which affect temperature. The azapirone,
8-OH-PDAT produces dose-dependent hypothermia in rats and mice (Gudelsky et al. 1986;
Wozniak et al 1988; Wozniak et al. 1991), but has never been studied in humans. The
hypothermic effects of 8-OH-PDAT may involve the 5-HT, , receptor since this drug is a selective
agonist at this site. Fenfluramine, a serotonin agonist used clinically to ireat obesity has also
been shown to produce temporary hyperthermia after a single administration in rats and chickens

(Tagliaferro et al 1982; Sulpizio et al. 1978; Frey, 1975). An increase in temperature among
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humans using this drug chronically for obesity therapy has not been described This is not
surprising given that the doses used in the animal studies to produce hyperthermia are 10-20x

the dose used clinically.

3.2.7.2. Serotonin and Food Intake

The involvement of serotoninergic neurons in the expression of appetite has been
recognized for more than 20 years (Blundell, 1992). Most studies investigating this involvement
have been done on rats, but studies in the leech and in humans have also been carried out.
These investigations include the use of electrical and chemical stimulation of the brain,
electrolytic and neurotoxin induced lesions, correlations of energy intake and brain serotonin
concentrations after knife cuts, lesions, pharmacologic agonism and antagonism,
neurotransmitter precursors and nutrient-transmitter interactions (Blundell, 1992) Diet-induced
changes in the concentration of nutrient precursors within the brain can alter the rate of
neurotransmitter synthesis. Serotonin is one of the best known neurotransmitters under
precursor control. Increased concentration of serotonin metabolites are seen in cerebrospinal
fluid and/or plasma after tryptophan ingestion (Anderson, 1988). Research in animals has shown
that the relative proportion of protein and carbohydrate in a meal can influence brain amino acid
levels and therefore serotonin synthesis. Ingestion of a meal high in carbohydrate preferentially
enhances brain tryptophan uptake and serotonin synthesis. In contrast, ingestion of a meal high
in protein, results in a decrease in tryptophan uptake into the bran The manner in which
dietary-induced changes in serotonin synthesis affects food intake has not been conclusively
described to date.

Serotonin does not cross the blood brain barrier, but serotonergic effects can be

modulated by drugs that alter its pharmacology in the brain (Wurtman & Wurtman, 1977).



48
Hyperphagia has been shown to be induced in animals by serotonin receptor antagonists
(Silverstone & Schuyler, 1975) or by a serotonin synthesis inhibitor (Breisch et al. 1976).
Conversely, hypophagia is observed after increasing serotonin neurotransmission by
administration of serotonin itself (directly into the hypothalamus), its precursors (Rezek & Novin,
1975), serotonin receptor agonists (Rezek & Novin, 1975) and by a serotonin releaser (Wurtman
& Wurtman, 1977) In addition to the effects of serotonin on feeding behaviour, direct
administration of serotonin to rats (subcutaneous .ajection) resulted in a 20.5 + 3.3% increase
in resting O, consumption (Jequier et al. 1992). The increase in VO, was though to be mediated
by the autonomic nervous system since it was inhibited by an autonomic ganglionic blocker
(hexamethonium).

The use of serotonergic agents in the treatment of obesity continues to be the subject
of research interest. Much of this interest lies in the fact that unlike amphetamine or other
currently available anorectic drugs, serotonergic agonists have not been associated with the
same stimulatory and cardiovascular side effects and appears not to be addictive. However the

hazards of long term serotonergic therapy for obesity remain uncertain (Munro et al. 1992).

3.2.7.3 Fenfluramine

The only serotonergic drug available for the treatment of human obesity in Canada is d,I-
fenfluramine. Fenfluramine causes central serotonergic neurons to release serotonin. Previous
work in animals has established that fenfluramine has a broacler spectrum of anorectic activity
than amphetainine; for example, fenfluramine decreases the motivated search for food (Thuriby
et al. 1985), decreases ingestion linked to the palatability of food (Borsini et al. 1985), and
reduces stress-induced eating (Antelman, 1979). The principal reason fenfluramine causes

weight reduction is because of its centrally mediated anorectic properties (Rowland & Carlton,
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1986). Fenfluramine is said to diminish irtake by shortening meals rather than by reducing their
frequency. The drug is said to work by a meal satiety mechanism rather than by a meal initiation
mechanism (Cawthorne, 1992). With the initiation of fenfluramine treatment (and no dietary
instruction) an additional weight loss of about 0 25 kg/week will greater than that achieved with
placebo (Munro et al. 1992). In obese patients, the weight-lowering effect ot short-term (3
months) fenfluramine administration is also well documented. The results of several studies
demonstrated that fenfluramine together with a moderate energy restriction significantly reduces
hunger and food intake and produces greater weight loss as compared to diet alone (Guy-Grand,
1987).

Long-term clinical studies have shown that continuous administration f fenfluramine to
obese patients results in weight loss that is maintained for one year (Dougias et al. 1983). The
results of a one year trial involving d-fenfluramine, the International Dexfenfluramine Study
(Guy-Grand et al. 1969) recently reported that 15 mg twice daily of d-fenfluramine administration
resulted in increased adherence to the weight-lowering program and greater weight loss It was
also found that a plateau in weight was achieved after six months (occurring in both fenfluramine
and placebo groups) indicating that the drug did not promote further weight loss but helped to
avoid the weight regain, which occurred in the placebo group. A recent study by Finer and Finer
(1989) supports these findings. Obese subjects lost 14 kg after 8 weeks of a VLCD Patients
were then randomized to either drug or placebo treatments associated with a moderate energy
restriction for 26 weeks. Fenfluramine-treated patients continued to lose weight (5 8 kg) whereas
placebo patients regained 2.6 kg. Finally, it was reported that when drug treatment was stopped
after 12 months, there as a 9kg weight regain over the following year (Hudson, 1977).

As interesting as the anorectic properties of this serotoninergic drug are its thermogenic

properties. While studying the nature of tolerance te the anorectic effects of amphetamine and
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fenfluramine, Levitsky et al. (1981) noticed that when animals continue to receive anorectic drugs,
their body weights remained supnressed despite the fact that food intake returns to normal. The
lowered body weight persisted as long as drug treatment was maintained and it returnis to control
levels once treatment stops The investigators also observed that weight regain after drug
termination can be achieved without an increase in food intake. These observations suggest that
anorectic drugs increase energy expenditure. Artifactual reasons for the above observations
such as increased locomotor activity and interference in intestinal absorption of nutrients were
ruled out for fenfluramine (Levitsky & Troiano, 1992). A series of studies testing the thermic effect
of fenfluramine have been carried out in animals. Levitsky et al. (1986a) administered 20 mg
fenfluramine to rats in the postabsorptive state and along with a meal. Energy expenditure was
unchanged in the fasted animals, but it increased an additional 10-20% above the increases seen
in the meal and placebo group. The authors also found that fenfluramine potentiated the TEF
for carbohydrate but not for fat. The same authors then tested whether there was tolerance to
fenfluramine’s ability to potentiate the TEF by measuring the effect it had on TEF at the beginning
and after 15 days of treatment (Levitsky & Troiano, 1992). On day 1 of treatment fenfluramine
effectively potentiated the TEF. This effect disappeared by day 15. From this study it was noted
that despite the suppression of body weight caused by restricted feeding in the fenfluramine
group, metabolic rates postprandially were similar to the control animals who did not lose weight.
To test whether fenfluramine prevented the expected fall in energy expenditure TEF was again
ieasured two days after drug treatment was stopped. The TEF of the previously treated animals
was significantly suppressed which the authors took to indicate that fenfluramine had indeed
prevented the normal fall in metabolism The application of these findings to humans is difficult.
The doses used to produce the thermic effects in the animal studies (20 mg or 4 mg/kg) are far

larger, on a per kg basis, than doses used in human studies.




51

To determine whether an acute dose of fenfluramine increases metabolic rate in humans,
Troiano et al. (1990) more recently measured the metabolic rate in 16 non-obese young men aftor
either a 750 calorie mixed meal or fasting, with either 60 mg fenfluramine or placebo. The TEF
was potentiated by the drug treatment. The results suggested that fenfluramine increased
metabolic rate by prolonging the TEF. Fenfluramine had no effect on energy expenditure in the
fasting subjects. Similar findings were also reported by Munger et al. (1988) However, most of
these studies were carried out in lean subjects whereas fenfluramine 1s used in obese subjects,
and these studies did not specifically test the acute thermogenic effect of the drug. In fact, a
recent report (Breum et al. 1990) suggested that fenfluramine did not have any long-term effect
on 24 hour energy expenditure in obese subjects. In the latest available study on fenfluramine,
Scalfi et al. (1993) submitted seven obese men to four tests in which fenfluramine (30 mg) or
placebo were combined with a mixed mean or no meal. In the fasting state RMR increased 6.9%
after fenfluramine but not after placebo administration. The TEF of a mixed meal was also
significantly higher in the drug group (4.6 + 1.7% vs 3.6 * 1.5% - percentage of energy content
of the meal). However, this effect did not suggest an additive effect on energy expenditure
between fenfluramine alone and food alone (ie. 6.9% + 3.6%)

Based on the studies in animals and humans, the main possible effects of fenfluramine
can be summarized as follows, first it reduces food intake by enhancing the serotonin-mediated
satiating power of food; second it reduces the motivation for eating under different conditions
and finally, it increases the thermic effect of food. However, it is still difficult to relate the acute
thermogenic effects of fenfluramine to its weight reducing action. Appropriate longitudinal studies

would be necessary to establish that hypothesis.
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3.2.7.4. Fluoxetine

Fluoxetine is the first of a new generation of antidepressants that acts by selectively
inhibiting serotonin reuptake into presynaptic nerve endings in the brain (Anonymous, 1993).
Although weight gain is often reported among depressed patients treated with ftricyclic
antidepressants, depresied patients treated with fluoxetine commonly lose weight (Cohn &
Wilcox, 1985) From the observations that serotonin acts in the CNS to modulate feeding
behaviour and that serotonin agonists can alter energy expenditure, fluoxetine, with its
enhancement of serotonergic function, has the potential to affect eating behaviour and body
weight.

Goudie et al. (1976) were the first to report a decrease in food intake in rats treated with
fluoxetine. Wurtman and Wurtman (1977) reported that fluoxetine spared protein intake while
reducing total caloric intake in rats. Decreases in food intake and body weight have since been
confirmed in several studies in both rats and mice (Rowland et al. 1982; Wong & Fuller, 1987;
Yen et al. 1987). Furthermore, like fenfluramine, fluoxetine has been shown to be effective in
suppressing feeding behaviour linked to the palatability of food (Leander, 1987), stress induced
feeding (Antelman, 1979) and insulin induced feeding (Carruba et al. 1985). Fluoxetine also
affects feeding behaviour by reducing meal size but has no effect on meal frequency, which
suggests it has a satiating effect (Clifton et al. 1989).

The anorectic properties of fluoxetine have also been demonstrated in humans. A dose
response study was done in nondepressed obese adults who were randomized to placebo or
fluoxetine (10,20,40 or 60 mg per day) (Levine et al. 1989). After 8 weeks of drug therapy (no
diet or exercise instructions were given) mean weight loss was significantly greater in the 60 mg
dose group. Ail of the different drug-dose groups had greater mean weight loss than the placebo

group except the 10 mg fluoxetine group. Wise (1992) reviewed six short-term studies of 6-12
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weeks which evaluated the anorectic-weight reducing properties of fluoxetine in ubese subjects.
The dose was either fixed at 60 mg or varied between 20-80 mg Subjects were not given
instructions with respect to diet or exercise. The results indicate that fluoxetine-treated patients
consistently showed greater weight loss than placebo-treated patients with a mean weight
change of about -0.5 kg/week.

In a review of the longer-term studies in obesity, a maximum mean weight loss of about
5 kg has been shown to occur after 12-20 weeks of fluoxetine therapy (Wise, 1992) The pattern
of weight loss in ".Joxetine treated patients follows the same pattern described earhor for
fenfiuramine, such that a plateau in body weight occurs after approximately 6 months {Munro et
al. 1992). Darga et al. (1991) carried out a 1 year double-blind comparison of 60 mg fluoxetine
to placebo in obese patients who also received dietary counselling. Maximum mean weight loss
was |2.4 kg, achieved at week 29 for the fluoxetine-diet group Placebo-diet subjects lost 4.5 kg,
significantly less weight by thai same time. A gradual weight regain occurred from about the 6
month point to the end of the study in subjects given fluoxetine but not in those who received
placebo. End of study weight loss was 8.2 = 1.9 kg In the fluoxetine group and 4.6 = 11 kg in
the placebo group. An identical study by Marcus et al. (1990) reported somewhat different
results. Fluoxetine-treated patients lost 13.9 + 12.7 kg after | year of drug and diet therapy while
those on placebo failed to show any significant weight change. Also, the fluoxetine-treated
patients did not regain weight on the medication and continued to lose weight although at a
significantly slower rate throughout the year long study.

