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ABSTRACT

The susceptibility of humans to obesity is far higher compared with other species and
in man favours the deposition of fat. Amongst mammals humans have reported to
have the highest levels of fatness than any other species with alteration in genes, high
calorie diets and environmental factors that predispose humans to obesity.
Environmental factors such stress, anxiety and depression are important to consider
with the global increase in obesity and is possibly linked to the rise in individuals
with mental disorders such as depression. The billion dollar drug industry that targets
appetite control in obesity will address issues of post-prandial lipid metabolism and
anti-obese drugs that control appetite and will improve post-prandial lipid
metabolism that is closely connected to hypercholesterolemia and cardiovascular
disease. Various factors effect appetite and brain metabolic diseases and require early
intervention with drug therapy to prevent diseases of various organs such as non
alcoholic fatty liver disease (NAFLD) in obesity related organ dysfunction.
Postprandial lipid metabolism is abnormal in obese individuals and closely
connected to the NAFLD and the metabolic syndrome in these individuals. Novel
anti-obese designer drugs are involved in regulation of food intake and appetite
control linked to cholesterol metabolism and lifespan. Anti-obese drugs regulate
genes linked to appetite control and human fatness and are under evaluation in
Western countries for the treatment of obesity and diabetes.
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Introduction
In various countries such as Western countries and third world countries the

global obesity pandemic has been reported to effect at least 10% of the global
population. The projected health care costs to the year 2018 in relation to obesity
related medical expenses in the United States has been repored to be 344 billion
dollars and accounts for 21 % of health care costs. Obesity is defined as having a
body mass (BMI) index of >30 (BMI = weight in kg /[height in m]?), whereas
overweight is defined as having a BMI from 25 to 30. Obesity is a senescent
condition in which excess body fat has accumulated to such an extent that it is likely
to have adverse effects on life expectancy and leads to increased health problems.
Adiposity is the body fat tissue content, and as the degree of adiposity increases, the
level of adiposity can be defined as being overweight or obese by measures such as
the BMI. In particular intraabdominal adipose tissue referred to as visceral obesity
has been associated with the metabolic syndrome and obesity associated with insulin
resistance increase the cardiovascular risk factors including dyslipidemia,
hypertension and Type 2 diabetes with women more at risk than men in various
countries.

The susceptibility of humans to obesity is far higher compared with other
species and in man favours the deposition of fat. Amongst mammals humans have
reported to have the highest levels of fatness than any other species and genes and
environmental factors predispose humans to obesity. The global increase in obesity is
linked to various factors and appetite control and mental distress are believed to be
important factors that determines excess body fat with risk of hypercholesterolemia

and diabetes that determine population mortality in Western countries (Figure 1).
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Fig 1. Susceptibility to appetite dysregulation and global obesity in Western countries

Other factors that are involved in global obesity and cardiovascular disease include
high fat diets, hypothyroidism, circadian desynchrony, brain disorders, metabolic

disorders with insulin resistance and hormone or genomic disturbances (Figure 2).

APPETITE DYSREGULATION

> OBESITY
DIET >

HYPOTHROIDISM
CIRCADIAN DESYNCHRONY
BRAIN DISORDERS DYSLIPIDEMIA , HYPERTENSION
AND TYPE 2 DIABETES
METABOLIC DISORDERS
INSULIN RESISTANCE

HORMONE DISTURBANCES

CARDIOVASCULAR DISEASE
GENOMICS

Fig 2. Global factors with effects on obesity and cardiovascular disease
In reports related to cardiovascular disease and threats to global health
particular interests in appetite control has increased since obese individuals have
abnormal metabolism of dietary fats and appetite control is essential to reverse the
abnormal metabolism of dietary fats. Various diets and drugs that control appetite
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have been considered since they may regulate genes linked to human adiposity and
are closely linked to cholesterol metabolism and extended lifespan in man. Early
intervention with lifestyle changes allow intervention in the severity of visceral
obesity on internal organ disease and drugs that control intestinal fat and cholesterol
release into the blood may improve circadian desynchrony that is related to metabolic
disease (mitochondrial disease) in various obese groups in Western countries. Early
intervention in appeptite control allow gene regulation of tissues with increased post-
prandial lipid metabolism in tissues such as the adipose tissue and liver that are

central to the global obesity epidemic.



CHAPTER 1
Lifestyle changes induces metabolic disease and adiposity

In obese individuals fatigue is a major problem and is a common complaint
that influences the quality of life and is linked to an increase in adiposity. Stress,
fatigue, anxiety and depression disorders are closely linked to obesity and these
conditions induce metabolic disease with changes in body fat leading to adiposity and
obesity. Anxiety disorders include appetite dysregulation, habit disoders, obsessive
compulsive disorders, phobias, mood disorders and social phobias. Anxiety disorders
may induce sleep disturbances that effect mental health that induce changes in the
brain associated with hormone regulation and the biological clock in the body.
Alterations in sleep patterns in health and disease is involved in changes in adiposity
since disrupted sleep patterns effect the 24 hr clock in the brain that is controlled by
the suprachiasmatic nucleus (SCN) in the hypothalamus. Adiposity and circadian
rhythms are closely regulated in the adipose tissue and linked to brain circadian
disturbances. Obese individuals have circadian disorders and alterations in circadian
rhythms may be caused by jet lag, routine disturbances, consumption of drugs and
diet. In particular high fat diets (Figure 3) and alcohol are linked with SCN
disturbances and consumption of these diets induce circadian alterations in the brain

linked to alterations in mental health, cogntion and behaviour.
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METABOLSIM
CALORIC RESTRICTION
FIG 3. High fat intake alters fat metabolism with mid-life obesity
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Adiposity and Obese classifications

The rise in overweight individuals and obesity leads to inflammation and
increased oxidative stress in various organs has prompted intense research into the
causes and development of obesity. Excessive caloric intake, saturated fat, reduced
metabolism, genetic, environmental, and psychosocial factors all contribute to the
cause and development of obesity in middle adult life. In the United States
prevalence of obesity in the United States has increased from 15% in 1980 to 36% in
2010 with morbid obesity greater in women than men. The prevalence of childhood
and adolescent obesity has tripled since 1980 in several age groups and the
prevalence of overweight or obesity exceeds 50%. Fat is deposited as adipose tissue
subcutaneously and in the abdominal cavity. Females are more likely to deposit fat in
various tissues and males tend to deposit fat in the abdominal compartment. As more
fat is ingested obesity develops and the size and number of fat cells increase
subcutaneously. Adipose tissue increases with obesity and associated with the
increased release of cytokines that may have deleterious effects on glucose and lipid
metabolism that contribute to the inflammatory state associated with obesity. Obesity
Is a medical condition in which excess body fat has accumulated and has adverse
effects on life expectancy with related health problems. Obese individuals have a
shorter life span and world wide approx. 2.5 million deaths result from the obesity

related diseases with women more at risk than men in various countries.

Adiposity is the body fat tissue content and increases in adiposity is measured
by BMI. Obese individuals are defined as having a BMI of >30 (BMI=weight in
kg/[height inm]2 whereas overweight is defined as having a BMI from 25-30 and
ideal lean individuals to have a BMI of 25 kg/m2. Interests in the development of
obesity early in life is of critical understanding to the development of
hyperinsulinemia which may lead to diabetes and other morbid diseases such as
cancer and coronary artery disease. Visceral, or central fat is more metabolically
active than peripheral fat and is associated with type 2 diabetes, dyslipidemia, high

blood pressure, and increased risk for atherosclerotic disease. The waist-to-hip ratio
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helps to identify patients with excess visceral adiposity. Women with a waist-to-hip
ratio > 0.8 and men with a ratio > 1.0 are considered to have excess central adiposity
that confers risk for developing the metabolic syndrome. Morbid obesity
classification is BMI of > 35 kg/m2 and severe obesity >40 kg/m2. In the United
States children and young adults affected by type 2 diabetes has risen and childhood

obesity is now considered a major predictor of adult obesity and Type 2 diabetes.

Development of pharmacological, dietary and lifestyle changes early in childhood to
prevent obesity is essential to prevent the acceleration in the rate of obesity and
diabetes in the United States and other countries. The increase in childhood obesity is
not only seen in industrialized countries but also in poor and developing countries.
Appetite dysregulation that allows the increase of saturated fat in the diet early in
childhood is possibly a risk factor to the acceleration of diabetes in many countries.
In North America the rate of childhood obesity has doubled in the last 20 years and
similar statistics reported in countries like Thailand, China, Brazil and South Africa.
The reported epidemiological shifts demand elevated costs to health care in Western

countries and on economies that are poor and underdeveloped.

