
ANP1105 - 3.0 Homeostasis 

3.1 Define Homeostasis

	Key Terms

	biofeedback 
	a way of becoming aware of physiological conditions (such as increased heart rate and blood pressure), with the goal of being able to influence them consciously

	variable
	factor or event being regulated to maintain homeostasis (ex. blood-sugar levels) 



Homeostasis is the ability to maintain relatively stable internal conditions despite outside world changes. Although homeostasis literally means unchanging, it indicated a dynamic state of equilibrium in which internal conditions vary, but within narrow limits. Maintaining homeostasis involves many systems to ensure: (1) adequate blood levels of vital nutrients, (2) heart activity/blood pressure monitored & adjusted as needed, (3) wastes must not accumulate, (4) body temperature must remain relatively constant. 


3.1.2 Homeostatic Control


All homeostatic control mechanisms, regardless of the variable, are processing involving three components 

that work together: 

1. Receptor: senses change (stimulus) and responds by sending information (input) along the afferent pathway to the control centre
2. Control Center: determines the set point (the range/level at which a variable is to be maintained) of the variable and analyzes the input it receives and determines the appropriate response, sending information (output) down the efferent pathway to the effector
3. Effector: provides the means of the control center’s response (output) to the stimulus, the result of the response then feedback to influence the effect of the stimulus, either by positive feedback - pushing it to completion (ex. going into labour) or by negative feedback - reducing it so that the whole control process is shut off (ex. blood sugar regulation by insulin). 

3.1.3 Positive and Negative Feedback 



Negative Feedback 
· Reduces or shuts off stimulus
· Once we begin to correct for a condition, negative feedback stops the body from over compensation
· Prevents sudden, severe changes
· The hypothalamus of your brain 


Positive Feedback 

· Drives a process to completion 
· usually controls infrequent events that do no require continuous adjustments


Homeostatic Imbalance


Most disease seen as a disturbance of homeostasis (homeostatic imbalance)



Aging is associated with progressive decrease in our ability to maintain 

homeostasis (resulting in a greater risk for illness).

 
The control centre for regulating body temperature is in a region of the brain called the hypothalamus. When fighting an infection, the hypothalamus allows the body temperature to climb higher than the normal value of about 38OC. The involves both negative and positive feedback. Positive feedback induces a fever, your body feels cold and the body temperature increases. Negative feedback stops the increase past what the goal is. 


3.2.1 The Nervous System 

Somatic Nervous System
· Somatic Nervous System (SNS) system of motor neurons to skeletal muscle

Autonomic Nervous System
· Autonomic Nervous System (ANS) system of motor neurons to smooth and cardiac muscle, and glands to allow responses usually without our awareness. 
· The ANS is responsible for:
· shunting blood to more needy areas
· speeding/slowing heart and respiratory rates
· adjusting blood pressure and body temperature
· increasing or decreasing gastric secretions 
· The ANS is divided into the sympathetic and the parasympathetic nervous system 


Comparing the Somatic and Autonomic Nervous Systems

	
	Somatic Nervous System
	Autonomic Nervous System

	Effectors
	· stimulates skeletal muscles 
	· stimulates smooth and cardiac muscles

	Efferent Pathway and Ganglia
	· motor fibers are usually thick, heavily myelinated group A fibers that conduct nerve impulses rapidly 
· uses a single neuron that communicates with its effector directly
· lacks ganglia altogether
	· uses a ‘two-neuron chain’ to reach its effectors: preganglionic neuron (thin & lightly myelinated) and postganglionic neuron (very thin and nonmyelinated) 
· nerve impulses conducted more slowly than somatic


	Neurotransmitter Effects
	· All somatic neurons release ACh at their synapses with skeletal muscle
· The effect is always excitatory
	· Autonomic postganglionic fibers release two neurotransmitters norepinephrine (NE) secreted by most sympathetic fibers and ACh secreted by parasympathetic fibers
· The effect may be excitatory or inhibitory 



3.2.2 Divisions of the Autonomic Nervous System 


The ANS is divided into two branches, parasympathetic and sympathetic. Both 
divisions generally serve the same visceral organs but cause the opposite effects. The 
two divisions counterbalance each other to keep the body’s systems running smoothly. 


