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5. Maintaining the internal environment 
 

Homeostasis 
Blood and tissue fluid derived from blood, flow around or close to all cells in the body. Blood and 
tissue fluid form the internal environment of the body. This internal environment is controlled and 
varies very little, despite large variations in the external environment. The control process is called 
homeostasis. 

State that homeostasis involves maintaining the internal environment between limits, including blood pH, 
carbon dioxide concentration, blood glucose concentration, body temperature and water balance 

The parameters controlled include: 
 controlled by 

o temperature NS, ES 

o blood glucose concentration ES (hormones glucagon, insulin) 

o blood pH NS, ES 

o oxygen and carbon dioxide concentrations NS 

o water/solute balance ES 

Two systems in the body play a major part in homeostasis – the nervous system and the endocrine system. 

 

 

1. The NERVOUS SYSTEM (HL) and Endocrine System 

The nervous system consists of the central (CNS) and peripheral nervous system (PNS) and is 

composed of special cells called neurons that can carry messages at high speed in the form of 
electrical impulses. There are two parts of the nervous system: 

o the central nervous system, consisting of the brain and spinal cord 

o the peripheral nervous system, consisting of the peripheral nerves that connect all parts 
of the body to the central nervous system. 

 

State that the Endocrine system consists of glands which release hormones that are transported in blood. 

The endocrine system is composed of glands that secrete hormones. These hormones are 

secreted directly into the blood and are carried by the blood throughout the body. 

(Hormones have a long-lasting effect  so they control things that need constant adjustment. They 
travel in the blood to activate target cells) 

CNS 

PNS 
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2. Negative feedback and homeostasis - controlling Levels by negative Feedback 

Explain that homeostasis involves monitoring levels of variables and correcting changes in levels by negative feedback 
mechanisms. 

Homeostasis involves maintaining the body in an environment between narrow limits by negative 
feedback mechanisms. Negative feedbacks contain a detector which measures the value of a 
feature to be controlled. This sends information to an effector, which then takes action. 

Negative feedback is the process in which a change in the normal set level initiates a response 
which reduces the effect (act against the change) = leads to a return to the original value. 
This process plays an important role in homeostasis. 

 

Negative feedback has a stabilising effect because a change in levels always causes the opposite change. A rise in levels feeds back to 
decrease production and reduce the level. A decrease in levels feeds back to increase production and raise the level. 

a. Control of body Temperature 
Describe the control of body temperature incl. the transfer of heat in blood, the role of sweat glands, and skin arterioles, and shivering. 

The brain monitors the temperature of the blood and compares it with a set point, usually around 37°. If the 
blood temperature is lower or higher than the set point, the brain sends messages to parts of the body to 
make them respond and bring the temperature back to the set point – negative feedback. These messages 
are carried by neurones. The responses all affect the rate at which heat is produced or the rate at which it is 
lost from the body. 

Environmental temperatures are detected by receptors in the skin. They inform the brain if the environment 
is hot/cold. Receptors, sited in the hypothalamus in the brain, monitor the temperature of the blood. 

Responses to chilling Response to overheating 

If the blood flowing through the hypothalamus 
drops, the heat gain centre is activated. 

If temperature of the blood flowing through it 
rises, the heat loss centre is activated. 

Nerve impulses sent to the skin cause 
arteriovenous shunt to open; blood flow 
through the capillaries is reduced.  
The temperature of the skin falls, so less heat is 
lost from it to the environment. 

The arteriovenous shunt closes; blood flow 
through capillaries increases. This blood 
transfers heat from the core of the body to the 
skin. The temperature of the skin rises, so 
more heat is lost from it to the environment. 

Contraction of skeletal muscles (= shivering) 
raises to help generating metabolic heat. 

Skeletal muscles remain relaxed and resting, 
so that they do not generate heat. 

Sweat production is reduced which causes less 
heat loss by evaporation. 

Sweat glands secrete large amounts of 
sweat making the surface of the skin damp. 
Water evaporates from the damp skin which 
has a cooling effect. 

