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Principles

Negative feedback restores systems to their original level.

The possession of separate mechanisms involving negative feedback controls
departures in different directions from the original state, giving a greater degree of
control.

Positive feedback results in greater departures from the original levels.

Positive feedback is often associated with a breakdown of control systems, e.g. in
temperature control.

Candidates should be able to interpret diagrammatic representations of negative
and positive feedback.

Control of
mammalian oestrus

The mammalian oestrous cycle is controlled by FSH, LH, progesterone and
oestrogen.

The secretion of FSH, LH, progesterone and oestrogen is controlled by interacting
negative and positive feedback loops.

Candidates should be able to interpret graphs showing the blood
concentrations of FSH, LH, progesterone and oestrogen during a given oestrous
cycle. Changes in the ovary and uterus lining are not required.




Homeostasis is the mechanism that maintains a constant internal environment

This involves maintaining the chemical make-up, volume and other features of blood and tissue fluid within restricted limits.  Homeostasis ensures that the cells of the body are in an environment that meets their needs and allows them to function normally despite external changes.

1.  Explain the importance of Homeostasis
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Negative feedback

Homeostasis is the maintenance of a constant internal environment within a living organism
Homeostasis is usually achieved by a process called negative feedback

Negative feedback:  Each control system must have:
· A receptor (sensor) which detects a stimulus
A stimulus is a change in the level of the factor being regulated and this detectable change is called the input

· A coordinator which receives and controls information from the receptor and triggers the action that will correct the change

· An effector which carries out the action that brings about the change – the corrective mechanisms
Copy slide 
Control of body temperature
If an organism’s body temperature is too low the rate of enzyme controlled reactions will take place too slowly of an organism to work properly.  If the temperature is too high then the enzymes may be denatured and will not function.  To survive many animals must regulate their temperature – this is thermoregulation.
How can heat be gained?

___________________________________________________________________________________________________________________________________________________________________

How can heat be lost?

___________________________________________________________________________________________________________________________________________________________________
Animals that get most of their heat from the metabolic activities in the body are called ______________________

Animals that obtain most of their heat from outside sources (the environment) are called _______________________

Regulation of heat in ectotherms
Ectotherms internal temperature is controlled by external temperature.  Their activity level depends on the external temperature so they are more active in higher temperatures.  They have a variable metabolic rate and will generate little heat themselves.  

E.g. Lizards
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control.

Positive feedback results in greater departures from the original levels.

Positive feedback is often associated with a breakdown of control systems, e.g. in
temperature control.

Candidates should be able to interpret diagrammatic representations of negative
and positive feedback.

Control of
mammalian oestrus

The mammalian oestrous cycle is controlled by FSH, LH, progesterone and
oestrogen.

The secretion of FSH, LH, progesterone and oestrogen is controlled by interacting
negative and positive feedback loops.

Candidates should be able to interpret graphs showing the blood
concentrations of FSH, LH, progesterone and oestrogen during a given oestrous
cycle. Changes in the ovary and uterus lining are not required.
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Regulation of body temperature in endotherms
Endotherms control temperature internally so their activity is largely independent of external temperature.  They have a constantly high metabolic rate and will generate a lot of heat from metabolic reactions.
Like ectotherms, endothermic animals use behaviour to maintain a constant body temperature.  They will shelter from wind or hot sunshine, curl up when it is cold and spread out more it is hot.
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In a cold environment the following changes occur:

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
IN a warm environment the following changes occur: 
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Maintaining the internal body temperature in endotherms is an example of homeostasis.
The stimulus ____________________________ is detected by receptors _________________________ which pass information to the co ordinator _______________________ in the brain which cause an effector ______________________ to bring about the appropriate response ______________________________________________.

Within the hypothalamus is a thermoregulatory centre which consists of two parts – 

The heat loss centre and the heat gain centre.  
Impulses are sent along the ___________________________ nervous system to the hypothalumus to help bring about changes in core body temperature.

(see fig 6 page 199)

Hormones

A hormone is produced by glands, transported through the blood plasma to the target cells.  These cells have receptors on their membrane which are complementary to the hormone.  

Control of blood glucose

All cells of the body require an energy supply so blood glucose concentration must be controlled.   The blood of a normal person contains between 80 and 90mg of glucose per 100cm3  There are 3 sources of blood glucose:

1______________________________________________________________________________________________________________________________________________________________
2_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The pancreas is both an exocrine and endocrine gland

Exocrine glands release secretions along ducts or tubes – send pancreatic juices containing enzymes to the duodenum

Endocrine glands produce hormones that control blood glucose levels- glucagon and insulin

In the pancreas scattered among the cells that produce digestive enzymes are a group of different cells called islets of Langerhans.

