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UCL SCHOOL OF PHARMACY:  University of London

LECTURE: CONTROL OF APPETITE AND OBESITY
Introduction
Obesity is a complex, chronic medical disorder with an unknown cause, which affects ~ 20 to 30% of the population of modern industrialized countries. It is defined as an excessive and unhealthy accumulation of body fat resulting from the storage of excess food energy in the body's adipose cells. In 1980 in the UK, 6% of men and 8% of women were classed as obese, with a further 33% and 24% respectively being overweight. In 1998 the figures have alarmingly increased to 17% men and 21% women being obese. Similar figures are also now been mirrored in the developing world. Rates of childhood obesity have also increased alarmingly in the past 10-20 years. Human obesity however, is by no means a modern day problem. Early stone-age figurines depicting marked abdominal obesity have been found; also ancient Egyptian, stone carvings occasionally depict obese people. Ancient Greek, Roman, Arab and Indian physicians were certainly also aware of the dangers to health of being obese (e.g. development of diabetes – sweet taste of diabetic urine). More recent (16th-19th century) examples of grossly overweight individuals are also prevalent in the historical literature.
Obesity should no longer be regarded simply as a cosmetic problem affecting certain individuals, but an ‘epidemic’ that threatens global well-being. It is beginning to replace under-nutrition and infectious diseases as the most significant contributor to ill health. Obesity decreases the patients' quality of life both physically and emotionally. It is perhaps, one of the most neglected public health problems. Obesity can also kill.
“The lean are not better or superior persons because their weight appears under control; their thinness is a biological gift!”  

The human body controls the weight of the lean with the same basic mechanism as it does that of the obese. They cannot therefore help being driven by their own biology.  Unfortunately, society is only slowly beginning to accept that the obese (as well as the lean) are generally powerless in voluntarily controlling their own body weight.

What causes obesity?

There are multiple causes and types of obesity. Basically, it is a thermodynamic fact that everyone who is obese consumes more calories than the body needs and the excess is converted to fat. The condition therefore results from an imbalance of the body's food intake, physical activity, and resting metabolism (positive energy balance). UK Department of Health estimated average calorie requirements are an intake of 2550 calories per day for men and 1940 calories per day for women.

 Altered hormone levels, hormone receptors or mutations in key metabolic enzymes could all influence appetite and energy utilization, therefore be relevant in some obese individuals, the condition of obesity cannot easily be explained in terms of defined faults in one or more hormonal, molecular or biochemical factors.  Basically, you are what you eat and do not burn!
Thus, the basic cause of obesity remains unclear; however, a variety of psychological and physiological and genetic factors are known to play a role; exogenous environmental factors that increase the availability of calorie-rich foods and discourage physical activity also contribute importantly.  Our general sedentary or passive lifestyle nowadays means that we tend to use less calories during the day compared with working men and women say 100-150 years ago, hence the trend towards overweight. It has even been suggested that a virus (adenovirus-36) may trigger fat accumulation in some people.

Genetic factors (i.e. heredity) may also account for 25% of the incidence of obesity: [more than 50 genes have been located in the human gene map associated with obesity]. Evidence from identical twins separated by adoption that develop similar body shapes with age despite their different upbringings, argues strongly in favour of strong genetic determinants in obesity. Some people may also be born with errors in metabolism that produce obesity (very rare); others are born with genetic traits that predispose them to becoming obese [in the future, such people may be identified by genetic coding]. There are those however, that believe that most obesity results from using food excessively as an inappropriate coping mechanism to deal with emotional stress, or just a basic lack of willpower (addictive tendencies?). 

Certain endocrine gland disorders, such as hypothyroidism or tumours of the adrenal gland (Cushing’s Syndrome), pancreas, or pituitary gland, may also cause obesity.

Assessment of degree of obesity

Obesity is an abundance of fat tissue, not merely an excess in body weight, which could also result from an increase in muscle mass or body fluid. The degree of obesity is commonly expressed in terms of the Body Mass Index (BMI), calculated as:

BMI= weight in kilograms/(height in metres)2.

Obesity is defined as a BMI>30kg/m2; (normal BMI=22-23; overweight=25-29.9 for men and women).  Individuals who weigh more than 20% above their supposed “ideal body weight” according to standard height and weight tables may be judged as obese. However, this is only a rough guide for obesity.  A certain amount of body fat is essential for survival—5% for men and 10 to 12% for women.

Obesity should be assessed by body fat content
Weight doesn't distinguish between lean body mass (muscle, bone, and water) and body fat.  Some athletes with well developed bodies and muscle mass, could therefore have a high BMI, though obviously not obese. BMI is also not corrected for age. BMI is thus useful, but not a perfect measure. A more accurate and reliable method of assessing obesity is to measure the skin fold thickness of three different parts of the body. Other measurements include bioelectrical impedance, weighing under water, measuring total body water, using the body distribution of fat-soluble gases, or more recently, the BOD-POD computerized whole-body air-displacement measurement chamber. 

