Part II PHYSIOLOGICAL MECHANISMS OF MOTIVATION
Chapter 4 Physiological Mechanisms of Regulation

Guiding Questions:
i. Which brain structures appear to control hung, thirst, sexual motivation, and aggression?
ii. What do anorexia and bulimia suggest about the homeostatic control of eating?
iii. What factors have been proposed as important in the development of obesity?

What do we eat?

*Receptors on your tongue and nose provide information about food

*Taste receptors include:
	-Sweet: calorie dense, highly variable
	-Bitter: likely toxin containing
	-Sour: on the verge of going bad, avoided
	-Salt (umami – savory): essential for life

*We eat to provide energy to our bodies

*What initiates eating?
	-Cues in our environment signal the availability of food (smells, sight, time of day)
	-Major determinant: memory of when we last ate and how much

*We eat to balance energy intake with energy use so we do not have to access energy stores in fat cells 


Sensory specific satiety

*Eating a certain food until one is satiated reduces the value of the food
-When the same foods are eaten again and again the stimulus qualities of the food lead to faster satiation by these foods

*Motivation to eat influences our reactivity to food stimuli in the environment 


Basic Metabolism

*Food is composed of carbs, fats, and proteins

*Carbs are broken down into glucose as a result of the activities of the digestive system
-Glucose is used to provide energy to the brain, the muscles, and the body (in the presence of insulin) or can be converted to glycogen by the liver (with insulin)
	-Liver and muscles provide a temporary store of glycogen
	-Excess glucose taken in is stored in fat cells as triglycerides (a form of fat)

*Proteins are converted to amino acids and then are used for protein synthesis, and excess proteins are stored in the fat cells

*Triglycerides are broken down into fatty acids and glycerol which gets converted by the liver into glucose to make available to the brain


Local Theories

*Early approaches suggested changes in stomach contractions were signals that initiated eating

*Local theory of motivation: assumed signals that control motives such as hunger and thirst are produced in the peripheral organs of the body as opposed to the brain
-Turned out to be an inadequate theory (uncovered through severing nerves that carry information between the Central Nervous System (CNS) and stomach) 


Central Theories

*Specialized cells in the brain detect changes in the body’s state and trigger appropriate motivation

*Hypothalamus controls the activation of both the sympathetic and parasympathetic portions of the autonomic nervous system as well as the pituitary gland and the endocrine system


Regulation of Hunger

*Homeostatic regulation
	-Type types: short and long

*Short-term regulation
-When an imbalance exists in the levels of blood glucose the change is detected by glucoreceptors that trigger motivation to eat
>As blood glucose levels rise glucoreceptors inhibit further eating because energy levels are adequate

*Long-term regulation
-Maintaining adequate energy stores so that if short-term energy intake proves inadequate; the stores can be called on to maintain normal functioning
-Involves the detection of changes in the amount of energy stored as fat within the adipose tissue and the activation of hunger if the store fall below some optimal amount


Lipostatic Theory of Hunger

*Set-Point Theory
	-Each of us has a normal level of body weight that is consistently maintained (set point)
	-Most likely stimulus for regulation around a set point is body fat
	-Diets high in fat content led to greater regeneration of fat cells than diets low in fat


Glucostatic Theory of Hunger

*Seems clear that areas in hypothalamus are involved in hunger motivation
-Glucoreceptors in the brain are part of an emergency system that comes into play when glucose levels drops

*The concept of a dual system of excitatory and inhibitory centers within the hypothalamus that monitor glucose levels and turn hunger on and off are incorrect
	-Better to look at peripheral detectors


Peripheral Detectors

*When we eat; enzymes in the saliva begin to break down the food into its components
-This process is continued by the stomach, which then empties its contents into the upper small intestine called the duodenum

*The products of digestion (simple sugars, amino acids) are absorbed by the duodenum and enter the blood stream where they travel immediately to the liver; fats take a different route


Role of the Stomach

*Several mechanisms in the stomach act as satiety signals to turn off eating
	-Stretch receptors in the stomach wall (limit intake)
	-Nutrient detectors (inform the brain of specific nutrients)

*Feedback loop exists between the stomach and the brain because stomach activity is modified by the contents 


Hormones in the Stomach

*Ghrelin
-Secreted by the stomach and rises sharply before a meal is eaten and is suppressed by good eating
	-Levels rise again in early evening and decrease throughout the night
	-Levels are higher after weight loss then before weight loss
*Obestatin
	-Appetite suppressant
-Intestine secretes two hormones GIP and GLP-I, which may inform the brain about glucose availability, as well as third hormone called cholecystokinin


Role of the Liver

*Receives nutrients from the gastrointestinal tract via the portal vein
	-The portal vein and parts of the liver are a source of hunger and satiety signals