The erector pili muscles are contracted and pull 
the hair upright (little effect on humans, goose-pimples). 

This traps an insulating layer of air in hairy 
mammals which reduces heat loss by convection. 

Erector pili muscles are relaxed so that the 
hair lies flat against the body (more heat can 
be lost by convection in hairy mammals). 

  

Change from 
resting level 
Change from 
resting level 

Detected by 
receptors 

Detected by 
receptors 

Effectors bring about a return 
to resting level 

Effectors bring about a return 
to resting level 

Resting 
level 
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b. Control of Blood Glucose Level 

Explain the control of blood glucose concentration, including the role of glucagon, insulin, Alpha and Beta 
cells in the pancreatic islets. 

 

 Cells in pancreas monitor blood glucose level 

 They compare it with set point (~ 90 mg glucose/100 ml blood) 

 If level is higher/lower than set point, pancreas sends messages 
(carried by hormones) to target organs 

 This makes organs respond and bring level back to set point 
(negative feedback) 

Islets: Cells  Hormones 

 1-2% of the mass of a pancreas are made up of Pancreatic Islets 
(cluster of cells) 

 They contain 4 different types of cells that produce Hormones, 
inter alia alpha-cells and beta-cells 

 

Low Glucose Level High Glucose Level 

• α-cells in islets produce the hormone 
glucagon 

• Glucagon stimulates liver cells to 
break glycogen down into glucose 
and release the glucose into the blood 

• This raises the blood glucose level 

•  cells in islets produce the hormone insulin 

• Insulin stimulates the liver and muscle cells to 
absorb glucose from the blood an convert it to 
glycogen (storage polysaccharide) 

• Insulin stimulates other cells to absorb glucose 
and use it in cell respiration instead of fat 

• This lowers the blood glucose level 

 

 

 

Glucagon is 
released by a-cells 
in pancreatic islets 
when blood sugar is 
low, it transforms 

stored glycogen into 
glucose that enters 
the blood stream 

 

 

 

Insulin is released by ß-
cells in the pancreatic 
islets when blood sugar 
is high, it transforms 

glucose in blood to 
stored glycogen 

*Glycogen = Structure of a molecule is related to maintaining blood glucose concentration: highly branched = 
many ends for hydrolysis (glycosidic bonds = easily broken off; hydrolysed to release glucose) 

 

Normal Blood 
Glucose Level 

Detected by β-cells 
in pancreas islets Stimulus 

– rise in blood glucose 

level (due to eating) 

Detected by α-cells 
in pancreas islets 

Stimulus – fall in 

blood glucose level (e.g. 
due to exercise (fasting)) 

Muscles 
Glucose  Glycogen 

Other body cells 
Increased uptake, respiration 

Liver 
Glucose  Glycogen 

Normal Blood 
Glucose Level 

Response 
- fall in blood glucose level 

Response 
- rise in blood glucose level 

Liver 
Glycogen  Glucose 

Change from resting level 

Change from resting level 

Detected by receptors Effectors bring about a 
return to resting level 

Resting 
level 

Detected by receptors Effectors bring about a 

return to resting level 
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Distinguish between type I and type II diabetes 

 

In some people the control of blood glucose does not work effectively and the concentration can 
rise or fall beyond the normal limits = diabetes mellitus. 

 

Type I diabetes 
(“insulin-dependent diabetes”) 

Type II Diabietes 

The onset is usually during childhood The onset is usually after childhood 

 cells produce insufficient insulin ( lack of 
insulin causes increase of fasting blood glucose 
 blood sugar level rises) 

Target cells become insensitive to insulin (don’t 
respond properly to insulin  body becomes 
resistant to insulin) 

Insulin injections are used to control glucose 
levels 

Insulin injections are not usually needed 

 

Diet cannot by itself control the condition Low carbohydrate diets usually control the 
conditions 

 

 

 

 

 

 

Excretion and the Kidney 
 

Define excretion 

Excretion is the removal from the body of the toxic waste products of metabolism. 
Kidneys excrete nitrogenous waste products 
 

All body cells produce waste substances that have to be removed, because they can damage the 
body – they are toxic. These waste substances are the products of metabolism. Metabolism 
consists of all of the chemical reactions that occur inside the cells of the body. There are useful 
products of metabolism, but also waste products. For example, carbon dioxide is a waste product 
of aerobic cell respiration. The process of removing waste products is excretion. 