Obesity may be classified according to the age of onset, family history, degree of obesity, and adipose tissue cell size and distribution. Juvenile-onset obesity is characterized by increased numbers of fat cells and is usually more resistant to treatment. Obesity in adults is characterized by increased fat cell size, is more associated with other medical complications, and is more easily treatable with better long-term results. 

Medical complications associated with obesity: “the perils of portliness” 

Being obese significantly increases a person's risk of cardiovascular and other diseases e.g:

· Coronary artery disease/stroke, atherosclerosis, heart attack, heart failure, kidney failure
· Type II diabetes mellitus, hypertension, (total cholesterol is elevated),
· Dyslipidaemia (abnormal lipid and lipoprotein levels in blood)
· Gallbladder disease (gallstones)- risk also particularly high if person loses                              weight rapidly following ultra-low calorie diets, 

· Sleep apnoea (failure to breath normally during sleep),

· Gout, osteoarthritis,

· Pickwickian syndrome (obesity, red face, underventilation, and drowsiness) and

· Certain types of cancer (including colorectal and prostate cancer in men and endometrial, breast, and gallbladder cancer in women).

In the UK, obesity kills more than 1,000 people a week prematurely. The economic burden to the NHS of the ill-health associated with obesity in the UK is currently estimated at ~ £0.5 billion per year. Even a modest weight lost can significantly reduce morbidity and mortality.
Body fat location is important to health 

Obese individuals with a centralized ‘apple’ (android) shape that store fat primarily in the upper body or abdomen (common among obese men) have a greater risk for medical diseases compared with those with a ‘pear’ (gynoid) shape, where fat is confined to the lower body around the hips and thighs. Obese women exhibit both shapes.  

Pear-shaped individuals have more trouble losing their lower body fat than apple-shaped people have losing their central body fat. 

To determine whether someone is an “apple” or a “pear”, the waist-to-hip ratio (WHR) is used: the waist is measured at its narrowest point, then the hips at the widest point; the waist measurement is divided by the hip measurement. A woman with a 35-inch waist and 46-inch hips would have a waist-to-hip ratio of 35/46= 0.76.  Women with waist-to-hip ratios of more than 0.8 or men with waist- to-hip ratios of more than 1.0 are “apples”.

While obesity increases the risks for numerous medical diseases, there is no indication that there is a higher rate of psychological dysfunction or psychiatric disease in the obese population.

What’s the best way to lost weight? 

It is now accepted that genetics play a huge role in determining our weight, but what we do in our life (e.g. exercise and diets) also contributes to the outcome. While our basic weight in life is inherited, what we actually get is a weight-range. We eat ~106 calories a year, yet most of us somehow manage to keep our body weight reasonably well within this weight-range throughout life. We each appear to have a ‘set-point’ thermostat (located in the hypothalamus), which has recently been found to be genetically determined. This control causes us to return to our inherited weight range if we gain or lose weight. We can, however, alter this setting, (unfortunately most easily in the upward direction!). If we eat a lot and gain weight, and keep it on for some time, our set-point thermostat will move up to the new weight. Quickly re-losing the weight seems, to avoid this resetting of the set-point thermostat. If you wait too long, your thermostat will move up to your new weight and losing weight becomes extremely difficult!  We can also affect the set-point thermostat by living a non-sedentary life; people who do some exercise over no exercise have an easier time maintaining a steady weight. Even moderate walking every day helps. Set-points may move or be changed with age.

Obesity treatment

The treatment of obesity can be frustrating and disappointing, as most of those who lose weight soon regain most of it. The result is that many obese persons feel defeated by their weight loss efforts.  It is therefore important to treat obese individuals with respect and compassion!

Starvation is not considered as an effective method of long-term weight control. There are risks of serious fluid and electrolyte disturbances and excess losses of lean tissue. Rapid weight rebound on re-feeding is also common.

Obesity can rarely be cured; modification of lifestyle behaviours that contribute to obesity (e.g., inappropriate diet and inactivity) is therefore the cornerstone of treatment. 

Behaviour modification involves using techniques such as self-monitoring, stimulus control, stress management and social support to alter obesity-related behaviours.  An important role for pharmacists is to help individuals adhere to their therapeutic regimens of diet, physical activity, and medication compliance.  In addition, adjunctive drug therapy can play an important role in obesity management; however, there are currently only a few safe anti-obesity drugs available. 

Obesity treatment generally involves helping patients lose 5%-10% of their body weight and maintaining these losses for longer durations; this may be achieved by:

· Reducing fat intake to <30% of the total daily caloric intake; 

· Reducing daily caloric intake to below what is expended from physical activity and the body's resting metabolic rate; 

· Taking regular physical exercise; 

· Initiating realistic psychological and emotional orientation that establishes new eating behaviours and

· Pharmacotherapy (anti-obesity drugs).  

A combination of approaches, e.g. pharmacotherapy with a controlled diet and behavioural modification programme, may ultimately prove to be the most effective treatment for obesity. 

