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TOPIC 1 All under control 1

           TOPIC 1 
All under control 

  1.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic.  

 1.1.1 Why learn this? 
 How does this gymnast keep her balance? 
Receptors throughout her body provide her 
brain with information. Pressure receptors 
in the skin of her palms and the sides of her 
feet provide information about the position 
of the beam under her hands and feet. Light 
receptors in her eye provide visual infor-
mation. Even receptors in her ears provide 
information that will help keep her balanced. 
Sensory nerves carry the information to the 
central nervous system. The brain processes 
it. When she is ready to complete her move, 
nerve cells in the gymnast’s brain will fi re 
impulses that will cause some muscles to 
contract and others to relax so that she will 
execute her move perfectly. 

 In this chapter you will learn about two 
body systems — the nervous system and 
endocrine system — and the role they play 
in controlling and coordinating many of the 
processes that occur in the body to keep 
cells alive.    

 LEARNING SEQUENCE 
1.1        Overview 1   
1.2        Systems keeping cells alive 3   
1.3        Keeping things balanced 8   
1.4        Detecting change 11   
1.5        Fast control 16   
1.6        Brain power 22   
1.7        Scientifi c research — spinal injuries 25   
1.8        Slow control 33   
1.9        Hormones and reproduction 35       

1.10        Review 40   

  This gymnast’s nervous system is coordinating the action of 
her muscles to keep her balanced. 
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2 Jacaranda Core Science Stage 5

INVESTIGATION 1.1

Measuring reaction time
AIM: To compare 2 methods for measuring reaction time

You will need:
a stopwatch
access to a computer or tablet connected to the internet
• Use each of the following methods to measure the average reaction time of students in your class.

Method 1:
–  All the students in the class need to organise themselves into a single line around the classroom and hold 

hands. The first student in the line needs to hold the stopwatch.
–  When the teacher calls out ‘start’ the first student starts the stopwatch and squeezes the hand of the student 

next to them. That student in turn squeezes the hand of the next student until the end of the line is reached, 
then the hand squeeze needs to travel back down the line. When the first student feels the squeeze he or she 
stops the timer.

– Repeat 5 times and calculate the average time taken for the squeeze to travel up and down the line.
– The average reaction time for students in the class can be calculated using the formula:

reaction time =
average  time  for  sqeeze  to  travel  up  and  down  the  line

2 × number  of  students
 

Method 2:
–  Use the Reaction testing 1 and Reaction testing 2  

weblinks in the Resources tab to measure your reaction time.
–  Enter each student’s reaction time into a Google Docs 

spreadsheet (or write them on the board if you do not have 
access to Google Docs) and calculate the average reaction 
time for students in your class.

Discussion
1. Compare the results obtained by each method.
2. Which method is most valid? Justify your answer.
3. How could the reliability of each method be improved?
4. Which method gives the most precise measurement? 

Explain your answer.

5. What are some other ways that reaction time could be measured?

1.1 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.
1. List some organs of the body that detect changes in your surroundings.
2. Which body systems relay messages from one part of the body to another?
3. Explain why it is important for the systems of the body to work together in a coordinated fashion.
4. Give examples of situations where it is important to respond quickly.
5. Give examples of situations where a slower and carefully considered response is important.

 Explore more with this weblink: Reaction testing 1

 Explore more with this weblink: Reaction testing 2

 RESOURCES — ONLINE ONLY
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TOPIC 1 All under control 3

  1.2  Systems keeping cells alive 
 The human body is made up of trillions of 
cells. Each of these cells must be supplied 
with nutrients and oxygen and produces 
waste products that need to be removed. 
Cells have other requirements as well. 
They function best within a narrow range 
of conditions including temperature, pH 
level and salt concentration. Body systems 
work together to keep cells alive. 

 Cells 
       All living things are made up of at least 
one cell. In  multicellular  organisms such 
as humans there are different types of cells. 
Each type of cell has a specifi c function 
or job. Red blood cells carry oxygen to all 
parts of the body. They are very small to fi t 
through tiny blood vessels. 

 The longest cells in the body are nerve 
cells. Some nerve cells have a very long 
tail called an axon that allows them to 
relay messages from one part of the body 
to another. 

 Tissues 
 A group of similar cells that carry out a 
particular function together form a tissue. 
For example, the muscles of your arm contain different types of tissue including skeletal muscle tissue. 
Skeletal muscle tissue is made up of skeletal muscle cells. 

 Organs 
 Your heart, lungs, pancreas and kidneys are organs. Organs consist of different types of tissues. For example, 
the heart is made up of a number of types of tissues including cardiac muscle tissue and connective tissue. 

 Systems 
 Organs form parts of systems. The kidney is an organ of the excretory system. The heart is an organ of the 
circulatory system and the brain belongs to the nervous system. Systems in turn must work together to keep 
the organism alive. 

 1.2.1 The respiratory and circulatory system work together to supply 
cells with oxygen 
 All cells need oxygen. Air, containing oxygen, enters the respiratory system through the mouth or nose. It 
travels through the trachea, bronchi and bronchioles of the respiratory system and enters the  alveoli  (air 
sacs) of the lungs. There the oxygen diffuses into the bloodstream and binds to haemoglobin in red blood 
cells. It has thus entered the circulatory system. It will travel to the heart in the pulmonary vein and is then 
pumped out into the aorta, the main artery leaving the heart. The aorta splits into smaller blood vessels, 
which in turn branch into fi ner vessels. All cells of the body are within a short distance of very fi ne blood 
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4 Jacaranda Core Science Stage 5

vessels called capillaries. Oxygen 
diffuses out of the capillaries and 
into the fl uid surrounding cells — the 
 interstitial fl uid . From there it dif-
fuses into cells where it is used for 
 respiration .  

 Respiration is a process that 
releases the energy stored in glucose 
and converts it to a useable form. In 
respiration glucose and oxygen react 
to release carbon dioxide, water and 
energy. It’s a multi-step process but it 
can be summarised by the following 
word and symbol equations: 

 Glucose + oxygen → carbon dioxide 
+ water + energy 

 C 6 H 12 O 6  + 6O 2  → 6CO 2  + 6H 2 O 

 The carbon dioxide produced in 
respiration must be removed from 
cells. It diffuses out of cells and into 
the interstitial fl uid, then moves into 
capillaries where it is carried in the 
bloodstream back to veins and then 
the heart. The heart pumps blood to 
the lungs where the carbon dioxide 
diffuses out of the bloodstream and 
into the alveoli of the lungs. It is then 
breathed out.   

Head, upper limbs

Aorta

Pulmonary artery

Pulmonary veinPulmonary vein

Left
atriumatrium

Intestines

Liver

Kidneys, trunk
and lower limbs
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ventricleventricleRight

ventricleventricle
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Lung LungLung

  The circulatory system transports substances around the body. 
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  Oxygen diffuses into the blood in the lungs and is delivered to cells by the circulatory system. 
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TOPIC 1 All under control 5

1.2.2 Supplying cells with nutrients
In addition to oxygen, cells also need glucose for respiration, as well as other nutrients such as amino acids, 
fatty acids, vitamins and minerals that come from the food we eat. The digestive system breaks down food 

both physically and chemically. By the time it 
reaches the small intestine many of the carbo-
hydrates in food have been converted to glu-
cose, proteins are converted to amino acids, 
and fats are broken down into fatty acids and 
glycerol. These substances pass through the 
walls of the small intestine and diffuse into 
the blood in the capillaries of the villi of the 
small intestine. From there they will be carried 
in the bloodstream to all cells of the body.

INVESTIGATION 1.2

Model of the respiratory and circulatory system
AIM: To model the role of the respiratory and circulatory systems

You will need:
A4 sheets of white, blue and red cardboard thick marker
• Use the sheets of white cardboard and the markers to make some signs with the words: lungs, head, right 

atrium, right ventricle, left atrium, left ventricle, liver, intestines, kidneys, trunk and lower limbs. Use the figure 
in previous page to decide how to organise the cards.

• Cut up at least 5 sheets of the red and blue cardboard into 4 smaller cards. Write ‘oxygen’ on the red cards 
and ‘carbon dioxide’ on the blue cards. Give the red cards to student A who will play the role of the lungs. 
The blue cards should go student B who will play the part of the body cells.

• All the other students in the class will play the part of red blood cells, moving around the circulatory system. 
Use the figure in previous page to decide how the red blood cells should move around the room to model the 
circulatory system.

Discussion
1. What are the benefits of using a model such as this one?
2. Identify some limitations of this model. How could it be improved?

Small finger-like 
projections called villi 
line the walls of the 
small intestine.

The digestive system

Oesophagus

Small intestine

Large intestine

Liver

Tongue

Teeth

Stomach

Anus
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6 Jacaranda Core Science Stage 5

 1.2.3 Getting rid of waste 
 Waste products must be removed from cells to 
ensure that they do not reach dangerous levels and 
interfere with normal cell functions. 

 Carbon dioxide is a waste product of respira-
tion. It is excreted in the lungs. 

 There is also another type of waste called nitrog-
enous waste that needs to be removed from cells. 
It results from protein metabolism. The liver is 
involved. It processes the nitrogenous waste and con-
verts it to a substance called urea. Urea is transported 
in the bloodstream. When it reaches the kidneys it is 
fi ltered out of the blood. The kidneys produce urine, 
a solution of urea and other substances including 
salts. In addition to excreting urea the kidneys are 
also involved in salt and water balance. 

 The skin also plays a part in excretion. Excess 
water and salts and small amounts of urea and 
uric acid are removed from the body via the skin.           

 HOW ABOUT THAT! 
 The human kidneys remove excess salt from the blood to help keep levels constant. Different types of animals 
have other ways of removing excess salt from their bodies. Turtles, for example, have salt-secreting glands 
behind their eyes. Hence you may see a turtle ‘shedding tears’. On the other hand, penguins and some other 
seabirds, such as the southern giant petrel, may appear to have runny noses because that is where their salt-
secreting glands are located. 

 1.2 Exercise: Remember and think 
 To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at  www.jacplus.com.au . Note: Question numbers may vary slightly.  
1.   Copy and complete the following statements using these words: multicellular; organ; stomach; tissues.  

(a)   _______________ organisms are made up of many cells.  
(b)   ______________ are made up of similar cells that carry out a particular function.  
(c)   An ______________ consists of different types of tissues.  
(d)   The _______________ is an organ of the digestive system.    

2.   Why do cells need oxygen?  
3.    Identify  the part of the lungs where oxygen diffuses into the bloodstream.  
4.   Which molecule does oxygen bind to in the bloodstream?  
5.   What are carbohydrates, proteins and amino acids converted to in the digestive system?  

   The excretory system 

Kidney:
fi lters the 
blood and 
produces 
urine.

Bladder:
stores 
urine.

Vena cava Aorta

Renal artery

Renal vein

Urethra:
transports urine 
from bladder to 
outside body.

