Chapter #12: Hunger, Eating, and Heath
12.1 Digestion, Energy Storage, and Energy Utilization: 
Digestion:
1. Mechanical breakdown: chewing 
2. Chemical breakdown: saliva lubricates food and begins its digestion 
3. Swallowing moves constituents down esophagus to the stomach 
4. Stomach serves as storage reservoir, HCl acid breaks food down into particles and pepsin begins to break down proteins into amino acids
5. Duodenum: digestive enzymes 
· Pass through duodenum walls into bloodstream  liver 
6. Fats  fatty acids by bile, manufactured in liver and stored in gall bladder until released into duodenum 
· Cannot pass through wall, carried by small ducts into lymphatic system
7. Water and electrolytes absorbed from waste in large intestine and all else ejected from anus 
Energy Storage in the Body 
· Most energy is stored in fats, little in glycogen and proteins 
· 1g of fat can store almost twice as much energy as 1g of glycogen 
· Glycogen attracts and holds water, unlike fat 
Three Phases of Energy Metabolism 
· Cephalic and absorptive phase: increase in insulin, lower levels of bloodborne fuels for the expected influx  
· Promotes use of glucose
· Promotes storage of glycogen in liver and muscle, fat in adipose tissue, and proteins in muscle 
· Fasting phase: increase of glucagon and low levels of insulin 
· Saves glucose for brain because it does not require insulin 
· Low level insulin promotes gluconeogenesis: conversion of glycogen and protein to glucose 
· Stimulates conversion of free fatty acids into ketones, used by muscles as energy during fasting phase 
· Long periods without food causes brain to use ketones as well, further conserving glucose 
12.2 Theories of Hunger and Eating: Set Points versus Positive Incentives:
Set-Point Assumption 
· Three components:
· Set-point mechanism: defines set point
· Detector mechanism: detects deviations form set point
· Effector mechanism: acts to eliminate deviations 
Glucostatic and Lipostatic Set-Point Complementary Theories of Hunger 
· Glucostatic theory: set-point system to maintain blood glucose levels (brain’s primary fuel)
· Meal initiation and termination
· Lipostatic theory: set-point system to maintain body fat levels (adult weight’s relatively constant) 
· Long-term regulation 
Positive-Incentive Perspective 
· Degree of hunger depends on interaction of all factors that influence the positive-incentive value of eating (i.e. flavors, learned effects of consumption, type/quantity of food in gut, time since last consumption, social influences, etc) 
12.3 Factors That Determine What, When, and How Much We Eat:
Learning to Eat Vitamins and Minerals
· Animals develop immediate preference for taste of sodium salt when deficient 
· Animals must learn to consume rich foods by experiencing their positive effects (because they do not have detectable tastes) 
· Number of different substances, both nutritious and not are so large, making it difficult to learn which foods are beneficial and which are not 
Premeal Hunger 
· Hypothesis: eating meals stresses body, disturbs homeostasis of internal environment
· Cephalic phase to soften impact of homeostasis-disturbing influx by increasing insulin and reducing blood glucose 
· Premeal hunger = sensations of preparations for the expected meal 
· Meal-time hunger caused by expectation of food, not an energy deficit 
· Classical conditioning is support that hunger is caused by the expectation of food  
Satiety Signals
· Food in gut and glucose entering blood can induce satiety signals 
· Depend on volume and nutritive density of the food 
· If a stable baseline of consumption is changed, some rats learn to adjust volume of food consumed to maintain caloric intake and body weights 
· Rats rarely increase intake to maintain body weights if the nutritive density is reduced more than 50%
Sham Eating
· Indicates that satiety signals from gut or blood are not necessary to terminate meals 
· Food is chewed and swallowed, but exits through an implanted tube 
· Rats sham meals are generally the same size as their normal meals
· Meaning satiety is a function of previous experience, not increases in body energy resources 
Appetizer Effect and Satiety
· Small amounts of food consumed prior to an actual meal actually increase hunger 
· Consumption of small amounts of food is particularly effective in eliciting cephalic-phase responses 
Sensory-Specific Satiety
· Satiety is to a large degree, sensory-specific 
· Eating one food causes positive-incentive value of all foods to decline a little but the value of that particular food plummets and you eventually stop eating until something else is offered 
· Two effects of sensory-specific satiety:
· Brief effects that influence selection of foods in a single meal 
· Enduring effects that influence selection of foods from meal to meal 
12.4 Physiological Research on Hunger and Satiety:
VMH Satiety Center
· Large bilateral electrolytic lesions to VMH causes hyperphagia (excessive eating) of two phases
1. Dynamic phase: as soon as subject regains consciousness after operation, several weeks of grossly excessive eating and rapid weight gain 
2. Static phase: consumption gradually declines until just sufficient to maintain level of obesity 