Low health risk patient -  moderate deficit diet (1200-1500 calories a day for women, and 1400-2000 calories a day for men) along with exercise. Moderate health risk patient - low-calorie diet (800-1200 calorie a day for women, 1000-1400 calorie a day for men) with exercise.  High health risk patient - anti-obesity medications + low calorie diets and exercise.   

A drawback to these prudent diets is the modest rate of weight loss achieved. Typically, every kg of weight to be lost requires an energy deficit of 7,000 kcal.  Since most obese subjects have at least 20kg of excess weight, any treatment programme must be sustained for a prolonged period before significant weight loss can be attained.  Many patients fail to accept the slow rates of weight loss and abandon their efforts.

Surgery: In rare cases, jaw wiring or stomach surgery (gastric banding or bypass) is considered as a last resort for severely obese people (BMI >40) after more traditional methods of weight control have failed, and where other life-threatening health problems exist. After surgery, the patients require lifelong medical supervision to monitor potential complications and to correct vitamin deficiencies.  Reversal of operations is possible but difficult, and usually accompanied by rapid regain of body weight.

Liposuction and plastic surgery are not considered as treatments for obesity
Swallowable gastric balloon for weight loss without surgery: 

In May 2017, a study was published suggesting that a swallowable temporary gastric balloon “pill” could be used as an alternative to surgery, to help obese people to lose large amounts of weight. The balloon is swallowed under X-ray fluoroscopy then filled with water while in the stomach, and remains in place for 4 months effectively restricting stomach volume. It then spontaneously opens, empties and is excreted in the bowel. Subsequent weight gain after removal of the balloon is however a risk. 
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Obesity: the future lies in prevention

In children—early development of good food habits and physical activity; 
In adults—weight gain at a slower pace and/or prevention by regular exercise; society needs to help people recognize that people come in all sizes! 

Appetite suppressant (anorectic) agents: past and present

Anorectic agents were at one time used in conjunction with a reduced-calorie diet and regular exercise for severely overweight patients with BMI ≥ 30, or those with BMI ≥ 27 who also suffered with high BP, diabetes mellitus, hypercholesterolaemia or sleep apnoea. 

Feeling of hunger and fullness (satiety) are regulated by central neurotransmitters:  serotonin (5-HT), noradrenaline, and dopamine. Anti-obesity medications that suppressed appetite were thought to act generally by increasing the synaptic level of these neurotransmitters in the brain. 

Indirectly-acting sympathomimetic amines like amphetamine and dexamphetamine (Dexedrine) have a powerful appetite suppressant effect, but are also CNS stimulants with addictive properties, therefore have no place in the management of obesity.

In the past, fenfluramine (Ponderax) and its isomer dexfenfluramine (Adifax) and also phentermine (Duromine; an amphetamine derivative with minor sympathomimetc and stimulant effects) were commonly prescribed for the short-term treatment of obesity; however, these drugs were withdrawn (Sept. 1997) following reports of valvular heart disease, and a significantly increased risk of primary pulmonary hypertension associated with their use. The mechanism by which these 5HT-releasing/re-uptake blocking agents cause valvular damage is not understood.

Other anorectic drugs used in the past include fluoxetine (Prozac: a selective 5-HT re-uptake inhibitor – used mainly as an anti-depressant).  
Sibutramine (Reductil) which inhibits the presynaptic re-uptake of both 5-HT and noradrenaline, was licensed for adjunct use in the UK (for up to 1 year treatment), but this was also recently withdrawn in Europe, due to increased risk of cardiovascular side effects. 
Cannabinoid CB1 receptor antagonist:  The cannabinoid-1 (CB1) receptor is known to play a role in the regulation of appetite (Cannabis smokers get “the munchies”!). Accordingly, chronic administration of cannabinoid receptor agonists has been found to stimulate food consumption in both animals and humans. In the brain, there are several endogenous molecules that act as selective cannabinoid CB1 receptor agonists (endocannabinoids; e.g. anandamide, and 2-arachidonoylglycerol), and the brain level of these agonists has been found to increase with greater demand of food by rodents.