Ureter:
transports urine 
from kidney to 
bladder.
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TOPIC 1 All under control 7

6. Identify the part of the body where nutrients diffuse into the bloodstream.
7. List some substances that must be removed from cells.
8. Outline the function of the liver and kidneys in the excretion of nitrogenous 

waste.
9. Identify some substances that are excreted via the skin.

10. Copy and complete the table at right:

Think
11. Distinguish between the terms ‘breathing’ and ‘respiration’.
12. CPR (cardiopulmonary resuscitation) involves chest compressions and artificial respiration (sometimes in 

the form of mouth-to-mouth resuscitation). Explain why:
(a) It would be pointless to do mouth-to-mouth breathing without chest compressions if a person’s heart had 

stopped beating.
(b) CPR needs to be started as soon as possible after a person goes into cardiac arrest (heart stops beating).

Skill builder
13. Study the 3 flow charts below and answer the questions that follow.

(a) Which process is represented in flow chart 1?
(b) Draw a diagram similar to flow chart 1 to show the parts of the respiratory system that carbon dioxide 

would pass through as it is breathed out.
(c) Flow charts 2 and 3 show the movement of blood around the body. Compare the two flow charts by 

answering the following questions:
(i) What additional information is shown in flow chart 3?
(ii) Identify an advantage of flow chart 2.
(iii) In flow chart 3 some of the arrows are blue and some are red. What is this meant to represent?

(d) Draw a flow chart to show what happens to excess amino acids in the body.
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Aorta

To body

Pulmonary
artery Deoxygenated blood

Oxygenated blood

Deoxygenated
blood

1

Oxygenated
blood

Pulmonary
vein

Right ventricle

Right atrium

Left ventricle

Left atrium

2

3

4

5
4

6

8

7

Lungs

Nose

Oxygen

Lung

Trachea Bronchi AlveoliBronchioles

Artery Capillary Body cells VeinCapillary

Heart

Organ Function

Kidney  

Bladder  

Ureter  

Urethra  
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8 Jacaranda Core Science Stage 5

  1.3  Keeping things balanced 
 Enzymes, the proteins that regulate chemical reactions in the body, work best within a narrow range of con-
ditions. For this reason it is important that blood sugar levels, body temperature, pH and salt levels in the 
blood are carefully controlled. Conditions inside the human body remain fairly constant despite changes in 
the external environment. This is known as homeostasis. In most instances it involves a negative feedback 
mechanism.  

 1.3.1 Negative feedback 
 Negative feedback involves the following three 
steps:  
1.   A change in the body is detected (e.g.: a 

change in temperature or glucose level).  
2.   A message is sent to a gland or organ. 

( Note:  In some cases this may be a 
multi-step process.)  

3.   A response is initiated. The response returns 
the body to its normal state.   
 The diagram below shows how negative feed-

back is involved in the maintenance of constant 
body temperature. 

 Negative feedback is also involved in the 
maintenance of blood sugar level. The hor-
mone insulin is released by the pancreas when 
an increase in blood sugar levels is detected. 
Insulin causes cells, including those of mus-
cles and the liver, to take up glucose, thereby 
returning blood sugar levels to normal. When 
blood sugar levels are lower than normal the 
hormone glucagon, which has the opposite 
effect to insulin, is released.  

 1.3.2 It’s not all negative 
 Homeostasis usually involves negative feedback 
but there are instances of positive feedback in 
the body as well. Positive feedback is when a 
change from the normal state triggers a reac-
tion that results in the change being amplifi ed. 
Contractions becoming gradually more intense 
during labour is an example of positive feed-
back. In the early stages of labour the baby 
moves into the cervix, the lower part of the 
uterus that connects to the vagina. This causes stretch receptors in the cervix to fi re and bring about the 
release of a hormone called oxytocin. Oxytocin causes the uterus to contract, pushing the baby further into 
the cervix and activating the stretch receptors. More oxytocin is released, intensifying the contractions. 
With continued positive feedback the contractions continue to become stronger until the baby is born. 

 A negaive feedback mechanism is involved in the 
maintenance of constant body temperature. 

D

G

HI

A

B

F

Imbalance

Imbalance

Homeostasis = normal body
temperature (35.6°C–37.8°C

    Air temperature increases.
      Heat receptors detect increase in temperature and send   

slevartegasseM.niarbehtnisumalahtopyhehtotegassem
   along nerve cells. 

Hypothalamus sends messages to sweat glands and walls of  
   capillaries close to the skin.

Capillaries close to the skin dilate and heat radiates from the  
   skin surface.

Temperature returns to normal. Messages from hypothalamus  
   cease and cooling responses are turned off.

Sweat production increases. Heat is lost as sweat evaporates  
   from the skin.

Air temperature decreases.
Heat receptors detect decrease in temperature and send   

slevartegasseM.niarbehtnisumalahtopyhehtotegassem
   along nerve cells. 
      Capillaries close to skin contract. Less heat radiates from skin. 

Temperature returns to normal. Messages from hypothalamus  
   cease and warming responses are turned off.

Hypothalamus sends messages to muscles and walls of   
   capillaries close to the skin.

  Muscles shiver, generating heat.
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TOPIC 1 All under control 9

Once the baby is out of the womb the stretch 
receptors no longer fi re. Oxytocin levels fall 
and eventually the contractions stop.  

 1.3.3 Salt and water 
balance 
 The kidneys do more than just fi lter blood 
to remove nitrogenous waste. They also reg-
ulate salt and water balance. The process 
involves negative feedback. Inside the kid-
neys are structures called nephrons. The part 
of the nephron called the renal corpuscle is 
where fi ltration occurs. The renal corpuscle 
consists of a network of capillaries called 
the glomerulus and a structure called the 
Bowman’s capsule. Fluid and small particles 
pass from the glomerulus into the Bowman’s 
capsule and into a tube called the nephron 
tubule. Large particles including blood cells 
remain in the blood. The liquid in the tubule 
will eventually be excreted as urine, but as 
it passes through the tubule the composition 
of the fl uid is adjusted. Useful substances 
are reabsorbed into the bloodstream. Some 
water is also reabsorbed and salt levels are 
adjusted. The amount of water and salts 
that are eventually expelled from the body 
is carefully controlled. On a hot day or fol-
lowing exercise less water will be excreted 
than on a cool day. 

 The hormone ADH (anti-diuretic hor-
mone) is one of the hormones involved in 
regulating the amount of water excreted 
by the kidneys. If you drink a lot of water, 
receptors send a message to the hypothal-
amus in the brain to release less ADH. 
Anti-diuretic hormone affects the nephrons 
in the kidney so that less water is reabsorbed 
by the nephron. The kidneys produce a large 
amount of dilute urine. This returns water 
balance to normal. If you are dehydrated the 
opposite happens. More ADH is released by 
the hypothalamus and the kidneys excrete 
less water to restore water balance. Aldos-
terone is another hormone involved in salt 
and water balance.     

Pancreas secretes
glucagon.

e

Insulin

Pancreas secretes
insulin.

b

Blood
glucose
level falls.

c

Glucose
level falls
below
given
point.

d

Blood
glucose
level rises.

f

Glucose level
rises above
given point.

a

Glucagon

High

Low

Blood glucose
level balanced.

  The hormones insulin and glucagon are secreted by the 
pancreas to control glucose levels in your blood. 

Uterus

Vagina

Amniotic sac

Rectum

Stretch
receptors
in cervix

  As the baby moves into the cervix, stretch receptors fi re 
and stimulate the release of oxytocin, a hormone that 
triggers contractions of the uterus. 

Renal vein

Renal artery

Glomerulus

Bowman’s
capsule

Proximal
convoluted
tubule

Loop of
Henle

Collecting
duct

Distal
convoluted
tubule

  Structure of the nephrons within the kidney 
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10 Jacaranda Core Science Stage 5

 INVESTIGATION 1.3 

 Kidney dissection 
  AIM : To investigate the structure of a kidney 

You will need:   
kidney (from butcher)   
scalpel   
newspaper or dissection board   
disposable gloves and goggles  

CAUTION:   to minimise the risk of infection from pathogenic 
organisms that may be growing on the kidneys, ensure that the 
kidneys are fresh and refrigerated prior to the dissection. Wear 
gloves and goggles to carry out the dissection and take care with the 
scalpel.   

•   Place the kidney on the dissection tray or newspaper and use a digital 
camera or mobile phone camera to photograph it. Try to identify the 
renal artery, renal vein and ureter and label these on your photo.  

•   Slice longitudinally through the kidney (see diagram). Take a photo and 
add the following labels to your photo: cortex, medulla, renal pelvis, 
ureter.    

 Discussion  
1.   Compare the colour of the medulla, cortex and renal pelvis.  
2.   Copy and complete the following sentence: Urine is formed in the ________________ and collects in the 

_____________. From there it is taken out of the kidney via the ________________.  
3.   The use of animal organs and whole animals in Science raises ethical issues.  

(a)   Explain what is meant by ‘ethical issues’.  
(b)   What are some factors that might be taken into consideration in deciding whether the use of animals or 

their organs is justifi ed for a particular scientifi c investigation?     

Medulla

Cortex

Renal
pelvis

Ureter

Blood
vessels

Make a longitudinal
cut with a scalpel

  Make a longitudinal incision 
when dissecting the kidney.   

 1.3 Exercise: Remember and think 
 To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at  www.jacplus.com.au . Note: Question numbers may vary slightly. 

 Remember  
1.    Defi ne  the following terms: homeostasis, negative feedback, positive feedback.  
2.   In hot weather  outline  what happens to:  

(a)   the capillaries near the skin.  
(b)   the sweat glands.    

3.    Identify  the hormone that is released when:  
(a)   an increase in blood sugar 

levels is detected.  
(b)   a decrease in blood sugar is 

detected.  
(c)   labour begins.  
(d)   you are dehydrated.    

4.   In the table at right, match each 
organ or structure with its function.    

 Think  
5.   What happens to the hairs on 

your arms and legs in cold weather? Suggest why.  

 Organ  Function 

 (i)     Kidney  (a) Tube leading from kidney to bladder 

 (ii)   Glomerulus  (b) Functional units of the kidney 

 (iii) Nephrons  (c) As urine travels along this tube its composition 
is adjusted. 

 (iv) Tubule  (d) Organ that fi lters blood 

 (v)   Ureter  (e) Network of capillaries in renal corpuscle 
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TOPIC 1 All under control 11

1.4 Detecting change
The first step in homeostasis is to detect a change from the normal state. Once the change has been detected 
it can be corrected. Receptor cells are a special type of nerve cell that identify changes in the environment 
both inside and outside the body. In humans many receptor cells are located in the sense organs including 
the eyes, ears, skin, nose and tongue.

1.4.1 Types of receptor cells
There are different types of receptor cells. Each type responds to a particular stimulus.

Once receptor cells detect a  
stimulus, a message in the form of 
a nerve impulse is sent from the 
receptor cell. A nerve impulse is a 
message that travels along nerve 
cells as a progressive wave of elec-
trical and chemical activity. The mes-
sage eventually reaches the central 
nervous system (the spine and brain).