Dyslipidemia, insulin resistance syndrome and Obesity

Obese individuals have raised plasma triglyceride levels and low density
lipoprotein (LDL) cholesterol and decreased high density lipoprotein (HDL)
cholesterol levels which are components of the lipid abnormalities of the metabolic
syndrome associated with obesity. Plasma lipoprotein subfractionation of obese
plasma indicate the presence of large very low density lipoproteins, small dense LDL
and decrease in the HDL2 subfraction of HDL. Lipid abnormalities include increased
circulating free fatty acid levels and excessive lipid accumulation in cells of various
tissues in obesity especially the liver with development of non alcoholic fatty liver
disease (NAFLD). High fat diets provide an oversupply of lipids to peripheral tissues
and may contribute to the development of insulin resistance. Lipid accumulation

(intra adominal fat) in obesity may indicate increase fatty acid intake or
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mitochondrial disease associated with diminished mitochondrial lipid oxidation and
abnormal lipid metabolism.

Characterization of lipid molecular species in plasma was performed by a
lipidomics strategy using liquid chromatography coupled to mass spectrometry to
improve the understanding of identification of lipids in the biology of health and
disease. Molecular lipid species that represent sphingolipid, glycerolipid,
glycerophospholipid, fatty acyl, sterol, prenol classes were studied. Increases in the
lipid fraction of lysophosphatidylcholines was found in proinflammatory and
proatherogenic conditions and to decreases in lipids with antioxidant properties such
as the ether phospholipids. Insulin resistance was associated with triacylglycerol
species containing saturated or monounsaturated fatty acids whereas triacylglycerol
species containing linoleic acid (18:2 n-6) were not associated with insulin resistance.
Ceramide species were altered in obese and diabetic patients and the understanding of
lipidomics technology extend the lipid abnormalities in obesity. The plasma
measurement allow characterization of lipid species but do not allow interpretation of
tissue lipid characterization. Fatty acid anlaysis in NAFLD samples show increased
monounsaturated fatty acid /saturated fatty acid across multiple lipid classes with
several alterations in polyunsaturated fatty acids with increased metabolism of

essential lipids.
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CHAPTER 2
Impact of Obesity on Organs

Heart

Obesity is clearly associated with an increase in atherosclerosis with
contribution to the early onset of cardiovascular disease. In obese individuals increase
cardiac output is related to the increase in size and mass of adipose tissue (Figure 4).
Alterations in the left ventricular chamber leads to hypertrophy and diastolic
dysfunction. Direct effects of obesity on the heart is cardiomyopathy where the
tissues of the heart such as the myocardium is replaced by fat cells. Myocytes that
accumulate cell triglycerides lead to dysfunction and lipotoxicity. Obesity is involved
with increased blood volume, hypertension, left ventricular hypertrophy and elevated
cardiac output leading to congestive heart failure. In the community obesity is one of
the major causes of heart failure with approx. 13% of individuals leading to death. In
severe obese individuals sudden cardiac death can be as high as 40 times in obese
men than women and arrhythmias account for the mortality. Increase in body weight
as small as 10% affects the parasympathetic tone with an increase in heart rate.

OBESITY
DEGENERATIVE DISEASE

/ \ HEART
THYROID
PANCREAS LIVER BRAIN

KIDNEYS
REPRODUCTIVE
ORGANS
ADIPOSE TISSUE
Fig 4. Differential Impact of Obesity on degenerative organ disease
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Coronary artery disease was highest in the group where body weight was the
heaviest correlated with the amount of body fat. Obese individuals that undergo
bypass surgery have increased incidence of thromboembolism and atrial arrhythmias.
Hypertension and obesity are closely linked with 42% of individuals with blood
pressure dysfunction. Increased BMI is an independent risk factor for stroke and

includes ischemic and hemorrhagic stroke.
Pancreas

Disorders of the pancreas and obesity are closely linked with the metabolic
syndrome in these individuals. In obese individuals the insulin resistance is related to
the disorders of the pancreas and leads to the metabolic syndrome. Peripheral cells in
obese individuals do not respond to insulin and cause the pancreas to become
abnormal with increased release of insulin and drug intervention is required for
control of blood glucose. Elevation in blood glucose causes a long term stress on the
pancreas with poor response and release of insulin from the beta cells of the pancreas
in obesity. Acute pancreatitis is a complication of obesity and assessment of severity
of pancreatitis is only prevented by early assessment of pancreatic function in

obesity.

Kidneys

Obesity and the risk for the development of kidney disease is now well
established and can progress to end stage renal disease. Early intervention in reversal
of obesity will decrease the sharp rise in the number of individuals in the population
that will require dialysis. Risk factors related to obesity that are involved in kidney
disease include hypertension, diabetes, hyperuricemia and the metabolic syndrome.
Obesity alters renal hemodynamics that promotes kidney disease. Kidney disease in
obese individuals include increased mesangial matrix, podocyte hypertrophy and
glomerulomegaly and BMI was found to be an independent risk factor for glomerular
lesions. Structural changes of the kidney include hyperplasia of the juxta-glomerular
apparatus and changes in focal mesangial sclerosis or mild focal thickening of
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glomerular/tubular basement membranes. Elevations in renal glomerular filtration
rates was found with alterations in glomeruli and tubulointerstitium with
development of nephosclerosis. Glomerular disease in obese individuals cause
glomerular enlargement and mesangial expansion with microalbuminuria and can

lead to renal failure.

Reproductive Organs

Menstrual cycle disorders and infertility are closely correlated with obese
women. In obese children and early adult hood menstrual bleeding is common and up
to 40% have irregular menses. There are an increased risk of pregnancy
complications, pregnancy loss and birth defects. Reproductive disorders in obesity is
possibly related to endocrine disorders associated with adipokines released from
adipose tissue. Obese men have fertility problems with abnormal semen outputs

related to endocrine alterations such as adipokines, sex steroids and insulin resistance.

Lungs

Respiratory diseases such as chronic obstructive pulmonary disease, asthma,
obstructive sleep apnea and obesity hypoventilation syndrome are associated with
obesity and sendentary lifestyles. Breathlessness in obesity during exercise is related
to asthma and contribute to airway dysfunction that are associated with obesity-
hypoventilation syndrome. Airway dysfunction include reduction in functional
residual capacity and related to the mass of adipose tissue around the rib cage,
abdomen and visceral cavity. Increased fat tissue disrupts ventilatory function and
has marked effects on respiratory function. Relationship between increasing obesity
and decreasing total lung capacity has been reported.
Thyroid

Hypothyroidism is linked to changes in body weight, fat content, metabolism,
energy expenditure in obese individuals (Figure 5). Thyroid hormones are closely

connected with high plasma cholesterol levels and appetite dysregulation.

15



APPETITE > OBESITY
DYSREGULATION

HIGH

CcHOLEsTEROL € HYPOTHYROIDISM ~ —>  METABOLIC DISORDERS

LEVELS l

NUCLEAR = DIABETES
RECEPTORS/microRNA
Fig 5. Hypothyroidism and global obesity in Western countries

Adipose tissue releases the hormones adiponectin and leptin that act on the central
nervous system to regulate feeding and controls food intake and energy expenditure.
Leptin acts on the hypothalamic-pituitary-thyroid axis with effects on the thyrotropin
releasing hormone gene in the paraventricular nucleus in the brain with release of
thyroid stimulating hormone and effects on the thryroid deiodinase (T3 to T4
conversion). Obese individuals with hypothyroidism improve body weight by long

term treatment and administration of thyroid hormones or thyroid analogs.
Liver and Postprandial lipid metabolism

NAFLD in Western populations has risen to approx. 30% of the population and
NAFLD is closely linked to obese individuals with incidence of NAFLD in obesity
between 80-90%. Abnormal triglyceride metabolism in the liver is related to defects
in free fatty acid metabolism and very low density lipoprotein transport to the
periphery. Obesity and NAFLD is also related to insulin resistance, dyslipidemia and
other risk factors. The correlation between adiposity and liver inflammation is
Important since failure to reverse obesity early in life will lead to liver fibrosis or
cirrhosis that are complications of NAFLD in obesity. Interests in the relationship

between appetite control and obesity has gained importance since overeating
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(hyperphagia) has led to obesity and an increase in risk factors associated with
increased risk for insulin resistance and atherosclerosis. Hyperphagia has been shown
to be associated with obese rodents and the metabolism of dietary lipoproteins shown
to be impaired in these animals. Impairment in postprandial lipid metabolism in these
obese rodents has been shown to be reversed by food restriction and indicate that

liver lipid metabolism and postprandial lipid metabolism are closely connected.

