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HOMEOSTASIS

Simple definition of homeostasis.

The regulation of homeostatic mechanisms is brought about by control systems.

The key points to an effective control system are:

1. A sensitive receptor which detects changes (stimulus) and relays the information to a control centre.

2. A control centre (coordinator) which has the set point for the factor and can respond by activating an effector if the factor varies far from the set point.

3. An effector which brings about a response which returns the factor to normal levels.

The efficiency of a control system is measured in terms of how little displacement from the set point occurs and how quickly the set point can be restored. 

Fluctuations from the set point activate the control centre and often trigger feedback, which restores the set point. Feedback may be positive or negative.

Negative is the most common.  Examples of negative feedback systems:-

Negative feedback is associated with increasing stability of systems because if the system is disturbed, the response set in action counteracts the disturbance and restores the original state.

Positive feedback is rare because it leads to a more unstable situation. 

The composition of the tissue fluid (the internal environment) can be regulated to varying degrees. The mechanisms of control in most animals involve responses by endocrine glands or the nervous system, coordinated by control centres in the brain and spinal cord. 

Thermoregulation

The ability to control body temperature is extremely important if animals are to survive. 


Poikilotherms (e.g. reptiles) are animals which rely on heat from the external environment to maintain their body temperatures. They need to gain heat from the environment when they become cool, and they need to lose heat to the environment when they become too warm.
They rely on specific behaviours to regulate their heat gain and heat loss.
 
Homeotherms (e.g. mammals) are animals which are able to generate enough internal metabolic heat to maintain their body temperatures.


Humans hold their inner body temperature (core temperature) just below 37(C.  When the external temperature is low, however, only the temperature of the trunk is held constant.  The body temperature falls progressively from the trunk towards the end of the limbs.


It is still necessary to fine tune the endotherm's body temperature in response to fluctuations caused be either external influences (very hot or very cold) or internal events (raised or lowered metabolic rate, and its accompanying heat generation). This is achieved by a combination of functional and behavioural responses.

See separate sheet of notes on this.

The control of temperature is regulated by the hypothalamus, a region of the forebrain.  It contains a heat loss centre and a heat gain centre.  Temperature sensitive neurones (thermoreceptors) are situated in the hypothalamus.  They detect changes in the temperature of the blood flowing through the brain.  The thermoregulation centre of the hypothalamus also receives information via sensory nerves from thermoreceptors located in the skin and internal organs.

The hypothalamus connects with the rest of the body via the autonomic nervous system.  When the body temperature is lower then normal, the heat gain centre inhibits activity of the heat loss centre, and impulses are sent to the skin, hair erector muscles, sweat glands and elsewhere that decrease heat loss and increase heat production.  When the body temperature is higher than normal the heat loss centre inhibits the heat gain centre activity.  Impulses are sent to the skin, hair erector muscles, sweat glands and elsewhere that increases heat loss and decrease heat production.

Draw a flow diagram to illustrate this process.

The role of the skin in thermoregulation

· At capillary networks, the arteriole supplying them is widened (vasodilation) when the body needs to lose heat, but constricted (vasoconstriction) when it needs to retain heat.
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· The hair erector muscles contract when heat must be retained but relax when more heat needs to be lost.

· The sweat glands produce sweat only when the body needs to lose more heat.

Change of metabolic rate

The rate of heat release in an organism at rest is dependent on its basal metabolic rate (BMR).  This is under the control of two hormones, adrenaline and thyroxine.  Mammals have tissue known as brown fat found in patches in the thorax.  Its role is to generate heat.  When brown fat tissue is stimulated by sympathetic nerves, respiration of glucose formed from surrounding fat reserves is speeded up.  The ATP formed is immediately hydrolysed, and all the energy of the reaction is released as heat and circulated by the blood.  

	Further reading and questions – look at chapters 16.1 and 16.2
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