Understandably, there was much research interest in the possible therapeutic potential of selective cannabinoid CB1 receptor antagonists. Rimonabant (Acomplia) was introduced in 2006, and although quite successful in decreasing appetite and body weight (and also in helping people to give up smoking), it was withdrawn in 2008, due to development of unpleasant psychiatric side effects such as depression/suicidal thoughts in some patients, thought to be due to inhibition of tonic endocannabinoid function in the brain. There is however current interest in peripherally-acting CB1R antagonists: TM38837; JD5037.
[Thyroid hormones, although once advocated for weight control, would never now be used in the treatment of obesity, except in clinically confirmed hypothyroid patients.  Diuretic drugs are also of no therapeutic value.]
More recently, there has been a re-appraisal of the usefulness of some of the older-style anorectic agents. For example, Qsymia, a combination of phentermine and delayed-release topiramate (an antiepileptic drug, also used in migraine prophylaxis), was approved by the FDA in the US in September 2012 for the short-term treatment of obesity. 
Also, lorcaserin (Belviq), a novel 5-HT2C receptor agonist, was approved in the US for a similar use but was withdrawn in Feb 2020 due to an increased occurrence of cancer.
Some other new combinations have also been trialed: bupropion/naltrexone (Contrave) (a noradrenaline-dopamine reuptake inhibitor and nicotinic acetylcholine receptor antagonist-used as a smoking cessation aid/opiate receptor antagonist) and bupropion/ zonisamide (antiepileptic), although the latter was later withdrawn. Tesofensine (5-HT-noradrenaline-dopamine reuptake inhibitor) is currently under clinical trial for similar use. Apparently, the weight loss achieved when using these drugs in combination is greater than when either drug is used alone (synergism), although the mechanism(s) underlying these combined effects are not really understood. In Nov 2016, the FDA approved low-dose phenteramine (8 mg) (Lomaira) for short-term obesity treatment + diet and exercise. Care is still required to avoid possible adverse cardiovascular and/or cognitive side effects that can occur with use of these agents.

Drugs affecting digestion/absorption

Orlistat (Xenical) acts by inhibiting pancreatic lipases.  Dietary fat is absorbed into the body after being digested by lipase enzymes in the intestines. By inhibiting the action of lipases, Orlistat prevents the intestinal absorption of fat by 30%. In clinical trials, the average patient using Orlistat lost ~10% of body weight (around 10 kg) over 1 year. Many patients who continued treatment were able to keep off the lost weight. In addition total and LDL-cholesterol (the ‘bad’ cholesterol), blood glucose and BP levels were significantly reduced.

Orlistat is well tolerated, but some patients experience fatty stools (due to unabsorbed fat in the gut), faecal urgency and incontinence, abdominal cramps and flatulence as side effects. These effects are usually transient as they encourage patients to restrict their fat intake and therefore reinforce dietary control. Fat malabsorption may also reduce the absorption of fat-soluble vitamins (A,D,E,K); therefore, patients on Orlistat should receive adequate vitamin supplementation. Treatment is usually for up to one year, and always in combination with diet and exercise.
Future treatments for obesity
Central control of appetite: The leptin story

In 1994, the ob gene was identified in genetically obese (ob/ob) mice, and the protein normally produced by the gene was named leptin from the Greek leptos, meaning thin. In 
these mice, mutations in the ob gene resulted in a lack of leptin leading to severe obesity. 
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When exogenous synthetic leptin was administered to (ob/ob) mice, they decreased their eating, their metabolic rate increased and they lost a significant amount of weight.  The obvious question was whether a similar effect would be found in humans.

Surprisingly, measurements of plasma leptin concentrations in lean and obese individuals revealed ~4 times higher levels in obese than in non-obese individuals! Moreover, when leptin levels were measured before and after meals in both normal-weight and obese subjects, it was found that the concentrations did not change significantly in either group (c.f. insulin). When body weight in obese patients was reduced however, serum leptin level decreased proportionately. 

These results were dramatically different from those seen in the obese ob/ob mice. Thus, if human obesity were generally associated with low leptin levels, it might be possible to treat the condition with supplemental leptin; however, in humans, obesity appears to involve a leptin resistance mechanism rather than leptin lack.

Recent clinical trials have nevertheless shown that large doses of synthetic leptin administered by injection, did result in a small but significant weight loss in some obese patients; (c.f. the marked effects of leptin noted in obese mice).

Properties, distribution and physiological actions of leptin

Leptin is a 167-amino acid peptide synthesized almost exclusively in white adipose tissue. It circulates in blood serum in both free and bound forms, and exerts its biological effects via specific leptin receptors.  The long isoform of the leptin receptor is widely distributed in the brain, whereas numerous short forms are also present in peripheral tissues. The leptin receptor, Lepr-b, is a phosphotyrosine receptor dimer. Phosphorylation of the two monomers of the receptor by a Janus kinase (JAK) activates STAT-3 (Signal Transducer and Activator of Transcription-3), which then forms a dimer in the cytosol. The dimer is transported into the nucleus where it binds to the DNA and influences transcription of genes regulating energy use and metabolism. 
Leptin acts as an anorexigenic (appetite-reducing) agent by binding to hypothalamic (arcuate nucleus) leptin receptors and decreasing the release of neuropeptide Y and the co-expressed agouti-related peptide (AgRP) (orexigenic) as well as increasing the release of (-MSH (melanocyte stimulating hormone) and the co-expressed cocaine-and amphetamine-regulated transcript (CART) (anorexigenic) that regulate energy intake and expenditure (see below).  Other central neuroendocrine targets for leptin that control food intake include glucagon-like peptide-1, corticotrophin releasing hormone (CRH), [also galanin and melanin-concentrating hormone (MCH)]. 
Leptin is thus the likely hormonal basis for the feedback loop involving the hypothalamic set-point thermostat and our body fat cells. Leptin produced from fat cells causes a rise in leptin level in our blood. When there is “enough”, appetite is centrally suppressed and we crave less, and therefore eat less. When this set-point thermostat does not detect “enough” leptin, neurotransmitter outputs from the hypothalamus are affected, ultimately resulting in an increase in appetite and food intake. This could explain how people keep their weight steady at, any level, without trying.