The therapeutic efficacy of fluoxetine and fenfluramine appears to be about the same as
that of the sympathomimetic compounds (Munro et al. 1992). Further research is currently being
done to assess the clinical value of fluoxetine as an adjunct to weight loss programs and to

elucidate the mechanisms by which serotonin agonists induce weight loss. All serotonin-acting
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drugs Increase serotonin conceritration in serotonergic synapses, thereby making it more
available to receptor sites Part of the difference between the different serotonin agonists lies in
which receptor subtypes are influenced. Serotonin antagonists specific to the different receptor
subtypes are used in conjunction with agonists to determine which subtypes are influenced by
which drug and what effects stimulation of that receptor subtype produces. Receptor affinity is
one way in which fluoxetine differs from fenfluramine. A study was conducted in which serotonin
antagonists were given with fluoxetine or fenfluramine to determine which receptor subtypes are
involved with their anorectic properties (Garattini et al. 1992). Surprisingly, fluoxetine induced
anorexia was not reduced by any of the antagonists, whereas that induced by fenfluramine was.
This suggests that the receptor mechanisms involved in producing anorexia by fluoxetine are
different from those of fenfluramine. However, it must be considered that these serotonin
antagonists are not equally selective on 5-HT receptors, making a comparison between the
effects of fluoxetine and fenfluramine in terms of 5-HT receptor affinity difficult (Garattini et al.
1992). Furthermore, some studies have shown fluoxetine to have no effect on any serotonin
receptors (Sommi et al. 1987). Until serotonin antagonists specific to every serotonin receptor
subtype are available, mecharnistic questions will persist about how fluoxetine and other
serotonergic drugs work. Aside from receptor mechanisms, fluoxetine and fenfluramine also differ
in their “serotonin-releasing” activities (serotonin reuptake inhibition in the case of fluoxetine).
Superfused rat hypocampal synaptosomes, previously loaded with 3H-5-HT, were exposed for
three minutes to different concentrations of fluoxetine or fenfluramine. This study showed that
fenfluramine-induced release of serotonin was immediate whereas a delay of two minutes was
observed with fluoxetine. The dose-response curve was plotted using drug concentrations

ranging from 0.03 - 10t mol/L. Fenfluramine was saturable, while fluoxetine was not. In addition,
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indalpine, an inhibitor of serotonin uptake blocked the effect of fenfluramine, but not of fluoxetine
(Garattini et al. 1992)

Fluoxetine's safety has been confirmed in both depressed and obese subjects In terms
of adverse side effects, headache, nausea, asthenia, diarrhea, somnolence, insomnia,
nervousness, sweating and tremor are the most frequently reported (Cooper, 1988) One aspect
of the side effect profile of fluoxetine (nervousness and tremor) could be evidence of a
sympathetically mediated stimulation. Lipinski et al (1989) reported that akathisia {nervousness,
purposeless movement of feet, legs) induced by fluoxetine can be effectively reduced by
propranolol, a B-adrenergic antagonist. The authors hypothesized that fluoxetine-induced
akathisia may be caused by serotonergically mediated inhibition of dopaminergic

neurotransmission.

4. SUMMARY AND RATIONALE FOR RESEARCH PLAN

Energy restriction in humans, whether lean or obese, results in a reduction in the RMR
In the short term, much of this reduction is adaptive,stemming from the decrease in metabolic
activity of the body cell mass; with continuing semistarvation and increased loss of active cell
mass, RMR continues to decrease and the latter component assumes a greater and greater role
in explaining the decrease in RMR. Metabolic efficiency of the FFM is achieved primarily through
reduced sympathetic activity, changes in peripheral thyroid hormone metabolism and lowered
insulin secretion. There is also controversial evidence that a decrease in the TEF contributes to
the increase in metabolic efficiency that accompanies energy restriction Unfortunately, while
these adaptations permit the prolongation of life, they work against one goal of obesity therapy,
i.e. to sustain maximal possible rates of fat loss by maintaining a large energy deficit, without

excessive loss of lean tissue.
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Of the two sides in the energy balance equation, energy intake and energy expenditure,
obesity experts have generally focused on modifying an tndividuals’ intakes as a means of
achieving safe and effective weight loss, and this remains the preferred approach to achieve
long-term weight goals. The development of high-protein, very low encrgy diets is an example
of a dietary modification that spares lean tissues while producing rapid and significant weight
loss

Another approach to achieve weight reduction is to increase energy expenditure. The
idea of using thermogenic agents is not new. Thyroid hormones may be used for this purpose,
but they induce a greater loss of protein than fat. Catecholamine-stimulating appetite
suppressants have potent stimulant properties, are prone to abuse, and produce undesirable
cardiovascular side effects. On the other hand, serotonin-acting anorectic compounds such as
fenfluramine and fluoxetine are less hazardous than the catecholaminergic compounds and are
atieast as effective in inducing weight foss. A number of pharmacological studies in animals and
leans and obese humans have also shown that fenfluramine is thermogenic. Data suggest that
acute administration of fenfluramine increases energy expenditure in the fasted state, as well as
after the ingestion of food. A direct relationship between fenfluramine’s thermogenic effects and
its ability 1o induce weight loss has yet to be described.

In view of the reported thermogenic effect of the serotonin agonist fenfluramine, it was felt
justified to study these same effects in fluoxetine. This idea is of interest for two reasons. The
first is the issue of whether serctonergic pathways are directly or indirectly involved in
thermogenesis. The second is the more practical aspect of weight loss which can be influenced
by the adaptive decline in energy expenditure that occurs with the introduction of a VLCD. Any
intervention which prevents or blunts this adaptive decline would result in faster and more

nrolonged weight loss at any given energy intake.
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4.1. Hypotheses
1. It was hypothesized that 60 mg fluoxetine administration to obese subjects on a very low

energy diet for three weeks would blunt the decrease in RMR that occurs when placebo Is
administered. In order to test for such an effect of fluoxetine in the most sensitive way, a 1757
kd/420 kcal/day study diet was chosen for which the fall iIn RMR 1s casily and rieliably
demonstrable. Since metabolic adaptation is mediated via hormonal mechanisms the postulated
thermic effect of fluoxetine would potentially be detected through the measurement of unnary
catecholamines, serum thyroid hormones and insulin. N balance was measured during the VLCD
in order to be able to comment on the composition of weight loss and the resulting body
composition changes induced by fluoxetine. It was also desired to know if N retention dunng

the VLCD would be altered by administering this CNS active drug.

2. Further, it was hypothicsized that fluoxetine would potentiate the thermic response to a
112.5 g glucose test mea.. Because insulin resistance has been reported to reduce the thermic
effect of glucose, oral glucose tolerance tests (OGTT) were performed prior to the start of the
'LCD in order to be able to account fcr the difference in TEF arong the study subjects due to
insulin resistance. The,TEF was measured during a weight maintenance bhaseline period (prior
to drug/placebo administration), on the last day of the VLCD and following 8 weeks of a 5016
kJ/1200 kcal balanced deficit diet. This will enable us to address the controversial 1ssue of a
blunted TEF fcllowing weight loss/energy restriction and how fluoxetine may alter the "blunted"

TEF.

3. Finally, it was hypothesized that the RMR would remain higher in fluoxetine- than placebo-

treated patients over a subsequent period of 8 weeks with a weight reduction diet of 5012
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kJ/126G0 kcal using normal foods Because of the slow onset of fluoxetine action (average half
life 3-4 days), full pharmacological effect for all subjects was thought to require 18-24 days. To
accommodate the possibility of delayed action, the VLCD period was kept to a feasible
maximum (21 22 days) and the outpatient period of the study was kept to a maximum of 8
weeks, so that RMR and TEF measurements made during this time could detect the potentially

delayed action of fluoxetine

5. EXPERIMENTAL DESIGN (Figure 1)

1 Suitable patients were admitted to the Clinical Investigation Unit (CIU) of the Royal Victoria
Hospital, and placed for 4-5 days on a conventional formula diet providing all maintenance needs
(inclusion and exclusion criteria are described below). During this time and throughout the
subsequent study, all urine was saved in serial 24-hour collections for analysis of N excretion,
and the subjects underwent at least 2 measurements of RMR, and one measurement of the

thermic effect of a standard glucose meal (TEF).

2. On day 1 of the very low energy diet (VLCD), and following a measurement of the RMR,
fluoxetine (F) 60 mg or placebo (P) was administered each morning and a 1757 kJ/420 kcal liquid
formula diet was given in three meals. No smoking was allowed. Body weight was recorded
daily after voiding and in bed clothes RMR was measured early on the mornings of days 1, 3,
6, €, 10, 13, 15, 17, 20, 22 (final day of VLCD), in each case prior to administration of that day’s

fluoxetine dose The TEF was measured on the final day of the VLCD.
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‘ 3. While continuing fluoxetine or placebo, sach subject was "refed" for 3-4 days in hospital
with a conventional balance deficit diet (BDD). The subjects were then discharged with dietary

counseiling to continue this BDD during the outpatient phase

4. Subjects returned for morning follow-up visits which included dietary counselling every
two weeks for a total of 8 weeks while continuing on the study medication. Body weight (in
standard clothes without shoes) was recorded at each visit. At the 4 week post-discharge visit,
RMR was measured. At the 8 week post-discharge visit (the final visit of the study) Both the RMR

and the TEF were measured.

6. MATERIALS AND METHODS
6.1. Subjects

. Moderately obese women aged 20 to 48 years volunteered to participate in the study
Subjects learned of the study through advertisements placed in a iocal newspaper Potential
subjects were required to be in good health with no history of metabolic or cardiac disease,
depression and receiving no chronic medication including oral contraceptives  An en 1y crtenon
was a body mass index (BMI) of 30 kg/m2 or more Subjects were carelully interviewed and if
they appeared likely to benefit medically from weight loss and to be able to adhere to the study
protocol, they underwent a complete medical history, physical examination (by Dr L J Hoffer),
pregnancy test, haematological tests (complete blood count with differential white cell count and
platelets), blood cnemistry (sodium, potassium, chloride, CO,, glucose, urea N, creatinine,
triglycerides, cholesterol, uric acid, albumin, total protein, alkaline phosphatase, ALT or AST,
thyroid indices and haemoglobin A,C), urinalysis, electrocardiogram and chest X-ray (postero-

anterior and lateral views). Date of the last menstrual period was recorded.
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6.2. Research Facility

The subjects were admitted to the Clinical Investigation Unit (CIU) of the Royal Victoria
Hospital  Nursing procedures included twice daily measurement of heart rate, standing and
supine blood pressure and daily determinations of basal temperature while in hospital. Basal
temperature was measured with a digital Becton-Dickinson (Toronto, Ontario) basal thermometer
(temperature range 35-38°C) Subjects were carefully instructed to take their temperature at the
same time each morning, after voiding and before breakfast, by placing the thermometer under
the base of the tongue and not to breath through their mouth for 3 minutes. Subjects were
weighed each morning at the same time in the same bed clothes, after voiding but before
breakfast on a Scale-Tronix" (Ingram & Bell - Meditron, Le Groupe, inc., Don Mills, Ontario) digital
scale (accurate to 01 kg) Durning the baseline period, waist and hip circumferences were
measured 1n order to calculate the waist:hip ratio. Measurements were made on subjects
standing up Waist circumference was measured at the narrowest part of the torso, or at the
circumference 4 centimetres above the umbilicus, when a natural waist was not evident. Hip
circumference was measured in a horizontal plane at the levels of the buttocks (Hardy, 1961).
Urine ketones were determined daily using the ChemstripR 5L (Boehringer Mannheim, Laval,
Quebec) to monitor dietary compliance. Subjects were instructed to record days of menstruation
In a patient record book. Final preparation of meals were done by either the CIU dietitian or the

subjects themselves, under supervision).

6.3. Diets
Upon admission to the hospital, all subjects were given a liquid formula diet calculated
to provide maintenance energy requirements. Energy intake was based on the subject's

calculated RMR (according to the Harris-Benedict equation) multiplied by 1.5 (Mahalko &
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Jonhson, 1980). This intake was calculated to meet the weight maintenance needs of the
subjects, which was essential in establishing reproducible baseline data for all the variables
measured.This 4-5 day baseline diet consisted of a commercia! meal replacement product
(Ensure, Ross Laboratories, Montreal, Quebec) and was supplemented with glucose polymer
derived from corn starch (Polycose, Ross Laboratories) A standard volume of Ensure was used
for all subjects so that protein intake would be constant. When energy requirements were groater
than the energy provided in the ensure, additional energy was supplied by Polycose The dist
contained 80 grams of protein and fat and varying amounts of carbohydrate (due to the differing
amounts of polycose added). The composition of the products used in the baseline diet is given
in Table 2.

During the subsequent 21-22 days, all the subjects consumed a liquid formula very low
energy diet (Optifast 70, Sandoz Nutrition, Minneapolis, Minn.). The diet provided 1757 kJ/420
kcal per day and at least 100% of the established Canadian Recommended Nutnent Intake for
essential vitamins and minerals, with the exception of iodine which provide 94% of the RNI. The
composition of the VLCD is given in Table 2. Subjects were instructed to drink at least 2 litres
of water daily and to consume no other foods or beverages Subjects were given five
prepackaged envelopes of the Optifast powder. The powder in each envelope was combined
with 200 ml of water. Two envelopes were consumed at breakfast and at supper, and one
envelope was consumed at lunch. Subjects prepared their morning and midday meals in the
research kitchen in the presence of the research dietitian.

After completing 3 weeks of the VLCD, subjects were refed on a 5016 kJ/1200 kcal per
day balanced deficit diet composed of regular foods. The diet was approximately 15% protein,

55% carbohydrate and 30% fat. It was based on the Good Health Eating Guide which uses a
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choice/exchange system (Canadian Diabetes Association, 1980). Subjects were instructed to
follow this diet during the entire eight week outpatient phase of the study.

The N content of both the baseline diet and the VLCD (samples of all lots were used) was
determined using the Kjeldahl digestion (Munro & Fleck, 1969). All subjects took both the

baseline diet (Ensure) and the VLCD (Optifast) from a single lot for the entire study.

6.4. Randomization Procedure

Subjects were assigned at random to either fluoxetine (60 mg) or placebo by a study
coordinator at Eli Lilly, Canada, Inc.. This was a randomized double-blind study such that neither
the subject, nor any member of the ClU or research team were aware of the randomization list.
Fluoxetine and placebo were in capsule form, white in colour and identical in appearance.
Boilles were labelled "Fluoxetine: treatment of obesity" and were packaged in a patient kit,
identified by a number. Proper randomization was ensured by assigning each kit sequentially,
starting with the lowest available number. Each subject had her own kit. Each kit contained

three bottles of 35 capsules.

6.5. Collections

Complete 24 hour urine collections were made for all inpatient protocol days. Urine was
collected in containers with 15 ml of 12M hydrochloric acid as preservative and was stored at
4°C during the 24 hour period. It was then aliquotted and either submitted for analysis or stored
at -20°C Collections were analyzed for creatinine, urea N, total N, sodium, potassium, chloride
(Wallach, 1981) and urinary catecholamines (epinephrine, norepinephrine, dopamine,

metanephrine and normetanephrine)(normal ranges are based on inhospital determinations).
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6.6. Blood Drawing

Postabsorbtive venous blood samples were drawn on the first and last day of the baseline
period and on days 7,14 and 21 of the VLCD period.

