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Blood Glucose Regulation 
· Top threshold: 110 mg/dl
· Bottom threshold: 70mg/dl 
· Normal : 90 mg/dl
Hyperglycemia: concentrations above 110 mg/dl
Hypoglycemia: concentrations below 70 mg/dl

Importance of blood glucose homeostasis
Brain uses 25% of blood glucose. It is dependent on stable glucose levels! 
· Hypoglycemia: leads to coma/death
· Hyperglycemia leads to long term damage of eyes, blood vessel, organs (kidney)

Pancreas carries out Blood Glucose Homeostasis, two hormones used for regulation
1.Insulin
2.Glucagon

β-cells produce Insulin                  Both found in the Islets of Langerhans in the pancreas 
              α-cells produce Glucagon

Insulin is released when blood glucose rises above 110 mg/dl,  β-cells produce Insulin  , glucagon and insulin are antagonistic so when one is high the other is lower .    

Factors that increase blood glucose concentration
        
Diet
Carbohydrates are broken down in the digestive system to release glucose. Glucose is absorbed into the bloodstream.
Glycogenolysis
Stored glycogen in the liver is broken down to glucose and released into the bloodstream
Gluconeogenesis
Glucose is produced from other biological molecules e.g. from glycerol and amino acids in liver

Factors that decrease blood glucose concentration
Respiration
Glucose in blood is used by cells to release energy. 
Exercise
More glucose is needed as the body needs to generate more energy in order for muscle cells to contract 
Glycogenesis
The production of glycogen. When blood glucose concentration is too high, excess glucose is taken in through the diet and converted into glycogen

Role of insulin
· Insulin is produced by the β-cells of the islets of Langerhans in the pancreas.
· β cells detect a rise in blood glucose concentration and respond by secreting insulin directly into the bloodstream
· Insulin opens the glucose channel allowing the movement of glucose into the cells. 
Insulin lowers blood glucose concentration
Increases rate of glucose uptake by cells 
Inhibits the release of glucagon from α cells
Increases rate of respiration within cells
Increases rate of glycogenesis (more glucose converted to glycogen)
Increases rate of conversion of glucose to fat

Role of glucagon
· Glucagon is produced by α cells 
· If blood glucose concentration is too low α cells detect the fall
· α cells secrete glucagon directly into the bloodstream
Only fat and liver cells have glucagon receptors. Glucagon increases blood glucose concentration by:
· Glycogenolysis (liver breaks down glycogen to glucose)
· Reducing the amount of glucose absorbed by liver cells
· Increasing gluconeogenesis (increasing the conversion of amino acids and glycerol into glucose in liver)
· As blood glucose concentration returns to normal, this is detected by α cells 
· As it rises above a set level, α cells reduce their secretion.

· Insulin and glucagon are antagonistic
· Maintenance of blood glucose concentration is self regulating (level of glucose determines quantity of insulin and glucagon released)
· Blood glucose concentration fluctuates around a set point as a result of negative feedback
· Chronic hyperglycemia
· blood glucose levels above 130 mg/dl
· Two types of diabetes
Diabetes I: no Insulin: death of β-cells from autoimmune disease
Diabetes II: 1. Insulin Resistance: muscle, liver do not take up glucose due to chronic insulin overdose 2. Insulin Exhaustion like DBI