Leptin also has other important physiological actions in the body e.g. it influences pubertal development, promotes heamatopoiesis, and contributes to the regulation of arterial blood pressure (could leptin be the link between dieting and lowered blood pressure?).

Presently, the leptin system does show some promise for future obesity treatment, but (unfortunately) leptin itself does not appear to be the ‘magic bullet’ that pharmaceutical companies had initially hoped for! 

It is known that abnormalities in the hypothalamus are sometimes associated with severe obesity. It is also known that in most animal models of obesity, the hypothalamic peptide neuropeptide Y (NPY) stimulates food intake (orexigenic effect) leading to fat accumulation. When leptin is administered to genetically obese mice, the hypothalamic level of NPY falls markedly and is associated with marked weight reduction. This has lead to attempts to suppress intrinsic NPY production by breeding animals that lack the NPY gene. Unfortunately, this did not have the dramatic effect on weight and appetite that was expected, perhaps indicating some central compensation (by other orexigenic peptides?) for the lack of NPY during development.  

Conversely, a distinct subset of leptin-sensitive neurones in the hypothalamic arcuate nucleus (ARC) contain pro-opiomelanocortin (POMC), the precursor of the endogenous anorexigeneic peptide melanocyte stimulating hormone ((-MSH; melanocortin) and also the peptide CART. Leptin is thought to differentially modulate the activity of NPY/AgRP and POMC/CART neurones, thereby providing a link between circulating leptin and feeding behaviour. 

Can genetic mutations in the leptin system produce obesity in humans?

Monogenic obesity has been described in a few families due to mutations in the leptin, or leptin receptor genes.  None of these monogenic variants however, is of great importance for common human obesity; the identity of major obesity genes is so far unknown, although results from genomic scans suggest that they are located on chromosomes 2, 10, 11 and 20.
Endocannabinoids and control of food intake
It is well known that stimulation of central CB1Rs stimulates eating, both in experimental animals and in human subjects. Accordingly, the CB1R antagonist rimonabant was able to strongly suppress appetite in obese patients when it was first introduced; this suggests that the brain endocannabinoid (EC) system has a significant functional role in controlling appetite and food intake, by acting through the mesolimbic reward pathways and also via the hypothalamus, particularly during periods of food deprivation. The orexigenic effects of ECs in the hypothalamus appear to be inversely linked with blood levels of leptin; thus, as one might expect, increased leptin levels (anorexigenic), decrease levels of ECs (orexigenic) in the hypothalamus and vice versa.

Stimulation of presynaptic CB1Rs by retrograde release of ECs also sensitizes orexin-1 receptors to the appetite-inducing action of the orexin peptide hormones produced in the hypothalamus (see below).  [The orexigenic effects of ECs do not appear to involve NPY]. It has also been suggested that part of the appetite-suppressant effects of rimonabant were exerted peripherally, by counteracting the peripheral stimulatory tonic effects of ECs on lipogenesis and fat accumulation [CB1Rs activate lipoprotein lipase in white adipocytes].

It is conceivable that a sustained state of hyperactivity of the endogenous EC system contributes to the development of obesity and metabolic syndromes (possibly caused by high fat diets) –sustained by a general resistance to leptin that tends to develop in obesity.  Interestingly, a defect in the human gene coding for the fatty acid amide hydrolase (FAAH) that is normally responsible for inactivation of ECs, has been linked with overweight and obesity in a large sample of human patients, in support of the “EC hyperactivity and obesity” hypothesis.

[image: image2.png]