Parasympathetic Division 
· The rest and digest system
· Keeps body energy use as low as possible, as it directs vital house keeping activities (digesting, defecation, diuresis)

Sympathetic Division
· Fight or Flight system (active during exercise, excitement, emergency, embarrassment)
· The sympathetic division can constrict visceral (and sometimes cutaneous) blood vessels to shunt blood toward the active skeletal muscles and heart, dilate the bronchioles in the lungs, increasing ventilation (and therefore increasing O2 delivery to body cells), and cause the liver to release more glucose into the blood to accommodate the increased energy needs of cells. 


[Sympathetic and Vascular Tone] 

· With a few exceptions, the vascular system is entirely innervated by sympathetic fibers that keep blood vessels in a continual state of partial constriction. This is called sympathetic or vasomotor tone. 
· High blood pressure patients (hypertension) can be treated with Alpha-blockers, which force the sympathetic fibers to relax and dilate the vessels. 


[Parasympathetic Tone] 

· The parasympathetic system normally dictates activity of the heart, smooth muscles of the GI tract and urinary tract
· The Sympathetic division of the Autonomic Nervous system can override the parasympathetic effects during times of stress 
· The parasympathetic fibers active most glands, except the adrenal glands and sweat glands of the skin. 

* One example of the Parasympathetic and Sympathetic nervous systems cooperating is 
in the regulation of external genitalia during intercourse. The Parasympathetic system 
dilates the blood vessels in the penis, allowing it to become erect, while the sympathetic 
nervous system controls ejaculation, and the reflex of peristalsis of the female vagina to 
force sperm inward.*


Unique Roles of the Sympathetic Nervous System
· The adrenal medulla, sweat glands, and arrector pili muscles of the skin, the kidneys, and most blood vessels receive only sympathetic fibers. 
· Another role of the sympathetic nervous system is thermoregulatory responses to heat:
· when the body is hot, the sympathetic nervous system dilates blood vessels to allow heat to escape from the skin, and activates sweat glands in an attempt to further cool the body
· if the body is cold, the sympathetic fibers constrict blood vessels, preventing heat loss from the skin
· The release of Renin from the kidneys is another role of the sympathetic division of the autonomic nervous system. Renin causes the formation of blood pressure increasing hormones.
· Metabolic effects of the sympathetic nervous system include: increasing the metabolic rate of body cells, raising blood glucose levels, and stimulating mobilization of fats for energy
· Effects of the sympathetic nervous system are longer-lasting than the effects of the parasympathetic nervous system. The sympathetic nervous system’s neurotransmitter NE is inactivated more slowly than the parasympathetic system’s ACh
· Increases mental alertness
· Increases speed/strength of muscle contraction 

Control of Autonomic Function 

[Brain Stem and Spinal Cord Controls]


The hypothalamus is the main control of the autonomic nervous system, 
however, the brainstem exerts the most direct influence over autonomic functions. For 
example, motor centers in the ventrolateral medulla (cardia and vasomotor centers) 
reflexively regulate heart and blood vessel diameter. Most sensory impulses involved in 
autonomic reflexes reach the brain stem via vagus nerve afferents. 


[Hypothalamic Controls]


The hypothalamus is responsible for regulating the autonomic nervous system. In 
general, the posterior region of the hypothalamus controls the sympathetic nervous 
system, while the anterior region cis responsible for regulation of the parasympathetic 
division. The hypothalamus contains centers to coordinate heart activity, blood pressure, 
body temperature, water balance, endocrine activity, & centers to aid in hormone and 
biological drive mediation.


[Cortical Controls] 



Scientists used to believe that the autonomic nervous system was not subject to 
voluntary control, however certain individuals have used biofeedback in an attempt to 
attain conscious control over visceral activities. 


3.3.1 The Endocrine System


Hormones:
· A hormone is a chemical substance released into the extracellular fluid, usually into the blood stream
· Most hormones are amino acid based, and vary in size, from simple amino acid derivatives, to peptides, to proteins
· Steroid hormones are synthesized from cholesterol. Of the hormones produced by the major endocrine organs, only gonadal and adrenocortical hormones are steroids
· Some hormones are also eicosanoids (from arachadonic acid)
· Hormones must bind to specific receptors to influence target cell function 
· Hormones are specific: level of target cell activation depends on (1) hormone concentration, (2) target cell receptor content, (3) affinity of hormone for receptor


[Mechanisms of Hormone Action] 