Control of heart rate and Blood Pressure Revision Sheet. 
Action potentials originate in the sinoatrial node and travel across the wall of the atrium to the atrioventricular node on the right side of the heart. This passes slowly giving time for the atria to contract and empty all the blood into the ventricle. This is then passed along the atrioventricular bundle into the interventricular septum along the bundle of His. This bundle separates into two at the apex (bottom) of the ventricles and goes upwards along each of the ventricle walls. The action potentials travel along this pathway and is carried deeper into the ventricular walls by the Purkinje fibres. This provides unison of a strong contraction by both the ventricles and allowing the ventricles to empty properly.
Chemoreceptors, located in the aorta and the carotid artery, monitor the CO2 levels, O2 levels and pH levels in the blood. When the receptor picks up the stimulant it transfers it to the sensory neurone to the medulla oblongata (also known as medulla) which also has chemoreceptors. The impulse then travels along the sympathetic neurone or parasympathetic neurone depending on the stimuli to the sinoatrial node. The effector, the cardiac muscle, can have two responses depending on the stimulus and route it takes:
· If there are low levels of O2 and pH with high levels of CO2 then the impulse will go through the sensory neurone to the medulla and through the sympathetic neurone releasing noradrenalin from the sinoatrial node (an excitatory neurotransmitter) which makes the heart rate faster.
· If there are high levels of O2 and pH with low levels of CO2 then the impulse will go through the sensory neurone to the medulla and through the parasympathetic neurone releasing acetylcholine from the sinoatrial node (an inhibitory neurotransmitter) which makes the heart rate slower. This is so the levels of O2 and pH can lower and CO2 levels can be raised.
Baroreceptors, located in the carotid artery and aorta only, detect changes in the pressure in the blood. The routes are exactly the same for which the nerve impulses take:
· If there is high blood pressure the route it follows is through the parasympathetic neurone which releases acetylcholine from the sinoatrial node slowing the heart rate down to lower the blood pressure.
· If there is low blood pressure the route it follows is through the sympathetic neurone which releases noradrenalin from the sinoatrial node making the heart rate faster to raise the blood pressure.
Control of Blood Pressure Summary

If blood pressure within the aorta or the carotid sinus increases, the walls of these arteries stretch and stimulate increased activity within the baroreceptor. This information is then sent via nerves to the cardio regulatory center within the medulla, which responds by initiating mechanisms that decrease the blood pressure to a normal level. Let's take a look at what happens to bring your blood pressure back down to a normal level when it gets too high.
To lower blood pressure, we first see a decrease of sympathetic input and an increase in parasympathetic input to the heart. We previously learned that the sympathetic nervous system can increase heart rate and stimulate the heart muscle to pump with more force. We also learned that the parasympathetic nervous system can decrease the heart rate. Therefore, by shutting off the sympathetic stimulation and boosting the parasympathetic stimulation, we decrease the heart rate and stroke volume, which decreases the cardiac output and decreases blood pressure. Second, if the baroreceptors are detecting that blood pressure is too high, the cardio regulatory center of the medulla will also decrease sympathetic input to the blood vessels. This causes vasodilation, which decreases total peripheral resistance and decreases blood pressure.
The opposite happens when the baroreceptors of the aorta or carotid sinus detect a drop in blood pressure. A decrease in blood pressure causes a decrease in action potentials sent to the cardio regulatory center of the medulla. Therefore, to raise blood pressure, the body will first cause an increase in sympathetic nerve activity to the SA node, causing it to fire more frequently, which increases the heart rate. The heart muscle is also stimulated to pump with more force, and this increases the stroke volume. When heart rate and stroke volume increase, we see an increase in cardiac output. As we learned, an increase in cardiac output causes an increased blood pressure, restoring blood pressure back to a normal level. Second, this causes an increased sympathetic input to the blood vessels, which stimulate the smooth muscle to contract, causing vasoconstriction, which increases total peripheral resistance and increases blood pressure.
The Renin-Angiotensin System and Blood Pressure Control


The renin-angiotensin system or RAS regulates blood pressure and fluid balance in the body. When blood volume or sodium levels in the body are low, or blood potassium is high, cells in the kidney release the enzyme, renin. Renin converts angiotensinogen, which is produced in the liver, to the hormone angiotensin I. An enzyme known as ACE or angiotensin-converting enzyme found in the lungs metabolizes angiotensin I into angiotensin II.
Angiotensin II causes blood vessels to constrict and blood pressure to increase. Angiotensin II stimulates the release of the hormone aldosterone in the adrenal glands, which causes the renal tubules to retain sodium and water and excrete potassium.
Together, angiotensin II and aldosterone work to raise blood volume, blood pressure and sodium levels in the blood to restore the balance of sodium, potassium, and fluids. If the renin-angiotensin system becomes overactive, consistently high blood pressure results.