Orexin and appetite control
Orexin (hypocretin) is an excitatory neuropeptide hormone produced in the hypothalamus that is also involved in appetite control; however in addition, it regulates arousal and wakefulness. Two forms exist, orexin-A and orexin-B that exert their effects via two G-protein-coupled receptors OX-1 and OX-2. Orexin neurones are quite sparse in the hypothalamus but project widely throughout the brain and spinal cord. Defects in the central orexin system could be responsible for the condition of narcolepsy (excessive daytime sleepiness) in humans.  Orexin also increases food craving, and orexin neurones are inhibited by leptin.  Several OX-1 and OX-2 antagonists have been developed as possible new anti-obesity agents (also for primary insomnia: Suvorexant), and are currently under investigation; however, since high levels of orexin-A in the brain have been associated with happiness and vice versa in humans, there is always the risk of precipitating depressive disorders in some patients undergoing orexin-antagonist therapies (c.f. situation with rimonabant and endogenous endocannabinoids).
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What’s new in obesity research?
Neuropeptide Y (NPY) antagonists:  Many companies are hoping to develop an orally active NPY antagonist drug that would prevent the powerful appetite-stimulant effects of NPY, in the brain.  Recent evidence of the particular involvement of the NPY5 receptor in the stimulation of feeding may eventually lead to more selective antagonists which decrease appetite but do not affect other central actions of NPY. Current novel compound that recently entered clinical trial:  S-2367 (Velneperit).
Melanocortin ((-MSH) agonists:  Knockout mice lacking the melanocortin MC4 receptor gene, have been shown to develop a maturity onset obesity syndrome; moreover, mutations in the human MC4R gene are associated with a dominantly inherited form of obesity.  Recent studies have also highlighted two rare cases of severe early onset obesity resulting from null alleles of the human POMC gene. The development of specific MC4R agonists that mimic the hypothalamic melanocortinergic pathway may thus provide an exciting new mode of therapy for human obesity in the future. Current compounds under investigation include: RM-493; MK-0493; MK-0489 [Interestingly, AgRP functions as an endogenous antagonist at MC4 receptors].
Human uncoupling protein-3 (UCP-3) enhancers:  Uncoupling proteins (UCPs) are a family of mitochondrial transporters that uncouple cellular respiration, releasing stored energy as heat.  Five family members have been identified to date. UK researchers recently created genetically engineered mice that overproduced the human uncoupling protein 3 (UCP-3) (located exclusively in skeletal muscle and brown adipose tissue), that promotes weight loss by stimulating fat metabolism. These mice stayed skinny despite excessive food consumption.  The findings suggest that enhancing the production of UCP-3 may be a promising approach for the treatment of obesity. However, it is unclear if designing a novel drug, would ever increase the amount of UCP-3 in humans to a high enough level to achieve a similar effect to the one seen in mice; possible toxic effects would need to be examined. Some rare UCP3 gene variants in humans associated with overweight have recently been described.
Enterostatin is a pentapeptide (Val-Pro-Asp-Pro-Arg) formed in the intestine by the cleavage of secreted pancreatic procolipase, that signals the brain that one is full and may selectively curb an appetite for high-fat foods. Both peripheral and central sites of action of enterostatin have been proposed. There is also evidence that the central anorectic effect of enterostatin may involve an alteration in 5HT release in the brain. Researchers now suspect that normal-weight people secrete more enterostatin after a test meal than do obese people and have recently begun human studies of the peptide (given i.v.)  as a possible anti-obesity agent.

Beta3-agonists:  Companies started looking to adrenergic (​3-agonists as possible anti-obesity agents. Beta3-agonists are substances that selectively activate adrenergic (3-receptors (on adipose tissue) involved in thermogenesis, thereby stimulating metabolism and lipolysis in the body, without the undesirable effects of cardiovascular stimulation. If a clinically effective (3-agonist can be found, it could act as a kind of therapeutic “thermostat” or “exercise pill”. L796568 underwent clinical investigation along these lines but was not effective. A new β3-agonist Mirabegron could be a promising alternative.
Peptide PYY3-36: The gut hormone polypeptide YY (PYY) belongs to the pancreatic polypeptide (PP) family along with PP and neuropeptide Y (NPY). These peptides mediate their effects through NPY receptors (Y1-Y5 subtypes). The L cells of the GI tract are the major source of PYY, which exists in two endogenous forms: PYY1-36 and PYY3-36.  The latter has recently emerged as an important long-distance physiological signal in the gut-brain axis, to control the appetite, with peripherally administered PYY3-36 affecting feeding and brain function in both animals and humans. Blood-borne PYY3-36 appears to cross the blood-brain barrier by a nonsaturable mechanism to decrease appetite, acting via the Y2 receptor (Y2R), a putative inhibitory presynaptic receptor present on hypothalamic arcuate nucleus NPY neurones (a key brain area regulating appetite). PYY3-36 is released from the GI tract in response to food ingestion, in proportion to the calorie content of a meal, then inhibits the electrical activity of orexigenic arcuate NPY-releasing nerve terminals.