6. Suggest why your face might become flushed in hot weather and your lips might appear blue in cold 
weather.

7. There are many more examples of negative rather than positive feedback in the human body. Suggest why.
8. Use the Negative feedback weblink in the Resources tab to see how a thermostat is used to model how 

negative feedback works.
(i) What is the advantage of using a model in this instance?
(ii) In what way is a thermostat different to the way in which the human body regulates body temperature?

9. In type 1 diabetes the pancreas does not produce sufficient insulin. Insulin must be administered regularly 
either by injection or with the use of an insulin pump. Explain why a person who has type 1 diabetes needs 
to monitor the amount of carbohydrate they eat and adjust the amount of insulin they take in accordingly.

Skill builder
10. Study the table at right.

(a) Present the information in the table at right in the form of a 
column graph.

(b) Proteins are large molecules. Suggest why the concentration 
of protein in urine is 0%.

(c) Glucose is a small molecule. What must happen to glucose in 
the nephron tubule?

(d) Would you expect the amount of water, salt and urea in urine 
to remain constant from one day to the next? Explain your 
answer.

A comparison of what is found in 
blood and in urine

Substance

Quantity (%)

In blood In urine

Water 92 95

Proteins 7 0

Glucose 0.1 0

Chloride (salt) 0.37 0.6

Urea 0.03 2

 Complete this digital doc: Worksheet 1.1: The endocrine system (doc-0000)

 Explore more with this weblink: Negative feedback

Resources — ONLINE ONLY

Type of receptor
Stimulus these 

receptors respond to

Example of places 
where these are 

found

Chemoreceptors Chemicals Tongue

Photoreceptors Light Eye

Mechanoreceptors Pressure or distortion Skin, inner ear

Thermoreceptors Heat Skin
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12 Jacaranda Core Science Stage 5

What role do the sense organs play in keeping you alive? 

Eye
Photoreceptors in the retina of the eye detect light. There are 
two types of photoreceptor: rods and cones. Rods cannot detect 
colour, but only low light is needed to trigger a nerve impulse 
from rod cells. Cones are involved in colour vision. In humans 
cone cells respond to blue, red and green light respectively.

Nose
Molecules of gas, including 
those that cause odour 
(smell), enter the nasal 
cavity of your nose when 
you breathe in. There they 
dissolve in the mucus 
and cause the cilia of the 
chemoreceptor neurons to 
generate nerve impulses 
that are sent to the brain 
along the olfactory nerve.

Ear
Sounds cause vibrations in the 
inner ear that are detected by 
mechanoreceptors in the cochlea. 
The impulses generated by the 
mechanoreceptors travel along the 
auditory nerve to the brain to be 
interpreted. Other mechanoreceptors 
in the semicircular canals detect 
movement of your head and give you 
a sense of balance.Skin

The skin contains mechanoreceptors that detect 
vibration, pressure, touch and pain. Touch and 
pressure receptors are stimulated by compression of 
the skin. Thermoreceptors in the skin detect heat.

Tongue
Flavour molecules are detected 
by one of four different kinds of 
tastebud, or chemoreceptor — 
sweet, salty, sour and bitter — that 
are located on the tongue surface. 
Each tastebud contains one of the 
four types of chemoreceptor.

INVESTIGATION 1.4

Touch receptors in the skin
AIM: To detect where skin is most sensitive to 
light contact

You will need:
2 toothpicks
ruler
2 rubber bands
blindfold
• Draw a table like the one on the right in your 

workbook.
• Use rubber bands to attach twvo toothpicks to a 

ruler so that they are 2 cm apart.

Can you feel one point or two?
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TOPIC 1 All under control 13

 1.4.2 The eye — a complex organ 
 Your eyes, like your other sense organs, are made 
up of many different parts, each with its own 
special job to do. Look into a mirror (or into the 
eyes of the person next to you). The dark spot in 
the centre of your eye is called the  pupil . Your 
pupil is simply a hole in the  iris . Your iris is the 
coloured part of your eye. The amount of light 
entering into your eye is determined by the size 
of your pupil, which is controlled by your iris. 
Your iris is a ring of muscle, so when it relaxes 
the pupil appears bigger, letting more light into 
the eye; and when it contracts, the pupil looks 
smaller, letting less light into the eye.         

 1.4.3 Getting the picture 
 The  cornea  is the clear outer layer of your eye. It 
is curved so that the light approaching your eye is 
bent towards the pupil. The clear, jelly-like  lens  
bends or focuses light onto a thin sheet of tissue 
that lines the inside of the back of your eye called 
the  retina . The lens is connected to muscles which can make it thick or thin. This allows your retina to 
receive a sharp image of distant or nearby objects.  Short-sightedness  and  long-sightedness  are conditions 
in which a sharp image is not received on the retina. In these cases, the image can be sharpened by using 
artifi cial lenses such as those in spectacles.  

•   Blindfold your partner. Gently touch your partner’s inside forearm with the points of the two toothpicks.  
•   Ask your partner whether two points were felt. Move one toothpick towards the other in small steps until your 

partner is unable to feel both points. To make sure that there is no guesswork, use just one point from time to 
time.  

•   Record the distance between the toothpicks when your partner can feel only one point when there are really 
two points in contact.  

•   Repeat this procedure on the palm of one hand, a calf (back of lower leg), a fi nger and the back of the neck.  
•   Swap roles with your partner and repeat the experiment.        

 Discussion  
1.   Which area of the skin was most sensitive?  
2.   Which area of the skin was least sensitive?  
3.   Suggest why the skin is not equally sensitive all over the body.  
4.   Which parts of the skin are likely to have the most touch receptors that respond to light contact?   

Where is your skin most sensitive?

 Part of the skin 

 Distance (cm) between two points when only one point is felt 

 Your partner  You 

 Inside forearm       

 Palm of hand       

 Calf       

 Finger       

 Back of neck       

Pupil (black hole)

Iris (coloured part)
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14 Jacaranda Core Science Stage 5

Although your eye receives light and produces an image of what you see, it is your brain that interprets 
and makes sense of the image. The photoreceptors in the retina respond to the light stimuli by sending sig-
nals to your optic nerve which then forwards them to your brain for interpretation.

Optic
nerve

Image

Retina

Iris

Cornea

Lens

Light from a
distant object

Pupil

To
brain

A number of structures within your eye function together so you can detect and respond to light.

INVESTIGATION 1.5

Getting an eyeball full!
AIM: To investigate the structure of an eye

You will need:
bull’s eye or similar
safety glasses
dissection board
forceps
newspaper
stereo microscope
paper towelling
water
scalpel or razor blade

CAUTION: In this activity you will be using 
sharp instruments. Discuss with your teacher 
and other members of the class a list of safety 
rules that should be followed carefully before 
beginning this activity.

• Carefully place the bull’s eye on a dissection 
board which has been covered with newspaper 
and paper towelling.

• Draw and label the structures of the bull’s 
eye before and after your dissection. (Use 
the diagrams below to help you to label your 
drawing.)

Optic nerve

Cornea

Eyeball is protected 
by a tough 
protective layer 
(sclera).

1. Place bull’s eye on 
dissection board covered 
with newspaper. Locate 
the transparent skin of 
the cornea.

2. Locate the optic nerve. It 
is a hard, white solid tube 
at the back of the eye. You 
may have to remove some 
fat to see it.
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TOPIC 1 All under control 15

• Add descriptive comments to your labels as you make your observations throughout this activity.
• Put on safety glasses just in case any of the aqueous or vitreous humour squirts out at you. Aqueous and 

vitreous humour are jelly-like liquids which give eyes their shape.
• Carefully cut a small window just behind the iris using a razor blade or scalpel. Record your observations 

regarding the toughness of the sclerotic coating.
• From this window, cut towards and then all the way around the iris so that you have cut the eye into two 

parts.
• Lift off the top part of the eye and examine the iris.
• Remove the lens with forceps and see if you can read the print on the newspaper through it.
• Use water to rinse out the jelly-like material (humour) from inside the eye and examine the retina.
• Follow your teacher’s instructions regarding the cleaning of your equipment and disposal of the  

dissected eye.

Discuss and explain
1. What is the black part in the middle of the iris?
2. What did you observe when you looked at the newspaper through the lens?
3. What did the retina look like? Could you find the optic nerve?
4. Summarise your findings in a table underneath your labelled bull’s eye drawings.
5. What does the diaphragm in a microscope do? Which part of the eye does the diaphragm in a monocular 

microscope most resemble?
6. Find out more about one of the parts of the eye that you have observed, such as its function, related 

diseases or surgery.

1.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. What name is given to all of the neurons that detect change in your sense organs?
2. Outline what a receptor does when it detects a change.
3. Identify the two types of photoreceptor cells in the eye.
4. Complete the below table.

Sense 
organ Stimulus Type of sensory neuron

Eye Light Photoreceptor

  Sound and gravity  

Nose    

  Chemical flavours  

  Vibration, pressure, touch and 
pain

 

Iris

Pupil
Cutting lines

3. Look at the 
coloured part 
of the eye (iris) 
and the black 
part in the centre 
(pupil).

4. Cut a small window 
in the eyeball. Be 
careful that the 
vitreous humour does 
not run out. Starting 
from this window, cut 
forward and around 
the iris.
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16 Jacaranda Core Science Stage 5

1.5 Fast control!
Your nervous system has an important role in the coordination and control of your body. Messages from 
receptor cells are transmitted along nerves to the central nervous system where they are processed and a 
response is initiated. Messages then pass along nerves to muscles or glands to bring about a response.

The nervous system is composed of the central nervous system (the brain and spinal cord) and the 
peripheral nervous system (the nerves that connect the central nervous system to the rest of the body). 
Once receptor cells have detected a stimulus, information about the stimulus in the form of electrical 
impulses (nerve signals) passes rapidly from the receptors and along the peripheral nervous system to the 
central nervous system. These electrical impulses travel through the nervous system via neurons (also 
known as nerve cells). Neurons grouped together form a nerve.

There are three different types of neurons: sensory neurons, which carry the impulse generated by the 
stimulus to the central nervous system; interneurons, which then carry the impulse through the central 
nervous system; and motor neurons, which take the impulse to effectors such as muscles or glands. The 
response from these effectors depends on the original stimulus. For example, if you put your hand on the 
hotplate of a stove, the response is for your arm muscles to move your hand away from the hotplate.

5. Identify the function of each of the following parts of the eye:
(a) lens
(b) iris
(c) optic nerve.

6. Jayden has good close vision but distant objects appear blurry to him. Is he short-sighted or long-sighted?

Think
7. Identify the sense organs and sensory neurons that would be involved in detecting:

(a) a bee flying towards you?
(b) a tennis ball hitting you?
(c) hot chocolate entering your mouth?

8. If the human eye contains only 3 types of cone cells (red, blue and green) explain why are we able to see a 
huge variety of colours.

9. Have you noticed that food tastes really bland when you have a blocked nose? Use the information about 
the nose and the tongue in section 1.3 to suggest why.

10. Deduce why the thickest part of your skin is on the soles of your feet.
11. Explain why some parts of your skin, such as the back of your hand, are more sensitive to heat than 

others.