The islets of Langerhans are made of two different types of cells
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	· The alpha cells (α-cells) which are sensitive to low levels of glucose and secrete glucagon
· The smaller beta cells (β-cells) detect increases in blood glucose levels and secrete insulin




The role of a hormone involves activating specific enzymes by binding with receptor sites in the cell membrane which will cause the intracellular receptors to activate specific enzymes
1
Glucagon -  Low glucose concentrations (the glucose has gone)

If the blood glucose level fall to low this is detected by the α-cells and they secrete glucagon

This hormone fits into the receptor sites on the cell membranes of the liver cells and leads to the activation of the enzymes inside to convert glycogen to glucose

Increase the rate of gluconeogenesis ( conversion of amino acids and glycerol to glucose)

2
Insulin – high glucose concentrations
If the level of glucose in the blood gets too high the β-cells detect the change and secrete insulin  

This hormone circulates around the body in the blood stream and attaches to the receptor sites on the cell membranes of the liver, muscle and adipose (fat storing) cells

This changes the permeability of these cell membranes to glucose by increasing the activity of a carrier molecule which transports glucose across the cells membrane

This secretion of insulin results in the following changes

· Rate at which glucose is taken into cells from the blood increases.  Glucose enters cells by facilitated diffusion through carrier molecules.  In the cytoplasm are extra carrier molecules and insulin causes the carrier molecules to move to the membrane to increase the rate of uptake

· The rate of respiration in the cells increase since there is now more of the respiratory substrate glucose present 
· The rate of conversion of glucose to glycogen increases (glycogenesis) and is stored in liver and muscles
· The rate at which glucose is converted to fat and stored in adipose tissue increases

Copy slide 

Temperature regulation and glucose concentration in the blood are examples of negative feedback. – add any extra information from page 213 
Role of adrenaline in regulating blood glucose levels

How does adrenaline – a hormone produced by the adrenal glands affect glucose levels?

____________________________________________________________________________________________________________________________________________________________________
Using Fig 1 page 203 explain how adrenaline follows the second messenger model in regulating blood glucose
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Diabetes

Some people are unable to control their blood glucose level properly because they are unable to produce sufficient insulin – this is called diabetes mellitus.  Read page 206 and describe each type of diabetes and how it can be controlled. 
Type 1 

Caused by _______________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________
Controlled_________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________
Type II 

Caused by ___________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________Controlled____________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________
The principles of feedback mechanisms 
Negative feedback

Negative feedback occurs when the feedback causes the corrective measures to be turned off.  In doing so it returns the system to its original (normal) level.

Don’t forget that there are separate negative feedback mechanisms that control departures from the norm in either direction, this gives a greater degree of homeostatic control.

Positive feedback

Positive feedback occurs when the feedback causes the corrective measures to remain turned on.  In doing so it causes the system to deviate even more from the original (normal) level.  
Examples are rare, but one occurs in neurones when a stimulus causes a small influx of sodium ions.  This influx increases the permeability of the neurone to sodium ions so more ions enter, causing a further increase in permeability and even more rapid entry of ions.  This results in a very rapid build-up of an action potential that allows an equally rapid response to a stimulus.

Positive feedback occurs more often when there is a breakdown of control systems.  In certain diseases, for example typhoid fever, there is a breakdown of temperature regulation resulting in a rise in body temperature leading to hyperthermia.  In the same way, when the body gets too cold (hypothermia) the temperature control system tends to break down, leading to positive feedback resulting in the body temperature dropping even lower – due to brain not working properly and shivering stops causing temperature to drop even more.  The positive feedback causes the temperature to drop even further.  
Control of the oestrous cycle 

Hormonal control of the menstrual cycle

There are four main hormones that control the menstrual cycle, each interacting with the other in a way that ensures a regular cycle of events.  

1.  Name and describe the two hormones that are released from the pituitary gland:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.  Name and describe the two hormones that are produced by the ovaries:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The menstrual cycle is controlled by the interaction of these four hormones and their negative and positive feedback loops:
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Describe the key events that happen during the menstrual cycle and how hormones control these activities.
____________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Summary
	Follicular Phase 
	At the start of the oestrous cycle, the pituitary gland (in the brain) secretes
 follicle-stimulating hormone (FSH) 

( 
FSH triggers development of one or more follicles in the ovary 

( 
As the follicle grows in size, oestrogen is secreted 

	
	( 
	( 
	( 

	
	Inhibits further production of FSH 
	Stimulates the pituitary gland to secrete lutenising hormone (LH) 
	Stimulate growth and repair of the uterine lining (endometrium) 

	
	( 

	Ovulation 
	As the follicular stage progresses, the developing follicle increases in size and becomes a mature follicle 

	
	( 

	
	Oestrogen levels increase rapidly 

	
	                                             ( High levels of Oestrogen in blood 

	
	Triggers further release of LH (high concentration of LH in the blood) 
 

	
	( 

	
	Ovulation 

	
	( 

	
	Oocyte leaves the ovary and passes into the fallopian tube 

	
	( 

	
	Female is fertile 

	Luteal Phase 
	( 

	
	The high concentrations of LH that brings about ovulation has an affect on the follicle  cells that remain in the ovary 