Initial experiments in rodents revealed that peripheral or direct intra-arcuate administration of PYY3-36 inhibited food intake and reduced weight gain; moreover, mutant Y2R-null mice were resistant to the anorectic effects of PYY3-36, confirming the role of Y2 receptors in this process. In recent human trials highlighted in the media, peripheral infusion of PYY3-36 in both lean and obese subjects, significantly decreased appetite and reduced food intake by ~ 30% over 24 h. Unlike leptin therefore, obese subjects were not resistant to the anorectic effects of PYY3-36; however, endogenous levels of the peptide were significantly lower in obese subjects, suggesting that PYY3-36 deficiency may contribute to the pathogenesis of obesity. A series of highly selective NPY2 receptor peptide agonists that could be useful in appetite suppression have recently been synthesized.
Glucagon-like peptide-1 (GLP-1): GLP-1 is a 30 amino acid peptide (derived from proglucagon precursor) that is released into the circulation from enteroendocrine L cells of the colon, in response to oral glucose ingestion. Physiologically, GLP-1 (acting via the GLP-1 receptor) is important for stimulating the release of insulin (and inhibiting secretion of glucagon) following a meal, thereby reducing the blood glucose level. In addition, GLP-1, like PYY, also acts centrally on the hypothalamic PVN and ARC nuclei that control appetite, to increase satiety and thus to reduce food intake. Intravenous administration of GLP-1 in normal or obese humans has been shown to decrease food intake, and also delay gastric emptying, the latter most likely through vagal and brainstem pathways. GLP-1 itself is rapidly degraded in the circulation by a peptidase (DPP-4), but a stable GLP-1 mimetic analogue exendin-4 (found naturally in the saliva of the poisonous Gila monster lizard) is available and synthetic versions exenatide (Byetta) and liraglutide (Victoza) given by s/c injection, have recently been introduced as novel treatments for type 2 diabetes, and have been found to produce a beneficial body weight reduction in such patients, but nausea and vomiting are an unfortunate side effect of treatment. Clinical evaluation of some other GLP-1 receptor agonists is currently in progress. 

In February 2022, NICE recommended the use of another GLP-1 receptor agonist semaglutide (Wegovy, Ozempic) in adults with a BMI of at least 35 kg/m2 (injected weekly, s/c), as part of a specialist weight management programme, for a maximum of two years. Clinical trials showed that patients injecting semaglutide lost on average 12% more of their body weight compared with placebo. Side effects include: nausea, vomiting, abdominal pain, loss of appetite, diarrhoea, or constipation. Nausea usually lessens with continued use of semaglutide. Non-peptide GLP-1 analogues are also being investigated: TTP-054.
Other gut hormones involved in governing satiety include: ghrelin, pancreatic polypeptide, gastric inhibitory polypeptide and dual action GLP-1/glucagon receptor agonists [oxyntomodulin], all of which are currently being researched as possible treatments for obesity.

PPARδ: Peroxisome proliferator-activated receptors (PPARα, γ, δ) are a group of nuclear receptor proteins that mediate some of the genomic transcriptional effects of fatty acids and have important roles in regulating cell development and metabolism.  PPARα and γ are now well known targets for the lipid-normalizing fibrates and antidiabetic thiazolidinediones (glitazones) respectively. PPARδ is believed to be important in regulating fatty acid oxidation in skeletal muscle and adipose tissue, and overexpression of PPARδ in mice protects them against obesity, presumably due to increased oxidative fat metabolism and redistribution. Future development of selective PPARδ agonists (e.g. GW0742, GW 501516), if proved clinically safe, could therefore prove to be an interesting new class of anti-obesity drugs. 
For recent reviews on some other potential novel obesity treatments see: 

Bhat &  Sharma (2017). Current Drug Targets in Obesity Pharmacotherapy - A Review. Curr Drug Targets. 18(8):983-993.
Srivastava  & Apovian  (2018).  Future Pharmacotherapy for Obesity: New Anti-obesity Drugs on the Horizon. Curr Obes Rep. 7(2):147-161.

H3 receptor antagonists: Increased histamine levels in the CNS are known to exert an inhibitory effect on food intake and weight gain, mediated by hypothalamic H1Rs. The inhibitory presynaptic H3 autoreceptor controls histaminergic ‘tone’ in the CNS. Thus, stimulation of brain H3Rs would decrease histamine release and histamine synthesis while an H3R antagonist would have the opposite effect to increase brain histamine levels and thereby reduce weight.  HPP404, is a selective H3 antagonist found effective in ↓food intake and body weight in rodent models of obesity and also produced a meaningful weight reduction in healthy obese subjects, with no CNS side effects.
Ghrelin: is the ‘hunger hormone’ released by endocrine ghrelinergic cells in the stomach when it is empty, that acts on the hypothalamic arcuate nucleus growth hormone secretagogue receptor-1a (GHS-R1a) to increase hunger.  Through this receptor, ghrelin also stimulates GH secretion. GHS-R1a antagonists (e.g. JMV2959) could therefore prove useful as novel obesity treatments in the future. There is no firm evidence that ghrelin is synthesized at physiologically relevant levels, in the brain.
	Recent developments 
Bottom of Form

Genetic link between carbohydrate digestion and obesity

New research published recently in Nature Genetics by Falchi et al., (2014) from Imperial College London, indicated that obesity may be genetically linked to the way in which our bodies digest carbohydrates. Specifically, the study investigated the relationship between body weight and the gene AMY1, responsible for producing the salivary enzyme amylase that begins the process of starch digestion when food first enters the mouth. Individuals normally carry two copies of each gene in their DNA, but in some DNA regions, a variable number of copies may be carried (copy number variation); this feature may have evolved with time in response to more starch-rich diets. The researchers looked at the number of AMY1 gene copies on chromosome 1 of thousands of subjects in UK, France, Sweden and Singapore (non-European) and found that those with a low number of copies had a greater risk of developing obesity. It was estimated that every additional copy of AMY1 decreased the odds of becoming obese by ~20%. 