(a) SMAC-16 (Wallach, 1981): Blood was collected in 10 ml red top sterile vacutainers
(without anticoagulant) for determination of sodium, potassium, chloride, bicarbonate, urea,
creatinine, glucose, uric acid, calcium, phosphorus, total protein, albumin, total bilirubin, alkaline
phosphatase, ALT (alanine aminotransferase), AST (aspartate aminotransferase), LDH (lactate
dehydrogenase), cholesterol and triglyceride.

(b) Compilete Blood Cell Count (Wallach, 1881): Blood was collected in 7 ml lavender top
EDTA-K; (ethylenediamine tetraacetate) sterile vacutainers for determination of haemogiobin,
haematocrit, white blood cells, neutrophils, lymphocytes, monocytes, eosinophils, basophils and
platelets.

(c) Thyreid Indices: Blood was collected in 10 ml red top sterile vacutainers (without
anticoagulant) for determination of T, (thyroxine), T, uptake, free T, index, T, and free T, index
(normal ranges are based on inhospital determinations).

(d) Insulin: Five millilitres of blood was collected in 10 ml test tubes containing 0.5 ml of
a Trasylol-Aprotinin - Heparin solution (Trasylol-Aprotinin: 10,000 K.LU./ml, Miles Canada Inc.,
Etobicoke, Ontario; Heparin:10,000 U.P.S./ml, Organon Teknika, Toronto, Ontario) for
determination of insulin. The blood-Trasylol - Heparin mixture was centrifuged at 2800 rpm for
15 minutes, the plasma portion was separated and stored at -12°C.

(e) Fluoxetine and Norefluoxetine: Blood samples were drawn following the collection
procedures specified by Eli Lilly Canada, Inc. Blood was collected in 10 ml heparnnized
vacutainers and was then mixed and centrifuged immediately Heparinized plasma was then

transferred to glass tubes (supplied by Eli Lilly Canada, Inc ) and immediately frozen at -12°Cin
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a horizontal position. Frozen specimens were then shipped on dry ice to the Wisconsin
Analytical and Research Services for determination of fluoxetine and its metabolite, norefluoxetine.
Test results were not disclosed until the study was completed.

(f) Modified Oral Glucose Tolerance Test (OGTT): A modified OGTT was performed on
each subject after an overnight fast (10-12 h) during the baseline period. After a fasting blood
sample was drawn from an antecubital fossa vein, a 75 g glucose load (Glucodex, Rougier Inc.,
Quebec) was given. Blood was then drawn two hours later. Blood was collected in 10 mi sterile
vacutainers (without anticoagulant) and in 10 mi test tubes containing 0.5 mi of Trasylol - Heparin

for determination of glucose and insulin levels respectively.

6.7. Analytical Methods

Urinary creatinine was determined by a modified Jaffe method (Heinegard & Tiderstrom,
1993) on the Beckman Syncron CX4 and CX5 systems (Brea, California). The automated
Beckman systems were also used for urea nitrogen determination and for electrolyte
determination (lon Selective Electrode Methodology). These analyses were done by the hospital
Biochemistry Laboratory. Urninary catecholamines were determined by weak cation exchange
HPLC with electiochemical detection, following sample purification by cation and anion
exchange resin chromatography, according to a method published by Biorad (BIORAD,
Richmond, California). Urine total N was determined colorimetrically using the Kjeldahl method
(Munro & Fleck, 1969) using an automated Technicon Autoanalyzer |l (Chauncey, New York).

Haematological tests and blood chemistry (SMAC-16) were determined by the hospital
clinical biochemistry laboratory, using standard automated methods (Technicon SMAC Il and
Technicon H-1 System, respectively, Tarrytown, New York). Samples for the thyroid indices were

determined in the hospital Endocrinology Laboratory by standard automated radioimmunoassay




65

techniques (ARIA Il Becton Dickinson Immunodiagnostics, Baltimore, Maryland). Plasma samples
were analyzed for insulin using a human insulin specific RIA (Linco Research Inc., St. Louis,

Missouri).

6.8. Instrumentation

Energy expenditure was measured by continuous indirect calorimetry with the use of a
Deltatrac ventilated hood indirect calorimeter (Sensor Medics, Yorba Linda, California). The hood
is a 25 litre semiellipsoidal canopy placed over the subject's head and upper body. The
ventilated hood method was used because it allows the 3.5 h measurement required to evaluate
the thermic effect of food with minimal subject discomfort. Fixed air flow through the hood was
38.01 L/min. The flow was calibrated by combusting 5.00 ml absolute ethanol in a calibration
burner unit provided with the instrument (the absolute ethanol used for calibration was carefully
protected from ambient moisture using parafilm and an air tight bottle). The total amount of CO,
produced during the test was used in the following calculation to determine the flow rate:

New Flow Rate = 1.03 x 3820 X current flow
total CO, production in ml

The flow rate is relatively high in order to prevent expired CO, from accumulating in the hood.
The analyzer measured oxygen with a differential paramagnetic sensor and carbon dioxide with
an infrared sensor. O, consumption and CO, production are expressed under standard
conditions (STPD): dry gas at 0°C and 760 mm Hg. Measured VO, and VCO, consumption
takes place under ambient conditions, therefore the Deltatrac corrects the gas volumes to
standard conditions. RMR is determined from the measured VO, and VCO, using the Weir
formula (Weir, 1949):

RMR = 5.68 VO, + 1.59 VCO, - 2.7 Nu
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Where RMR = resting metabolic rate in kcal/24 hours

VO, = O, consumption in mi/min

VCO, = CO, production in mi/min

Nu = urinary nitrogen excretion in g/24 hours
Prior to any measurement, gas analyzers were calibrated using a primary standard of 96% O,,
4% CO,. The accuracy of O, consumption and CO, production were then verified by
combusting absolute ethanol and verifying the accuracy of the respiratory quotient (RQ =
VCO,/VO, = 0.667) and carbon dioxide production rate based on the weight of ethanol
consumed. The Deltatrac indirect calorimeter has less than a 2% error in determining the
concentrations of O, and CO, over the full range of concentrations (i.e. 0-l00%). And, the

stability of the CO, analyzer over the full range of concentration has an error of less than 0.2%.

6.9. Resting Metabolic Rate (RMR)

RMR was measured three times during the baseline diet, and every two or three days
during the VLCD, thus on days 1, 3, 6, 8, 10, 13, 15, 17, 20 and 22, It was also measured at
week 4 and week 8 of the 8 week outpatient phase. Serial measurements on each patient were
performed by the same operator at the same time of day (8-9 AM) (Garrow, 1978). The
measurements were performed on subjects after a 6-8 hour sleep and after a 10-12 hour fast, in
a semi-darkened room with only the subject and tester present. Study medication was not taken
prior to the test. If they so wished, subjects could hear restful music played at a low volume to
help them relax and prevent them from falling asleep. The room temperature was carefully
maintained between 21-24°C by heater/air conditioner. Prior to each test, subjects lay in a semi-
recumbent position on a bed for at least 20 minutes. The Deltatrac generates data each minute

for VO,, VCO,, RQ and energy expenditure. A 15 minute RMR determination was preceded by
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5 minutes under the ventilated hood during which time data were collected but not included in
the analysis. The steady state, defined as the time during which the coefficient of vanabilty for
VO, and VCO,, was less than 5% of the respective mean, was usually achieved in the 15 minute
testing duration. If a steady state was not achieved, the RMR was repeated the next day.
Studies have reported that repeated RMR measurements on the same subject suggest the
existence of a training effect whereby initial measurements of RMR are higher than subsequent
measures after the subject becomes adjusted to the testing conditions (McClave & Snider, 1992)
To avoid the training effect during the baseline period and as part of the screening procedure,
subjects underwent two complete RMR measurements prior to the start of the study. Repeated
RMR measurements on all 20 subjects during the baseline diet period were highly reproducible,

with a mean coefficient of variability (C.V.) of 2.24 + 0.27%.

6.10. Thermic Effect of Food

The TEF was assessed on three occasions for each subject, at the end of the baseline
diet, the VLCD and the outpatient phase. The TEF protocol was developed based on the results
of serial metabolic rate measurements made in 6 normal subjects. Based on the literature,
glucose was chosen for the test meal primarily because it Induces a relatively strong thermogeniic
response (7-10%), and this effect is generally completed or on a downward slope after 3 hours.
The length of time to consume the test meal, the duration of the TEF measurement, and the
scheduling of 10 minute break periods were all varied systematically until the most reproducible
results were obtained within an individual.

All began with a measurement of the RMR as described above. Following the RMR,
subject sat up on the bed (standing or walking was prohibited) and consumed the test meal over

the subsequent 15 minutes. Subjects were given 112.5 g glucose in 450 ml of carbonated water




68

(Glucodex, 1763 kg/422 kcal). The test meal was divided in three equal parts and consumed in
three five minute intervals. Subjects were instructed to drink the test meal slowly so as to avoid
discomfort due to nausea which could potentially alter rates of absorption and energy
expenditure Subjects were then instructed to resume the same position held during the RMR
and the ventilated hood was placed over the subject’s head. Metabolic rate was then measured
postprandially for 210 minutes, with three ten minute reaks at minute 55, 120 and 165; these
breaks allowed the subjects to urinate if desired. Ultimately, 180 discrete measures were made;
data for the 30 minutes of break time were generated by interpolating the points from the data
immediately before and after As with the RMR all sensory inputs were controlled, i.e., the lights
in the room were dimmed, music was played at a low volume and the only other person in the
room was the tester (R. Bross). All measurements of RMR or TEF were performed in a closed

study room in the McGill Nutrition and Food Science Centre (Crabtree Nutrition Laboratory).

6.11. Calculations

N balance was calculated as the N intake minus the sum of urinary, fecal and
miscellaneous losses. N intake was determined to be 1210 + 0.10gand 11.2 + 0.11 gon the
Ensure and Optifast diets respectively by Kjeldhal analysis of the formulas. The values obtained
were in agreement with the label claims. Fecal N losses were assumed to be 0.6 g/day based
on reported fecal losses in similar subjects following a similar weight loss protocol (Hoffer et al.
1984). Miscellaneous N losses were assumed to be 8 mg/kg/day (FAO/WHO/UNU, 1985).
Urinary N was determined from daily 24 hour collections Losses of lean body mass were
estimated from changes in N balance, assuming i g N is equivalent to 6.25 g of body protein or

31.25 g LBM (Fricker et al. 1991).
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The TEF was determined by subtracting the area under the RMR curve (MR x 210 min)

from the area of the TEF curve, where the TEF curve was generated by plotting energy
expenditure against time for 210 minutes The difference between the area under the TEF and
RMR curves was the postprandial energy expenditure. The TEF was then expressed in two ways
(Schutz et al. 1984b):

A. The postprandial energy expenditure (EE) curve averaged over 20 minutes and
expressed as a mean value (kcal/min), this was compared to the RMR. This response was
expressed as the percentage increase of EE over the pre-meal baseline.

% increase over RMR = postprandial EE (kcal/min) - RMR (kcal/min) x 100%
RMR (kcal/min)

B. The TEF was expressed as a percent of the energy content of the test meal:

TEF = (postprandial EE (kcal/min) - RMR (kcal/min)) x 210 x 100%
1763 kJ/422 kcal

6.12. Adherence to Protocol

Several measures allowed an estimation of dietary adherence and the reiiability ot the
urine collection. The most important way of determining that the entire baseline or VLCD diets
but no other food would be consumed was the selection of responsible, motivated and
enlightened subjects, combined with daily interviews with CIU staff (including R. Bross) and study
physician. Subjects were observed consuming some of their meals and were questioned about
meal scheduies, appetite, and the palatability of the formulas. During the inpatient portion of the
study, intakes were as controlled as possible within the limits of human expenmentation During
the outpatient portion of the study, subjects were given dietary counselling every two weeks This
included a review of daily dietary records kept by the subjects and 24-hour recalls Furthermore,

telephone conversations between the two week visits allowed for a further estimation of
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adherence to the outpatient balanced deficit diet. No specific data was collected from these
counselling sessions, therefore an exact quantification of the subjects energy and nutrient intakes
during the BDD 1s not possible.

Urine creatinine was examined to confirm the completeness of urine collections. Itis used
as a measure of completeness because creatinine excretion is directly proportion to muscle
mass, and since total muscle mass should not change significantly during the inpatient study,
constant amounts of creatinine should be excreted on a daily basis. Urine urea, total N and
potassium were monitored to detect increases due to dietary indiscretion or decreases due to
failure to take meals. Urine ketones were examined qualitatively to confirm that the carbohydrate
intake during the VLCD remained low. Unne ketone concentrations of 0.5 to 10 mmol/L were
considered appropriate for the VLCD, given that it contained 30 g carbohydrate. Ketone levels
far below this range would be an indication of a higher carbohydrate intake and therefore non-
adherence to the diet. Subjects were also weighed at each wisit.

Finally, pill counts and plasma levels of fluoxetine and its metabolite, norefluoxetine

allowed for an accurate estimation of adherence to the drug protocol.

6.13. Hazards to Subjects and Informed Consent

The nature of the study and its potential hazards were explained to the subjecis prior to
signing a consent document which had been approved by the Royal Victoria Hospital Human
Ethics Committee (see Appendix 1). This committee likewise reviewed and approved the study
protocol It was explained to subjects that they were free to withdraw from the study at any time.
Subjects were not remunerated for their participation in the study, however a $100 remuneration

was given for the final TEF due to the loss of a half day of employment.
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6.14. Statistical Analysis

A minimum sample size of 7.8 subjects per treatment group was estimated, based on a
power calculation for a one-tailed test and a and |3 levels of 0.05 (Hall, 1983), given a 3%
intraindividual variation of RMR on different days, an intraindividual standard deviation of 3%, and
a 5% difference between the response of fluoxetine and placebo subjects (considered
physiologically relevant) (Soares & Shetty, 1986). Ten subjects per group were proposed to be
ample but not excessive for the purposes of the sample size.