*Glucoreceptors exist in the liver and transit their information to the hypothalamus along the vagus nerve
	-Portal vein or liver is a source of satiety signals sent to the brain to suppress feeding


Role of the Pancreas

*Beta cells of the pancreas are responsive to changes in glucose and their hormone products insulin and amylin
	-can potentially serves as signals of glucose accessibility too

*Insulin helps transport glucose into cells

*Amylin slows down nutrient intake in a number of different ways that are related to meal size and satiation

*Insulin and amylin could serve as signals of glucose availability


Long-Term Regulation Hormones

*When someone goes on a diet or weight is reduced; Leptin and insulin levels drop

*When fat stores drop; leptin levels decrease and hunger is stimulated

*When fat stores are increased; leptin levels and insulin levels increases


Energy Regulation

*Historically viewed as two-process system (short-term process monitoring glucose and long-term process monitoring lipids)	
-Another thought: hunger is best understood as a single mechanism that monitors the availability of all fuels – both external and internal (fats)

*Hunger signals are sent to the brain from the liver when fuel from the intestines and adipose tissue is inadequate

Anorexia Nervosa

*Individual restricts food intake

*Additional Symptoms:
	-Amenorrhea (absence of menstruation)
-Distorted attitude toward eating that often includes the denial of the need to eat, enjoyment in losing weight, and desired body image of extreme thinness

*The prevalence of anorexia appears to be lower in non-Western countries and the symptoms differ as a result of sociocultural differences 

Neurobiology of Anorexia

*Metabolic and somatic changes are often first indicated by amenorrhea

*Evidence of brain atrophy and an enlargement of both external and internal cerebrospinal fluid-filled spaces

*Impairment of the sympathetic nervous system occurs in anorexia as do endocrine malfunctions 

*Cortisol levels are elevated during anorexia and appear to be an adaptation to starvation

*Gonadal function also impaired


The Serotonin Hypothesis

*Possible role of serotonin?
	-Anorexics tend to have lower levels of the major metabolite of serotonin
	-Serotonin has been associated with rigidity, anxiety, inhibition, and OCD
	-Food restrictions lowers serotonin levels and reduces these feelings
		>food restriction becomes highly rewarding

Bulimia Nervosa

*Binge-eating large quantities of food in a short amount of time
	-Cannot stop eating once the binge begins
	-Feels guilt, depression, and panic after the binge
	-Great sense of loss of control after a binge-eating episode and as a result purge 
		>inducing vomiting, abuse laxatives, or go on severely restrictive diets


Theories of Bulimia

*Serotonin Hypothesis
	-Bulimic behaviour results from under activity of serotonin in the brain

*Norepinephrine levels are also disturbed in bulimia – too high
-High levels of norepinephrine stimulate eating and low levels of serotonin impair the satiety response that would normally limit eating

*Some combination of neurotransmitter changes is associated with bulimia – more research is needed


Obesity

*Long-term imbalance between energy intake and energy usage

*Whenever intake exceeds usage the excess energy is stored in the form of fat

*Both men and women’s weight has increased probably due to changing work patterns that require less physical activity

*Two factors contribute to increase in body fat
-Lean body mass – the weight of muscle and bone decreases with age while body fat increases with age
	-Reduction in basal metabolic rate with age

*Adaptiveness gone wrong
-Ability to store energy in the form of fat for future use is adaptive in times where food resources have been unreliable (but not now!)


Obesity Explanations

*Genetic predisposition
	-Some people are genetically programmed to carry more fat than others
-Dieting does not reduce the number of fat cells (just fat size) so persons with a larger number of fat cells may be genetically programmed to carry more weight than normal individuals







Thrist Regulation

*2/3 of our body water is contained within the cells (intracellular fluid)

*1/3 resides outside of the cells (extracellular fluid)
	-Further divided into:
		>Interstitial fluid: between the cells (70%)
		>Intravascular fluid: fluid within blood (30%)


Mechanisms for Thirst

*Separate mechanisms are activated by changes in the water content of the cells (intracellular) and in the water content of the fluid surrounding the cells (extracellular)

*Two mechanisms to explain this:
	-Osometric thirst (Intracellular)
	-Volumetric thirst (Extracellular)


Role of the Kidney

*Absorb sodium dissolved in the fluids of the body

*Remove the waste products of metabolism 
	-99% of the water filtered by the kidneys is reabsorbed

*Thirst is controlled by sodium detectors (found in the liver)

*Kidney’s ability to reabsorb both sodium and water can be altered

*When the flow of blood through the kidney drops; a substance called renin is secreted
-Renin interacts with a chemical produced by the liver called angiotensinogen and converts it to angiotensin II
-Angiotensin II simulates the adrenal cortex to secrete aldosterone, which causes the kidney to increase its reabsorption of sodium and water
-Drop in blood volume causes an increase in the amount of water retained through reabsorption