LH Feeding Center
· Bilateral electrolytic lesions to the LH produces aphagia (cessation of eating) 
· Overrides hyperphagia by VMH lesions 
· Accompanied by adipsia: complete cessation of drinking 
Reinterpretation of the Effects of VMH and LH Lesions
· VMH failed for two reasons:
1. Primary role of hypothalamus is for regulation of energy metabolism, not of eating 
· Overeat because they are obese, not obese because they overeat 
· Lesions cause an increase in insulin and increases lipogenesis (production of body fat) and decreases lipolysis (breakdown of body fat) – must keep eating to ensure enough calories in blood to match the rate at which ingested calories become fat 
2. Effects of VMH lesions not attributable to VMH damage 
· Ventral noradrenergic bundle (fiber bundle) passes VMH and damaged by electrolytic lesions, especially those projected from paraventricular nuclei oh hypothalamus 
· Produces hyperphagia and obesity just like VMH lesions
· LH lesions produce a wide range of severe motor disturbances, and a lack of response to sensory input and not specifically dedicated to feeding 
Hunger and Satiety Peptides 
· Cholecystokinin (CCK): injected in rats = ate smaller meals 
· Suggesting gut peptides provide brain with information about quantity and nature of food in GI tract 
· Hunger and satiety peptides have two major effects on the search for neural mechanisms of hunger and satiety 
· Number of peptides indicates that neural systems that control eating likely reacts to many different signals 
· Presence of receptors in the hypothalamus suggests a role of the hypothalamus in hunger and eating 
Serotonin and Satiety
· Three major properties of serotonin-produced satiety:
1. Caused rats to resist cafeteria diets
2. Reduced consumption of food during each meal, rather than number of meals
3. Shift in food preferences away from fatty foods
· Serotonin agonists reduces hunger, eating, and body weight under certain conditions 
Prader-Willi Syndrome: Patients with Insatiable Hunger 
· Chromosomal deletion that disrupts a section of chromosome 15 from father
· Causes insatiable hunger and slow metabolism 
· Other symptoms include weak muscles, small hands and feet, feeding difficulties in infancy, tantrums, skin picking, compulsivity 
· Left without treatment = obesity-related disorders 
12.5 Body Weight Regulation: Set Points vs. Settling Points:
· Three challenges to set-point theories and body weight regulation:
· Variability of Body Weight
· Set-point makes it virtually impossible for large weight fluctuations 
· Set-point suggests for us to eat when there is a motivation to eat because the main function of hunger is to defend the set point – but many have to resist urges to eat to avoid obesity
· Set Points and Health
· Implies that set point is optimal for that person’s health 
· Two factors suggesting that ad libitum (free-feeding) are unhealthy:
· Non-experimental studies of humans who consume fewer calories than others 
· Okinawan population consumes 20-38% fewer calories than recommended by public health officials but tend to live longer – association of good health and consumption of fewer calories 
· Regulation of Body Weight by Changes in the Efficiency of Energy Utilization 
· Body controls its fat levels by changing efficiency with which it uses energy 
· Decline in body fat causes more efficient use of energy resources (which limits further weight loss or weight gain)
· Diet-induced thermogenesis: mechanism by which body adjusts efficiency of energy use based on body fat levels
· Set-point model cannot account for the facts of weight regulation
· Settling point model: more flexible model that suggests body weight drifts around a natural settling point 
· Increase in body-fat levels causes changes that tend to limit further increases until balance is achieved between factors that encourage and discourage weight gain 
· Homeostatic regulation without returning body weight to a set point 
· Body weight remains stable as long as there are no long-term changes to the factors that influence it 
· Even if changes occur, impact of changes are limited by negative feedback (limits further changes in the same direction) 
1. Body weight remains relatively constant in many adults, but body weight does not require or imply a set point 
· Amount of water entering/leaving a barrel eventually reach an equilibrium where the water level remains constant, but it is not predetermined, therefore not a set-point but a settling point 
2. Many adults experience enduring changes in body weight 
· Enduring changes in one of the parameters that affect body weight will cause body weight to shift a new settling point 
3. Reduced food intake causes metabolic changes that limit weight loss 
· Limits further weight change, but does not eliminate changes that have already occurred 
4. After weight loss, original weight is often regained once original eating habits/lifestyle are returned to 
· Decrease in water entering a barrel will only cause temporary drops in the settling point, but when original conditions are reinstated, water levels drift back to original settling point 
12.6 Obesity: Causes, Mechanisms, and Treatments:
Why Is There An Epidemic of Obesity? 