Research
12. Use the Eyeball 1 and 2 weblinks in the Resources tab to learn more about the name and function of the 

parts of the eye.

Investigate
13. With a partner, play a guessing game to see how well you can use your sense of touch alone to identify 10 

unknown objects.
14. You will need a blindfold and 10 objects of about the same size. Sandpaper, plastic, coins and pieces of 

carpet, polystyrene, nylon and wool would be ideal. See who can identify the most objects correctly.

 Explore more with this weblink: Eyeball 1 and 2

Resources — ONLINE ONLY
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TOPIC 1 All under control 17

1.5.1 The structure of a neuron
A neuron is a long cell with the following features:
 • a cell body containing a nucleus. It supplies energy and nutrients for the activity of the neuron.
 • dendrites, fine branches that extend from one end of the cell and receive messages from receptors and 

other neurons
 • an axon, which is a long structure through which the nerve impulse passes along. There are axon branches 

at the end of the axon. The axon is electrically insulated by a sheath or covering made of myelin.
Nerve impulses travel along a neuron in one direction only — from dendrite to axon branch.

Sensory
neuron

Axon branch

Nerve cell
 body

Dendrite

Motor
neuron

Synapse

Nerve cell body

Axon Axon

Nerve signal arrives
at the effector

Interneuron

Myelin sheath
insulates the axon.

Path of
nerve signal

Dendrite

Receptor in the
skin produces
a nerve signal

Axon
branch

Axon branch

Relationship between the sensory neuron, interneuron and motor neuron
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18 Jacaranda Core Science Stage 5

 1.5.2 Passing the message on 
 Nerve impulses need to be passed 
on from one neuron to another. This 
happens at the synapse, the junction 
between two nerve cells. There are 
also synapses where neurons con-
nect to effector organs. When an 
impulse reaches the  axon terminals  
of a neuron, it causes chemical com-
pounds called  neurotransmitters  to 
be released into the synaptic cleft, the 
gap between the axon terminal and 
the cell that the message needs to be 
passed along to. The neurotransmitter 
locks onto receptors in the membrane 
of the cell on the other side of the syn-
apse and this causes the cell to ‘fi re’. 
Thus, each impulse is passed on from 
one neuron to the next until it eventu-
ally ends at a muscle or gland, which, 
in turn, responds. While the impulse 
travels, it changes from an electrical message (within the neuron) to a chemical message across synapses, 
then back to an electrical message again in the next neuron. 

 Many substances including alcohol, some painkillers, drugs such as heroin and cannabis, and some 
medicines prescribed to treat depression affect the way in which messages pass from one nerve cell to 
another.   

 1.5.3 Watch out! 
 Have you ever had sand thrown in your eyes or touched something too hot? Sometimes you don’t have 
time to think about how you will react to a situation. Some actions need to be carried out very quickly. 
These reactions may require only a few neurons. The pathway shown below is known as a  refl ex arc . No 
conscious thought is required for this type of action. The impulse follows a direct route from the receptor to 
the effector with an interconnecting link in the spinal cord. Additional impulses are sent to the appropriate 
part of the brain to keep it ‘informed’ of what happened. The refl ex arc can be described in terms of a 
stimulus — response model. The stimulus may be the heat from a fl ame and our response may be to move 
away from the fl ame quickly.    

‘Receiving’ neuron

‘Sending’ neuron

Axon of
‘sending’ neuron

Mitochondrion

Released
neurotransmitters

Neurotransmitter
packages

Synaptic cleft

  A synapse 

 HOW ABOUT THAT!  
 Ever noticed that you are often in a better mood after doing some exercise? When you 
exercise your brain releases neurotransmitter molecules called endorphins. Endorphins 
are morphine-like chemicals that act as natural painkillers. They block out some of the 
mild pain associated with exercise. It is not known whether the endorphins themselves 
result in an improved mood or whether the endorphins interact with the release of other 
brain neurotransmitters. Exercise is such a powerful mood enhancer that in cases of mild 
depression doctors will sometimes prescribe a daily walk or some other form of exercise   
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TOPIC 1 All under control 19

Action
or

responseStimulus Sensory
neurons

Sensory
receptors

Central
nervous
system

Effector
(muscle or

gland)Motor
neurons

Interneurons

  (b) Diagram of the refl ex arc 

 INVESTIGATION 1.6 

 How good are your refl exes? 
  AIM:  To investigate some automatic responses 
  You will need:   
 a well-lit room   
 stopwatch or clock with a second hand   
 chair   

•   Work in pairs for both parts of this activity. Decide who will be the experimenter and who will be the subject. 
Then swap roles and repeat both parts.   

 Part A: Kept in the dark   
•   If you are the experimenter, look closely at the eyes of your partner, 

noting the size of the pupils.  
•   Ask your partner to close his or her eyes for 60 seconds.  
•   At the end of this time, monitor your partner’s eyes for any changes.   

 Discussion  
1.   What changes did you notice?  
2.   What was the stimulus?  
3.   What was the response?  
4.   Why do you think this refl ex action is important to our survival?  
5.   Can you control the size of your pupil?   

  Part B: Knee jerk  
 Have your partner sit on a chair with one leg crossing over the other knee. Use 
the edge of your hand to gently strike the crossed leg of your partner just below 
the knee in the joint. You may need to repeat this a few times to get a response 
from your partner. 
6.   What happened?  v
7.   What was the stimulus?  

  Your pupil is not always the same 
size. 

   (a) This response involves a refl ex arc. 

Motor nerve

Effector (muscle)

Sensory nerve
Heat 
and pain 
receptor

Spinal cord

c01AllUnderControl.indd   19 19/07/17   1:21 AM

UNCORRECTED P
AGE P

ROOFS



20 Jacaranda Core Science Stage 5

 1.5.4 Think about it 
 More complex actions involve many interconnecting neurons and specialised parts of the brain. The mes-
sages pass into and along the spinal cord to be interpreted. When  thinking  takes place, we can make deci-
sions about which responses are needed. Impulses are then sent along appropriate motor neurons to the 
effectors. This is called a  conscious response . Many learned actions can become automatic if the same path-
ways are used often enough. Skill development and control in playing musical instruments and sport, for 
example, depend on practice during which the same pathways are often used. 

 1.5.5 Chemical warfare 
 Beware of toxic ticks, stinging trees, nasty nettles or jellyfi sh! Many plants and animals have ways of repel-
ling boarders or paralysing their prey. 

 Pests and poisons 
 How do they do it? Blue-ringed octopuses, paralysis ticks, tiger snakes 
and other animals and plants produce cocktails of poisons that block 
the production and action of neurotransmitters at synapses. The poison 
from a red-back spider, for example, empties the impulses out of the 
neurotransmitters. Interfering with the neurotransmitters’ job of car-
rying the message to the next neuron interferes with the transference of 
the message and can cause spasms and paralysis. 

    Many plants produce chemicals that sting by strongly stimulating the 
pain receptors in the skin. Messages are sent rapidly to the brain, which 
interprets them as pain. Other plants, including chrysanthemums, pro-
duce insecticides such as pyrethrums. These target the nervous system 
of insects, resulting in their death. The commercial production of such 
natural pesticides is a large industry and is regarded as environmen-
tally friendly because natural pesticides replace the use of more harmful 
chemicals. 

 Nerve nasties 
 Similar chemicals have been used as agents of human warfare. These 
chemicals specifi cally target the nervous system. Nerve gas, for example, 
contains a substance which prevents neurotransmitters functioning 
properly at the synapses. The neurotransmitters accumulate, causing the 
nervous system to go haywire. Such chaos can result in death. 

 The fi rst nerve gas, tabun, was initially developed when German 
scientists were developing a better insecticide. This has led to more 
deadly agents such as sarin and VX. All nerve gases block the body’s 
production of an enzyme called acetylcholinesterase. This enzyme reg-
ulates the nerves controlling the action of particular muscles. A defi -
ciency of acetylcholinesterase leads to tightening of your diaphragm, 
convulsions and death.    

8.   What was the response?  
9.   What was the effector?  

10.   Did you get the response the fi rst time? Why or why not?  
11.   Can you control a knee-jerk response?     

  Some chemicals can 
specifi cally target your 
nervous system and disrupt 
its functioning. Scientists 
and experts working with 
dangerous materials use suits 
such as the suit shown here 
for protection. 
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TOPIC 1 All under control 21

1.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Copy and complete:

(a) The central nervous system consists of the__________ and the ___________ __________.
(b) The ______________ nervous system consists of all the nerves that connect to the central nervous 

system.
(c) Sensory and effector nerve cells have a long tail-like structure called an ____________.
(d) The junction between two nerve cells is called a _______________.
(e) A reaction that does not involve conscious control is called a _____________ action.

2. Copy and complete the table at right.
3. Explain why animals need a nervous 

system.
4. Describe the role of neurotransmitter 

molecules at a synapse.
5. Distinguish between:

(a) a receptor and an effector
(b) a sensory neuron, an interneuron and 

a motor neuron
(c) a neuron and a nerve
(d) a reflex action and a conscious response.

6. Construct a diagram to describe how impulses are transmitted between sensory and motor neurons.
7. Describe one way in which animals can cause paralysis.
8. Describe how some plants defend themselves against:

(a) humans
(b) insects.

Think
9. Explain why the axon of neurons is covered with a myelin sheath.

10. Which of the following are reflex actions?blinking, clapping your hands, coughing, blowing your nose, 
sneezing, shivering

11. Identify the reflex action that occurs when:
(a) dust gets caught in your nose
(b) you step on a prickle.

12. Politicians are sometimes accused of having ‘knee-jerk reactions’.
(a) Define the term ‘knee-jerk reaction’.
(b) How do you think the term got its name?

13. Why does the pupil of your eye grow bigger in dim light?
14. How does blocking the production and action of neurotransmitters cause paralysis?
15. Suggest why nerve gas is used in warfare.

Investigate
16. Investigate the effects of an illness on the nervous system. Choose one of the following: polio, multiple 

sclerosis, Alzheimer’s disease, Parkinson’s disease, mad cow disease.
17. There is a danger that chemical and biological weapons may be used in acts of terrorism.

(a) Search the media for relevant examples of chemicals and their effects.
(b) Report on your findings and discuss them with your team.
(c) Is the use of chemical warfare ever justifiable? Discuss this with your team, recording all the various 

opinions and views.
(d) What sorts of strategies do we have in Australia to cope with threats of chemical warfare? How effective 

do you consider these to be? In your teams, brainstorm other strategies that could be used.
(e) On your own or in a team, write a story, newspaper article or diary entry that describes the effects of a 

chemical warfare attack in Australia.

Type of neuron Function Structure

Sensory Carry nerve impulses 
from sense organs to 
central nervous system

 

Interneuron    

Motor neuron   Long axon
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22 Jacaranda Core Science Stage 5

1.6 Brain power
It weighs about 1.5 kg, sends thousands of messages each second and is more complicated than any com-
puter ever made. What is it? It’s the human brain, of course!