What Is the Respiratory System's Role in Homeostasis?
· The respiratory system participates in a variety of homeostatic processes, and the two most important of these are maintaining pH and regulating gas exchange.
· Normal PH of the blood should be 7.35-7.45
· Homeostatic functions are related to the biochemical roles played by the two primary respiratory gases, carbon dioxide and oxygen.
· Oxygen enters the body as a component of the air we breathe and is processed by the lungs. Carbon dioxide, which is produced as a byproduct of cellular metabolism, travels through the bloodstream to the lungs and is exhaled.
· The supply of oxygen in the bloodstream is a critical aspect of homeostasis -- with insufficient oxygen, cells cannot make energy. Carbon dioxide must also be carefully managed so that this waste product does not accumulate to problematic levels. By inhaling and exhaling, the respiratory system is able to take in oxygen and release carbon dioxide, and thus it plays a dominant role in homeostatic gas exchange.
· The concentration of hydrogen ions in blood depends on the concentration of carbon dioxide, which is directly influenced by the respiratory system. Thus, the respiratory system plays a major role in maintaining the human bloodstream at the optimal pH.
· Acidity and alkalinity are expressed on the pH scale, which ranges from 0 (strongly acidic) to 14 (strongly basic or alkaline). A pH of 7.0, in the middle of this scale, is neutral. Blood is normally slightly basic, with a normal pH range of 7.35 to 7.45. Usually the body maintains the pH of blood close to 7.40.
· Chemoreceptor's in the carotid arteries and aorta are sensitive to the concentrations of CO2 in the bloodstream. A rise in CO2 levels during vigorous exercise causes these sensory cells to send an increased number of nerve impulses to the respiratory control centre in the medulla.
· This region of the brain responds by sending a greater number of nerve impulses to the intercostal muscles and diaphragm. The subsequent increased activity of these structures brings about an increase in rate and depth of breathing.
· Excess CO2 is removed and the internal environment is kept within tolerable limits.
[image: ]Thermoregulation

Complete the notes by filling in the blanks

The _______________ centre in the hypothalamus senses the temperature of the ________ flowing through the hypothalamus 

The hypothalamus also receives information via ___________ neurones from heat receptors in the _______

If the core body _____________ starts to rise the hypothalamus triggers responses which ___________ heat losses.

If the core body temperature starts to _________ the hypothalamus triggers responses which either reduce __________ losses OR ____________ more heat 


Vasoconstriction and Vasodilation

· __________ carries heat from the core around the body.

· As blood flows through the ______________ close to the surface of the ______, heat is lost to the body’s surroundings.

· The __________________ which supply the capillaries in the skin have smooth _________ in their walls. This means that the arterioles can dilate or constrict to ____________ the flow of blood into the capillaries.

Vasodilation
[image: ]
· If the core temperature of the body starts to _____________, then the smooth muscle in the arteriole walls ____________ and the arteriole dilates (gets wider)

· __________ blood then flows through the capillaries near the surface of the skin.

· This ___________ the rate of heat loss from the body.






[image: ]Vasoconstriction

· If the core temperature of the body starts to __________ then the smooth muscles in the arteriole walls ____________ which constricts the arteriole.

· __________ blood flows through the capillaries close to the surface of the skin as blood is redirected through the _________ __________ which are found in the __________ layers of the skin.

· This _____________ the rate of heat loss from the body.


The Pili Erector Muscles and Goosebumps


· [image: ]Each of our body _________ has a small muscle attached to the base.

· When this muscle __________, the hair is pulled _____________.

· When the rate of heat loss from the body ____________, these muscles contract so that the hairs stand on end, ______________ an insulating layer of still __________.  This __________ the rate of heat loss.

· [image: ]As the muscle contracts, we can see this in the skin as _________ __________ appear. (This response is much more effective in animals which have thick _____ on their bodies.)

Sweating

· As body temperature starts to __________, glands in the __________ start to produce sweat.

· Water in the sweat _______________. In order to do so, it must absorb ________ form the body.

· This ___________ the rate of heat loss from the body


Shivering

· [image: ]Muscles require __________ to contract. This energy is supplied by ____________.

· During respiration some energy is always lost as__________ energy. 

· When we __________, the muscles contract repeatedly so the rate of respiration in the muscles ____________, and ___________ heat is generated. 

Temperature Homeostasis

Complete the diagram below

[image: ]

Changes in ____________ stimulate responses which ____________ the change in temperature. This is an example of ___________ feedback.

· 










image6.emf

image7.emf

image1.emf

image2.emf

image3.emf

image4.emf

image5.emf