 

The role of the KIDNEYS in excretion and maintenance of the water balance 

The kidneys have a major role in excretion. Waste products of metabolism are carried from body 
cells to the kidneys by the blood system. Urea is one of the main waste products. The kidneys 
remove the waste products from the blood and produce urine containing them. This is stored in the 
bladder and then passes out through the urethra. 

The kidneys also have a role in homeostasis. By varying the composition and volume of urine, the 
kidneys help to keep the water and salt content of the blood and tissue fluid constant. If there is 
too much water or too little salt inside the body, the kidneys produce a large volume of urine with a 
low salt concentration. If there is too little water or too much salt inside the body, the kidneys 
produce a small volume of urine with a high salt content. 
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The Human Kidney 
Draw and label a diagram of the kidney (include cortex, medulla, pelvis, ureter, renal blood vessels) 

 

Nephrons 

 
 

A section through a kidney shows it to be made up of thousands of tiny tubes called nephrons. One end of 
the tube forms a cup-shaped structure called a Bowman’s capsule (or renal capsule). This Bowman’s 
capsules of all nephrons are in the cortex of the kidney. From the Bowman’s capsule the tube runs towards 
the centre of the kidney, first forming a twisted region called the proximal convoluted tubule, and then a 
long hairpin loop in the medulla called the loop of Henle. The tubule then runs back upwards into the cortex 
where it forms another twisted region called the distant convoluted tubule, before finally joining a 
collecting duct which leads down through the medulla and into the pelvis of the kidney. Here all the 
collecting ducts join the ureter.  

Sphincter 
muscle 

renal artery 
renal vein 

left kidney 
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1. Function of the glomerulus 

Annotate a diagram of a glomerulus and associated nephron to show the function of each part. 

Explain the process of ultrafiltration, including blood pressure, fenestrated blood capillaries and basement membrane. 

The function of the glomerulus is production of a filtrate from 
blood by a process called ultrafiltration. Part of the blood plasma 
escapes through the walls of all capillaries, but in the glomerulus 
20% escapes, which is much greater than usual. There are two 
main reasons for this: 

 The blood pressure is very high, because the vessel 
taking blood away from 
the glomerulus is narrower than the vessel bringing 
blood. 

 The capillaries in the glomerulus are fenestrated – they 
have many pores through them. 

These pores are large enough to allow any molecules through, 
but on the outside of the capillary wall is a basement membrane, 
composed of a gel of glycoproteins. The basement membrane 
acts as a filter as it only allows molecules under a particular 
molecular mass to pass through (protein layer between glomerulus 
and Bowman’s Capusle that prevents blood cells and large proteins 
from entering the Bowman’s Capsule). It lets all substances in blood 
plasma through except plasma proteins. 

 Glucose 

 Amino Acids 

 Salts 

 Water 

 Urea 

The fluid produced by ultrafiltration is collected by the Bowman’s Capsule and flows on into the 
proximal convoluted tubule. 

 

 

2. Function of the proximal convoluted tubule 

Explain the reabsorption of glucose, water and salts in the proximal convoluted tubule, including the roles 
of microvilli, osmosis and active transport. 

Large volumes of glomerular filtrate are produced by the two kidneys. As well as waste products, 
the filtrate contains substances that the body needs, which must be re-absorbed into the blood. 
Most of this selective re-absorption happens in the proximal convoluted tubule. The wall of the 
nephron consists of a single layer of cells. In this proximal convoluted tubule the cells have 
microvilli projecting into the lumen, giving a large surface area for absorption. Pumps in the 
membrane re-absorb useful substances by active transport, using ATP produced by mitochondria 
in the cells. Selective reabsorbed are: 

 100% glucose*  (*active transport 

  + diffusion) 

 amino acids* 

 vitamins* 

 hormones* 

 