Interests in liver lipid metabolism and liver steatosis has been the subject of
various studies in Western countries and connections between obesity and NAFLD
has been clearly shown and in experiments to address abnormalities in obese
individuals in free fatty acid and postprandial lipid metabolism. In obese man the
abnormal and the delayed postprandial lipid metabolism found in several studies is
possibly related to high fat diets and brain abnormalities in these obese individuals
(Figure 6).

BRAIN
CIRCADIAN
DISORDERS

HIGH FAT HIGH
CHOLESTEROL DIETS >

l

INTESTINE LIVER STEATOSIS

v

PERIPHERAL CHOLESTEROL, GLUCOSE,
ADIPOSITY TRIGLYCERIDE AND PROTEIN METABOLISM

Fig 6. Diet and brain disease controls the peripheral metabolism of glucose, lipids and proteins

Dietary therapeutics that involve food restriction programs early in life allow that
delay the onset of liver dysfunction such as steatosis, fatty liver and liver cirrhosis
that accompany obesity. Appetite control allows maintenance of the brain with
prevention of lipid overload to the adipose tissues and other peripheral tissues such as
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the liver in obesity. Interests in the tests such as breath tests that assess liver
metabolism are of interest to the field of nutritional biochemistry since they may

allow diagnosis of early brain disorders such as in obesity.
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CHAPTER 3
Obesity and the Central Nervous System

The extent of excess body fat is associated with regional alterations in brain
structure and a reduction in brain volume has been assessed using voxel based
morphometry (VBM) in obese individuals. This technique analyses the whole brain
and the technique is based upon high definition 3D magnetic resonance imaging
(MRI) scans normalized into a common standard space and allowing for an objective
assessment of neuroanatomical differences throughout the brain. In comparison to a
group of lean subjects the group of obese individuals had significantly lower gray
matter density in the post central gyrus, frontal operculum, putamen and middle
frontal gyrus after adjustment for sex, age, handedness and global tissue density. In
these studies BMI was negatively associated with GM density of the left post central
gyrus in obese and lean subjects. This study identified structural brain differences in
human obesity in several regions of the brain that are involved in the regulation of
taste, reward and control of behaviour and suggest that the increase in weight gain as
a result of obesity may affect brain structure and function. The effects of diet on
alterations in specific regions of the brain is reversible in obese individuals and
related to body fat. In obesity the central nervous system alterations in the brain is
associated with an increased incidence in stroke independent of other risk factors
such as diabetes, hypertension and hypercholesterolemia. Childhood obese
individuals with the metabolic syndrome disorder have also been shown to have
changes in brain volume and structure indicating the alterations in appetite,
hypertension and insulin resistance is closely associated with brain abnormalities
(Figure 7).
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Fig 7. Understanding of metabolic dysfunction to global obesity in Western countries

Obesity, brain circuitry and appetite control

The rise in obesity in various countries have reached epidemic proportions
since the ability of the brain to regulate body weight and energy balance is abnormal
in the early part of life of many individuals in these countries and related to metabolic
dysfunction and organ disease. How obese individuals lose brain control or the
ability of the brain to regulate body weight and energy balance is dependent on the
sensing of neurons in the brain (parabrachial nucleus, thalamus, lateral hypothalamus,
orbitofrontal complex, basolateral amygdala and insular cortex). Appetite regulation
Is dependent on neural activity increasing after the animal is fasted and decreasing
after the animal is fed as the brain senses biochemical changes (glucose and insulin
levels) in the neurons. In obese individuals the loss of brain control is poorly
understood and alterations in brain circuitry or feeding signals in obesity involve

abnormal hormone regulation with poor control of appetite and body weight.
Parabrachial Area

The parabrachial area is the region of the brain that is a horse shoe shaped gray
matter and contains the Koliker-Fuse nucleus, the lateral parabrachial nucleus and the
medial parabrachial nucleus. The parabrachial area is located at the junction of the

midbrain and pons in the lateral reticular formation. The parabrachial nucleus (PBN)
20



has connections to other regions of the brain such as nucleus of the solitary tract and
medullary reticular formation. Connections from the PBN to other regions of the
brain has been shown with connections to the amygdala, hypothalamus
(paraventricular nucleus, arcuate nucleus) and thalamus. Interests in PBN and its
control of feeding has increased the understanding of therapeutics and appetite

control.
Hypothalamus

The hypothalamus is involved with many biological functions and include
appetite and body weight control, feeding, emotion, memory, thermoregulation, fluid
balance and insulin regulation. The three major systems that are involved with these
functions include the autonomic nervous system, the neuroendocrine system and the
limbic system. The hypothalamic nuclei that are involved in food intake include the
arcuate nucleus (ARC), the paraventricular nucleus (PVN), the lateral hypothalamic
area (LHA), the ventromedial nucleus and dorsomedial nucleus. ARC neurons at the
bottom of the hypothalamus near the third ventricle have direct contact with
peripheral satiety factors like leptin and insulin. Neurons in the hypothalamus are
responsible for various connections to other brain regions and one of the important
functions of the hypothalamus is control of the daily light dark cycle. The
suprachiasmatic nucleus (SCN) that coordinate the neuronal, humoural systems and
the circadian rhythms activate the arcuate nucleus that releases neuropeptide Y
(NPY) and agouti related protein (AgRP) that control physiological functions (body
temperature, melatonin release, glucocorticoid secretion and behavioural functions
(feeding and memory) The SCN receives signals encoding light that are transmitted
from the retina to the SCN by the retinohypothalamic tract.

The SCN releases a number of hormones such as the corticosteroids and the
SCN projects to the dorsal parvicellular paraventricular nucleus which projects to
sympathetic preganglionic neurons which regulate melatonin output from the pineal
gland. The dorsomedial nucleus connect to the ventrolateral preoptic nucleus (the
sleep promoting region) and to the orexin neurons and melanin-concentrating
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hormone (MCH) neurons which regulate sleep and wakefulness. Appetite regulating
hormones such as ghrelin and leptin can influence these areas of the brain and are
involved with resetting the circadian rhythms generated by the SCN. In response to
the daily sleep/wake cycle corticosterone secretion increases during the night and
related to food intake in rats. Melatonin released from the pineal gland during the
night has affects on sleep and appetite. The SCN may regulate the sleep-wake cycle
and has effects on anxiety, stress and depression and effects on the sleep-wake cycle
has been shown to be species-specific. Sleep deprivation has been shown to be
related to the circulating levels of the appetite stimulating hormone ghrelin and
decreases leptin contents. These hormonal changes could be related to increased food
intake in sleep-deprived adults associated with increased body weight in these

individuals.

Food restriction is the dominant synchroniser for peripheral clocks. The
peripheral clock genes regulate rhythm in cells and maintain a roughly 24 hour
rhythm. Genes which encode important proteins of the core clock mechanism include
Clock (circadian locomotor output cycles kaput) Bmal 1 (brain and muscle-Arnt-like
1); the Period genes Perl, Per2 and Per3; and the Cryptochrome genes Cryl and
Cry2. Clock (the protein product of clock) is a transcription factor which dimerises
with BMALL1 (the protein product of Bmall). CLOCK and BMAL1 form a complex
which binds to E-box, a DNA sequence in the promoter region of the gene, and to
other similar promoter sequences. The binding of the CLOCK:BMAL1 complex to
the E-box in the promoter region of “Per”and “Cry” activates their transcription.
Mice with impaired Clock function show increased food intake they become obese,
displaying altered feeding patterns, hyperphagia and hormonal abnormalities. The
abnormal clock mice have disorders similar to those found in human metabolic
syndromes with hyperlipidemia, hyperglycemia and hyperinsulinemia. Restricted
food intake effect metabolic and hormonal factors unrelated to the SCN and effect
peripheral oscillators to food time. The SCN and peripheral oscillators are altered by

food availability when environmental circumstances demand that feeding patterns are
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controlled by food entrainable oscillator the SCN becomes independent of food

availability and control of circadian rhythms.
Amygdala

The amygdalas are two almond-shaped masses of neurons rich in melanocortin
4 receptors present on either side of the thalamus near the hippocampus. The
amygdala plays an important role in appetite regulation and lesions of the amygdala
cause disruption in feeding behaviour of the mice. Removal of the amygdala result in
indifference to stimuli without fear and even sexual responses. The melanocortin 4
receptors (MC4Rs) are important in the regulation of body fat stores with the control
of food intake and energy expenditure. The MC4Rs are sensitive to diets rich in fat
and with increased intake of food and calories and in MCR4 knockout mice the

