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12 The kidney and homeostasis

The excretory system and the 
kidneys

Functions of the kidneys
We have already seen that the body keeps several factors within a certain 
range, and that this is generally referred to as homeostasis. The kidneys 
play a role in homeostasis. They have two main functions:
l Control of the water content of the body (this is sometimes called 

osmoregulation). All the chemical reactions that make up life take 
place in an aqueous solution. Differences in water content in body 
tissues affect concentrations and therefore rates of reaction, as well as 
determining the direction of water movement into and out of cells by 
osmosis. If the water content of the body gets too high or low it can 
have serious consequences. Dehydration, for instance, can be fatal.

l The removal of waste products, mainly urea. Urea is a poisonous 
substance made in the liver from the breakdown of excess proteins.

The excretory system
The human excretory system is shown in Figure 12.1. Urine is formed in 
the kidneys and then drains down the ureters to be temporarily stored 
in the bladder, before exiting via the urethra. The blood is brought to 
the kidneys from the heart via the aorta and then the renal arteries, and 
then returns via the renal veins and the vena cava.

Aorta

Kidney
Filters blood to
remove waste and
adjust body’s water
level. Forms urine.

Arrows show the
direction of blood
flow in the major
vessels.

Renal artery

Vena cava

Bladder

Renal vein

Ureter

Urethra

Figure 12.1 The human excretory system.
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The internal structure of a kidney is shown in Figure 12.2. There are 
three main areas, the outer cortex, the inner medulla and (in the 
centre) the pelvis, which is where the urine drains before leaving via 
the ureter.

Pelvis

Renal artery

Renal vein

Ureter

Medulla

Cortex

Figure 12.2 Internal structure of the kidney.

The process of excretion in the 
kidneys
A kidney is made up of millions of small tubes called nephrons, 
which extract wastes from the blood to produce urine, a waste 
solution containing urea and excess salts. The structure of a nephron 
is shown in Figure 12.3. The process of urine formation has three 
stages:

Arteriole to capillary knot

Capillary knot

Arteriole from
capillary knot

Tubule

Network of capillaries

Bowman’s capsule

To the bladder

Collecting duct

Cortex

Medulla

Figure 12.3 The Structure of a nephron.
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1 Filtration
 The walls of the capillary knot and the Bowman’s capsule are 

leaky, and as blood f lows through the capillary knot the blood 
pressure forces f luid through into the Bowman’s capsule. The 
arteriole leading into the capillary knot is wider than the one 
leading away from it, so pressure builds up in the capillary knot. 
Only small molecules can get through the walls, so the walls act 
like a f ilter. Blood cells and larger molecules like proteins remain in 
the blood. The materials that go through the f ilter into the nephron 
are water, glucose, urea and salts.

2 Selective reabsorption
 Some of these substances that get through the filter are useful to the 

body. Glucose, some salts and most of the water are also reabsorbed 
into the blood.

3 Regulation of water content
 In the later part of the nephron the water content of the urine is 

adjusted, dependent on the body’s needs. If the blood is too dilute, 
which can happen if the person has drunk a lot of liquid, less water 
is reabsorbed and the urine is pale and dilute. If the blood is too 
concentrated, then reabsorption is increased and the urine is darker and 
more concentrated. The amount of water reabsorbed is controlled by a 
hormone, antidiuretic hormone (ADH).

ADH and water reabsorption
Areas in the brain detect the concentration of the blood and, if 
the concentration is too high, ADH is produced by the pituitary 
gland (a hormone-producing gland just beneath, but attached to, 
the brain). ADH causes the kidney to reabsorb more water and 
produce a more concentrated urine. Once the blood concentration 
returns to normal, ADH production stops and less water is 
reabsorbed. This is an example of negative feedback, described on 
page 87.

At the end of the nephron, the urine enters a collecting duct which 
drains into the bladder via the ureter.

Blood, kidney filtrate and urine compared
The table below compares the composition of blood, the kidney filtrate 
when it first enters the nephron, and urine.

Table 12.1 Comparison of blood, filtrate and urine.

Blood Kidney filtrate Urine

Water ✓ ✓ ✓ (less)

Glucose ✓ ✓ ✗

Salts ✓ ✓ ✓ (less)

Urea ✓ ✓ ✓

Proteins ✓ ✗ ✗

Cells ✓ ✗ ✗

Exam tip

In exam answers, it is safest 
to refer to antidiuretic 
hormone by its full name, 
rather than ADH.
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Now test yourself
1 What is the main waste product removed by the kidney?
2 Why are proteins not found in the urine?
3 Which substances are selectively reabsorbed in the kidney?
4 What effect does ADH have on the urine?
5 Which part of the nephron contains the filter?

Answers on p.112

The treatment of kidney disease

Kidney failure
Most people have two kidneys, and if something happens to one – for 
example, if it has to be removed as a result of an accident or cancer – we 
can live a full and healthy life with only one working kidney. Indeed, 
some people are born with just one kidney, and live a normal life. If a 
patient has kidney disease, however, it is likely to lead to failure of both 
kidneys, and this is a life-threatening condition.

Kidney failure is detected by the presence of blood and/or cells in the 
urine (although blood in the urine can be caused by other conditions). 
There are two types of treatment for kidney failure:
l Kidney dialysis – The patient spends regular sessions attached to 

an artificial kidney machine, which removes wastes and restores the 
balance of salts and water in the blood.

l Kidney transplant – A new kidney can be placed in the body, so that 
kidney function is restored.