The data for treatment and control groups were compared using repeated measures
analysis of variance. Since the study involved making repeated observations on each subject
over time, the analysis is a two-factor (treatment and time) analysis of variance with repeated
measures on one factor (time). Whenever significant (p < 0.05) effects were detected for either
time or treatment a contrast was done against the baseline vanable to determine where
significant effects occurred. The repeated measures ANOVA was used to analyze data for RMR,
TEF,temperature, weight, pertinent biochemicalindices, urinary catecholamines, nitrogen balance
and thyroid indices. These variables were analyzed as absolute change from baseline to
minimize any interindividual variability at onset Data for baseline subject charactenstics (sce
table 3), baseline urinary catecholamines, baseline thyroid indices, baseline TEF, plasma glucose
and insulin (pre- and post- OGTT) and outpatient nulrient and energy intakes for cach group
were compared using an unpaired two-tailed t-test. This test was also used to compare the
baseline TEF for the glucose intolerant vs. the glucose tolerant subjects. Results are expressed

as mean * SEM.
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7. RESULTS

7.1. Subject Characteristics and Diet Composition

Twenty-two subjects entered this study between December 1990 and June 1992, One
subject left after two days oun the baseline diet because of the difficulties associated with
communal living in the CIU  The study was discontinued in one other patient aiter approximately
one week on the VLCD because of nonadherence to the study protocol. N balance and rate of
weight locs data for subject AD were also not included in the analysis because her low urinary
concentrations of urea, sodium, and potassium during the VLCD period, despite consistent
creatinine concentrations indicating that she must have consistently underconsumed the
prescribed VL.CD The subject was later questioned about her adherence to the study diet and
Insisted that she had indeed consumed all of the VLCD All of A.D.’s other data (other key
variables measured) were included in the analysis. Exclusion of her data would resuit in no
change in any of the reported mean values. Furthermore, leaving her data (subject was in the
fluoxetine group) in these other analyses would if anything, bias the results against our major
conclusions since a more restricted energy intake would work against any thermic effect of
fluoxetine by hastening and magnifying metabolic adaptation. Her basal temperature data were
also included If they were excluded they would in fact, make the conclusions later reported with
regard to temperature even slightly stronger Finally, the temperature data of subject P.R. were
not included in the analysis because her mean baseline temperature of 32 8°C was an impossibly
low value During the VLCD, P R's temperatures were similar to her group’s mean, indicating
that her temperature measurement technique during baseline was not good. If included, this
subjects’ data makes our conclusions with regard to temperature even stronger. All of P.R's

other data (other key vanables measured) were included in the analysis because
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there was no reason to doubt their accuracy Thus, results from 20 subjects, 10 subjects per
treatment group, were included (with the exceptions described above) in the final analysis

The baseline characteristics of the 20 subjects are shown in Table 3  Subject
randomization produced well matched groups with no significant differences between any of the
measured variables. Mean baseline energy intakes were not significantly ditferent between the
two groups (F: 2505 + 60 kcal/day, P: 2526 + 29 kcal/day, p=0 75)

All subjects had further weight to lose at the end of the in-hospital phase, and remained
on the balanced deficit diet (BDD) as outpatients Subjects returned for clinical visits and dietary
counselling each two weeks for eight weeks. Table 4 lists the prescribed outpatient intakes
Prescribed levels of carbohydrate, protein, tat, and energy were not different between the groups

N-analysis of each lot of the baseline diet revealed the N intake was 12.1 + 0 1g/d and
the N intake of the VLCD was 11.2 = 0.11 g/d. These estimates closcly match the N content of
the two formula diets (based on a daily intake) which are teported to be 12 8 g N for Ensure and
11.2 g N for Optifast. The cv for the N content among the different lots of formula used was 4 1%

for the baseline diet and 2.8% for the VLCD.

7.2. Clinical Course

Apart from one subject, there were no adverse events of medical, or other significance
related to either the baseline diet, VLCD or BDD. One subiject (L.E.D.), however, had an episode
of acute cholecystitis 4 days after concluding the outpatient study. L.E.D had a family history
of gallstones/cholecystitis (mother) and had previously presented to the emergency room with
nonspecific abdominal pain (01-11-88). Between May 12 and June 10, 1992 L ED experienced
three attacks consisting of severe upper abdominal pain, nausea, vomiting and diarrhea An

abdominal ultrasound examination revealed several (> 3) small stones In the gallbladder and the
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diagnosis of cholelithiasis was made The subject underwent a laparoscopic removal of the
gallbladder on June 11, 1992 and recovered fully.

The nursing records for the inpatient phase of the study showed that heart rate slowed
(p<0.005) and blood pressure (postural and recumbent) decreased in botn the treatment groups
during the VLCD There was no consistent pattern to suggest a difference in response to the
VLCD between the two groups. No abnormalities were detected in the ECGs, chest X-rays or
hematological tests

Changes In plasma uric acid, AST (aspartate aminotransferase), glucose and insulin are
summarnized in Table 5 Serum uric acid increased significantly from baseline; 322 + 22 to 415
+ 35 umol/L in the F-group (p<00001) and 295 *+ 12 to 402 * 25 umol/L in the P-group
(p<0.0003) This increase was not different between treatment groups. Finally, there was an
initial transient significant increase in serum AST during the first week of the VLCD (p <0.001), this
increase was not significantly different between treatment groups. Levels of AST were no longer
different from baseline during the subsequent two weeks of the VLCD.  Both fasting blood
glucose and insulin decreased significantly during the VLCD (p<0.0001 and p<0.0003) and this
decrease was similar in both groups. There were no other significant changes in biochemical

tests in either treatment group

7.3. Weight loss and N Balance

Changes in body weight are summarized in Table 6 and Figure 2. Average baseline
weight in the F-group was 91.5 3 3.7 kg and 92.8 = 3.2 kg in the P-group (weight range for
n=20" 74.6-112 8 kg) There was no difference in mean weights between groups (p=0.7) and
no significant changes occurred over the baseline period (p=0.466). Weight decreased

significantly over the VLCD period (p<0 G001) but was not different between groups. Weight loss
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at the end of the VLCD was 7.9 + 0.5 kg and 7.3 + 05 kg in the F- and P-groups respectively.

However, the rate of weight loss during the final week of the VLCD was -0 26 kg/day for the F-
group and -0.21 kg/day for the P-group (p=005) From the last inpaticnt weight measuremont
to the final day of the BDD, two months later, there were significant changes in weight over time
(p<0.0048) and there were significant differences in weight change between groups (p <0 0053)
There were significant changes in weight from the last day of the VLCD to one month of the BDD
(-2.1 £ 0.5 kg, p<0.0034) and further significant decreases between one and iwo months of the
BDD (p<0.0167) in the F-group such that a total of 3 5 + 0.9 kg were lost during the BDD period
In contrast, the P-groups’s mean weight did not change significantly from the last inpatient day
to either one month (0.5 + 0.5 kg) or two months of (-02 = 08 kg) of BDD By the final day of
the BDD, body weight had decreased 110 = 1.1 kg to 806 + 35 kg in the F group and 70 +
1.0 kg to 85.9 kg in the P-group. Ultimately, the F-group lost significantly more weight during the
entire protocol than the P-group (p<0.015), with weight decreasing 12.0 + 1.2% and 7 4 + 1.4%
respectively. The cv of final weight loss among the F- and P-subjects wes much higher than
during the VLCD alone, 32.5% and 46.4% respectively.

N balance results are summarized in Table 7 and Figure 3. Subjects in the F-group were
in N-equilibrium during the baseline diet, P-subjects, however, were in slightly positive N balance
(0.8 = 0.3, p<0.03). There was no significant difference in N balance at baseline between the
two groups (p=0.48). The balance fell to -3.7 £ 0.4 g/day and -4.6 + 0.5 g/day during the first
week of the VLCD in the F- and P-groups respectively. By the end of the second week, N
balance became less negative in both groups and remained in slight negative balance during the
third week of the VLCD. Throughout the VLCD, N-balance was significantly lower than baseline

in both treatment groups (p<0.01) There were no significant difference between the F-group
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and P-group in N balance at any time during the inpatient study. Cumulative N losses during the
VLCD were 611 + 48 g and 71.5 = 6.6 g in the F- and P-groups respectively.

Using the factor of 31 25 to convert N to lean wet tissue, the total mean loss of lean tissue
at the end of the VLCD was 1 9 = 02 kg and 2.2 + 0.2 kg for the F- and P-groups respectively.
These losses account for 26.1 + 2.0% of the total weight lost in the F-group and 32.3 + 3.7%

in the P-group

7.4. Resting Metabolic Rate

Changes in RMR are summarized in Table 8 and Figure 4. Initial average resting
metabolic rate was 1 12 = 0 03 kcal/min in the F-subjects (n=10) and 1.09 * 0.04 kcal/min in
the P-subjects (n=10), (RMR range for n=20: 0.94 - 1.28 kcal/min). Baseline RMR was not
significantty different between the two groups (p=0.44) Interindividual variability in baseline
RMR was typically high, with cv's of 7.9% and 10.3% for the F-group and P-group respectively.
RMR did not change significantly during the baseline period (p=0.49) and intraindividual
variability was munimal (cv = 22 = 0.3%) Measured baseline RMR and predicted RMR using
the Harns-Benedict (1919) and Owen et al (1986) equations are shown in Table 9. The RMR
(n=20) by venlilated hood was 6.1% lower than predicted by the Harris-Benedict equation
(p<005) and 8 9% higher than predicted by the Owen equation (p<0.05).

There was a significant change in RMR over the VLCD period (p<0.0001). Final inpatient
values of EMR (kcal/min) were 1.05 =+ 0 03 in the F-group and 0.98 + 0.03 in the P-group. This
corresponds to a percentage change of -6.7 + 1.2% and -9.7 * 1.5% respectively from baseline.
The effect of fluoxetine vs. placebo on the change in RMR over the entire 3 week period was
borderline significant (p<0.09). However, analysis of data grouped weekly during the VLCD

produced different results. During week one of VLCD, there was a significant effect of treatment
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on RMR (p<0.04). For the F-subjects, RMR first increased significantly (p<0002) and then
returned to baseline levels by day 6. For the P-subjects RMR decieased significantly (p <0 035)
This significant treatment effect disappeared during the second week of the VLCD (p =0 37)
RMR was below baseline by the end of the second week in both groups (p<0 003), but the
RMR's of the F-subjects fell below baseline after 9 8 = 0 88 days, whereas RMR of the P-subjects
feli below baseline after 5.6 = 0.62 days. This difference is statistically significant (p<0 001) By
the third week of the VLCD, the treatment effect again approached significance (p<0 07) Thus
was mainly due to a general increase in RMR on day 17 inthe F-subjects resutting in a significant
difference between treatment groups at that time (p<0024) RMRs continued to be significantly
lower than baseline in both F- and P-groups (p <0.0001) by the last day of the VLCD. There were
no further significant changes in RMR from the last inpatient measurement to measurements
made after one and two months of the BDD. RMR remaimned significantly lower than baseline
during the BDD in both the F-subjects (p<0.008) and P-subjects (p<0 017) However, there was
a treatment effect for the change in RMR from the last inpatient measurement (p<0025) This
difference derives from the nonsignificant decreasing trend in RMR in the F-group and the
nonsignificant increasing trend in the P-group By the final day of the BDD, RMR had falien 0 091
+ 0.027 kecal/min to 1.03 * 0.027 kcal/min and 0.066 = 0.023 kcal/min to 1 024 + 0 029 kcal/min
in the F- and P-groups respectively This change in RMR was not significantly different between
groups. This represented a percentage change from baseline of -7 9 + 2 5% in the F-group and

-5.7 =+ 2 0% in the P-group.

7.5. Thermic Effect of Food

Mean TEF values of both groups at baseline, and after the VLCD and BDD are presented

in Table 10 and Figure 5. There were no significant differences in TEF at baseline, after the
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VLCD and after the BDD. Furthermore, both groups had similar TEF values before and after

weight loss. Neither fluoxetine, nor weight loss were detected as having an effect on TEF.

7.6. Basal Temperature

Changes in basal temperature are summarized in Table 11 and Figure 6. Initial average
basal temperature in the F-group was 36.5 + 0.2°C (n=9) and 36.5 = 0.1°C in the P-group
(basal temperature range for n=19; 35.4-37.3°C). There was no difference between groups
(p=0.92) and basal temperature did not change significantly over the baseline period (p=0.67).
There was not a significant effect of time for basal temperature from baseline over the length of
the VLCD in either treatment group (p=0.37). However, there was a significant treatment effect,
whereby F-subjects had significantly higher basal temperatures during the VLCD than the P-
subjects (p<0 025), with a mean increase of 0.28 + 0.1°C versus a mean decrease of -0.12 +
1.2°%Cinthe P-subjects. Temperature increased almost concurrent to the start of the active study
medication, with changes approaching significance on day 2 and 3 of the VLCD period (p<0.06
and p<0.07). The maximum increase in temperature reached by the F-subjects was 0.4 =
0.16°C on days 10, 12 and 18

The timing of the post-ovulatory phase of the menstrual cycle was recorded in the
treatment groups in order to rule out the possibility that temperature changes observed in the
F-group were due to a disproportionate amount of subjects being in that phase during the VLCD.
The results show that 4 subjects in the F- and P-groups were in the post-ovulatory phase during
week one of the VLCD, 2 and 3 subjects in the F- and P-groups respectively during the second
week, and 3 subjects in each treatment group during the third week of the VLCD. One subject,

G.G,, did not menstruate during the inpatient portion of the study and information about her last
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menstrual cycle was not obtained. Therefore, the results are based on 9 subjects in the F-group

and 10 subjects in the P-group.