	
	( 

	
	Follicle becomes corpus luteum 

	
	( 

	
	Corpus luteum secretes some oestrogen and a large amount of progesterone 

	
	(


( 

	
	Progesterone stimulates mammary glands and uterus in anticipation of pregnancy 
	High concentrations of oestrogen and progesterone inhibit production of FSH and LH 

	
	( 
	( 

	
	If the Oocyte is not fertilised within 36 hours, it dies 
	Without FSH and LH the cells of the corpus luteum gets smaller – and less progesterone and oestrogen is secreted 

	
	( 
	( 

	
	At day 28, a lack of progesterone brings about another menstruation 
	With less oestrogen and progesterone, the FSH is no longer inhibited, and the cycle can start again 


When does negative feedback occur in the menstrual cycle?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
When does positive feedback occur in the menstrual cycle?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Exam Questions
1.  The echidna is an Australian mammal. In winter, its body temperature falls to a temperature similar to that of its environment and it hibernates. However, during the period of hibernation, it becomes active every few weeks and at these times its temperature rises to a level similar to its summer temperature. The graph shows how the echidna’s temperature varies in the summer and in the winter.
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(a) Explain how the fall in body temperature to that of the environment helps the echidna

to survive the winter.

.............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(2 marks)

S (b) Explain how a higher body temperature is of benefit to an active echidna.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(2 marks)Jan05

2. Lizards are reptiles. The graph shows the results of an investigation into the relationship between air temperature and body temperature for two lizards living in different habitats. The investigation took place on a hot sunny day over a period of four hours.
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(a) (i) Explain the relationship between the air temperature and the body temperature

for lizard B.

............................................................................................................................................

............................................................................................................................................

(1 mark)

(ii) Suggest an explanation for the different pattern shown by lizard A.

............................................................................................................................................

............................................................................................................................................

(1 mark)

S (b) Lizard B moves more slowly when its body temperature is 24 °C than when it is 28 °C. Explain what causes the slower movements at the lower temperature.

...............................................................................................................................................

..............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(2 marks)
0205
3.  A diabetic person did not produce sufficient insulin. This caused the blood glucose concentration to be highly variable.

(a) (i) Name one target organ for the action of insulin in controlling blood glucose concentration.

...........................................................................................................................................(1)
(ii) Give one effect of insulin on the cells of this target organ.

..................................................................................................................................................................................................................................................................................................................(1 mark)

S (b) The concentration of glucose in a diabetic person’s blood can be measured using an

instrument which contains the enzyme glucose oxidase. Explain why the instrument measures the concentration of glucose only.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(2 marks)Jan 05
4.  A student ate a meal containing carbohydrates at 07:00. He ate nothing else for the next five

hours. The table shows the concentration of glucose in his blood at hourly intervals after the

meal.
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(a) Explain the rise in the concentration of glucose between 07:00 and 08:00.

.................................................................................................................................................................................................................................................................................................................................
(1 mark)

(b) The concentration of glucose in his blood fell between 08:00 and 09:00. Explain why.

....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(c) Describe the role of hormones in the fluctuation of glucose concentration between 09:00 and 12:00
…………….. ............................................................................................................................................

................................................................................................................................................................

..............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

.................................................................................................................................................................

(4 marks) Spec

5  Scientists investigated control of ovulation in a species of mammal. They measured the concentration of some hormones in the blood of females between January and June. The graph shows the results for one animal.
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(a) The concentration of LH in the blood is controlled by negative feedback. Use the curves for progesterone and LH to explain how.

..........................................................................................................................................................
..........................................................................................................................................................
...........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
...........................................................................................................................................................
(3 marks)

(b) (i) Explain how the change in progesterone concentration in March shows that ovulation

took place at the time indicated.

..........................................................................................................................................................
..........................................................................................................................................................
...........................................................................................................................................................
…….............................................................................................................................................(2)
4 (b) (ii) Two pieces of information from the graph, other than the change in progesterone

concentration, show that ovulation took place at the time indicated. Explain how.

1 .........................................................................................................................................................

..........................................................................................................................................................
..........................................................................................................................................................
...........................................................................................................................................................
2 .........................................................................................................................................................

..........................................................................................................................................................
..........................................................................................................................................................
...........................................................................................................................................................
 (4 marks) June 10

5(a) Technicians in a hospital laboratory tested urine and blood samples from a girl with diabetes at intervals over a one-year period. Each time the technicians tested her urine, they also measured her blood glucose concentration. Their results are shown in the graph.


(a) (i) The girl who took part in this investigation was being successfully treated with insulin.

The graph shows that on some occasions, the concentration of glucose in her blood

was very high. Suggest why.

...........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
...........................................................................................................................................(2 marks)

(a) (ii) Use the graph to evaluate the use of the urine test as a measure of blood glucose concentration.

......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(3 marks)

(b) Diabetic people who do not control their blood glucose concentration may become unconscious and go into a coma. A doctor may inject a diabetic person who is in a coma with glucagon. Explain how the glucagon would affect the person’s blood glucose concentration.

....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)June 2010
Thermoregulation in ectotherms
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