Your brain is your control centre. It enables you to learn and store information, and perform complex 
physical and mental tasks because of your ability to think. It also controls your actions and feelings.

1.6.1 It’s protected
Your brain is well protected within a bony skull. It is also covered with three layers of connective tissue 
called meninges, and is surrounded by cerebral fluid that cushions it against bumps and knocks.

Three layers of  
menings

Cerebral fluid

Hair and skin

cerebrum

Skull bone

Structures 
protecting the brain

 Watch this eLesson: Willis and the brain Watch a video from The story of science about early research about  
the brain. (eles-1783)

 Try out this interactivity: A nervous response (int-0670)

 Explore more with this weblink: Nervous system

 Try out this interactivity: Bundle of nerves (int-0015)

 Watch this eLesson: Robotic heart surgery (eles-1081)

 Complete this digital doc: Worksheet 1.2: The nervous system 

 RESOURCES — ONLINE ONLY

18. Use the A nervous response interactivity in the Resources tab to test your ability to identify the sequence 
of events required to kick a ball.

19. Use the Nervous system weblink in the Resources tab and play the nervous system game. After playing 
this game, explain why a person who injures her lower spine may lose control of her legs but still have 
control of her arms, whereas injury to the spine in the neck region may result in the loss of control of 
muscles in numerous parts of the body.

20. Use the Bundle of nerves interactivity in the Resources tab to learn more about your nervous system. 
21. Watch an ABC Catalyst report to find out how the treatment of a heart condition, atrial fibrillation, is being 

revolutionised by the use of robotic systems. 
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TOPIC 1 All under control 23

 Like your thumbprint, your brain is unique. Not only is it a different size and weight from your friends, 
but the learning connections between cells in your brain are different as well. These connections are made 
as a result of your experiences, and this forms your own personal ‘cognitive map’. This difference in our 
brain’s ‘internal wiring’ can explain why people at the scene of the same accident can have such different 
eyewitness reports. 

 1.6.2 Parts of the brain 
 The human brain consists of three main sections: the  cerebrum , the  cerebellum  and the  brain stem . 

     The cerebrum makes up 90% of the brain’s volume and is composed of two grey, wrinkly hemispheres. 
It looks grey because it contains a lot of grey matter (the  cell  bodies of interneurons) and a little white 
matter (the  myelin sheath  that protects axons). The cerebrum controls memory, speech and thought. All of 
our  conscious actions , such as walking, running and speaking, are also controlled by the cerebrum. 

 The cerebellum sits towards the back of the brain, underneath the cerebrum, where the skull curves 
inwards. It has a wrinkly surface too, but is pink in colour. The cerebellum controls balance and coordi-
nates complex muscle actions. Footballers can jump and kick, netballers can shoot for goal, rollerbladers 
can balance and we can all walk without falling over because of the cerebellum’s coordination. 

 The brain stem, sometimes called the medulla, controls the activities in our body that we don’t think about. 
It controls our unconscious or involuntary thoughts, including breathing, heart rate and digestion. The brain 
stem connects directly to the  spinal cord . Injury to the brain stem generally results in immediate death. 

 HOW ABOUT THAT! 
 Did you know that your brain:  
•   is made up of about 80% water, 10% fat, 8% protein and small amounts of other substances?  
•   is made up of about one hundred billion cells and is the most complex organ in your body?  
•   will grow to about the size of a large grapefruit?   

The cerebrum is 
made up of two 
hemispheres.hemispheres.

This area 
controls 
muscle action.

This area controls 
speaking.

Impulses from 
the ears are 
received here.

Impulses 
from the 
eyes are 
received 
here.

Cerebellum

Brain stem (or medulla)

Impulses from 
the skin are 
received here.

The surface of the 
cerebrum is the 
cerebral cortex.

Hypothalamus

Pituitary 
gland

Pineal gland
Cerebellum

Spinal cord

Brain stem

Corpus callosum — a 
bridge of 100 million 
nerve fi bres that link the 
two cerebral hemispheres
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24 Jacaranda Core Science Stage 5

 Scientists have been able to determine the function of the various parts of the brain by observing people 
with brain injuries and through experiments where electrodes are used to stimulate particular parts of the 
brain. There have been some interesting cases where damage or a tumour in a particular part of the brain 
has affected a very specifi c skill, such as remembering names of common objects.   

 INVESTIGATION 1.7 

 Brain dissection 
  AIM : To investigate the structure of a brain 

  You will need:   
 a semi-frozen sheep’s brain   
 dissecting board   
 dissecting instruments (scalpel, forceps, scissors)   
 plastic ruler   
 paper towel   
 gloves  

  CAUTION:   Handle dissecting instruments with care and ensure they are placed in a sterilising solution 
after use. Wear gloves throughout the dissection and wash your hands thoroughly at the end.     

•   Place the brain so that the cerebral hemispheres are at the top of the board and 
the brain stem is at the bottom.  

•   Identify the external features of the brain: the cerebral hemispheres, cerebellum and 
brain stem.  

•   Use your forceps and try to lift the meninges (membranes protecting the brain). 
You may be able to observe the cerebral fl uid between these membranes and the 
hemispheres.  

•   Carefully observe the overall appearance of each structure and,using a plastic ruler, 
measure its size (length, width and height). Include this information in a table.  

•   Draw a diagram of the sheep’s brain, labelling the external features.  
•   On your diagram, identify and label the part of the brain that controls the sheep’s:  

(a)   heart rate  
(b)   balance required for walking  
(c)   ability to locate its lamb.    

•   Using your scalpel, cut the brain in half between the right and left hemispheres, and separate the two cerebral 
hemispheres.    

•   Draw a cross-section of the brain. Be sure to label it!  
•   Now, make a second cut down through the back of one of the hemispheres to see inside the cerebellum and 

brain stem.   

 Discussion  
1.   Which structures contain the grey and white matter?  
2.   Which part of the sheep’s brain is the biggest?   

 Brain structure 

 Appearance 

 Colour  Texture  Other features  Size 

 Cerebrum             

 Cerebellum             

 Brain stem             
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TOPIC 1 All under control 25

1.7 Scientific research — spinal injuries
Science as a human endeavour

There are many reasons why a person may need to use a wheelchair to get around. Sometimes a spinal 
injury is the cause, where damage to the spinal cord can result in loss of sensation and mobility. However, 
the extent of paralysis depends on the severity and location of the injury.

There is currently no cure for spinal injury, but teams of scientists are doing research that may improve 
the quality of life of people living with spinal injury and possibly take us closer to finding a cure.

1.7.1 Spinal injury
All the nerves that run through your body join the spinal cord. Damage to the spinal cord can prevent mes-
sages from travelling between your brain and other parts of the body. If your spinal cord was completely 
crushed in the lower back section of your spine for example, messages would no longer be able to travel 
from your legs and feet up to your brain and back down again. That means that you would not be able to 
feel pain, heat, cold or touch in these parts of your body. Also, you would not be able to control the muscles 
in your legs and feet, so you would not be able to walk.

1.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Name the three major structures of the brain and outline the main function of each.
2. Recall the three structures that protect the brain.
3. Explain why the ‘grey’ matter is concentrated in the cerebrum.
4. Identify the part of the brain that controls:

(a) breathing
(b) balancing on a skateboard
(c) puzzle solving
(d) creative writing.

Think
5. Explain why a major injury to the brain stem is often fatal.
6. If meninges are membranes that protect the brain, what is meningitis?
7. The brain of an average elephant weighs about six kilograms. Explain why it needs to be so large. (Hint: It is 

not because an elephant never forgets!)

Investigate
8. If the left side of the brain is damaged in an accident, it’s often the right side of your body that is affected. 

Investigate why.
9. Use the Brain map weblink in the Resources tab to investigate the function of different parts of the brain.

10. Use the Brain tour weblink in the Resources tab and summarise the information in the brain tour.
11. Use the Brain animation weblink in the Resources tab. What additional information does a 3-dimensional 

animation provide in comparison to a diagram of the brain?

 Explore more with this weblink: Brain map

 Explore more with this weblink: Brain tour

 Explore more with this weblink: Brain animation

Resources — ONLINE ONLY
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26 Jacaranda Core Science Stage 5

 Damage to your spinal 
cord in the neck area 
could result in loss of 
mobility in your arms, 
legs and torso. You may 
not even be able to 
breathe without a machine 
blowing air in and out of 
your lungs. The fi gure 
above shows how the 
location of the injury can 
affect the extent of paral-
ysis (loss of movement). 
The number of nerve 
fi bres that are damaged is 
important as well. If a sig-
nifi cant number of nerve 
fi bres are still working, 
some mobility may be 
regained. 

 1.7.2 Scientifi c 
research has 
led to improved 
wheelchair design 
 Having a well designed 
wheelchair can greatly 
improve independence for 
people who are not able 
to walk. Many people who 
have to use wheelchairs 
are able to drive. Having 
to get a wheelchair in and 
out of the car can make it 
diffi cult to go out alone, 
however. Cars can be fi tted 
with a wheelchair lift that 
lifts the wheelchair onto 
the roof of the car and 
lowers it when the desti-
nation is reached, but with limited mobility it can be diffi cult to get the wheelchair on and off the lift. 
Researchers in the US have come up with a solution — a laser-guided robot wheelchair that automat-
ically gets itself on and off the wheelchair lift. To get into the car the driver presses a button and the 
driver’s seat lowers to make it easier to get into the car. The driver then uses a remote control to direct 
the wheelchair to the back of the car. Once at the back of the car, the wheelchair uses radio signals 
and a laser to position itself onto the wheelchair lift. At the destination, the process is reversed so that 
the wheelchair is within easy access of the driver. Use the  Laser-guided wheelchair   weblink  in the 
Resources tab to watch a video of this. 
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  Damage to the upper part of the spinal cord will usually result in greater loss 
of mobility than damage lower down the spine. 
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1.7.3 Research into rehabilitation
Anyone who has suffered a spinal injury will spend 
a great deal of time in rehabilitation. Depending on 
the degree of injury it may be possible for some 
patients to regain some movement in certain mus-
cles. For the doctors and physiotherapists involved 
it is important to know when the rehabilitation 
process should start and what the program should 
involve.

For example, is it best to encourage patients to 
try to stand on crutches early after their injury, or 
is it best for the patient not to put any weight on 
their legs and use a wheelchair as much as pos-
sible? An experiment carried out on rats may assist 
physiotherapists to answer this question. In this 
experiment rats had their spinal cord crushed. Half 
the rats had small ‘wheelchairs’ strapped to their 
bodies to enable them to get around. The other half 
did not have the wheelchairs attached and could 
move around only by dragging themselves using 
their front legs. The rats with the wheelchairs 
strapped to their bodies recovered less limb func-
tion than those without. This has led researchers 
to hypothesise that there is a time window during 
which it is important to encourage patients to put 
weight on their legs. Further research might help 
them identify exactly when this time window is.

1.7.4 Artificial nerve impulses
Another area of scientific research that may assist 
people who have suffered a spinal injury is the use 
of electrodes to stimulate muscle cells artificially. 
In the 1990s UCL carried out a research project 
into the use of electrodes to restore some move-
ment and muscle control in patients who were par-
alysed as a result of a spinal injury.