7.7. Thyroid Hormones

Changes in thyroid variables are summarized in Table 12 and Figure 7. Baseline
concentrations of T, free T, index, T, free T, index and T, uptake were similar in both treatment
groups and there were no significant variations during the baseline period. The results show no
difference in the responses of subjects in the two treatment groups. In contrast, there was a
significant effect of time on the change in serum T, from baseline (p<0.03) with levels increasing
after one week of VLCD (p<0.054) and subsequently decreasing, such that uitimately T, levels
were not different from baseline. Serum T, levels decreased significantly over time (p<0 0007)
in both groups. This decrease was significant for all three weeks of the VLCD T, uplake
increased significantly over time during the VLCD (p<0.0023). Free T, index did not change
significantly during the VLCD from baseline levels in the F-group. However, during the second
week of the VLCD, levels were significantly higher than baseline in the P-group (p<0.008). Free
T, index decreased significantly in both groups with the onset of the VLCD (p<0 0001) but did
not change within the VLCD period. Despite the changes in the thyroid indices, all

measurements remained within normal limits.

7.8. Catecholamines

Changes in urinary catecholamines are summarized in Table 13 and Figure 8 Baseline
excretion of dopamine, norepinephrine (NE), metanephrine and normetanephrine were not
significantly different between the F- and P-groups. However, excretion of epinephrine were

significantly different (p<0.05), aithough in all cases, levels were within normal limits. Statistical
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analysis of the catecholamine data were based on the absolute changes from baseline for each
variable, therefore the difference in baseline epinephrine levels is eliminated (with respect to the
statistical analysis). The results for dopamine, norepinephrine, metanephrine and
normetanephrine showed no difference in the responses of F-subjects or P-subjects. In all cases,
levels decreased significantly during the VLCD. In the cases of dopamine, norepineprhine and
normetanephrine, levels decreased significantly by the first week of the VLCD (p<0.0001 for all).
In contrast, the decrease in metanephrine reached significance during the second week of the
VLCD and remained reduced throughout the third week. Epinephrine did not change significantly
with time during the VLCD but there was a significant effect of treatment (p<0.011). There was
no change in epinephrine levels from baseline during the first two weeks of the VLCD in the P-
group. F-subjects, on the other hand, had significantly higher urinary epinephrine levels during
the VLCD than baseline period with a maximal increase of 28 + 7 nmoli/d (p<0.0044) during the
second week of the VLCD. Epinephrine increased significantly in the F-group within the first
week of the start of the active study medication and remained significantly elevated through the
second week of the VLCD It was no longer significantly elevated by the third week of the VLCD.
The data were analyzed based on 9 subjects per group because two urine samples were lost

(one per group) during the VLCD.

7.9. Oral Glucose Tolerance Test

The normal ranges (based on lean individuals) used for fasting serum glucose and insulin
were 3.9-6 1 mmol/L and 35-145 pmol/L (Wallach, 1981) Normal ranges (based on lean
individuals) used for a blood sample taken two hours after a 75 g glucose load were glucose
concentration below 7.8 mmol/L and insulin levels below 1078 pmol/L (National Diabetes Data

Group, 1979). According these criteria described above, eight subjects were categorized as
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glucose intolerant/insulin resistant and eight subjects were categorized as having a normal
glucose tolerance/insulin sensitive (this categorization was done on subjects who underwent the
modified OGTT prior to treatment randomization) Of the 8 subjects characterized as intolerant,
4 were subsequently randomized to the F-group and 4 to the P-group Since subjects with
glucose intolerance were equally distributed among the treatment groups, there is no possibility
of a confounding effect due to this factor. Mean fasting serum glucose and nsuln for the
resistant and sensitive groups were 5.4 = 0.9 mmol/l, 184 1 62 0 pmol/l and 4 8 -+ 06 mmol/l,
160.5 = 44.8 pmol/l respectively. Two hours after a 75 g glucose load serum glucose was 9.6
+ 1.7 mmol/l (p<0.047) and 6.7 +0.8 mmol/l (p=0.08) and insulin levels were 1335.7 + 728 3
pmol/l (p=0.137) and 290.7 = 109.9 pmol/l (p=0.291) In the resistant and sensitive groups
respectively. From the data obtained through the modified OGTT, prerandomization baseline TEF
values were separated and compared using an unpaired t-test based on whether subjects wore
normal or glucose intolerant/insulin resistant Norrnal subjects had a TEF of 881 £ 097% vs
7.79 £ 1.05% in the glucose intolerant/insulin resistant subjects when expressed as a percent
increase above the RMR. We were unable to detect any difference in the TEF between these two
groups (p=0.5). Also a significant correlation between degree of obesity (%IBW) and fasting

serum insulin was not detected (r=0.215, p=0.363).

8. DISCUSSION

The main question addressed by this study was whether administration of fluoxetine
would modify energy expenditure in obese subjects during weight loss. It was hypothesized that
fluoxetine would blunt the decrease in RMR in obese subjects on a VLCD, increase the thermic
effect of a glucose test meal, and maintain the RMR at a higher level during a BDD when

compared to placebo. Instead, the present results indicate that fluoxetine given at the same time
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as a VLCD increased the RMR. This effect was only temporarily, for the RMR subsequently
decreased in the way typical of adaptation to energy restriction. Fluoxetine administration did
not increase the thermic response of a glucose test meal during weight reduction and it did not
result in the RMR remaining higher during the BDD. Importantly, fluoxetine increased basal
temperature, a condition which was sustained throughout the VLCD.

Several factors are known to play important roles in regulating energy expenditure. The
primary known mechanisms which operate to control the facultative component of the RMR in
humans involve the activities of the SNS and catecholamines and thyitoid hormones. In addition
to changes in body temperature and body composition, which themselves change RMR, these
other factors could also partly explain the findings in this study. Therefore, urinary
catecholamines, and several thyroid hormones were measured. The results of these
measurements do not indicate a clear difference between the F- and P-groups that would

account for the differences in RMR and body temperature that were observed.

8.1. Resting Metabolic Rate

Within three days of concurrent fluoxetine and the VLCD, RMR increased significantly from
baseline levels but then gradually decreased as dieting continued. The RMR of the F-subjects
remained above their baseline throughout the first 12 days of the VLCD. VLCD dieting alone was
associated with a steady reduction in RMR. Figure 4 illustrates that after the first week of the
VLCD, the decreasing trend of RMR in F-subjects follows a similar pattern as in the P-subjects,
except that the RMR of F-subjects remained consistently higher. RMR has been reported to
decrease 8-20% (Table 1) after approximately three weeks of moderately severe energy restriction
(Welle et al 1984; Garrow & Webster, 1989; Hendler & Bonde, 1988; Fricker et al. 1991). This

suggests that fluoxetine has an immediate effect on RMR, but this effect does not block its
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adaptive decrease during energy restriction, an effect mediated in part by decreased T, and SNS
activity. Our results for the P-subjects (-9.7%) agree with other reports for RMR reduction during
a VLCD. The 6.7% decrease observed in the F-subjects is somewhat lower

Fenfluramine has recently been shown to increase the RMR 6 9% in weight stable obese
subjects after acute administration (Scalfi et al. 1993). No other study to our knowledge has
demonstrated a similar effect in this drug or any other serotonin agonist in obese subjects in
negative energy balance. Nor has this been demonstrated after chronic admunistration in the
present study; RMR was measured 24 hours after the last dose of the drug. In this study, we
report an increase in RMR in obese subjects actively losing weight on a VLCD, with fluoxetine
administration.

The most significant finding in this study which supports the contention of a thermogenic
effect of fluoxetine is the significant increase in basal temperature among the F-subjects To our
knowledge no other study has described this effect before. The almost immediate increase in
temperature could account for the increase in RMR  Since every 1°C increase in body
temperature increases RMR by 13% (DuBois, 1954), the mean temperature increase of 0 3°C on
day 3 of the VLCD is consistent with the observed 4.4% increase in RMR.

Figures 4 and 6 demonstrate the parallel increase in RMR and temperature that occurred
during the first week of the VLCD. During the subsequent 2 weeks of the VLCD, however,
temperature remained elevated but the RMR decreased. That RMR decreased despite the
temperature elevation, suggests that heat loss from the body decreases in parallel to the
decrease in RMR thus allowing temperature to be maintained. This decrease in heat dissipation
is not unique to the fluoxetine group, for temperature was also maintained in the placebo group

despite the significant decrease in RMR.
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Central serotonin systems affect thermoregulation in several species (Myers & Waller,
1978). It is therefore possible that fluoxetine stimulates centrally mediated mechanisms
controlling temperature in humans. The present data raise the possibility that the thermogenic
effects of fluoxetine are not mediated directly through thyroid hormones or SNS activation, but
are due to a direct effect on the temperature regulating centre of the brain, in effect resetting the
“thermostat", which secondarily increases thermogenesis to maintain the new higher body
temperature Additionally, it appears this effect was insufficient to prevent the decrease in RMR
induced by the normal adaptation to semistarvation. Hence, the effect of fluoxetine to increase
energy expenditure to maintain body temperature is not sustained during the adaptation to
semistarvation. The increased body temperature under these circumstances is presumably
maintained by voluntarily increasing body insulation (Figure 9).

Fluoxetine is not the only serotonergic drug reported to increase body temperature in
humans. As was discussed earlier, fenfluramine increases temperature in rats and chickens
(Tagliaferro et al 1982; Sulpizio et al 1978, Frey, 1975). However, these temperature effects
occur after acute administration of fenfluramine in doses much higher than used clinically, and
the dose of fluoxetine used in this study (8, 13, or 20 mg/kg body weight). A temperature
elevating effect of fenfluramine has not been reported in the clinical trials. The phenylpiperazine
compound, M-chlorophenylpiperazine (M-CPP) (a metabolite of the antidepressant drug
trazodone) has also been shown to increase body temperature in weight stable healthy
volunteers in single-dose studies (Mueller et al. 1985; Mueller et al. 1886; Charney et al. 1982).
Temperature elevations were in the order of 0.5°C following acute administration of 0.5 - 0.75
mg/kg M-CPP Research on the properties of this compound has focused on its potential use

as a pharmacological probe of serotonergic responsivity in human. This agent is not used
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clinically, and it is unknown whether its effects on temperature would persist with chronic use,
nor which receptors M-CPP directly influences in humans.

The temperature elevating effect of 60 mg fluoxetine given chronicaily is a novel finding.
This increase in body temperature may not only explain its thermogenic propeities but, could
also relate to some of its anorectic properties. Body temperature has been described as a
nonchemical correlate of food ingestion. The increase in metabolic rate induced by eating tends
to raise body temperature slightly and this constitutes a signal inhibitory to eating It is possible
that the increase in basal temperature caused by fluoxetine lowers the “threshold" temperature
at which an inhibitory signal is transmitted following food ingestion, thereby resulting in earher
feelings of satiety and less total energy intake within a meal. This speculation fits in well with the
satiety effects of fluoxetine (Clifton et al. 1989).

Ovulation produces increases in body temperature. This factor can however be ruled out
as one of the causes of the increase in basal temperature among the F-subjects because the
post-ovulatory period was similarly distributed throughout the VLCD between the two treatment
groups.

The temperature data obtained in this study also provides surprising evidence that the
onset of action of fluoxetine is much earlier than expected. From the 4 day half-ife described
for fiuoxetine, full effect was only expected to be seen after about 4 half-lives or 16 days, and
while this may be true of its antidepressant or anorectic properties, it does not seem to be the
case for its effects on temperature. The only other reference to an immediate effect with
fluoxetine administration is from the clinical observations made by a psychiatrist The doctor
noted that after switching one subject from a trnicyclic antidepressant to fluoxetine "she became

almost hypomanic for a time and then settled down somewhere just above euthymia“ (Kramer,
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1990). Thus, our results provide new information about the effects of fluoxetine on basal
temperature and on the onset of action of the drug with respect to its thermogenic properties.
With respect to the hormonal/neurotransmitter factors, the catecholamine data obtained
in this study are consistent with the well-known link between energy intake and SNS activity
(Young & Landsberg, 1977a; Shetty et al. 1979; Kolanowski et ai. 1975; Davies et al. 1989;
Bessard et al 1983). In our study urnnary norepinephrine decreased by 34% in the F-subjects
and 49.6% in the P-group during the VLCD. Unnary dopamine, metanephrine and
normetanephrine excretion also decreased in both groups. Taken together with the significant
decreases in norepinephrine excretion, these results are consistent with the conclusion that SNS
aclivity decreases in response to a VLCD Contrary to our results with norepinephrine, however,
uninary epinephrine excretion increased significantly in the fluoxetine group, whereas no change
N its excretion occurred in the placebo group. Our placebo group responded exactly as would
be expected from previous resuits (Davies et al 1989; Pasquali et al. 1992, Bessard et al. 1983).
The increase i urinary epinephrine excretion in the F-group suggests an increase in adrenal
medullary epinephrine secretion (Landsberg & Young, 1983) An increase of this magnitude has
previously been reported in normal male volunteers subjected to short-term total fasts (Cryer,
1980) It1s not clear from the hiterature however, whether the 27% increase during the first week
of the VLCD 1s enough to actually increase the RMR. In fact, there was no correlation between
the change in epinephrine excretion and the change in RMR (r=0.203, p=0.405). Furthermore,
although by the second week of the VLCD, epinephrine excretion had risen maximally by 58%,
the fall in RMR was no different in the F-group than in the P-group. These findings suggest that
fluoxetine-induced epinephnne secretion is not the primary determinant of the elevated RMR.
Sodium intake on the VLCD was 40 mmol/day (40 meg), close to the cutoff point of 50

mmol/day, at which according to Romoff et al (1979) sodium intake will stimulate norepinephrine
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and epinephrine production despite a low energy and carbohydrate intake Our results do not
agree with these suggestions possibly because the sodium mtake was high enough not to
interfere with the effects of a restricted nutrient intake. The reductions In unnary excretion we
observed in norepinephrine agree with other published results where the sodium intake was >40
mmol/d (Davies et al. 1989; Pasquall et al 1992).