hyperphagic response was found in response to high fat diets .
Thalamus

The thalamus is olive shaped and described as a group of nuclei involved in
the cycles, senses, thoughts and emotions of the individual. The thalamic nuclei
consist of four regions and include ventral thalamic, dorsal thalamic, epithalamic and
hypothalamic area. The thalamic nuclei sort and send information back and forth
from the spinal cord, brain stem to different regions of the brain such as the
cerebellum and cerebrum. The thalamic nuclei are responsible for memory, learning
and motor control and the epithalamic section contains the pineal gland important in
sleep and daily rhythms. Diseases of the thalamus effect various regions of the brain
such as the hypothalamus that control appetite and circadian disorders. The arcuate
nucleus (ARC) of the hypothalamus serves as the leptin signaling center. Leptin
targets two adjacent pathways within the ARC, the orexigenic (appetite-stimulating)
pathway mediated by neuropeptide Y (NPY) and agouti-related protein (AgRP), and
the anorexigenic (appetite-suppressing) pathway mediated by proopiomelanocortin
(POMC) and cocaine- and amphetamine regulated transcript (CART) via the Ob-Rb
form of the leptin receptor. When leptin binds to its receptor, a signaling cascade is
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initiated, activating phosphatidylinositol-3 kinase (PI3K) and several lipid

intermediates.
Obesity and Appetite Regulating hormones

Signals from the gastrointestinal tract control our appetite by working closely
with our brains to signal the need for food intake. There are chemical messengers
from the upper GI tract e.g., Cholecystokinin (CCK), secretin and GIP (glucose-
dependent insulinotropic peptide or gastric inhibitory polypeptide), lower intestine
(Glucagon-like peptide-1), from adipose tissue (leptin) and from the pancreas
(insulin). These all communicate with the hypothalamus in the brain and allow food
intake (orexic) or fast (anorexic). For example, ghrelin released from the intestine
enters the brain and increases our appetite (is orexigenic), while insulin and leptin do
the opposite, having an anorexigenic signal. The hypothalamus is the processing
centre of the appetite regulating centre and integrates signals form the peripheral
circulation, gastrointestinal tract and the brain. Hypothalamus neuronal cirucuits are
involved in regulation of appetite, energy expenditure and control of major organ
functions such as endocrine, gastrointestinal (Gl), cardiovascular and reproductive
systems. Neuropeptides and hormones produced by the hypothalamus and intestine
stimulate appetite during fasting or inhibit appetite after feeding. Appetite disorders
in obesity is associated with abnormal food intake, hyperinsulinemia, neuropeptide

dysregulation, adipokine and GI dysregulation (Figure 8).

Leptin produced by adipose tissue is one of the main negative feedback signals
to the brain involved in the reduction of appetite. Other intestinal hormones are
involved in the negative feedback inhibition to prevent obesity. Diet and effect on
peripheral endocrine or nervous systems are important for appetite control. The
arcuate nucleus within the hypothalamus contains neuropeptides that regulate

appetite.
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Fig 8. Appetite dysregulation with effects on brain neuropeptides, adipokines and hormones
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NPY and AGRP are orexigenic and induce feeding whereas POMC and CART
are onorexigenic and inhibit feeding. Influence on appetite level and feeding are
related to neurons expressing neuropeptides that communicate with peripheral signals
such as nutrients (glucose, amino acids, fatty acids) and gastrointestinal peptide
hormones such as cholecystokinin and ghrelin. Future therapies that involve control
of body size and adiposity will involve assessment of diet and the hypothalamus and

its role in regulation of various neuropeptides and appetite.
Leptin

Elevated leptin levels is associated with increased adipose tissue mass and
leptin resistance in obese individuals is involved with abnormal food regulation and
body weight. Leptin is a 16 kda protein identified in 1994 is synthesized by fat cells
and acts as a satiety factor at the hypothalamus. The amount of leptin released is
proportional to the size of adipose tissue and regulates food intake. The gene

encoding leptin was identified by positional cloning as the ob mutation and ob/ob
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mice inherit the mutation on chromosome 6 as an autosomal recessive condition.
Food intake in ob/ob mice is not regulated (hyperphagic) and the mice become
grossly obese, hyperinsulinemic and overweight. In these mice adipose tissue and
liver fatty acid synthesis is markedly elevated with oxidation of fatty acids reduced
and esterification increased. In db/db homozygous mice obesity is inherited as an
autosomal recessive mutation and the db gene encodes the receptor for the obese

(ob) gene product leptin.

The leptin receptor (ob-R) has been mapped to mouse chromosome 4 as db
with six alternatively spliced forms. In db/db mice abnormal splicing of one of the
variants is expressed in the hypothalamus and the mutant protein lacks the
cytoplasmic region resulting in defective signal transduction. The effects of leptin on
food intake and body weight regulation is mediated through the leptin receptor in the
hypothalamus and binding to the ob-R involves activation of PI3K and other lipid
intermediates. The arcuate nucleus (ARC) of the hypothalamus that contains the ob-R
acts as the leptin signalling centre and the ARC acts via the orexigenic (appetite
stimulating) pathway mediated by NPY and AgRP the anorexigenic (appetite-
suppressing) via POMC pathway. The abnormal cellular responses in obesity such as
inflammatory signals and endoplasmic reticulum stress are possibly responsible for
abnormal ob-R (STAT3 promoted SOCS3 accumulation) and its signalling is
inhibited in obesity by consumption of high calorie foods.

Melanocortin

Integration of leptin and insulin signals from the adipose tissue to the
hypothalamus and involves the melanocortin system that is a collection of neuronal
circuits that includes the brain stem involved in the regulation of food intake, energy
homeostasis, cardiovascular and reproductive system. The melanocortin system
contains neurons within the ARC that express POMC which is cleaved to alpha-
melanocyte stimulating hormone (alpha-MSH) and these neurons also express NPY
and AgRP. The targets of melanocortin peptides (agonists) are to neurons that contain

the melanocortin receptors (MC3R and MC4R) receptors and AgRP (antagonists)
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that also act on these receptors. Activation of MC4R reduces body fat stores by a
reduction in food intake and MC4Rs in the paraventricular hypothalamus and
amygdala control food intake but not energy expenditure. The obesity syndrome can
include the melanocortin system with mouse agouti models and human mutations that
include the MC4R gene and POMC with hyperphagia and increased adipose tissue.
Therapeutics that involve agonists and antagonists for MC4Rs involve food

regulation and energy expenditure for the treatment of obesity and diabetes.
Neuropeptide Y

Neuropeptide Y (NPY) synthesized in neurons such as the Gabaergic neurons
and transported to the synaptic nerve terminal where neurotransmitter modulation by
NPY is at the pre and post synaptic terminals with the release of dopamine and
glutamate. NPY acts with neurogenic and physiological effects at four G coupled
receptors Y1,Y2,Y4,Y5 and Y6 with targeted brain specific receptor expression
patterns. The major physiological effects of NPY is to regulate food intake, suppress
inflammation and produce neurotrophic factors. The neuropeptide has
neuroprotective effects and is present in the hypothalamus, hippocampus, amygdala
and nucleus accumbens. The orexigenic effects of NPY are mediated through the
hypothalamus and the anxiolytic effects through the amygdala with effects of high fat
diets on NPY production. NPY effects in the brain include effects on emotions such

as stress, anxiety and depression.
Adiponectin

Adiponectin is a collagen like protein secreted by adipocytes and has an
important role in insulin sensitivity, energy homeostasis, glucose and fatty acid
metabolism. Adiponectin has effects on peripheral tissues and the central nervous
system with effects on the centre of the hypothalamus that controls hunger and
satiety. Adiponectin receptors (Adip-R1 and Adip-R2) are abundantly expressed in
the appetite centres of the hypothalamus and the POMC and NPY neurons of the

arcuate nucleus indicating a role for central regulation of energy intake or
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expenditure. Interests in adiponectin and its interactions with insulin and leptin in the
hypothalamus indicate its role in food intake and body energy homeostasis and
injections with adiponectin reversed insulin resistance in obese mice. Adiponectin
levels are high in plasma (ug/ml) but are reduced in obese individuals with glucose
intolerance, dyslipidemia and risk to atherosclerosis. Adiponectin acts via
phosphorylated AMP protein kinase (AMPK) which phosphorylates acetylcoA

carboxylase indicating adiponectin regulated lipid metabolism in tissues.
Melanin concentration hormone