This is the first time a genetic link has been made between carbohydrate metabolism and obesity, with low copy number at AMY1 resulting in decreased salivary amylase levels and a higher risk of obesity.

This finding provides intriguing insight into some of the biological mechanisms underlying obesity, as well as a novel rationale for the investigation of innovative obesity treatments based on the manipulation of digestive enzyme levels

[image: image5.emf]Relation between AMY1 copy number and BMI

Reference:  Falchi, M. et al., (2014). Low copy number of the salivary amylase gene predisposes to obesity. Nature Genetics 46:492-497. 

Overexpression of the FAT10 gene may contribute to obesity

The gene HLA-F adjacent transcript 10 (FAT10) is a member of the ubiquitin-like gene family that is involved in protein function and stability. FAT10 is also known to be induced by inflammatory mediators during the immune response and in some cancers. In a recent study, Canaan et al., (2014) reported that the FAT10 gene was also able to regulate the lifespan and adiposity in mice by affecting metabolism and inflammation. FAT10 KO mice had a 20% increased lifespan and an elevated metabolic rate, which reduced their ability to store fat. Moreover, their circulating glucose and insulin levels were reduced and insulin sensitivity of metabolic tissues was increased. These observations suggest that constitutive activation of the FAT10 gene may have a negative impact on immune metabolic regulation, aging and obesity, as well as other chronic metabolic diseases, by promoting adiposity, insulin resistance and inflammation. The authors suggested that targeting the FAT10 pathway could be a useful therapeutic approach for treatment of obesity and other chronic inflammatory diseases.

Reference

Canaan A, et al., (2014). Extended lifespan and reduced adiposity in mice lacking the FAT10 gene. Proc Natl Acad Sci U S A. 111: 5313-5318. 
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IRX3 gene interaction with obesity-related FTO gene mutations to regulate obesity?

Mutations within non-coding introns of the FTO gene that codes for the fat mass and obesity-associated protein (FTO) on Chromosome 16 have been implicated with increased risk for obesity and type-2 diabetes in humans, but the mechanism underlying this was until recently unknown. It has now been discovered that the obesity-associated variants within FTO interact with the homeobox gene IRX3 (Iroquois-class homeobox protein 3), a distant gene on the genome that is involved in neural development, but may also be the functionally connected with regulation of body weight and obesity by coding for a protein that regulates other genes, central and peripheral, particularly in fat cells. 

It was found that the promoter for IRX3, interacted with the FTO introns across a considerable genetic distance. This was analysed in 153 brain samples from European individuals.  Obesity-related FTO introns enhanced the expression of IRX3, by acting as regulatory elements. The FTO gene itself did not apparently participate in the interaction.

Accordingly, IRX3 KO mice were behaviourally normal, but were 30% thinner than their WT counterparts, due to reduced body fat. They were also resistant to obesity when fed a high-fat diet, and had an improved glucose metabolism, hence protected from developing diabetes. Interest was particularly focused on IRX3 function in the hypothalamus, which regulates feeding behaviour: the predisposition towards obesity thus seems to be ‘hard-wired’ in the brain. This knowledge could prove useful for the development of novel therapies against obesity and diabetes.
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Normal WT and IRX3 KO mice fed a normal diet at 18 weeks of age 

Reference 

Smemo, S et al., (2014).  Obesity-associated variants within FTO form long-range functional connections with IRX3. Nature 507:371-375. 

Loss-of-function mutation in the ADCY3 gene causes severe obesity. In January 2018 it was reported that a rare homozygous mutation in the ADCY3 gene encoding adenylate cyclase 3 (catalyzes the synthesis of cAMP from ATP), was associated with severe obesity in 4 children in Pakistan. This suggests that this enzyme is an important mediator of energy homeostasis and therefore a potential new target in the treatment of obesity.
Consistent with these observations, Adcy3−/− KO mice were hyperphagic and obese. Conversely, mice with a gain-of-function mutation in Adcy3 had less fat than WT mice and were resistant to obesity when fed a high-fat diet.  Defects in ADCY3 may also interfere with the anorexogenic action of GLP1 in the hypothalamus. Compounds that increase ADCY3 activity may therefore have beneficial effects in obese patients.
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Conclusions
Scientists have made tremendous progress in understanding obesity and in trying to improve the medication treatment of this important condition. In time, better, safer, and more effective obesity medications will be available. But currently, there is still no “magic cure” for obesity. No safe anti-obesity drugs are currently licensed for use in the UK other than Orlistat, and in any case, these should only be considered helpful adjuncts to diet and exercise for patients whose health risk from obesity clearly outweigh the potential side effects of the medications.
The best and safest way to lose fat and keep it off is through commitment to a life long process of proper diet and regular exercise. Over-the-counter medication(s) and other “herbal” preparations with unproven effectiveness and safety should be avoided. 
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