The second factor playing a key role in the regulation of energy expenditute are tho
thyroid hormones. As was expected, T, levels remained relatively unchanged while T, levels
declined significantly during the VLCD (Davies et al 1989, Young & Landsberg, 1977b, Welle et
al. 1984; Hill et al 1987; Krotkiewski et al. 1981). Serum T, decreased by 20% in both F- and
P-groups within the first week of the VLCD By the end of the VLCD, T, had fallen 40% and 29%
in the F- and P-groups respectively. The decrease in T4 concentration in the present study
confirms what several other groups reported (Shetty, 1990, Gelfand & Hendler, 1989, Azi21, 1978,
Danforth & Burger, 1989), none of which, however, provide clear understanding of the role of
reduced T, concentrations in mediating changes in metabolic rate during semistarvation In fact,
there was no correlation between the change in T4 and change in RMR in our study (r= -0 35,
p=0.246). For example, T, levels decreased 20% In the first week of the VLCD, but there was
no decrease in RMR in the P-group. Furthermore, the similar decrease in T4 n the F group with
the concurrent increase in RMR strongly suggests that the thermic effect of fluoxetine is not
mediated via thyroid hormone metabolism. The significance of the transient 7% increase
(p=0.05) in the T, in both groups s difficult to determine and although not a common result, i1s
not a unigue observation (Krotkiewski et al. 1981; Azizi, 1978)

The third factor thought to play a role in regulating energy expenditure is insulin  The
decrease in serum insulin levels in both the F- and P-groups supports what other investigators

have reported (Clifton et al. 1989; Durnin, 1967, Krotkiewski et al 1981) Within the first week
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of the VLCD, insulin levels fell by one third in both the F- and P-groups and remained decreased
throughout the VLCD Given that the thermic effect of nsulin is partially mediated by SNS
activation, our results provide ssme support for this relationship.

In summary, current knowledge indicates that the decrecased energy expenditute that
occurs during semistarvation involves changes in SNS activity, thyroid hormones and insulin
Measurements of plasma hormones and urinary catecholamines give an incomplete view of
hormonal status and SNS activity without study of hormone kinetics and receptor binding.
Nevertheless, our findings are consistent with the hypothesis that thyroid, msulin and
catecholamine hormones/neurotransnutter have a key regulatory role  Fluoxetine does not
appear to increase energy expenditure by stimulating SNS activity or T, Flucxelne seeins o
interact with catecholamine metabolism, but its main effect on RMR appears to be thiough body
temperature. However, the exact mechanism by which fluoxetire induces its transient
thermegenic effect during a VLCD is not completely answered by our present results

The total weight loss over the 3-week VLCD period was similar for both treatmeiit groups
and comparable to previous reports with this type of diet (Krotkiewski ct al 1961, Davies et al.
1989; Cohn et al. 1981; Fricker et al. 1991; Welle et al 1984). It is noted, however, that weight
loss of the F-group during the final week of the VLCD was significantly yreater than for the
placebo group (P = 0.05). It can be assumed by this stage of a VLCD that nonadipose
extracellular fluid and glycogen losses are trivial Under these conditions, 1t 1s possible to
calculate the relative contributions of learn tissue loss (from N balance data) and adipose tissue
loss (from energy balance) For example, weight loss in the P group can be predicted assuming
that 1 g negative N balance is equivalent to 31 g of lean tissue loss and 100 kcal negative energy
balance is equivalent to a loss of 10.6 g of pure fat, and 12.2 g of adipose tissue (assuming 9 45

kcal/g fat, and adipose tissue is 85% pure fat) (Hoffer et al 1985) If is assumed that total energy
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expenditure 1n the P-group was 1.5 X RMR during the final of dieting, their predicted total weight
loss i1s 0202 kg/day, a value that 1s within 4% of the observed weight loss (p=0.7). The
difference in weight loss between the treatment groups implies there was a 400 kcal/day higher
dally energy expenditure in the F-group

Indeed. although not statistically significant, there was a 100 kcal/day higher RMR in the
F-group during this 7 day period The statistical power of this analysis is €.52, given a between-
subject vanability of 0 05 kcal/min and a total of 10 sunjects per treatment group Therefore, it
is possible and plausible that the 6 5% difference in RMR was significant during the last week of
the VLCD

However, even if it 1s assumed that RMR was indeed 6.5% greater in the F-group during
this period, this is insufficient to fully account for the difference in observed weight losses. For
example, a similar calculation to that done for the P-group predicts a we' nt loss of 0.222
kcal/day by the F-group, 15% less than observed (p < 0.0001), and leaves 38 g/day of greater
weight loss 1in the F-group unaccounted for. This suggests that some components of energy
expenditure other than the RMR, was greater in the F-group than in the P-group. Of the different
factors that contribute to the non-resting component of energy expenditure, fidgeting is one that
has been ideqtified as a possible explanation for differences in 24-hour energy expenditure
(Ravussin et al. 1986). Anotner possible source of the difference in energy expenditure may be
tha: F-subjects had to gene.ate more heat than P-subjects to maintain their elevated body
temperature. This i1s possible, since except for the brief period in the RMR test room, where
ambient temperature was carefully controlled, the living quarters of the CiU were not kept within
the thermonautral range.

During the outpatient phase of the study, F-subjects lost considerably more weight than

the P-subjects, wiho actually gained a small, statistica'ly insignificant amount of weight between
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the end of the VLCD and the end of the BDD. In contrast to the VLCD weight loss, vanability in

total weight loss from baseline to the end of the BDD 1s consicerable, suggesting that adherence
to the BDD was variables The greater weight loss among F-subjects seems to confium the
known anorectic effect of fluoxetiie  However, no data were collected to enable us 1o conclude
that F-subjects adhered better to the BDD than P-subjects

Fluoxetine did not produce greater body N losses than placebo It has been calculated
that the excess weight in obesity 1s 70-78% fat and 22-30% lean tissue (Forbes, 1987) The
calculated losses of lean and fat mass in both F- and P-groups are consistent with this
composition of weight loss  Lack of a difference in N-balance between the two groups mdicales
that fluuxetine does not potentiate energy expenditure by sparing lean tissue duning weight loss,
nor, did the increased RMR induced by fluoxetine result In protein wasting Compared to the
incidence of side effects reported for F-treated patients (Wise, 1 992), fewer were reported in this
study where fluoxetine treatment was combined with a VLCD Since N-balance data were not
obtained during the BDD, we cannot draw conclusions about the longer term effects of fiuoxetine
on N-balance; however the continued weight loss combined with the stable RMR in F subjects
during the BDD provides some evidence that fluoxetine does not increase N excretion in the
long-term. The increased rate of weight loss induced by fluoxetine during the final week of the
VLCD is evidence of fluoxetine's thermogenic properties The most likely explanation for the
greater total weight loss during the BDD was a ~ecreased food intake among the F-subjects, was

probably due to fluoxetine's anorectic properties.

8.2. Thermic Effect of Food

The second major question addressed in this work was whether fluoxetine administration

would potentiate the thermic effect of a glucose test meal. Contiary to our hypothesis, chronic
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fluoxetine administration (60 mg/dzay) does not potentiate the thermic effect of glucose in obese
women following a VLCD or BDD The baseline TEF data obtained in this study indicats that
112 5 g4 of glucose increaces the RMR by 8 14 + 0.81% in the F-subjects and 866 * 1.11% in
the P-subjects, when expressed as a percent of the energy content of the test meal the TEF is
4.49 *+ 040% and 4 52 + 0 49% respectively In obese subjects with normal glucose tolerance
the thermic response to a 75-100 g oral glucose load is 6 + -2% (% over energy load) (Simonson
& DeFronzo, 1990, Nair et al 1983) Among subjects with impaired glurose tolerance and/or
insulin resistance the TEF 1s reported to be sigriificantly iower (Golay et al. 1982, Felber et al.
1981) When expressed as a percent increase over RMR. the TEF of glucose in obese subjects
is reported by two groups to be 12.2% (Welle & Campbell, 1983) and 8.5% (Schutz et al. 1984b).
The present baseline results compare with the lower end of the reported ranges. Part of the
discrepancy b2tween the present data and the higher TEF results miay be because of differences
in the TEF test protocol Welle et al (Welle & Campbell, 1983) took blood samples every 30
minutes during the 3 hour test which may possibly interrupt the rested state required by these
measurements Furthermore, they 1eported a 5% increase over baseline RMR with a noncaloric
tesi meal over 3 hours. This 5% possibly represents nonspecific stimulation of their testing
procedures and if subtracted frcm their TEF results (12.2-5 = 7.2%) puts their results in line with
mine. Finally, our subjects were given breaks, which most subjests used as an opportunity to
urinate. Following the consumption of 400-50C ml of fluid in the fasted state, it is not
unreasonable to consider that the urgency to void after approximately one hour can increase
energy expenditure, such urination breaks were not mentioned as part of other TEF test
protocols (Nair et al 19873, Schutz et al 1984b)

The TEF did not change in either the F- or P-group after the VLCD and after the BDD.

This lack of change in the TEF following weight loss is in agreement with some (Nelson et al.
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1992; den Besten et al 1988; Clugston & Garlick, 1982, Bessard et al 1963, Hendler & Bonde,

1988) but is at variance with other studies reporting a reduced TEF after weight loss (Schuts ot
al. 1984b; Apfelbaum et al. 1971) Thus chronic fluoxetine administration in combination with a
3 weex VLCD and a 2 month BDD did not potentiate the TEF in our obese subjects Given the
large interindividual variability of 37 7% for the TEF, the number of subjects that would have been
needed to show a clinically significant change is more than double than that present in this
study. We cannot, therefore, rule out the possibilily that the finding of no change m the TEF
following treatment is false. It 1s difficult to compare our resuits to those of the tenfluramne
studies in which TEF increased, because of the major difference in protocol The studies
reporting increased TEFs with fenfluramine involved weight stable lean subjects (Troiano et al
1890; Munger et al. 1988) or weight stable obese subjects (Scalfi et al 1993) and In all cases
involved the acute effects of fenfluramine (1 e drug was administered at the same tinic as the test
meal), whereas in the present study the most recent dose of fluoxetine was 24 hours before No
conclusion can be made about the effects of fluoxetine under conditions similar to those
described for fenfluramine; however, the longer peak action of fluoxetine than fenfluramine leads
me to predict that it would not potentiate the TEF if administered acutely with tood

The p.esent study also addressed the i1ssug of a reduced thermic response 1o glucose
among patients with glucose intolerance andjor insulin resistance Data obtamed dunng the
baseline period indicate that 8 subjects had abnormally high fasting serum glucose levels and
abnormally high insulin levels two hours after a 75 g glucose load The thermic effect of glucose
was not significantly reduced in these subjects compared (by an unpaired two-tailed t test) to the
12 ncrmal obese subjects and neither was the TEF significantly correlated with the degree of
insulin resistance. It is also interesting to note, that despite improved glucose and insulin levels

following weight loss, the TEF did not increase among those subjects with high baseline levels.
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These results are in contrast to previously reported results (Felber et al 1981; Golay et al. 1982;
Segal et al 1992) The difference may just ba a factor of the sample size and the sample
population studied  Furthermore, the fasting insuln levels of our subjects who had abnormally
high insulin levels after the 75 g glucose load are much lower than the insulin resistant obese
subjects described by Segal et al (1992) (184 05 = 205 pmol/L vs 293 17 + 30 86 pmol/L). In
fact, our subjects classified as glucose intolerant/insulin resistant had fa:ting levels almost
identical to those subjects described by Segal et al as being insulin sersitive (162.01 + 30.86
pmol/L) Due lo the nonspecificity of most conventional iImmunoassays to differentiate between
insulin and pronsulin, 1t 1s not possible to make a direct comparison between e total insulin
levels in our subjects and those of other researchers without knowing the natuwe of the assay
used (Reaven et al 1993) Thus, while our results do not support the relationship between
insulin resistance and blunted glucose-induced TEF, they do not refute the possit.uty that the

TEF could be reduced in the presence of more severe insulin resistance

8.3. Resting Me*abolic Rate and the Balanced Deficit Diet

Finally, our study assessed the ak.ity of fluoxetine administration to maintain the RMR at
a higher level compared to baseline levels during the BDD. The RMR esults obtained during the
BDD do not tully address this question because whi'e the F-subjects continued to lose weight,
the P-subjects did nct. The RMRs are in fact lower in the F-group than in the P-group As would
be expected, the RMR began to increase in the P-subjects during the 2 months where they were
weight stable, suggesting that the adaptive mechanisms which slowed their metabolic rate were
reversing (Cohn et al 1981) The F-subjects continued to lose significant amounts of weight
dunng the BDD and yet their RMR did not decrease significantly. It is difficult to draw

conclusions from these findings, nevertheless, it would be anticipated that the RMR would
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continue to decrease as long as energy balance was negative and subjects are losing weight that
partially includes active lean tissue The fact that RMR failed to decrease could even suggests
fluoxetine was inducing a positive effect on energy expenditure  The continued weight loss
durning the BDD may relate in part to the thermogenic propertios of fluoxetine and to its anorectic
properties which supports its known effects on appetite (Levine et al 1989, Wise, 1992, Darga
et al. 1991, Marcus et al 1990) Basal temperature, thyroid hormones and unnary
catecholamines were not measured during the outpatient pernod, which lmits the abilities to
comment further about the possible mechanisms of the thermic effect of fluoxeline durng this
phase of the study. Nevertheless, the outpatient RMR and body weight results suggest that
fluoxetine may have contributed to the lack of a fall n RMR and accelerated weight loss by

increasing energy expenditure.

9. CONCLUSIONS

Itis concluded that administration of 60 mg per day of fluoxetine to obese female subjects
during a very low energy diet results in a transi2nt increase n resting metabolic rate, as well as
a sustained elevation In basal temperature, but no potentiating effect on the thermic effect of
glucose either following a very low energy diet or following a batanced deficit diet

The increased RMR, taken together with the increase in basal temperalure, suggest that
brain serotonergic pathways may affect eriergy expenditure by directly affecting temperature
regulation From these findings itis not certain that the weight loss observed after administration
of fluoxetine to humans 1s entirely due to its anorectic propertics (Levine et al 1989, Wise, 1992,
Darga et al 1991; Marcus et al. 1990); we can however rule out the involvement of a polentiated

TEF Further investigation is needed to define the role(s) of serotonin neurons i hypothalamic
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regulation of temperature and to define further the mechanism(s) by which serotonergic drugs
affect body weight through anorexia or increased energy expenditure.