· Hormones bring about their characteristic effects by altering target cell activity
· A hormone typically produces one or more of the following changes:
· alters plasma membrane permeability or membrane potential, or both, by openning or closing ion channels
· stimulates synthesis of enzymes and other proteins within the cell
· activated or deactivates enzymes
· induces secretory activity
· stimulates mitosis
· In general, hormones act at receptors in one of two ways
· water soluble hormones (all amino acid-based hormones except thyroid hormone) act on receptors in the plasma membrane. These receptors are usually coupled via regulatory molecules call G-proteins to one or more intracellular second messengers which mediate the target cell’s response. 
· Lipid-soluble hormones (steroid and thyroid hormones) act on receptors inside the cell, which directly activate genes. 


[Half-life, Onset, and Duration of Hormone Activity] 

· Hormone are potent chemicals
· Hormones circulate the blood in two forms: 
· freely 
· bound to a protein carrier
· In general, lipid soluble hormones travel in the bloodstream attached to plasma proteins, most others circulate without carriers
· Blood level of a hormone depends on:
· rate of synthesis
· rate of degradation or clearance from blood
· The length of time for a hormone’s blood level to decrease by half is referred to as the half-life (usually <1 minute - 30 minutes).
· Water soluble hormones have the shortest half-life
· The time to onset a hormone’s action is variable: enzyme activation - rapid (minutes), enzyme synthesis (hours to days). 
· Some hormones are secreted in an inactive form and are activated by the target cell. These hormones are called prohormones.
· The duration of hormone action varies depending on the hormone, its effects can be apparent for hours, or even days. 


[Control of Hormone Release] 




Usually negative feedback is used to maintain a set point of hormone 

levels, however sometimes, positive feedback is used to attain a goal. 

· Three types of stimuli: humoral, neural, & hormonal:
· Humoral stimuli: hormone secretion in direct response to change in blood level of a nutrient or ion
· ex. parathyroid hormone (PTH) & blood calcium, insulin, & blood glucose
· Neural stimuli: not as common, nerve fibers stimulate hormone release
· ex. under stress the sympathetic nervous system & epinephrine release by adrenal medulla, hypothalamic neurons & oxytocin release
· Hormonal stimuli: hormone release due to another hormone
· Three tiered system involving hypothalamus (which secrete specific hormone), pituitary (which receives the hormone from the hypothalamus and secretes hormones) & target endocrine gland (which receives the hormone from the pituitary gland and secretes its own hormone)
· ex. the hypothalamus may secrete Thyroid-releasing hormone (TRH), which in turn causes the pituitary gland to release Thyroid-stimulating hormone (TSH) which is received by the thyroid glands and releases Thyroid hormones (T3 & T4) 
· concept of hypothalamic-pituitary axis
· The Hypothalamus is neural, and produces a number of ‘releasing factors’ (hormones) which travel to the anterior pituitary via the hypophyseal portal system*

The Pituitary Gland
· size & shape of a pea 
· infundibulum connects pituitary to hypothalamus
· Consists of two major lobes: 
· Posterior Pituitary
· composed largely of neural tissue such as pituicytes (glia-like supporting cells) and nerve fibers.
· releases neurohormones (hormones secreted by neurons) received ready-made from the hypothalamus
· acts as a hormone storage area (not as a true endocrine gland)
· consists largely of axon terminals of hypothalamic neurons which synthesize one of two hormones: Oxytocin or Antidiuretic Hormone (ADH) 
· Anterior Pituitary
· composed of glandular tissue
· manufactures and releases a number of hormones 


Hormones of the Posterior Pituitary and the Hypothalamus

· The axon terminals in the posterior pituitary gland release the hormone (Oxytocin or ADH) ‘on-demand’ in response to action potentials that travel down their axons
· These hormones are very similar in structure, however, slight changes in the make-up result in very different functions
· Oxytocin: 
· stimulant of uterine contractions 
· stimulant for milk ejection in women whose breasts are producing milk in response to prolactin 
· also acts as a neurotransmitter in the brain & is involved in sexual and affectionate behaviour, and promotes nurturing, couple bonding, and trust
· Antidiuretic Hormone:
· inhibits or prevents urine formation
· prevents wide swings in water balance, avoiding dehydration and water overload
· under certain conditions, such as severe blood loss, exceptionally large amount of ADH are released to cause vasoconstriction, primarily of visceral blood vessels, raising blood pressure