Melanin concentrating hormone (MCH) is a cyclic 19 amino acid peptide and
Is mainly expressed and synthesized in the lateral hypothalamus and zona incerta.
The neuropeptide binds to the melanin concentrating hormone 1 receptor (MCH1R)
and obese (ob/ob) mice have overexpression of the MCH neuropeptide in the
hypothalamus. The MCH levels increase upon fasting and MCH is important in the
regulation of various metabolic responses after consumption of diets rich in fat.
MCHI1R is widely expressed in the brain with various physiological functions such as
regulation of energy expenditure, food intake and body weight. Metabolic studies
indicate that the hypothalamic MCH system is important in the regulation of energy
homeostasis after consumption of high fat diets. Interests in MCH1R receptor and
obesity has increased with the development of MCHL1R antagonists that are involved

in regulation of MCH regulation of metabolic processes.
Orexins

The orexins referred to as Orexin A and Orexin B recently isolated from the
hypothalamus are derived from a 130 amino acid prepro-orexin. The orexins are
synthesized in the lateral hypothalamus and preinforfornical area and the orexins bind
to G protein coupled receptors referred to as Oxrexin receptor type 1 (OX1R) and
Oxrexin receptor type 2 (OX2R). Binding of Orexins to receptors allow neuronal
firing with increased intracellular calcium levels. Orexins have important roles in

mediating spontaneous physical activity (SPA) and non exercise induced
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thermogenesis (NEAT). Orexins activate OX2R receptors in the ARC that stimulates
Na+/Ca2+ exchange in GABAergic neurons associated with cell depolarization and
these mechanisms stimulate feeding and appetite. Obesity therapy has gained major
interest with control of SPA and NEAT important to obesity resistance. Diets rich in
fat alter hypothalamic orexin release with effects on SPA and NEAT with relevance

to the pathogenesis of obesity.
Endocannabinoids

Endocannabinoids such as endocannabinoids anandamide, 2-arachidonyl
glycerol and 2-arachidonyl glyceryl ether have been detected in various mammals
and produced by cleavage of membrane lipid precursors. They act through G protein
coupled receptors such as CB1 which is found in the central nervous system such as
the hypothalamus, peripheral nervous system and peripheral organs. The
endocannabinoids participate in various physiological processes and include appetite
regulation, emotional responses, learning and memory process, nhociceptive
transmission and motor activity. Leptin regulates endocannabinoids that act on CB1
receptor that modulates food intake and regulation of energy balance. Interests in the
actions of endocannabinoids has increased since drugs that are antagonists of CB1
receptors effect the expression of adiponectin and provide useful treatment for non

alcoholic fatty liver disease in obesity and Type 2 diabetes.
Brain derived neurotrophic factor

Brain derived neurotrophic factor (BDNF) is synthesized as a 32 kda precursor
as pro BDNF from the BDNF gene at a locus at 1113 that contains 11 exons and can
be processed as a 14 kda or 28 kda protein intracellularly by furin/proconvertases or
extracellularly by plasmin or metalloproteinase. The mature BDNF can be
transported into vesicles from the golgi apparatus to the cell membrane and then
secreted into the extracelluar space. BDNF is involved in the regulation of food
intake and the levels of BDNF controlled by high fat diets. In mature neurons the

BDNF peptide is involved with the regulation of synaptic plasticity and
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neurotransmission in the peripheral and central nervous system. BDNF is involved in
regulation of CB1 receptor expression and the proliferation, survival and maintenance
of neurons. In obese individuals with the metabolic syndrome adiponectin levels are
low and related to low BDNF levels that is involved with neurodegeneration and

Alzheimer’s disease.
Gut-Brain interactions

Interest in metabolic disorders such as obesity has led to the better
understanding of the communication between the gastrointestinal tract and the CNS
that involve the hypothalamus and brain stem. These regions of the brain integrate
peripheral signals such as various factors released from the gut and adipose tissue that
have effects on neuronal activity of the hypothalamus and brain stem that control
appetite regulation. In response to food intake various gut and adipose tissue
hormones have effects on the hypothalamus that release various neuropeptides that

effect appetite and energy balance that control body weight.
Ghrelin

Ghrelin is 28 amino acid peptide hormone and has been characterized as an
appetite stimulating hormone and shown to induce adiposity in rodents and
responsible for body weight regulation. It is found in the circulation after secretion
from the stomach as ghrelin and des-acylated (lack serine 3 acylation) with the
acylated form essential for the activation of GHS-R1a. Ghrelin acts as an orexigenic
hormone and levels rise after fasting indicating the onset of hunger and decrease
postprandially after consumption of a meal. Ghrelin effects on appetite control was
related to hypothalamic NPY/AgRP neurones which express the ghrelin receptors.
Research in ghrelin based antiobesity studies have indicated a role of ghrelin in
antiobesity therapy to date and possibilities remain for future research that targets
other hormones for signals from the gut to the brain.
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Miscellaneous peptides

After a meal gut hormones are released that indicate to the brain to inhibit food
intake and control energy intake. The effects of these various hormones are short
term with the short half-life of the hormones linking communication pathways to the
brain. Cholecystokinin (CCK) is an intestinal hormone and has clear effects on
appetite and energy intake and after a meal CCK levels rise to inhibit food intake . In
response to ingested calories products of proglucagon cleavage such as glucagon like
peptide (GLP-1) increases in the blood plasma released from the L cells of the
gastrointestinal tract. The increase in GLP-1 is associated with an improvement in
body weight and the GLP-1 receptor is found in the CNS and GLP-1 has been used as
a therapy for obesity. Pancreatic islet beta cells release insulin and along with insulin
release another peptide referred to as amylin is released. Amylin binds to a receptor
complex that contains the calcitonin receptor. Anorectic effects of amylin include
reduced gastric emptying and food intake. Analogues of amylin have been used in

obese and diabetic man with modest weight reduction.

Other proglucagon cleavage peptides include oxyntomodulin (OXM) and
peptide YY (PYY) that are secreted with GLP-1 in response to high calorie foods.
OXM reduces energy intake and in obese individuals reduces body weight. OXM act
via the GLP-1 receptor and has effects on the central nervous system with regulation
of food intake. In several species PYY inhibits food intake and reduces body weight
and administration of PY'Y to obese individuals is underway in various clinical trials.
Pancreatic polypeptide (PP) is secreted from the pancreatic islets and is similar in
structure to PYY with reduction in food intake after administration to rodents and
humans. PP has effects on gastric ghrelin and gene expression of hypothalamic
peptides such as NPY and AGRP that control food intake. Bombesin like peptides are
found in the CNS and bind with high affinity to G protein coupled receptors with
effects of these peptides to hyperphagia and energy balance. G coupled protein
receptor Gprl7 is regulated by nutritional status and controls food intake by

interaction with the AgRP neurons in the brain.
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Thyroid hormones and food intake

Hypothalamic control of appetite regulation and energy expenditure not only
involves the hypothalamus but also the hypothalamic pituitary axis (HPT). Recent
evidence indicates that the HPT axis can control food intake and effects on appetite
and body weight is mediated by thyroid hormones. Thyroid hormones may act
directly on the hypothalamic appetite circuits and signalling factors such as thyroid
stimulating hormone, triiodothyronine (T3) and thyroxine (T4) have recently shown
to directly influence food intake. Implications for therapeutics to control appetite
dysregulation in obesity that involve the thyroid hormones may provide

pharmacological treatments.

Zinc deficiency in obesity alter neuropeptides, hormones and food intake

Obesity and micronutrient deficiencies has been reported in various countries
in the world and related to metabolic defects in leptin and insulin metabolism. In
particular obese individuals in many studies have shown these individuals to have
zinc deficiency and predispose these individuals to glucose intolerance and insulin
resistance. Supplementation of zinc (20 mg/day) reduce insulin resistance in obese
children. Zinc is involved with regulation of leptin, insulin and adiponectin levels,
adipose tissue cytokines (interleukin 2 and tumour necrosis factor) with long term
effects on appetite control in the brain and leptin receptors in various tissues such as
the thyroid and reproductive tissues. Zinc maintains the thyroid and has a direct effect
on thyroid hormone metabolism. The close relationship between zinc and lipid
metabolism has been shown and zinc’s involvements with hundreds of enzymes
includes effects on fatty acid metabolism. In zinc deficiency and food restriction NPY
levels in the hypothalamus are increased and release of NPY from the paraventricular
nucleus is impaired with effects on regulation of food intake. In zinc deficiency NPY
Is unable to bind to its receptors to intiate an orexigenic response.