The increase in temperature and RMR observed during the first week of the VLCD leads
us to speculate that if fluoxetine were combined with a more moderate energy deficit, a more
sustained increase in RMR could be achieved This in turn could produce relatively greater
. eight loss than by diet alone The greater effect of metabolic adaptation to reduce RMR
induced by the VLCD versus the smaller effect of fluoxetine to increase RMR secondary to the
increase in temperature, cocld explain why RMR did not remain elevated throughout the VLCD
and BDD There may exist a specific cut off point In negative energy balance beyond which the
thermogenic effect of fluoxetine becomes neffective

Therapeutic application of fluoxetine is already justified by its abilities to produce weight
loss with a relalively low frequency of adverse side effects Our findings do not support the use
of fluoxetine as an adjunct to VLCDs because no additional weight was lost and based on the
lack of significant difference in N oalance, the composition of the weight loss was also apparently
not affected However, the sustained increase in body temperature combined with the short-lived
increase in RMR and the sustained RMR during the BDD suggest that fluoxetine combined with
a BDD could be justfied  Agan, research for this situation is required before any
recommendations can be made

The present results indicate, for the first time, that fluoxetine, ike amphetamine and
nicotine both, reduces energy intake and increases energy expenditure and body temperature.
In this regard, further stucies are also necessary to test the theory that body temperature
regulation may be involved in the control of appetite and that some anorectic agents may work
by altering temperature regulation This consiaeration can also be used to support the theory

that certain subsets of the obese population are hypometabolic. Abnormal metabolic regulation
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couid mean that in order to achieve the threshold temperature at which the signal to stop eating
is transmitted, more food energy than normal must be consumed Thus, a defect In
thermoregulation may be linked to abnormal appetite control

Overall, the cbservations made in this study may be important In the treatment and

etiology of obesity, particularly if a reduced energy expenditure capacity I1s thought to be

involved.
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TABLE 1. DATA ON THE EFFECTS OF SEMISTARVATION ON RMR AND ON THE EVOLUTION OF THE
RELATICNSHIP OF RMR TC FAT FREE MASS (RMR:FFM) IN OBESE ADULTS

SEMISTARVATION DIET

— Mean Weight Loss % Decrease RMR.FFM
REFERENCE® Kd/kcal per day Mean Duration (kg) in RMR Evolution
(days)
1 1800/450 24 10.3 15 -
2 PSMF 77 12.1 14.5 19.6%
3 1672/400 40 10.8 9.4
4 3500-4700/830-1120 91 12.6 8.0 no change
5 1600/380 170 34.5 25.0 -
6 2050/480 127 18.6 21.0 16.7%
7 3400/800 35 8.0 (sedentary) 17.3 111.6% |
8.2 (exercising) 19.1 115.3% !
8 4180/1000 56 10.P (Abdominal/obese) 9.1 no cnange !l
9.6 (gluteal-femoral obese) 2.6* ro change |
9 1379/330 3260/780 56 56 157 11.8 17.0 17.0 no chenge |
10 1254,300 113 28.3 220 =,73C0%
11 3400, 8C0 21 4.9 82 -
12 | 183¢, 420 | 21 8.8 15.3 112.5%
l '
| e~ (e ros
13 | VLCD (emergy nct | 21 9.2 230 112.0%
! scecieq) E
i ‘ 3+CC EC3 ' =130 25 e ey

)




Table 1 Continued...

Refences:

1: Bray, 1969

2 Bessard et al., 1983

3 Welle et al., 1984

4. Ravussin et al., 1985

5 Finer et al., 1986

6 Barrows & Snook, 1987
7. Hili et al., 1987

8: den Beston et al., 1988
9. Davies et al., 1989

10 Elliot et al., 1989

11: Garrow & Webster, 1989
12: Hendler & Bonde, 1988
13: Fricker et al., 1991

14. Nelson et al., 1892
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TABLE 2. NUTRIENT COMPOSITION OF BASELINE DIET, VLCD AND GLUCOSE POLYMER

NUTRIENT ENSURE OPTIFAST GLUCOSE
COMPOSITION PER 235 mi PER DAY POLYMER
L _ _ PER 100 g
ENERGY (KJ) 1045 1755 6 1590
ENERGY (Kcal) 250 420 380
PROTEIN (qg) 8.74 70
FAT (g) 8.84 2
CARBOHYDRATE (g) 34.08 30 94 0
VITAMIN A (LU) 620 40 5000
VITAMIN D (1U) 49.35 400
VITAMIN E (L.U.) 5.7 3.375
VITAMIN K (mg) 0.009 0.1
VITAMIN C (mg) 37.27 90
FOLIC ACID (mg) 0.05 0.4
THIAMINE (mg) 0.38 2.25
RIBOFLAVIN (mg) 0.42 2.6
PYRIDOXINE (mg) 0.49 30
VITAMIN B,, (mg) 0.00148 0.006
NIACIN (mg) 4.94 20
BIOTIN (mg) 0.04 0.36
PANTOTHENIC ACID
(mg) 1.25 10
SODIUM (g) 017 0.92 0.11
SODIUM (mmol) 7.39 40 48
POTASSIUM (g) 0.28 1955 0.01
CHLORIDE (g) 0.26 0.223
CALCIUM (mg) 120.0 1000 30
PHOSPHOROS {mg) 120.0 1000 5
MAGNESIUM (mg) 50.0 400
IODINE (mg) 0.01998 0.15
MANGANESE (mg) 0.49 4.0
COPPER (mg) 0.26 20
ZINC (mg) 3.76 15
IRON (mg) 223 18
CHLORINE (g) 014 01
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TABLE 3. BASELINE CHARACTERISTICS OF SUBJECTS

Varable Fluoxetine Placebo

(n=10) (n=10)
Age (years) 32.0 + 3.2 33.0 + 3.9
Weight (kg) 91.5 + 3.7 92.8 + 3.2
Height (m) 1.64 = 0.02 1.65 + 0.01
BMI® (kg/m?) 340 1.3 341 £1.3
% IBW® 136.0 £ 5.3 136.7 5.1
Waist:Hip 0.86 + 0.02 0.83 + 0.01

RMR (kcal/min) 1.121 = 0.026 1.089 *+ 0.036

Temperature (°C) 36.5 = 0.1 36.5 = 0.1

All data are mean + SEM

% Body Mass Index

® Ideal Body Weight (based on BMI = 25 kg/m?)




TABLE 4. NUTRIENT COMPOSITION OF BALANCED DEFICIT DIET

P —

Variable Fluoxetine Placebo ,l
(n=10) (n=10)
Carbohydrate (g/day) 152 + 4 151 = 7
Protein (g/day) 75 = 1 71+ 2
Fat (g/day) 37 = 1 35+ 2
Energy Intake (kcal/day) 1239 = 15 1199 + 16
(kJ/day) 5179 = 63 5012 + 67

ALL DATA ARE MEAN = SEM



TABLE 5. PLASMA ASPARTATE AMINOTRANSFERASE (AST), PLASMA URIC ACID, PLASMA
GLUCOSE AND PLASMA INSULIN CONCENTRATION BEFORE AND AFTER A VLCD AND
FLUOXETINE (n=10) OR PLACEBO (n=10) TREATMENT

GROUP BASELINE VLCD?7 VLCD14 VLCD21
AST F 23.8+2.3 36.6+4.3" 26.1+3.6 28.5+3.7
(6-35 U/L)™ P 23.7+2.7 27.0+3.1 25.0£2.7 23.3+28
URIC ACID F 322+22 469:45:: 484i42:‘ 415:35::
(147-353 umol/L)> P 205+12 419+19 430+31"" 402+25
GLUCOSE F 5.1+0.2 4.5:*:0.2:: 4.3t0.2:: 4 4¢o.3:
(3.9-5.8 mmol/L)* P 51+0.2 42+0.2 42+0.2 42+02
INSULIN F 167+26 111+1 3 114+1 2 119£21
(35-145 pmol/L)* P 15012 104+17 106+13 109+12

Statistical differences were determined using Repeated Measures ANOVA
All data are mean + SEM

significantly different from baseline value (p<0.05)
significantly different from baseline value (p<0.01)
normal range
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TABLE 6. BODY WEIGHT DURING VLCD AND BDD AND FLUOXETINE (N=10) OR PLACEBO (N=10)

TREATMENT
GROUP BASELINE VLCD7 VLCD14 VLCD22 BDD 1 MO BDD 2MO
WEIGHT (KG) F 91.5+37 87.9+3.8 85.8+3.8 80.8+3.1"  81.9+36 80.6+35
P 92.8+3.2 89.5+3.1"" 87.5+3.0" 83.9+4.3 86.5+2.9 85.9+2.8
WEIGHT CHANGE  F - -3.6£0.2 5.7£0.3" 7.9x05 -9.6x08° 11.0£1.172
P - -3.3+0.1° -5.3+0.3" 7.3+x05" -6.3+0.6 -7.0+1.0

Statistical differences were determined using Repeated Measures ANOVA
All data are mean * SEM

signiticantly different from baseline value (p<0.05)
significantly different from baseline value (p<0.01)
8 significantly different from placebo group (p<0.05)
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TABLE 7. NITROGEN BALANCE DURING THE VLCD AND FLUOXETINE
(N=9) AND PLACEBO (N=10) TREATMENT

STUDY FLUOXETINE PLACEBO
DAY

BASELINE 0.4+0.5 0.8+0.3

1 1.5+04 1.6+0.5"
2 -3.7+0.4™" -4.3+0.4"
3 -45+06"" -5.2+0.4""
4 -4.6+0.4" -5.7+0.3"
5 -4.0+05" -5.5+0.4"
6 -4.0+0.4" -5.0+£0.4"
7 -3.9+0.6"" -5.2+0.4""
8 -4.0+0.4"" -4.7+0.4"
9 -3.9+04"" 4.6+04"
10 -3.6+0.6" -4.5+0.6
11 -3.4+05" -4.5+0.4"
12 -3.5+05"" -45+05"
13 -3.1£0.6" -3.6+0.6""
14 -2.8+0.6 -4.0+05""
15 -3.0+0.6" -3.7+0.4"
16 -2.9+06" -3.6+0.4""
17 2.7+06 -3.4+05"
18 -3.120.8" -3.3+0.4""
19 27+07" -3.2+0.4"
20 2.8+0.6" -3.3+0.4""
21 2.7+0.7" -3.5+03"
22 -1.1+0.6" 2.1+0.4"

Statistical differences were determined using Repeated Measures ANGVA
All data are mean + SEM

significantly ditferent from baseline value (p <0.05)
significantly ditferent from baseline value (p<0.01)
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TABLE 8. CHANGE IN RMR (KCAL/MIN) DURING VLCD AND BDD AND FLUOXETINE (N=10) OR

PLACEBO (N=10) TREATMENT

FLUOXETINE PLACEBO

STUDY DAY RMR CHANGE IN %CHANGE RMR CHANGE IN % CHANGE

(KCAL/MIN) RMR RMR (KCAL/MIN) RMR RMR
BASELINE 1121+0 026 - - 1.089+0 036 - -
VLCD WK 1 .
DAY 3 11710029 0049+00127%  44+11 1 092+0 040 0003+0014 03+14
DAY 6 11210029 -0001+0015 01+1.3 1 044+0042  -0.045+0018 43+18
DAY 8 1119+0.029 -0002+0017 01+15 1042+0038 -0047+0022 -43+21
VLCD WK 2 ) N
DAY 10 1089+0034  -0032+0019 29+18 1025+0038° -0.064+0019° 59+19
DAY 13 1062+0030° -0060+0013 54+1.3 10240033 -0.065+0023  -58x21
DAY 15 1 065+0032° -0056+0014 51+1.4 1 008+0032° -0081+0020 73+16
VLCD WK 3 . .
DAY 17 1076+0030° -0045+0013"2% -41=11 0974+0025~ 011620026  -102%20
DAY 20 1030+0031" -0.092+0014 83+13 0977+0034 -0112x0019"  -102x16
DAY 22 1048+0031"" -0.074+0013" B£7+1.2 0.983+0033  -0106+0017 97+15
B8DD N B
MONTH 1 1.021=0 029:' -0 100+0.01 7 89=15 1031+0036  -0058x0016 54+16
MONTH 2 10300027 -0091=0027 7925 1024+0029° -0066=+0023 £57+20

Statistical differences were determined using Repeated Measures ANOVA
All data are mean = SEM
* signficantly different from baseline value (p<0 05)
- significantly different from baseline value (p<0 01)
2 signficantly different from placebo group (p<0 05)
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TABLE 9. MEASURED AND PREDICTED RESTING METABOLIC RATE
o (KCAL/DAY) AT BASELINE

Resting Metabolic Rate (kcal/day)

Subject # Deltatrac® Harris Benedict® (1919) Owen et al® (1986)
1 1567 1650 1400
2 1819 1830 1514
3 1542 1460 1342
4 1428 1650 139C
5 1615 1660 1407
6 1743 1690 1516
7 1700 1710 1461
8 1665 1830 1537

o 9 1498 1850 1606
10 1530 1630 1371
1" 1783 1730 1496
12 1560 1730 1450
13 1353 1580 1334
14 1419 1650 1395
15 1839 1770 1573
16 1553 1620 1420
17 1707 1750 1563
18 1502 1780 1484
19 1559 1730 1479
20 1407 1630 1454

Statistical differences were determined using Repeated Measures ANOVA
Methods used to determine RMR with different superscripts are significantly different (p<0.05)




TABLE 10. TEF AT BASELINE, AFTER THE VLCD AND AFTER THE BDD IN FLUOXETINE
(N=10) AND PLACEBO (N=10) GROUPS
THERMIC EFFECT OF GLUCOSE