Julie Hill was involved in this research project. 
Her spinal cord was severed in a car accident, 
leaving her with no sensation or muscle control 
below the waist. After a complex pioneering oper-
ation, Julie can now cycle, which has given her 
the opportunity to get daily aerobic exercise. The 
researchers were initially hopeful that the device 
would allow Julie to walk, but this proved to be 
more challenging than initially thought as walking 
takes a great deal of coordination between dif-
ferent muscles to provide the balance necessary to 
stay upright. Julie uses a reclining bicycle with 3 

Julie Hill’s spinal cord was severed in a car accident. 
Modern technology has given her artificial nerve 
impulses. The significance is that Julie is being 
stimulated only by an implanted stimulator of the 
anterior lumbar nerve roots.

1. Press button on
computer attached
to waistband.

2. A signal is sent 
from computer to 
implanted receiver, 
which then sends 
signal to electrodes 
at base of spine.

Receiver

Control
computer

3. Electrode connects nerves in spine to 
nerves in legs, allowing the nerve signal to 
complete its journey to leg muscles.

The electrode system that allows Julie to have some 
control of her leg muscles
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28 Jacaranda Core Science Stage 5

wheels. This requires less balance than a standard bicycle. The electrodes allow her to move her legs to pedal. 
She has electrodes attached to 12 nerves that run from the base of her spine to her legs. The electrodes are 
linked by wires to a small computerised receiver placed in her chest cavity. By pressing a button on a small 
computer attached to her waist, Julie is able to send pre-programmed radio signals to the implanted receiver, 
which then triggers responses in her leg muscles. The system acts rather like a complicated jump lead, con-
necting the nerve pathways on either side of the damaged spinal cord. Julie was fi rst fi tted with electrodes in 
1998 and cycled for the fi rst time in 2005. Reaching this milestone took a huge amount of work, determina-
tion and perseverance. A movie of her story has been made.   

 As well as allowing Julie to cycle, this technique could help spinal injury patients in other ways. For 
example, after spinal injury, a person may lose control of their bladder. Restoration of bladder control, which 
is possible in some cases, gives a sense of independence and dignity to a person. It also is important because 
bladder infection is a major cause of disease and death among paralysed people. 

 1.7.5 Stem cells may provide the answer 
 Stem cells are cells that are not fully differentiated. Under the right conditions, they can develop into var-
ious types of specialised cells. It may one day be possible to use stem cells to regrow damaged nerve cells to 
treat spinal injuries. Some stem cells are more versatile than others. Multipotent stem cells can differentiate 
into only a few cell types, whereas pluripotent stem cells 
can differentiate into any of the types of cells found in an 
adult organism, so they are of more interest to researchers. 
It should be noted, however, that stem cell research is a 
very rapidly advancing fi eld of Science. Increasing the ver-
satility of multipotent cells and producing stem cells from 
ordinary cells are two areas currently being researched by 
teams of scientists. 

 Multipotent stem cells 
 Multipotent stem cells are found in various parts of the 
body. They can differentiate into the types of cells that 
make up the tissue or organ where the stem cells exist. 
There are stem cells in the bone marrow that can develop 
into different kinds of blood cells (red blood cells and 
many types of white blood cells). Skin stem cells produce new 
skin cells to replace dead or damaged skin cells. Stem cells have 
also been obtained from the brain, muscle, the pancreas and 
liver. The use of multipotent stem cells is generally not contro-
versial as they can be obtained from consenting adult donors, 
but their use is limited as they can develop into only a few types 
of cells. Multipotent stem cells are used to treat certain medical 
conditions. Stem cells derived from the bone marrow are used to 
treat leukaemia and other blood disorders.  

 Another source of multipotent stem cells is umbilical cords. 
An umbilical cord is the cord through which an unborn baby gets 
nutrients and oxygen from its mother. It connects the baby to the 
placenta. When the baby is born, the placenta and the cord come 
out of the mother’s body along with the baby. The blood from the 
cord contains stem cells that can develop into a few types of cells 
(mainly blood cells and cells involved in fi ghting disease) and 
are also being used to treat leukaemia and other blood disorders. 

Bone marrow stem cells

Red blood cells Platelets White blood cells

  Bone marrow stem cells can develop into 
different types of blood cells. 

Umbilical cord

Placenta

Baby

  Stem cells can be obtained from 
umbilical cord blood. 
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TOPIC 1 All under control 29

Cord stem cells may, however, turn out to be more versatile than stem cells harvested from adults and may be 
useful to treat other conditions in the future. 

 Some parents make the decision to freeze their baby’s cord blood or cord tissue in case the baby or a 
relative gets sick later on and the stem cells are needed for treatment. This is a costly procedure. Alter-
natively, the cord blood can be donated to a cord blood bank, where it may be used to treat anyone who 
might benefi t from it. With continued research, cord stem cells may one day be used to treat a range of 
life- threatening diseases.  

 1.7.6 Pluripotent stem cells 
 Embryonic stem cells are pluripotent — they can develop 
into all the different types of cells found in an adult 
organism. They are derived from embryos. An embryo is 
formed when a sperm cell fertilises an egg, which then 
divides into many cells. If fertilisation occurs in the body 
of a woman, the embryo can attach itself to the wall of 
the uterus and develop into a baby. When fertilisation 
occurs in a dish in a laboratory (in-vitro fertilisation, 
IVF), the embryo cannot develop into a baby unless it 
is then implanted into the uterus of a woman. However, 
because an in-vitro embryo has the potential to become a 
human, it is considered by many people to be human life. 
Removing the stem cells destroys the embryo, which is 
one of the reasons why the use of embryonic stem cells 
for research and medicine is controversial.  

 1.7.7 Why use embryonic stem cells? 
 When grown under the right conditions, embryonic stem 
cells can remain unspecialised and keep dividing. Embry-
onic stem cells that are allowed to clump can spontane-
ously develop into groups of specialised cells, such as 
muscle cells and nerve cells. It is possible to control the 
type of cells they will develop into by providing the stem 
cells with exactly the right growing conditions. It might 

Egg Fertilisation
Fertilised

egg divides Embryo

Embryos are used as a
source of stem cells.

Embryo implants
into the womb
and develops
into a baby.

Sperm

  An embryo is the result of a sperm fertilising an egg. If this happens outside a woman’s body, it is called 
in-vitro fertilisation. 

In-vitro embryo Embryonic stem cell

Embryonic stem
cell removed

Cultured in
laboratory

Clump of embryonic
stem cells

Speci�c growing conditions

Whole organsGut cellsMuscle cellsNerve cells

  Embryonic stem cells can develop into many 
different types of cells. 
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30 Jacaranda Core Science Stage 5

be possible to grow new nerve cells to replace the damaged nerve cells in people with a spinal cord injury. 
It may even be possible to make entire replacement organs from stem cells. Stem cells could also be used 
to treat a range of other diseases such as Alzheimer’s disease, Parkinson’s disease, diabetes and arthritis.

A company called Geron has been working on developing a treatment for spinal injury using stem cells. 
They have obtained promising results in rats. Injecting nerve cells produced from embryonic stem cells into 
the site of the spinal injury 7 days after the injury led to the recovery of some muscle function. The com-
pany started a trial on 4 human volunteers, focusing mainly on the safety aspects of the procedure. Another 
company has since begun another trial involving 3 patients. So far the stem cell injections have allowed the 
patients to regain some sensation to heat and touch that they had lost due to their injury.

There are many good reasons for stem cell research, but there are also valid ethical arguments for not 
using embryonic stem cells. A solution would be an alternative source of stem cells that are just as versatile 
as embryonic stem cells, and many scientists are currently working towards this goal. In the meantime, the 
use of embryonic stem cells for research and medicine remains a controversial issue.

STEM CELLS COAXED INTO FORMING PARTIAL EYEBALL
Mouse stem cells have been coaxed into forming a partial eyeball, and the method may one day lead to retina 
transplants.

Yoshiki Sasai at the RIKEN Center for Developmental Biology in Kobe, Japan, and colleagues have 
successfully produced the type of cells found in the retina of the eye from stem cells. The retina is the part of 
the eye that contains cells that can detect light and send messages to the brain. The retinal cells were then 
grown alongside a protein structure.

Over 12 days, the retinal cells formed a hollowed out shape which later transformed into a cup-like structure. 
Within this cup, six major types of retinal cells were identified. They had spontaneously arranged themselves in 
a similar way to the way retinal cells are organised in a real eye.

The team have not yet managed to produce a fully formed eye, but if they can apply their research to human 
retinal tissue, they might be able to generate human retinal tissue which could be useful to treat a type of 
blindness called retinitis pigmentosa.

Source: Based on an article by Helen Thomson, New Scientist, 6 April 2011.

Questions
1. What are retinal cells?
2. Define the term ‘spontaneously’.
3. What are some of the benefits of the research described above?
4. Find out more about retinitis pigmentosa.

Professor Alan Trounson is an Australian scientist who has spent a great part of his 
working life perfecting the technique for creating embryos outside the human body. He 
was part of the team that produced the first baby conceived through IVF in Australia 
in 1980. He has also done a lot of work on embryonic stem cells. In 2000, his team 
showed that it was possible to produce nerve cells from embryonic stem cells.

In 2007 he was appointed as the president of a Californian institute that specialises 
in stem cell research. It is the best-funded facility of its kind in the world, so Trounson 
has the best facilities at his disposal to move stem cell research forwards.

Questions
1. How long ago was the first baby conceived through IVF born?
2. Why is it particularly significant that Alan Trounson’s team was able to produce 

nerve cells from embryonic stem cells?
3. Use the Stem cell elevator challenge weblink in the Resources tab to hear abrief overview of the research 

carried out by stem cell researchers.
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1.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define the terms spinal cord, paraplegia, quadriplegia, paralysis, stem cell and embryo.
2. Distinguish beatween multipotent and pluripotent stem cells.
3. Identify one use of stem cells derived from bone marrow in medicine.
4. Explain why some parents choose to have their baby’s cord blood frozen.
5. Outline the work of an Australian scientist involved in stem cell research.

Think
6. Extract the answer to the following questions 

from the graph at right.
(a) What are the two leading causes of spinal 

injury?
(b) Of the seven categories of causes of spinal 

injury, how many do you think may involve a 
sports injury? Give a reason for your answer. 
Suggest which sports might have the highest 
risk of spinal injury.

7. Explain why an injury in the neck region of the 
spinal cord may result in quadriplegia whereas an 
injury in the lower back region of the spinal cord 
may result in paraplegia.

8. Imagine that you are on an ethics committee 
for a university. An ethics committee is a group 
of people that decide if experiments should be 
carried out on ethical grounds. Discuss whether 
you would allow scientists to do experiments that 
involve deliberately crushing the spinal cords of 
rats such as those described previously.

9. In the experiment where rats had wheelchairs 
strapped to their bodies:
(a) Identify the control group.
(b) Outline some variables that would have 

needed to be controlled.
(c) Explain why researchers usually test medical 

procedures on animals such as rats before 
testing them on humans.