Each of these treatments has advantages and disadvantages, which we will 
look at below.

Kidney dialysis
When a patient is hooked up to a kidney dialysis machine, the 
blood is taken out of a blood vessel in the arm and pumped through 
the machine and then returned to the body. A special dialysis 
f luid containing salts, called the dialysate, is also put through the 
machine. The dialysate is separated from the blood by a selectively 
permeable membrane, which lets small molecules through, much 
like the kidney’s natural f ilter. The concentration of the dialysate is 
carefully controlled to ensure that only excess salts and water pass 
into it. It has less water and salts in it than the patient’s blood has, and 
so salts diffuse into the dialysate down a concentration gradient, and 
water moves out of the blood by osmosis. The dialysate is constantly 
renewed so that the blood continually loses the salts and water that 
have built up without a properly functioning kidney.

The disadvantages of kidney dialysis are as follows:
l The patient needs to spend a long time on dialysis (usually 3 days a 

week, for 4 hours each time). Very often, patients have to travel to 
hospital for this treatment.

l Between sessions, patients have to restrict f luid and salt intake.
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Kidney transplants
A kidney transplant is a cure for kidney disease, and patients can live a 
normal life without having to repeatedly undergo dialysis. However, 
there are some disadvantages:
l The process involves surgery, which always carries some risk.
l The ‘foreign’ kidney transplanted will be recognised by the body’s 

immune system, which will then attack it. To avoid this rejection, kidney 
transplant patients have to take drugs that suppress their immune system. 
Their use can make patients more likely to get infections.

l Transplanted kidneys have a limited lifespan. A young patient may 
need several transplants during their lifetime.

l A person needs to be reasonably strong and healthy (other than suffering 
from kidney disease) in order to have a transplant. Patients who are very 
sick are not able to have the operation as the risks are too great.

l A person can only receive a kidney from someone who has a similar 
‘tissue type’. Some patients wait many years for a suitable donor.

Now test yourself
6 What is the function of the selectively permeable membrane in a kidney machine?
7 In a kidney machine, the dialysate contains a concentration of salt equivalent to the normal level in a 

healthy person’s blood. Explain the reason for this.
8 When a kidney patient goes for dialysis, the level of salts in the blood will be higher than in healthy 

people. Explain the reason for this.
9 Give one disadvantage to kidney dialysis (compared with a transplant).
10 When kidney transplants were first carried out, many patients died sometime after the transplant. 

They died due to infection, rather than due to kidney failure. Explain the reason for this.

Answers on p. 112

Summary
l The kidneys regulate the water content of the blood and remove waste products such as urea from the 

blood. This is necessary because urea is a poisonous waste, and if the blood is too concentrated or too 
dilute it can disrupt processes in the body.

l The human excretory system contains the following structures: kidneys, renal arteries, renal veins, 
aorta, vena cava, ureters, bladder and urethra.

l A kidney has the following parts: cortex, medulla, pelvis and ureter.
l A nephron consists of the following structures: capillary knot, Bowman’s capsule, tubule, collecting 

duct, capillary network, and arterioles to and from the capillary knot.
l Blood is filtered under pressure in the capillary knot.
l The pressure results from the arteriole leaving the knot being smaller than the one entering.
l Glucose, some salts and much of the water are selectively reabsorbed as the fluid moves through the 

kidney tubule.
l Urine – containing urea, water and excess salts – passes from the kidneys in the ureters to the 

bladder, where it is stored before being passed out of the body.
l The presence of blood or cells in the urine indicates disease in the kidney.
l The kidneys produce dilute urine if there is too much water in the blood or concentrated urine if there 

is a shortage of water in the blood.
l The regulation of water absorption in the kidney is controlled by antidiuretic hormone (ADH).
l Dialysis and transplantation can be used to treat kidney failure.
l In a dialysis machine excess salts and water pass from the blood into a fluid called the dialysate by 

diffusion and osmosis. The concentration of the dialysate is carefully controlled to regulate this.
l Kidney transplants require a donor with a similar ‘tissue type’ to the recipient.
l The donor kidney may be rejected by the body and attacked by the immune system, unless drugs are taken 

that suppress the immune response.
l Dialysis and transplantation each have advantages and disadvantages.
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Exam practice
1 The diagram below shows a knot of blood capillaries inside a Bowman’s capsule in the kidney.

Blood in

Blood out

(a) What is the name of the artery bringing blood to the kidney? [1]
(b) The blood vessel entering the Bowman’s capsule is much  

wider than the one leaving it. What is the significance of this? [3]
(c) Which things, found in the blood, do not enter the Bowman’s capsule? [2]
(d) The average amount of body fluid in an adult is 40 dm3. The total body fluid passes through the 

kidneys eight times per day. Average urine production is 1.5 dm3 per day. What is  
the percentage of water reabsorbed in the kidneys? [3]

2 During kidney dialysis, blood is pumped through a kidney machine and travels past a selectively 
permeable membrane. Dialysis fluid is pumped in the opposite direction through the machine.
(a) State the process by which water passes through the  

selectively permeable membrane in the kidney machine. [1]
(b) State the process by which salts pass through the selectively permeable membrane. [1]
(c) Why is it better for the blood and dialysate to flow in opposite directions in the machine? [1]
(d) The dialysate is a solution of salts. Why would it be unsuitable to use water as a dialysate? [2]
(e) State one advantage to the patient of having a kidney  

transplant instead of having dialysis. [1]
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