BASELINE POST-VLCD POST-BDD
FLUOXETINE
% INCREASE
OVER RMR 8 14+0 81 765078 936+092
% OF ENERGY
INGESTED 4 49=040 395+039 476x0 44
PLACEBO
“% INCREASE
OVER RMR 866=1 11 879=110 964=085
° OF ENERGY
INGESTED 452+0 49 417=047 4 85+038

All data are mean = SEM

TEF did not change significanty fien baseiire anc ¢ not significantly different betagen groups
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TABLE 11. BASAL TEMPERATURE (°C) DURING THE VLCD AND
FLUOXETINE (N=9) AND PLACEBO (N=10) TREATMENT

STUDY FLUOXETINE PLACEBO
DAY TEMPERATURE CHANGE TEMPERATURE CHANGE
BASELINE  36.5+0 | - 36.5+0.1 -
1 366+0 1 0101 36.4+0.1 -0.1+0.1
2 36.7+01" 0.2+0.1° 36.5+0.1 -0.1+0.1
3 36 7+0.1° 0.2+0.1 36.5+0 1 -0.1+0.1
4 36.8+01°° 0.3+0.1° 36.4+0.1 -0.2+0.1
5 368+x01° 0.3+0.1 36.5+0.1 0.0+0.1
6 36.8+01° 0.3+0.1 36.5+0.1 0.0+0.1
7 36.9+0.1° 0.3+0.1° 36.5+0.1 -0.1+0.1
8 36.9+0.1° 0.3+0.1° 36.4+0.1 -0.1+0.1
9 36.8+0.1° 0.3+0.1° 36.4+0.1 -0.1+0.1
10 36.9+0.1"° 0.4+0.1 36.5+0.1 0.0+£0.2
11 36.8+0.1° 0.3+0.1° 36.3+0.1 -0.3+0.1
12 36.9+0.0" 0.4+0.1° 36.4+0.1 -0.2+0.1
. 13 368+01° 0.3+0.2° 36.4+0.1 -0.2=0.1
14 36 8+0.1° 0.3+0.1° 36.4+0.1 -0.2+0.1
15 36 8+0 0° 0.3+0.1° 36.4+0.1 -0.1+0.1
16 36 8+0.1% 03+0.1° 36.3+0.1 -0.2+0.2
17 36 8+0.1° 0.3+02 36.5+0.1 -0.1+0.1
18 36 9+0.1° 0.4+0.2 36.5+0.1 0.0+0.1
19 36 8+0.1° 0.3+0.2 36.5+0.1 -0.1+02
20 36 8+0.1° 0.2+0.2° 36.3%0.1 -0.2+0.1
21 36 9+0.1° 0.3+0.1° 36.3+0.2 -0.2+0.2
22 36 6+0.1 0.1+02 36.5+0.1 -0.1=0.1

Statistical differences were determined using Repeated Measures ANOVA
All data are mean + SEM

significantly different from baseline value (p<0.05)
significantly different from baseline value (p<0.01)
significantly different from placebo group (p<0.05)

a
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TABLE 12. THYROID HORMONES BEFORE AND AFTER A VLCD AND FLUOXETINE (n=10) OR
PLACEBO (n=10) TREATMENT
GROUP BASELINE VLCD? VvLCD14 VLCD21
T, F 111+4 1195 11143 11244
(64-144 nmol/)® P 109+6 1167 1187 106:+7
FREE T, INDEX F 106x4 110+4 1113 1156
(63-125) P 96+5 1044 11745 1015
T, F 2.0+0.1 1.6x0.1"" 1.4x0.17 122017
(1.4-2.6 nmol/l)*® P 2.1+0.1 1.7+0.17 1.5+0.1 1.5%0.1
FREE T, Index F 1.9+0.1 142017 1.4x01" 1.3+0.17
(1.323)% P 1.9+0.1 1.6+0.1 1.5+0.1 1.4+0.1
T, UPTAKE F 0.29+0.01 0.28:0.01 030+0.01° 0.31£0.01’
(0 22-0.32)% P 0.27+0.01 0.28+0.01 029+0 01 0.28+0.01

Statistical differences were determined using Repeated Measures ANOVA
All data are mean = SEM

ae

o

significantly different from baseline value (p<0 05)
signiicant'y different from baseline value (p<001)
normal range
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TABLE 13. URINARY CATECHOLAMINES DURING VLCD AND FLUOXETINE (N=9) OR PLACEBO (N=9) TREATMENT

STUDY GROUP DOPAMINE NOREPINEPHRINE EPINEPHRINE METANEPHRINE NORMETANEPHRINE
DAY (<2630 nmol/d)™ (<591 nmol/d)™ (<136 nmol;d)* (281-1841 nmolyd)™ (502-2531 nmol.d)™
BASELINE F 2856+196 294 +31 50+6 618+63 1718+185

P 2972+304 265-39 34+5 485+ 51 1574+233
VLCD5 F 2429+ 1 46:: 246+31 66+10" 8 623+44 1288+163"

P 2845+229 220+29 40+7 425+91 1187+145
VLCD6 F 2395+149"" 220+28"" 62+7" 580+63 1155+ 1 07:'

P 2819+236" 218+27"" 39+4 428+50 1181+115
VLCD12 F 2165+193° 194+26" 79x1272 55659 89479

P 2542+258 166+28" 37+6 477+66 922-+94
VLCD13 F 2163+157" 200i24:: 7316 562+83 842i93::

P 2413+254 158+24 40+7 387+64 848+77
VLCD19 F 1997 +115* 170+21"" 70+11 437+50"" 743167::

P 2412+226 132+20" 43+8 406+45 70870
VLCD20 F 2092+101" 194+20™" 67+7 512+43 799+ 74:

P 2314+219" 134+20"" 38+7 412452 694+72

Statistical differences were determined using Repeated Measures ANOVA
All data are mean = SEM

: significantly different from baseline value (p<0.05)

" significantly different from basehne value (p<0.01)

@ significantly different from placebo group (p«<0.05)

* normal range
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APPENDIX 1

Informed Consent Document

Patient Name; Date of Birth: / /

Introduction: I agree to participate in a research study of a new

investipational drugr, fluoxetine, sponsored by Eli Lilly. MY PART IN THIS
STUDY WILL LAST ABOUT 12 weeks (about 4 weeks during which I

remain in hospital and 8 weceks outside of the hospital). About 20 other
people will also be in this study.

The purpose of the study is to test if fluoxetine treatment will affect the
resting metabolic rate (RMR) and the thermic effect of a standard test meal
while I am in hospital and on a liquid formula very low energy diet
providing abont 500 Calores per day, as well as to test the effect of luoxetine
on matabolism while I am out of the hospital and eating a conventional
werpht reduction diet. These measurements indicate the rate at which the
body 13 burning calories, The RMR involves lying comfortably on a bed
under a clear canopy haod for 15-30 minutes. The thermic effect of a meal

requires lying comfortably on a bed before and for the 4 hours following
consumption of a stndard test meal.

Procedure: In thig study, I will take one of two special drugs. One is
fluoxetine, (the investigational drug) and a second is a placebo (sugar pill)
that has no achion. Dunng the study I will receive either placebo or
Huoxetine. Neicher T nor the study physician will know which of these
substances T am taking. This "double-blind™ procedure is necessary to

ensure unbiased observations and assessment of the efficocy of this new
treatment by myself and the study physician.

Before entering the study, I will be interviewed by the study physician, who
will take my history (ncluding my consumption of alcohol and my previous
smoking habits) and complete a general physical examination. At the
beainmnge of the study I will have blood and urine tests done. There may be
some pan or bruising assouated with the venipuncture (blood drawing).
These tests will be done to ensure that { meet the medical requirements for
participating in the study. If T meet these requirements and deade to
paruapate, 1 wall be seen by the study physician and/or her/his research
do ostant daily winde T am in hospital and twice monthly outside of the
hoospital. The purpose of these evaluations wall be to determine whether the
treatment 15 working and to be sure it 1s not causing me any harm. At
every visit afier leaving the hosmtal, T wall be seeing a dietician and doctor.
[ will be wawrhed, and have my pulse and blood pressare taken. In
hospuat, T wall follow a conventional diet for a "baseline” period of 4-5 days.
[ will then commence the study medication (or placebo) and the very low
encrgy diet. On day 1, 5, 10, 13, 17 & 21, RMR wll be measured in hospital
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and once/month outside of the hospital. Thermic effect of a meal will be
measured while I am on a normal diet, after 21 days of the low eneryry diet
and on one outpatient follow-up visit. I realize that these tests are being
done for the purpose of monitoring my physical condition prior to and afler
the study. There will be no charge to me for these tests and the dlinie visits,

My reactions to the medication I am taking during the study will he
carefully monitored. It is extremely important that the study physician or
the research assistant be aware of all other drugs which I take, in addition
to the study drug, while I am participating in the study. This even includoes
over-the-counter medications (non-prescription druyrs). It 15 Tmportant
that T discuss all other medications I'have taken duringr the study with the
study physician at each of the interviews. Also, drninking of cafleine-
containing or alcoholic beverages and smoking must be avoided.

It is also important that T discuss with the study physician or research
assistant all unpleasant or unusual symptoms which I experience, as
as any positive effects which I may have from the medication.

s well
Risks: I understand there may be risks for me in being in this study.
Fluoxetine has been given to over 6,000 clinical trial patients: 1.3 mulion
patients in total. In some of these people, certain side effects have been
observed. The most common side effects include nausea
inability to sleep, headache, shaking, anxicty, sleepine
increased sweating, diarrhea and dizzineuss.,  Alleryic reactions to the
medication, including hives, rash, joint pain and swelling can occur in
some people. If I develop a rash or hives, I will tell Dr. Hofter immediately.

, nervousnesd,
55, dry mouth,

Convulsions have been reported very rarely. In one of these cases, the
patient swallowed 35 times more medicine than should have been taken.
One elderly female patient developed an inflammatory condition of the

lungs called pulmonary alveolitis. The relationship to tluoxetine is
uncertain.

Because sleepiness could be a side effect with fluoxetine, I should not drive
or operate complicated machinery such as a car or truck if T feel sleepy.

If T become pregnant during this study, there may be moks to me and my
fetus or child that are not known. Women who are capable of becomings
pregnant and who wish to participate in this study must be ucing a
medically accepted form of birth control. If T am of chuld heanny potential,

I will tell the study physician or research assistunt which method of tarth
control I am currently using.

I understand I am to tell Dr. Hoffer immediately if [ have any unugual
health experiences, injury or bad effect.

Drugs and procedures in this study may invelve risks to me that are not
known.




Very low enerpy diets result in a rapid weight logs. They are considered
gafe when medically supervised and used by properly selected patients.
These diets could be dangerous for o fetus or unborn child. It is essential

that women not be pregnant while following such a diet. These diets may

bhe ascoaated with side effects which include feelings of chilliness,
constipation, temporary locs of menstruation or temporary increased rate
of hair loos, althouph these side effects are most common after periods

lonpzer than the 3 weeks invelved in this study. There may be an increased
rislc of u gall bladder attack (cholecystitis).

Penefitcs T may benefit from this study in the following ways: I may see an
imcrease in RMR which may help me to lose weight. Even if I am taking
the placebo, T will benefit from weight loss during three weeks of monitored
dieting; with a very low energy diet in hospital, and outpatient follow-up on a
conventional weight reduction diet after I leave the hospital. I will receive
the benefits of evaluation of symptoms and general health discussions with
the study physician, the health information from the laboratory tests, and

finally, the chance to contribute to a scientific investigation which ruay be of
benefit to patients in the future and to Eli Lilly.

Confidentinlity: Records from the study which 1dentify me will be
confidential except they may be given to and inspected by the sponsor of the
study (Il Lilly), the Health Protection Branch and the Food and Drug
Admimstration, and will not otherwise be released except as required by
law. The spensor will receive a signed copy of this consent agreement.

Compensation: If I follow the directions of the study physicians in charge
of this study, and I am physically injured because of any substance or
procedure properly given me under the plan for this study, Eli Lilly agrees

to pay all medical expenses necessary to treat such injury which are not
covered by my own insurance.

Pavments: I will not have to pay for any of the medicines, medical
eximinatons or laboratory Lests that are required in my part of this study.

Voluntory Participation: I velunteer to participate in this study. I may quit
at .any time. If | deade not ta participate, or I quit, I will not be penalized
and will not ive up any benefits which I had before entering this study. If
I deaide not to partiaipate, or I quit, I will notify the study physician.

Steppng_the Studys T understand that the study physician or Eli Lilly may
stop my being o the study at any time without my consent. My
baruapation may be discontunued if the study physician judges that it is in
my best mterest;af T fail to comply wath study procedures: if the project is

withdrawn by the sponsor; if the sponsor deems it appropnate; or for other
reasons.
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I understand that upon completion or termination of the study I may not
take a class of drugs call MAO inlibitors for a period of 5 weceks afterward.

[nformation: I can get more information or answers to my questions about
the study, my participating in the study, and my nghts from Dr. Hofter,
who can be telephoned at (514) 843-1665. If the study physician learns of
important new information that might affect my desire to remain in this
study, the study physician will tell me.

Qualifications: The study physician has told me that I cannot be in this
study if I am pregnant or breast feeding a child. I also cannot be in this
study if I abuse alcohol or drugs; regularly use psychotropic drugs,
including lithium; am being treated with certain high blood pressure,
antidepressant or thyroid medications; have glaucoma, a history of urinary
retention, a history of seizures, or have had a serious illnecs that is not
under control. I am between the ages of 18 and 45 years.

Understanding: The study physician has explained this study and this
consent form to me. The study physician has answered all my questions to

my satisfaction. I understand what will happen if I agree to be part of this
study.

VOLUNTEERS'S NAME

VOLUNTEER'S SIGNATURE

DATE: TIME:

PHYSICIAN'S SIGNATURE:

WITNESS'S SIGNATURE:

DISPOSITION OF THIS DOCUMENT

1. Give one copy of the document to the patient.
2. Keep one copy of the document in the investigator's records.
3.

Forward one copy of the document to Eli Lilly attached to the
Informed Consent page of the case report form along with Visit 1.
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