10. Justify why the use of multipotent stem cells is not as controversial 
as the use of embryonic stem cells.

Investigate
11. Draw a map to show the location and type of wheelchair access 

available at your school. Do the same for your local shopping 
centre. Are there any places it would be impossible to access in 
a wheelchair? Find out from your local council what regulations 
there are relating to wheelchair access to parks and public and 
commercial buildings.

12. Investigate some improvements to wheelchair design that have 
been made in the last 20 years.

13. Find out about wheelchair designs for particular sports such as wheelchair 
basketball and racing.

Motor vehicle occupants

Unprotected road users (motorcyclists, 
pedal cyclists, pedestrians)

Low falls (on the same level, or from a 
height of less than 1 metre)

High falls (from a height of 1 metre or more)

Struck by or collision with a person or object

Water-related

Other

24%

22%

21%

12%

9%

8%
4%

Causes of spinal injury

DISABLED
PERSONS
PARKING

ONLY
ACCESS AT

SIDE OF
BUILDING

Standard disability parking and 
access signs
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32 Jacaranda Core Science Stage 5

14.   Choose one of the following — Parkinson’s disease, type I diabetes, spinal cord injury, stroke, rheumatoid 
arthritis — and  investigate :  
(a)   what causes the condition  
(b)   which cells stop working properly  
(c)   what problems result  
(d)   how stem cells might be useful in treating the problem.    

15.   Michael J. Fox and the late Christopher Reeve are two celebrities who have played an 
active role in supporting stem cell research in the US.  Investigate  why they became 
involved in this work and some of the initiatives they have been involved with.     

16.   Find out more about the work of Alan Trounson and some of the important 
discoveries he has been involved with.   

 Discuss  
17.    Discuss  whether you would have your baby’s cord blood frozen and kept for your 

own family’s use if you have a child later in life.  
18.   Do you think research using embryonic stem cells should be legal in Australia? Write an exposition outlining 

your views.   
19.  Form six groups. Each group then nominates a student to act out one of the following roles (your teacher 

will assign one role per group). The other students in the group help the actor write their script. Each of 
the actors makes a brief presentation to the government (your class) about whether embryonic stem cell 
research should be allowed in Australia. At the end of the presentations, all the ministers (your classmates) 
will vote on whether to allow embryonic stem cell research in Australia.   

20.   Use the  Stem cell   weblink  in the Resources tab to fi nd out more about stem cells. Use the information 
presented in the animation to answer the following questions:  
(a)    Explain  the following statement: ‘as an embryo develops the cells become increasingly specialised’.  
(b)   Where are somatic stem cells found in adult humans?  
(c)   Why do adults need somatic stem cells?    

21.   Use the  Stem cells and religion   weblink  in the Resources tab and  investigate  the views of the major world 
religions on stem cell research.   

  Catholic priest:  You are against embryonic stem cell research. In accordance with your church’s 
teachings, you believe that life begins at conception and destroying embryos to obtain embry-
onic stem cells is destroying a human life. 

  Teenager:  You are paraplegic as a result of a car accident. You hope that stem cell research will 
lead to a treatment for spinal cord injury so that, one day, you can walk again. 

  Mother of a child with type I diabetes:  You hope that stem cell research will lead to a cure for 
diabetes so that your daughter can have a healthy life free of diabetes. 

  Scientist:  You would like to do embryonic stem cell research so that you can further your career 
and help a lot of people, perhaps fi nding a cure for a disease such as Parkinson’s. 

  Mother who has frozen embryos in storage at an embryo bank:  You and your husband could not 
have children naturally so you had fertility treatment. Ten of your eggs were fertilised with your 
husband’s sperm. Two of these embryos were implanted in your uterus and you had twins. You 
do not want any more children, but eight frozen embryos remain. With your permission, these 
embryos could be used as a source of embryonic stem cells. 

  The health minister:  You have your own opinion on embryonic stem cell research, but you also 
need to listen carefully to the views of the above people. After listening to their views, make a 
short speech to the government (your class) about stem cell research. 

 Explore more with this weblink: Stem cell elevator challenge

 Explore more with this weblink: Stem cell

 Explore more with this weblink: Stem cells and religion

RESOURCES — ONLINE ONLY
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1.8 Slow control
Feeling stressed? ‘Butterflies’ in your stomach? Have you ever wondered what causes your body to react in 
a particular way to stressful situations? Hormones and glands play a part in the stress response.

1.8.1 Helpful hormones
The nervous system is not the only means of controlling and coordinating activities in your body. The 
endocrine system uses chemical messengers called hormones. They are produced in your endocrine glands 

hormones. The thyroid gland, ovaries 
and testes are all controlled by 
hormones released from the pituitary 
gland. It also releases hormones that 
control growth and development 
(especially during adolescence), regulate 
water balance and contractions during 
childbirth, and stimulate the release of 
breast milk.

Hypothalamus
Links with the nervous system to coordinate 
and control reflex actions such as breathing and 
heartbeat. Releases hormones that, among other 
things, control body temperature, hunger, thirst, sex 
drive and emotions. Sends hormones to the pituitary 
gland to control its release of hormones to other 
endocrine glands.

Thymus gland
Releases the hormone 
thymosin, which stimulates 
the production of white 
blood cells to help fight 
infection.

Pineal gland
Releases the hormone melatonin, 
which controls sleeping and 
waking patterns

Pituitary gland
Releases hormones that stimulate other 
endocrine glands to release their own 

Testes
Release the hormone 
testosterone,which 
controls 
development of the 
male reproductive 
system. It also 
controls changes 
during puberty 
such as growth 
of body hair and 
deepening of 
the voice.

Parathyroid glands
Release the hormone parathormone, 
which regulates calcium level in 
the blood. Therefore, this hormone 
controls bone development.

Thyroid gland
Releases the hormone 
thyroxine, which 
regulates cell growth 
and activity

Adrenal glands
Release hormones, 
including 
adrenaline, that 
increase heart 
rate and blood 
pressure in times  
of fright. This 
increases the 
amount of energy 
available to  
muscles.

Ovaries
Release the hormones oestrogen and 
progesterone. During puberty, these 
hormones control the development of 
breasts and the reproductive system. 
The hormones also work together to 
regulate the menstrual cycle and control 
pregnancy.

Pancreas
Releases the hormones insulin 
and glucagon. These hormones 
work together to regulate 
glucose levels in the blood. 
Insulin allows cells throughout 
the body to take glucose from 
the blood. Glucagon controls 
the amount of glucose released 
from the liver into the blood.

Endocrine glands and the hormones they produce
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34 Jacaranda Core Science Stage 5

and are released directly into your bloodstream. Although hormones are carried to all parts of your body, 
only certain cells have receptors for particular hormones. It is a little like radio signals, which are sent 
out in all directions but are picked up only by radios attuned to a particular signal. These  target cells  are 
attuned to the hormones carried through your body and respond in a specifi c way. 

 Hormones control and regulate functions like metabolism, growth, development and sexual reproduction. 
The endocrine system responds to changes in variables detected by receptor cells and often acts using a 
negative feedback mechanism to counteract the initial change. The endocrine system also works with the 
nervous system to regulate your body’s responses to stress. The effects of the endocrine system are often 
slower and generally longer lasting than those of the nervous system. 

 The diagram in the previous page shows some of the endocrine glands in the body and the hormones 
they produce.  

 1.8.2 Superhuman feats? 
 ‘Butterfl ies’ in your stomach are the effects of a hor-
mone called  adrenaline . When you experience some 
kind of fright or stress, the adrenal gland releases 
adrenaline into your bloodstream. Not all parts of 
your body will be affected by its presence in the 
bloodstream. Adrenaline may cause your face to turn 
pale, your heart to beat faster and your muscular 
actions and energy levels to increase. This prepares 
your body to escape from, or fi ght your way out of, a 
dangerous situation. Adrenaline is often referred to as 
the ‘fi ght or fl ight’ hormone.  

  These runners have elevated adrenaline levels 
before their race. 

Comparison of endocrine and nervous systems

 Factor  Endocrine system  Nervous system 

 Speed of message •     Slow  
•   Generally takes longer to have 

an effect    

•     Fast  
•   Generally has a rapid effect    

 Length of response •     Often long lasting    •     Usually short-lived    

 Spread of effect •     The hormones travel to all parts 
of the body via the bloodstream 
but affect only cells that have 
receptors for that particular 
hormone.    

•     Very localised    

 How message travels 
through the body 

•     In the bloodstream    •     Along nerves    

 Type of message •     Hormone (chemical)    •     Electrical impulse  
•   Neurotransmitter (chemical)    

 HOW ABOUT THAT! 
 Following World War II, many starving men in concentration camps were discovered lactating (producing 
milk). The glands in men and women produce similar hormones but in very different amounts. Hormones are 
constantly being made and being broken down, mostly by the liver. In the starving men, the liver had shrunk 
enormously and was barely able to break down even the small amounts of hormones their bodies produced. So 
the level of some hormones actually rose to a point where breasts grew and milk was produced. 
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1.9 Hormones and reproduction
Some hormones play an important role in reproduction, such as controlling the menstrual cycle in women. 
In men the development of secondary sex characteristics and sperm production are controlled by the hor-
mone testosterone. Puberty is a time where hormone levels are changing and transforming the way the 
body appears and functions.

Menstrual cycle
For about 5 days each month women menstruate (have their period). The time at which a woman has her 
first period is called menarche. The age at which this occurs varies greatly, but in Australia the average age 
of menarche is currently around 12 to 13 years of age. Women continue to have periods until they reach 
menopause, which is usually around their late forties to early fifties.

Menstruation is just one part of the menstrual cycle. When doctors and scientists talk about the men-
strual cycle they refer to the start of a period as day 1 of the cycle. During menstruation the lining of the 
uterus is shed and the levels of the female hormones oestrogen and progesterone are at their lowest. After 
menstruation oestrogen levels rise and the lining of the uterus starts to thicken again so that it will be 
ready for an embryo if fertilisation occurs. In one of the ovaries an egg begins to ripen.

At ovulation a ripe egg is released from one of the ovaries. Ovulation occurs around day 14 of the men-
strual cycle but this varies greatly between women. It is difficult to predict the time of ovulation simply 
by counting the days of the menstrual cycle. A more accurate estimate of the time of ovulation can be 
obtained by measuring and graphing body temperature. Temperature drops slightly before ovulation and 
then rises after ovulation has occurred. Hormone levels in blood, urine or saliva can also be used to indi-
cate the time of ovulation. A hormone called luteinising hormone (LH) rises sharply just before ovulation.

What happens in the second half of the cycle depends on whether the egg becomes fertilised by a 
sperm cell. If the egg is not fertilised, it will not develop into an embryo and the endometrium (the lining 

1.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define the terms ‘hormone’ and ‘endocrine gland’.
2. Describe how hormones travel throughout the body.
3. Why is it important that only cells with a receptor for a particular hormone are affected by the hormone?
4. Construct a three-column table with the headings ‘Name of endocrine gland’, ‘Name of hormone’ and 

‘Action of hormone’ Use the information in the diagram Endocrine glands and the hormones they produce 
shown above to complete the table. Include all of the endocrine glands labelled in the diagram.