Zinc deficiency has marked effects on brain zinc homeostasis and associated

with alterations in behaviour, learning and mental function. Under stress, anxiety and
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depression disorders zinc levels alter with marked effects on health and well being of
the individuals. Stress has been linked to body weight regulation and evidence
suggest zinc’s involvement in the molecular mechanisms of brain function and
appetite control. Diets that are rich in fat effects genes in the hypothalamus and are
associated with plasma zinc dyshomeostasis. Stress exacerbates high fat diet induced
obesity and possibly involves hypothalamic NPY release from the sympathetic
nervous system with peripheral effects on fat metabolism in the adipose tissue (Y2
receptor), proliferation of adipoctes and stimulation of very low density lipoprotein
(VLDL) secretion from the liver. NPY is involved with the control of behaviour and
stress responses and involve structures of the brain such as the amygdala and

hippocampus.
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Fig 9. Obesity and Zn deficiency is associated with abnormal food intake and hypercholesterolemia

Interests in the neuroendocrine system, energy metabolism and peripheral
cholesterol metabolism has increased with the strong genetic identification and
involvement NPY in plasma cholesterol regulation. The CNS and its control of lipid
metabolism has identified hypothalamic NPY with evidence that NPY has effects on
Y1 receptors to promote hepatic lipoprotein secretion to promote VLDL secretion
via the sympathetic nervous system and on Y2 receptors to promote feeding. BDNF
has been shown to increase and modulate NPY levels in the brain and several studies
have indicated the involvement in neuronal plasticity, behaviour, appetite control and

body weight regulation. Zinc is involved in the expression of brain BDNF and NPY
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synthesis (Figure 9) and its effects on insulin, leptin and adiponectin in the periphery
indicates its role in the close relationship between appetite control and cholesterol

homeostasis.
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CHAPTER 4

Appetite control and Anti-Obesity drugs

In Western countries the Western diet that is known to be high in fat and the
diet is associated with an increase in obesity and diabetes and the severity of these
conditions are related to the nature and content of fat in the diet. There has been a rise
in obesity over the past decades with the death rate from the complication of obesity
in the United States approx. 300,000 per year. Obesity is the second cause of
preventable death after smoking and the number of obese individuals is expected to
rise to approx. 42% of the population in the year 2030. The interest in weight
reduction compounds has increased sharply with the budget by affected individuals in
the US approx. 35 billion dollars each year and the reported costs to medical
expenses may reach 9% of the medical budget. Several modalities to treat weight loss
have been assessed and have included diet, exercise and behaviour. Maintenance of
health in Western communites depends on control of eating and structures of the
brain that have been identified in the control of eating includes the hypothalamus,
hippocampus and amygldala. These structures of the limbic system are altered by
high fat diets that control eating and dyslipidemia with dysfunction of these brain
structures associated with over eating and the development of obesity.

Drugs that target weight loss have been under research since the 1900’s with
the use of thyroid preparations and dinitrophenol (heat generation). In the 1930’s
amphetamines have been used with the implementation of phentermine in 1959.
Between 1990 and 2000 other weight loss drugs have been used such as
fenfluramine, phentermine, sibutamtramine and orlistat. The use of these drugs in
various countries have been halted since these drugs have produced ill effects on
individuals and weight loss strategies have been approx. 9% and not related to
improvements in the medical complication related to obesity. In the year 2012 drugs
such as lorcaserin, Qysmia and Contrave have been evaluated and promise to

improve the health of individuals afflicted with obesity in various Western countries.
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Antiobesity drug development has targeted neurobiology of appetite and
energy homeostasis and have different targets in the central nervous system (CNS)

and peripheral nervous system (Figure 10).
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Fig 10.  Anti-obese drugs act at the central nervous system or peripheral nervous system to control food intake and
body weight

The role of anti-obesity pharmacotherapy is to control fat intake and reduce
metabolic disorders such as the metabolic syndrome. The CNS drugs control food
intake by acting on satiety by catech-cholaminergic noradrenaline and dopamine
(eg.diethylpropion, methamphetamine) pathways, 5 hydroxytryptamine pathway or
combined pathways with receptors for control of satiety in the hypothalamus.
Peripherally acting drugs act by a reduction in fat intake at the gastrointestinal tract or
directly at the sympathetic nervous system by regulation of energy expenditure by
thermogenesis or by lipolysis. Education programs in relation to obesity prevention
and removal of obese individuals from environments that contain foods that cause
obesity have not been successful. Other therapies that include psychotherapy and
food restriction programs on their own have not altered the weight gain profiles in
various communities. Morbid obesity has required attention and bariatric surgery or
gastric banding has been used. However the need for reoperation in these morbid

individuals indicate increased discomfort and complications of surgery. Interests in
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the mechanism of action of obesity drugs has increased since the reported revenue
may increase to billions of dollars each year for successful therapy and may reduce
the complications such as the reduction in diabetes and cardiovascular disease that
has been reported with obesity.

Drugs that have been developed for treatment of obesity are either involved
with the reduction in energy intake or the increase in energy expenditure but
beneficial effects may include improvements in glycemic control or psychiatric
ilIness. Interests in the use of obesity drugs has increased since safety and use of the
drugs for continued weight loss (reduced visceral fat stores) has become of concern to
medical authorities in Western communities. The continued use of the anti-obesity
drugs has been assessed in relation to diabetes and cardiovascular disease and the
weight loss events have not necessarily between associated with improved medical
complications of obese individuals in various countries.

The use of obesity drugs and their mechanisms of action may not be complete
since the understanding the brain circuits and stabilization of neuroanatomical
structures in the brain has not as yet been determined. The research in understanding
of the use of anti-obese drugs in the stabilization of brain structures such as
frontostriatal limbic circuits, hypothalamus brainstem circuits and parasympathetic
nervous system is required and information of how neuopeptides and
neurotransmitters are regulated by these drugs require further assessment. The
promise of various anti-obese drugs that target the CNS and peripheral tissues such as
the adipose tissue, liver and muscle has indicated promise in the past 100 years
however withdrawal of these drugs recently has resulted in the avoidance of harmful
side effects to various obese individuals. The discovery of novel CNS compounds
that are in the early phase and are under clinical development allow for assessment of
agents that allow weight reduction with alteration in serious medical complications of

obesity.
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Mechanisms of Anti-Obese Drugs

Sympathomimetic drugs act as an appetite suppressant by increase in fullness
and delay in food intake. These drugs act as the neurotransmitter norepinephrine and
side effects include tachycardia and increase in blood pressure. The drugs can act to
stimulate the release of norepinephrine from synaptic granules, block norepinephrine
and serotonin reuptake and block the adrenergic receptors. The sympathomimetic
drugs are absorbed rapidly from the gut and have short half-lives with effects on
theromogenesis. These drugs are involved with significant weight loss in various
clinical trials. Sympathomimetic drugs include benaphetamine, phendimetrazine,
phentermine, diethylpropion, mazindol, sibutramine and phenylpropanolamine.
Pschotropic drugs include the selective serotonin uptake inhibitors (eg. fluoxetine,
sertaline, fluvoxamine, bupropion) used for weight loss in clinical trials and the

treatment of mood disorders (antidepressants and antiepileptics).
Pancreatic lipase inhibitors or gut absorption/gastric empting inhibitors

Drugs that inhibit fat absorption or digestion (pancreatic lipase inhibitors) have
shown significant weight loss in obese individuals by altering metabolism of
lipoproteins in the blood plasma. Weight loss was associated with decreases in LDL
cholesterol, glucose and blood pressure (eg Orlistat is a potent inhibitor of
gastrointestinal lipase). Lipid digestion inhibitor (actinobacterium) inhibits the
activity of pancreatic lipase one of the enzymes involved in fat digestion. Pancreatic
lipase inhibitors include extracts from tea, soybean, ginseg, yerbamate, peanut, apple
and grapevine. Exenatide a drug for diabetes an analogue of the intestinal hormone
glucagon like peptide 1 (GLP-1) produces satiety by delaying gastric emptying.
Pramlintide an analog of the pancreatic hormone amylin also causes delayed gastric
emptying. Liraglutide GLP-1 receptor agonist, was approved in 2010 to improve
glucose control. Combinations in drug therapy have also been used to delay food

intake and inhibit fat absorption to maintain weight loss in obese individuals.
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Development of Novel Antiobese drugs

Anti obese drugs that treat obesity involve the neurotransmitter receptors and
neuropeptide mimetics and peptides like leptin that reduce food intake that have been
evaluated. The mimetic peptides reported to be selective include the NPY Y5
receptor antagonist (MK-0557) and PYY3-36 reported to act on Y2R locations.
Results from these neuropeptide mimetics have not been clinically meaningful.
Neurotransmitter receptor drugs under evaluation include the the CCK1R agonist
G1181771X the CB1R inverse agonists and 5SHT2cR agonist APD-356. The CB1 and
5HT agonists have indicated in human trials to induce weight loss. Other drugs under

investigation include the angiogenesis antagonists and adipokine inhibitors.
Safety concerns of Anti-obesity drugs