· Evolutionary inconsistencies of food supply were a main threat to survival 
· Fittest individuals were those who preferred high-caloric foods and stored as many excess calories as possible 
· We have eating and weight-regulation systems to deal with food shortages, but our current environment differs from our “natural” environment and allows for a constant high level of consumption 
Factors of Obesity:
· Differences in Consumption
· Accessibility to food, preferences for high/low-calorie foods, family/cultural practices, differences in cephalic phase responses
· Differences in Energy Expenditure
· Differences in amount of exercise, basal metabolic rate, ability to react to fat increases by diet-induced thermogenesis, nonexercise activity thermogenesis (NEAT: generated by fidgeting, maintenance of posture, etc)
· Genetic Differences
· Many chromosome loci (regions) have been linked to obesity = difficult to unravel interactions among genetic factors that influence variations in body weight 
Why Are Weight Loss Programs Often Ineffective? 
· Exercise promotes healthy lifestyles, but contributes little to weight loss 
· Most energy expenditure is to maintain resting physiological process of the body and only use up a small number of calories during a typical workout 
· People tend to consume more calories than they expended after exercise 
Leptin, Insulin, and the Arcuate Melanocortin System
· Insulin does not readily penetrate blood-brain barrier and levels in the brain remain relatively stable 
·  
· Leptin more correlated with subcutaneous fat (fat stored under skin)
· Insulin more correlated with visceral fat (fat stored around internal organs) 
· Signals to the brain led to discovery of neural circuits that participate in fat regulation 
· Melanocortin system: injection of alpha-melanocyte stimulating hormone have shown to suppress eating and promote weight loss 
· Only a minor component of a much larger system – elimination of leptin receptors in the melanocortin system produces only a slight weight gain 
Leptin as a Treatment for Human Obesity
· Early studies show leptin as an effective treatment because there are receptors in the brain and injecting into ob/ob mice reduced eating and body fat
· Two problems when leptin was introduced in humans:
· Obese humans have high levels of leptin 
· Leptin does not reduce eating or body fat in humans
· Leptin as a treatment only works for people who have low levels of leptin 
Treatment of Obesity 
· Serotonergic Agonists 
· Acts on a mechanism different from that of leptin and insulin (which produce long term satiety signals based on fat stores) 
· Increase short term satiety signals with the consumption of each meal 
· Reduces urge to eat high calorie foods, fat, intensity of hunger, size of meals, snacks between meals, bingeing
· Chronic use has been found to be associated with heart diseases in some users 
· Gastric Surgery
· Gastric bypass: surgical treatment for extreme obesity – involves short-circuiting the regular path of food through digestive tract to reduce absorption 
· Adjustable gastric band procedure: surgically positioning hollow silicone band around the stomach to reduce flow of food through it 
· Advantage over bypass is that it can be readily removed 
· Neither procedure has been found to be effective unless subjects change eating habits
12.7 Anorexia and Bulimia Nervosa:
· Bingeing produces different health problems than starvation 
· Anorexics often receive treatment for reduced metabolism, bradycardia (slow heart rate), hypothermia (low body temperature), anemia (low red blood cells count) 
· Bulimics often receive treatment for irritation and inflammation of esophagus, vitamin and mineral deficiency, electrolyte imbalance, dehydration, acid reflux 
· Both disorders begin with excessive obsession of body image and desire to lose weight 
· Bulimics are less capable of controlling diet 
· Both have distorted body images 
· Most go back and forth between the two disorders 
· Both are highly correlated with depression and OCD
· Short-term improvements, but most relapse 
Anorexia and Positive Incentives 
· Positive incentive value of interacting with food is different than that of eating food
· Anorexics and bulimics tend to be obsessed with talking about food, not eating it 
· Those undergoing starvation experience an adaptive massive increase in the positive-incentive value of eating, but not in anorexics or bulimics 
Anorexia Nervosa: A Hypothesis 
· Positive-incentive value: starvation > anorexia
· Aversive physiological effects of meals:
· Internal homeostasis is interrupted by an influx of calories 
· Aversive effects of meals > people eating less – aversion is normal for healthy individuals, but stronger in those who have undergone food deprivation 
· Anorexics may not feel the same positive-incentive value because they have a reduced motivation to eat, caused by conditioned taste aversions from meals 
· Anorexics/anyone who is terribly underweight should not be given meals, should be given small amounts of food throughout the day 