*Ability of the kidney’s collecting ducts to absorb water is altered by a pituitary hormone called antidiuretic hormone (vasopressin)
-Lack of vasopressin leaders to diabetes insipidis where an individual must pass great quantities of water and drink large amounts of water to avoid dehydration 



Osometric Thirst

*Buildup of sodium outside of cells creates a condition in which water is pulled from the cells (osmosis)

*Osmoreceptors trigger drinking behaviour when cell volume decreases so that cell fluid balance would return to normal 

Volumetric Thirst

*Reduction in the fluid balance of the extracellular space activates compensatory mechanism to restore proper fluid balance

*Loss of large amounts of blood reduces extracellular fluid and initiates thirst (same with diarrhea and vomiting)

*Loss of fluid does not change the osmotic balance between the cells and the extracellular compartment so any mechanism that monitors cell volume will detect no change

*Two detector systems:
-Stretch receptors located on the walls of the veins mediate the increase in thirst and vasopressin secretion after blood loss
-Hormonal response – activation of thirst and water intake to compensate for reduced extracellular fluid from the brain’s sensitivity to angiotensin

Regulation of Sexual Behaviour

*Hypothalamus partially regulates sexual and maternal behaviours, temperature regulation, fear, and aggression

*Brains of males/ females are different in terms of the presence or absence of sex hormones
	-Females: estrogen
	-Male: testosterone
Sex Hormones

*Gender specific behaviours
	-Males: 
		>Intromission (penetration of the vagina by penis)
		>Thrusting (friction between sex organs)
		>Ejaculation (introduction of sperm into the vagina)
	-Females:
		>Attractivity (behaviours that attract male to a receptive female)
>Proceptivity (species-specific behaviours that sexually arouse males and lead to mounting)
		>Receptivity (behaviours that lead to the successful transfer of sperm to the 			female)
Role of the Hypothalamus

*Hypothalamus and structures near it are sensitive to and responsible for the proper regulation of both sex hormones and sexual behaviour

*The medial preoptic area seems important for sexual behaviour and influences other areas which lead to the expression of sexual behaviour 
Regulation of Emotional Behaviour

*Two areas seem to be involved in aggressive behaviour:
	-Lateral hypothalamus (LH)
	-Ventromedial hypothalamus (VMH)

*Two types of aggression:
	-Affective attack
		>Significant sympathetic arousal (pupil dilation and piloerection)
		>Can be obtained by stimulating the VMH
	-Quiet biting attack
		>Emotionality is minimal
		>Predatory behaviour that appears to be complexly controlled
		>Can be obtained by stimulating the LH
Regulation of Aggression

*Hypothalamus may be involved in the spontaneity of aggressive behaviour
	-Hypothalamus may also be regulated by the amygdala

*Organization of aggressive behaviour requires the amygdala, the hypothalamus, and the midbrain regions

*Sensory information is also important to the expression of aggressive behaviour 

Types of Aggression

*Predatory aggression
	-Aggression elicited by a natural object of prey

*Intermale aggression
	-Aggression typically released by the presence of another male
	-The attack of usually without provocation

*Fear-induced aggression
	-Aggression that occurs when escape is blocked

*Irritable aggression
	-Aggression usually described as either anger or rage
	-Attack occurs in response to a broad range of stimuli either animate or inanimate
*Territorial defense
	-Aggression in defense of a territory
	-Aggression is usually against a member of the animal’s own species

*Maternal aggression
	-Aggression involving defense of the young
	-Typically performed by female

*Instrumental aggression
-Aggressive behaviour that is a learned response and is performed when that response is reinforced

Key Points

*Analyzed theory and research concerning the physiological regulation of four motivated states (hunger, thirst, sexual behaviour, and emotional behaviour)

*Approaches emphasize homeostasis – view that motivation is triggered when bodily conditions move too far away from some optimal level

*Hunger
-Several groups of cells in or near the hypothalamus are concerned with hunger motivation
-Regulation of hunger motivation is often divided into a short-term system and a long-term system
-Obesity results from a complex interplay of genetic, regulatory and environmental factors

*Thirst
	-Divided into two systems: intracellular and extracellular
	-Cells in or near the hypothalamus regulate water intake
	-Hormones renin, aldosterone, and angiotensin also help to regulate water balance

*Sexual Behaviour
	-Highly regulated and occurs only under appropriate hormonal conditions
-Hormonal conditions play a part in human sexual behaviour and are controlled by learned social and cultural factors

*Emotional Behaviour
	-Limbic system is involved in the regulation of emotional behaviour
-Several types of aggressive behaviour have been identified but only a few have been associated with particular brain structures 



[bookmark: _GoBack]