The United States Preventative Services Task Force (USPSTF) is an
independent panel that consists of internists, medical specialists, physicians and
health behaviour specialists. The USPTF conducts scientific reviews that include
preventative medications such as the anti-obese drugs the review of these drugs show
that because of safety problems and lack of weight loss discontinuation of antiobese
drugs was recommended. In 1997 a combination of fenfluramine and
dexfenfluramine was withdrawn from the market because of heart valve
abnormalities. In 2004 phenylpropanolamine was withdrawn because of increased
strokes. Ephedrine was also banned by the FDA as its amphetamine like action
caused high blood pressure and cardiovascular deaths. In 2007 Epedra was harmful
with a high number of adverse events attributed to the drug. In 2007 Rimonabant
was withdrawn because of severe depression and suicidal ideation. In 2010
Sibutramine was withdrawn with cardiovascular safety concerns such as
hypertension, myocardial infarction and strokes. In 2010 Qnexa did not win FDA
approval because of safety concerns such as suicide, cognitive dysfunction, metabolic
acidosis, cardiovascular safety and teratogenic effects. In 2011 FDA clinical trials to
assess the cardiovascular safety of the combination drug bupropion and naltrexone

was recommended.
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Anti-obese drugs that improve insulin resistance, dyslipidemia and the
metabolic syndrome have not been appropriate to lifestyles, diet and health
conditions and drug effectiveness has been variable without weight loss. Long term
treatment of obesity with the use of anti-obese drugs particularly centrally active
agents have not been achieved with safety concerns. Anti-obesity drug discovery
programmes have been ineffective with false starts, failures in clinical development,
and withdrawals due to adverse effects that were never predicted from clinical trials
and drug development. Removal of several of these drugs from the market has
allowed the introduction of other drugs such as gut based hormone treatments and
these drugs target many pathways to do with regulation of energy balance (Contrave
or Empatic). Development of new drugs that manage body weight and do not cause
safety concerns for obese individuals is recommended. Lifestyles and drug use that
allow cardiovascular safety and long term use to maintain insulin resistance and
improve the metabolic syndrome in these serious ill obese individuals is

recommended.
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CHAPTER 5
Genomics and obesity

The effects of diet, environment and lifestyle on multiple genes has become
important to human obesity since a family history is also linked to the development
of obesity. Alterations in 400 genes, single gene disorders and variants are involved
in obesity with particular genes and their influence on behaviour, metabolism, energy
expenditure, taste and appetite and these genes include leptin, melanocortin/MC4R,
ghrelin, neuromedin , peroxisome proliferator-activated receptor (PPAR), and
mitochondrial uncoupling proteins. The control of gene expression in obesity is
closely connected to the nuclear hormone receptors such as PPAR, liver X receptor
(LXR), farnesoid X receptor (FXR) that are transcription factors regulated by Sirtuin
1 (Sirtl), which is a class 11l deacetylase and these transcription factors are involved
in the metabolic homeostasis that includes glucose, cholesterol and bile acid
metabolism. Interest in various agonists that target PPAR, LXR (o and ) and FXR
are of interests to obesity as early intervention may allow control of dyslipidemia and
atherosclerosis associated with obesity. Sirtl inhibitors that inhibit Sirtl activity
inhibit the PPAR/LXR effects on gene expression and promote hyperglycemia,
hypercholesterolemia with hepatic steatosis. Identification of various Sirtl inhibitors
that are of pharmacological interest is underway since they may be involved with
increased risk for obesity and diabetes. Few Sirtl activators have been identified and
include resveratrol with diet and exercise important in Sirtl activation with a delay in
the obese condition in man.

The understanding of adipogenesis and the development of adiposity has
been the focus of various research groups and diets that alter DNA are important with
reports of effects of diet on DNA methylation associated with the world wide obesity
epidemic. Interests in micro RNA (MiRNAs) and their role in the development of
obesity indicate that altered expression of multiple miRNAs involved in adipocyte
differentiation, insulin action and lipid metabolism and these mi RNA include
miRNA 103,107 and 143. MiRNAs such as miR-27 and miR-519d by regulation of
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PPAR determine adipocyte development has been shown to determine fat cell
numbers. PPARa and PPARY are ligand-activated transcription factors that regulate
the metabolism of glucose and lipids. PPARY is strongly expressed in adipocytes and
plays a significant role in the transcriptional activation of adipocytokines. PPAR«
activation causes lipid clearance via -oxidation enhancement. MiRNA deregulation
has been associated with severe obesity and are important in the metabolism of
adipoctye lipids and the development of adiposity.

Sirtuins are known to regulate several cell functions by deacetylating both
histone and non-histone targets and their activity is increased by fasting and calorie
restriction. They are involved in gluconeogenesis in the liver, fat mobilisation from
white adipose tissue, cholesterol metabolism, insulin secretion from the pancreas and
energy metabolism. In adipose tissue, Sirtl triggers fat mobilisation by inhibiting
peroxisome proliferator-activated receptor gamma (PPAR-gamma), and in the
pancreas, Sirtl repression of the uncoupling protein 2 (UCP2) increases insulin
secretion and also influences mitochondrial biogenesis and inflammation. It is now
believed that this may be mediated partly due to the increase in Sirtl activity which is
induced by calorie restriction. The concept that high fat diets can regulate adipocyte
plasma leptin (16 kda protein) as well as Sirt1 levels is supported by reports that these
diets can lead to leptin resistance and low Sirtl levels in rats and human with

implications for obesity and diabetes.

Sirtl has been closely linked with alterations in appetite regulation and
circadian rhythms that have been associated with obesity. Alterations in Sirtl
expression and leptin levels have been associated with disruption of the daily
light/dark cycle. In support of Sirtl’s role in circadian rhythms, a recent
epidemiological study of Sirtl and circadian locomotor output cycles kaput
(CLOCK) genetics found that subjects carrying minor alleles at SIRT1 and CLOCK
loci displayed a higher resistance to weight loss compared with homozygotes for both

major alleles, suggesting links between the circadian clock and Sirtl function.
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Other genetic studies provide strong links between obesity and SIRT1 gene
polymorphisms. In a Japanese study, the A allele of SIRT1 polymorphism rs7895833,
G allele of rs7069102, and T allele of rs2273773 were found to pose a high risk for
obesity in men. In other studies SIRT1 polymorphisms, rs7069102 and rs2273773,
were found to be associated with abnormal cholesterol metabolism and coronary
artery calcification, respectively, especially in males. In French caucasian adults a
strong association between high BMI and the SIRT1 SNPs rs3395786 and
rs11599176, whereas 4 SNPs studied in BMI-discordant siblings of Swedisn families
were found to be associated with lower BMI. In the SIRT1 gene, a common SNP in a
novel p53-binding sequence in the human SIRT1 promoter was found to affect
nutrient-sensitive SIRT1 expression, and thus could have a significant impact on
SIRT1-mediated changes in human metabolism and physiology that are induced by
calorie restriction. These genetic studies provide a greater understanding of Sirtl
polymorphisms and individuals that may be more susceptible than others to obesity

and related metabolic disturbances.

Obesity a neuroendocrine disease with relevance to neurodegenerative disorders
such as Parkinson’s disease and Alzheimer’s disease

Overnutrition in obesity in involved with abnormal regulation of food intake
through dysregulation of central nervous system neuropeptides and peripheral
hormone signalling from the pancreas (insulin), adipose tissue (leptin and
adiponectin) and gastrointestinal tract. Obesity is a neuroendocrine disease with
effects on Sirtl that is involved with the hypothalamic control of food intake with
regulation of the central melanocortin system via the fork head transcription factor.
Nutrients such as glucose, fatty acids and amino acids regulate hypothalamic Sirtl
involved with a decrease food intake, lipid metabolism, energy expenditure and gain
in body weight. In neurons SIRT1 is involved with normal brain physiology,
neurogenesis and neurological function and cellular SIRT1 expression/activity is
important in the promotion of the nonamyloidogenic a-Secretase processing of the

APP, which precludes the generation of Abeta. The over-expression of SIRTL in the
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hippocampus has been shown to provide protection against neurodegeneration in a
mouse model of Alzheimer's disease (AD), and the over-expression of SIRT1 in the
brains of AD-model transgenic mice has been shown to reduce brain Abeta
production and amyloid deposition in these mice due to the induction of the a-
secretase enzyme ADAM-10. The link between nutrition, food intake and amyloid
beta production indicates that obesity and neuroendocrine disturbances are possibly
common to neurodegenerative diseases such as AD and Parkinson’s disease (PD).