 80% water (osmosis) 

 salt (sodium, chloride)* 

 potassium* 

 40-50% urea (diffusion)

Active transport of solutes makes the total solute concentration higher in the cells of the wall than 
in the filtrate in the tubule. Water therefore moves from the filtrate to the cells and on into the 
adjacent blood capillary by osmosis. About 80% of the water in the filtrate is re-absorbed, leaving 
20% of the original volume to flow on into the loop of Henle. 
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3. Osmoregulation 

Define osmoregulation 

Osmoregulation is the control of the water balance of the blood, tissue or cytoplasm of a living 
organism. 

 

Explain the roles of the loop of Henle, medulla, collecting duct and ADH (vasopressin) in maintaining the 
water balance of the blood. 

 

a. The role of the loop of Henle: 

Glomerular filtrate flows deep into the medulla in descending limbs of the loops of Henle and then 
back out to the cortex in ascending limbs. 

Descending limbs and ascending limbs are opposite in terms of permeability. 
Descending limbs are permeable to water but not to sodium ions. 
Ascending limbs are permeable to sodium ions but not to water. 
 
(2) Ascending limbs pump sodium ions from 
the filtrate into the medulla by active 
transport, creating a high solute concentration 
in the medulla. 
(3) As the filtrate flows down the descending 
limb into this region of high solute 
concentration, some water is drawn out by 
osmosis. This dilutes the fluids in the medulla 
slightly. 

However the filtrate that leaves the loop of 
Henle is more dilute than the fluid entering it, 
showing that the overall effect of the loop of 
Henle is to increase the solute concentration 
of the medulla (so water moves passively – 
through aquaporins – out in the collecting 
duct, down its concentration gradient to 
create concentrated urine) 

 

b. Osmoregulation in the collecting duct 

Osmoregulation is the control of water and solute levels. The collecting duct has an important role 
in osmoregulation. 
 

too low water content in blood 
 Pituitary gland secrets ADH (hormone) 
 makes cells of collecting duct produce membrane channels (”aquaporins”) 
    = makes collecting duct permeable to water 
Filtrate passes down the collecting duct through medulla, the high solute concentration of medulla 
causes most of the water in the filtrate to be reabsorbed by osmosis 
 small volume of concentrated urine is produced 
 

too high water content in blood 
 no ADH is secreted 
 aquaporins are broken down 
 collecting duct becomes less permeable to water, 
     little water is reabsorbed as filtrate passes down the collecting duct 
 large volume of dilute urine is produced 
 

In this way the water content of the blood is kept within narrow limits. The urine produced by the 
collecting ducts drains into the renal pelvis and down the ureter to the bladder. 
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4. Differences in concentrations 

Explain the differences in the concentration of proteins, glucose and urea between blood plasma, glomerular 
filtrate and urine. 

 

Content (mg per 100 ml of blood) 

 Blood plasma (in renal artery) Glomerular filtrate Urine 

Glucose 90 90 0 

Urea 30 30 2 000 

Proteins 740 0 0 

 (large) proteins in blood plasma but not in glomerular filtrate 

 all other substances equal in concentration 

 

5. Glucose in the urine of diabetics 

Explain the presence of glucose in the urine of untreated diabetic patients. 

Whereas no glucose is present in the urine of healthy people, glucose is present in the urine of 
untreated diabetic patients. 

Rise in Blood glucose Level: 

In Type 1 diabetes, insulin-producing -cells are destroyed and the lack of insulin causes an 
increase of fasting blood glucose. 

In Type 2 diabetes, the cells do not respond to insulin and cannot make use of the glucose in the 
blood. Following, more insulin is produced and more glucose is released. Hence, tissues become 
resistant to insulin and blood glucose level starts to rise. 

 

Hence, more Glucose from the blood diffuses from the glomerulus into the proximal convoluted 
tubule and causes an excess of glucose. As glucose is reabsorbed, there are not enough protein 
carriers (active transport) to get all the glucose back into blood. Glucose is left in the filtrate and 
appears in the urine. 

 