In AD individuals many brain functions are lost as the disease destroys neurons
and the hypothalamus has been shown to be involved with the early stages of the
disease. The disease advances to other regions of the brain and the progression of the
disease leads to death of the AD individual that may vary from 10 years to 30 years
after the onset of the disease with individual differences. In morphological analysis of
the hypothalamus in AD the early involvement of disease in the hypothalamic
neurons and the neuronal networks at the floor of the third ventricle indicated
considerable difference in synaptic and neuronal alterations in the hypothalamus in
AD individuals. In Parkinson’s disease the examination of the hypothalamus
indicated abnormalities in many patients with lewy body formation and marked nerve
cell degeneration. Hypothalamic disorders in PD assist in the interpretation of the
autonomic and endocrine abnormalities in these PD individuals. The abnormal
crosstalk between the periphery and the hypothalamus involved with obesity, diabetes
and cardiovascular disease are now closely linked to the neurodegenerative diseases
PD and AD.
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CHAPTER 6
Anti-obese foods as a treatment for Obesity

A low-fat, low carbohydrate and low protein diet is recommended to the obese
individual and the benefit of this dietary regime will lead to an improved cardiac risk
factor with regulation of improved peripheral cholesterol metabolism. Appropriate
changes in the consumption of energy dense foods that include diets high in fat,
carbohydrate and protein content will reduce blood glucose, amino acids and fatty
acid levels that in excess promote neuroendocrine disorders connected to obesity,
diabetes, PD and AD. The reduction or removal of alcohol from the obese
individuals’ diet may have marked effect on postprandial lipid metabolism with rapid
liver metabolism of glucose, amino acids and fatty acids that will lead to improved
glucose and fatty acid control. In Western countries the increased incidence of
NAFLD may be related to the synergistic effects of excess fat, carbohydrate and
protein in the diet and the increased food intake in these countries is possibly related
to stress and food palatability. Recommended fat, carbohydrate and protein contents
(%) of a meal consumed has become important to the maintenance of glucose and
cholesterol homeostasis and induction and activation of genes is essential for the role

of insulin resistance in obesity.

Interests in food palatability has increased since the identified components
of the food may be absorbed and the effect on appetite control will lead to over eating
and neuroendocrine disorders. The flavour of a food is determined mainly by the
senses of taste such as sweetness, smell, and sensations to the mouth and mucus
membranes. Foods such as chilli, ginger, mustard and horseradish are responsible for
nerve stimulation in the nose and mouth and food consumed with these foods may
lead to uncontrolled eating, abnormal satiety and poor weight control. Consumption
of timed meals may improve appetite dysregulation and neuroendocrine disorders
that are closely related to food intake and body weight. Consumption of healthier
foods such as fruit and vegetables and complex carbohydrates like rice and pasta may

allow consumption of food without effects on the neuroendocrine system. Calorie
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restriction maintains brain Sirtl regulation and stability of the neuroendocrine system
that allows control of brain appetite centres without abnormal sensations related to
hunger and behavioural disorders associated with overeating.

Nutrition research related to brain regulation of appetite and satiety control that
allows the neuroendocrine system to be maintained with age has not been undertaken.
In Western countries the aging populations in these countries are afflicted with
disorders of appetite control that is closely related to endocrine abnormalities that are
involved in the CNS and peripheral organ destruction as observed in obesity. High fat
foods that are consumed in these countries with physical activity and exercise may
not allow the neuroendocrine system to be maintained and excess physical activity
may not reverse the neuroendocrine disturbances in these obese and aged populations
leading to the global obesity pandemic. Woman and children may at greater risk for
obesity in Western populations since diet related neuroendocrine disorders are more
common in these groups. Interests in food consumption and nutrition research in
various cultures may allow the identification of foods that do not aggravate the
neuroendocrine system and appetite control. Research in alterations in lipid
metabolism and energy expenditure in various populations is important since the
consumption of drugs such as the Sirtl inhibitors are reported to alter CNS and
peripheral lipid metabolism with effects on the development of obesity. Reduced
food consumption and exercise may not correct neuroendocrine disorders until the
Sirtl inhibitors and their consumption have been removed.

Diets that are effective in maintenance of brain health and neuroendocrine
disturbances use nutrients like methionine, methysulfonylmethane, sulfur, choline,
and trimethylglycine as building blocks and allow switching of genes on and off to
regulate appropriate neuron cell function. Vitamins such as vitamin B12, folic acid,
and vitamin B6 play multiple roles in the support of cell DNA stability. Foods that
are important include eggs, cottage cheese, dairy, red meat, chicken, legumes, duck,
nuts, and seeds. Phosphatidylinositol is essential for liver and brain function and the
Pl content of diets is essential to maintain the building blocks for gene control of the

organism. Antioxidants that help genomic stability of brain cells include vitamins
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such as C, D and E essential for cell function. A lack of antioxidants leads to
increased free radical damage and more risk for damage to various brain cells.
Minerals such as magnesium is needed by many enzymes that are involved with
DNA replication and repair and total magnesium intake should be between 400 mg —
800 mg per day. Zinc is intimately involved with DNA as well as DNA repair. The
lack of zinc causes an excessive amount of DNA strand breakage and neuron loss.
Inflammation and stress shorten neuron telomeres and omega 3 fatty acids
(DHAJ/EPA) are important as a basic nutrient to preserve brain cells. Nutrients such
as quercetin, green tea catechins, grape seed extract, curcumin, and resveratrol also
help maintain brain cells, with grape seed extract and curcumin showing the ability to
stabilize brain cells. Resveratrol or calorie restriction activates Sirtl with prevention
of neuron disease and degeneration. Specific herbal medicines and plant extracts
(HT-048) are important in the treatment of appetite dysregulation with consumption

encouraged in the diet in Western countries.
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Conclusion

Worldwatch by various health organizations has indicated that excessive
nutrition and its effects on the obesity epidemic has reached pandemic proportions
with costs to the US community reaching several billion dollars. Senescence in
Western populations has increased with an increase in adiposity and body weight
with a number of diseases of the body that include the heart, brain, liver, pancreas,
thyroid and kidney. The mortality associated with obesity is connected to
cardiovascular disease and when the obese condition is uncontrolled it leads to the
death of the individual. The metabolic syndrome is a disorder with a defect in
postprandial lipid metabolism that accompanies obesity and diabetes. Alterations in
protein metabolism in obese individuals is associated with neurodegeneration with
conditions such as PD and AD. The increase in hypothyroidism in the senescent
Western communities has indicated the need for thyroid hormone replacement
therapy. The indication of appetite dysregulation in the Western communities has
indicated a need for early nutrition programming (Figure 11) in life that will allow
the reduction in childhood obesity that afflicts many Western populations. These anti-
aging diets will control the changes in gastrointestinal hormones, peripheral
cytokines/adipokines and brain neuropeptides which are closely linked to the obesity
related neuroendocrine disease.

ANXEITY

NEURO
DESJF:{::;ON ENDROCRINE DISEASE
/ SLEEP l
OBESITY HIGH FAT HIGH APPETITE
HYPOTHYROIDISM CHOLESTEROL DIET DYSREGULATION
\ ANTIOBESE FOODS NUTRITION PROGRAMS
CALORIE RESTRICTION
PHYSICAL ACTIVITY > NAFLD
NUTRIENTS

Fig 11. Environmental factors and anti-obese diets with effects on global obesity in Western countries
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NAFLD in 1990 and its increasing incidence in Western communites are
different from the surveys performed in the 1960s in obese and diabetic individuals
and have led to a rapid change in dietary advice with a reduction in refined
carbohydrates and fats in the diet. Food intake in dietary plans need to be adjusted to
also avoid the alarming trends in nutrient deficiencies in obesity in various
communities. The neuroendocrine disease in these obese individuals is possibly
related to nuclear receptor disruption or DNA methylation dysfunction that leads to a
alteration in genetic information. Obese individuals are likeily to have children with a
high incidence of obesity and the incidence is not representative of the obesity found
in the lean population of the community. Environmental factors that induce stress,
anxiety and depression are important factors that induce obesity/diabetes and these
factors especially depression has now been closely linked by the World Health
Organization as a global disorder and its role as a risk factor for the development of
obesity should be included with other risk factors for age-related diseases (Figure
11). Factors that include sleep maintenance and appropriate physical activity
programs may lead to a slow down in the global obesity pandemic with maintenance
of weight reduction and improvement in risk factors that include hypertension,
hypercholesterolemia and cardiovascular disease that are major concerns of Western

communities.
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