5. Explain why adrenaline is referred to as the ‘fight or flight’ hormone.

Think
6. Explain why the pituitary gland is sometimes referred to as the master gland.
7. The thyroid gland releases a hormone that increases metabolic rate. Suggest what the symptoms of an 

underactive thyroid gland might involve.
8. When would you expect the thymus gland to be most active?
9. Long periods of continued stress can increase the chance of heart disease. Use your knowledge of 

adrenaline and its effect on the body to account for this.

Investigate
10. Corticosteroids are a family of hormones released when the body is under stress. Find out about the role of 

these hormones and why they are sometimes prescribed to treat asthma.
11. Investigate what ‘anabolic steroids’ are.
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36 Jacaranda Core Science Stage 5

of the uterus) will start to break 
down. The egg will eventually be 
passed out of the body. The hor-
mone progesterone, another female 
sex hormone, gradually rises after 
ovulation.

Progesterone is involved in 
the menstrual cycle but it is also 
involved in pregnancy. Progesterone 
levels rise greatly during pregnancy. 
It prevents the uterus from con-
tracting and pushing out the baby. 
Progesterone levels drop before 
childbirth and also just before men-
struation. This allows the uterus to 
contract. Some women experience 
period pain. It is thought that in 
some cases this pain is due to the 
contractions of the uterus. The pain 
experienced in early labour is sim-
ilar to this but much more intense.
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1.9.1 Secondary sex characteristics
Secondary sex characteristics are features that are present 
only in adults, for example, a lion’s mane and a peacock’s tail 
are secondary sex characteristics. In humans, secondary sex 
characteristics appear at the time of puberty. In women they 
include breasts, a wider pelvis, changed distribution of body 
fat (more fat is deposited around the bottom, hips and thighs) 
and underarm and pubic hair. In males, secondary sex char-
acteristics include changes to the larynx that result in a lower 
voice, facial, underarm and pubic hair, increases in muscle 
and bone mass, height and penis size, and broadening of the 
shoulders. The development of secondary sex characteristics 
is stimulated by increased levels of oestrogen in women and 
testosterone in men. Around the time of puberty both boys 
and girls also experience a growth spurt — a rapid increase in 
height. This is shown in the graph at right.

Pheromones — smells like love
Chemicals called pheromones can play an important role in communications between members of the 
same species. This type of communication makes it very easy for animals to locate a mate, even in 
sparsely populated areas.

When a female dog is about to ovulate, she comes ‘on heat’. During this time she releases a phero-
mone into her urine to notify male dogs that she is ready for mating. Likewise, female moths use scented 
chemicals that sexually attract male moths from as far away as 8 kilometres.

Pheromones are probably important in humans too.
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Both boys and girls experience a 
growth spurt around the time of 
puberty.

HOW ABOUT THAT! 
Over the last two centuries, the age at which girls 
reach puberty has been decreasing. The following 
graph shows how the age at which girls have their 
first period (menarche) has changed over time in a 
number of countries.

Many factors affect the age at which girls reach 
menarche. Studies have shown that girls have their 
first period earlier if they live at sea level rather than 
at high altitudes. A diet high in fat and proteins 
also results in earlier menarche and poor nutrition 
can delay it. There have even been studies that 
show that girls that live with their genetic father 
reach menarche later on average than girls that live 
with just their mum. Girls who live with a stepdad, 
on average, reach menarche the earliest. No one 
is sure exactly how it works but it is thought that 
pheromones may be involved.
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The average age of menarche has decreased 
over the last two centuries.
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38 Jacaranda Core Science Stage 5

 Oxytocin — the cuddle chemical 
 Oxytocin is a hormone involved in labour and 
breastfeeding, and it causes the uterus to contract. 
When labour is induced (started artifi cially) an oxy-
tocin drip is used. In breastfeeding oxytocin causes 
the milk to be released after the baby starts sucking. 

 Oxytocin is also called the cuddle chemical, as 
it is released when mothers cuddle their babies and 
when humans have ‘warm contacts’ (a supportive 
hug from a parent, or a husband and wife holding 
hands, for example). Oxytocin is thought to help 
humans form bonds with other people such as the 
bond between a mother and her baby or between a 
husband and wife. In recent years tests have been 
conducted to determine what happens when oxy-
tocin is given to people. From these experiments 
it was found that oxytocin seemed to improve a 
person’s ability to recognise faces and to interpret 
other people’s feelings. Studies in rats show that 
if the oxytocin receptors in the brain are blocked 
rats stop looking after their young and can no 
longer recognise other rats.      

  Oxytocin is a hormone that is released when 
a baby suckles. It triggers milk ‘let-down’, the 
release of milk from the breast. 

 HOW ABOUT THAT! 
 A Swiss zoologist, Claus Wedekind, carried out an experiment to fi nd 
out if pheromones might be involved in determining whether a woman 
will fi nd a particular man attractive. He asked men to wear a T-shirt 
for two nights and return it unwashed. The T-shirts were placed in 
containers with smelling holes and women were asked to smell them 
and describe the odour. The women described and ranked the smells 
differently; however, they preferred the smells of the T-shirts worn by 
the men that were most different to them in terms of genes involved 
in immunity. Perhaps by trusting their noses women might naturally 
select partners whose genetic makeup will contribute to producing 
babies with strong immune systems.  

  The T-shirts worn by the men were 
placed inside boxes with smelling 
holes and women were asked to 
smell them and rate the odour. 

 HOW ABOUT THAT! 
    Pheromones are an important form of communication for ants. When ants 
fi nd a food source they lead other ants to the food by leaving a trail of 
pheromones. A squashed ant releases pheromones that act as a warning 
signal to other ants. 
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1.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each term on the left with 

one of the definitions at right.
2. Around which day of the 

menstrual cycle do the following 
events occur:
(a) ovulation?
(b) first day of period?

3. Identify the hormones responsible 
for triggering sperm production in 
males and ovum development in 
females.

4. Describe the changes in 
oestrogen and progesterone levels 
throughout the menstrual cycle.
(a) Which hormone is found in 

the highest concentration just 
before ovulation?

(b) Which hormone is found in the 
highest concentration when 
the uterine lining is thickest?

(c) At which time would the lining 
provide the best ‘home’ for a fertilised egg?

5. Classify the following secondary sex characteristics as belonging to males, females or both:
(a) Low voice
(b) High hip to waist ratio
(c) Pubic hair
(d) Facial hair
(e) Broad shoulders
(f) Low hip to waist ratio
(g) Underarm hair.

6. What does it mean when a dog is ‘on heat’?

Think
7. Deduce on which days of a menstrual cycle a woman is most likely to become pregnant if she has sexual 

intercourse. Is it possible for a woman to fall pregnant outside this time? Explain your answer.
8. Explain why it is important for mothers to bond with their babies.

Skill builder
9. Study the graph showing the growth rates of boys and girls.

(a) Deduce which two years of their lives children grow the fastest.
(b) Identify the average age at which girls and boys experience a growth spurt. Explain why not all children 

will experience a growth spurt at exactly these ages.
(c) At what age, on average, do girls and boys reach their maximum height?
(d) What is the average growth rate of a 9-year-old girl? If a 9-year-old girl was 130 cm tall, calculate what 

you would expect her height to be a month ( 1
12

 of a year) later, assuming that she is growing at the 
average growth rate for a 9-year-old.

(e) Compare a 10-year-old boy and a 10-year-old girl. If they both measured 125 cm at age 10, who would 
be taller at age:
(i) 13?
(ii) 17?
Explain your answer. Assume the boy and the girl are following the average growth rates shown in the 
graph.

Term Definition

(a) Menstruation (i) Male sex hormone

(b) Menarche (ii) A hormone that triggers ovulation

(c) Menopause (iii) A hormone involved in bonding

(d) Ovulation (iv) Period

(e) Endometrium (v) The female sex hormone that is at its 
highest level prior to ovulation

(f) Testosterone (vi) When an egg is released from an ovary

(g) Oestrogen (vii) When women stop having regular 
periods

(h) Luteinising hormone (viii) Scented chemicals involved in 
communication between members of 
the same species

(i) Progesterone (ix) Lining of uterus

(j) Pheromones (x) Time at which a woman has her first 
period

(k) Oxytocin (xi) The levels of this hormone increase in 
the second half of the menstrual cycle.
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1.10 Review
1.10.1 Systems keeping cells alive
 • explain why multicellular organisms require specialised organs and systems.  1.1
 • recall examples of tissues, organs and systems in humans.  1.1
 • recall the systems involved in providing cells with their requirements and removing waste.  1.1
 • define the term homeostasis.  1.2
 • distinguish between negative and positive feedback mechanisms.  1.2
 • describe an example of negative feedback to maintain homeostasis.  1.2
 • outline the role of the kidneys in maintaining water balance.  1.2

1.10.2 The nervous system
 • recall 4 types of receptor cells.  1.3
 • describe the structure of the eye.  1.3
 • outline the function of the nervous system.  1.4
 • describe the structure of nerve cells.  1.4
 • contrast reflex reactions and actions under conscious control.  1.4
 • describe the structure and function of the brain.  1.5

1.10.3 The endocrine system
 • outline the function of the endocrine system.  1.5
 • recall the main glands of the endocrine system and some of the hormones they produce.  1.5, 1.7
 • compare and contrast the nervous and endocrine system.  1.4, 1.7
 • outline the stages of the menstrual cycle.  1.8
 • recall some of the hormones involved in reproduction and the development of secondary sex  

characteristics.  1.8

10. Study the graph showing how the average age of menarche has changed over the last 2 centuries.
(a) Describe the general trend shown by the data displayed on the graph.
(b) For which country has data been collected over the greatest length of time?
(c) Compare the data for the USA to the data for European countries. Suggest possible reasons for any 

differences in the data.
(d) Data is not shown for dates after 1960. If the trend shown in the graph had continued at the same rate, 

what would be the average age of menarche for girls living in Norway today? Assuming that the data 
for Australian girls is similar to the data for girls growing up in Norway, has the trend shown in the graph 
continued?

Investigate
11. Design an experiment to test the hypothesis that a particular pheromone can make men more attractive to 

women.
12. Oxytocin might have benefits for people who suffer from certain forms of autism. Find out what autism is. 

Suggest why oxytocin might be beneficial for autistic children.

 Complete this digital doc: Worksheet 1.3: The menstrual cycle (doc-0000)

 Complete this digital doc: Worksheet 1.4: Puberty (doc-0000)

 RESOURCES — ONLINE ONLY
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1.10.4 Scientific research
 • describe some applications of science in the treatment of spinal injuries.  1.6
 • outline some potential benefits of stem cell research.  1.6
 • justify why the use of embryonic stem cells for scientific research is controversial.  1.6

1.10 Review 1: Looking back
To answer questions online and to receive immediate 
feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au. Note: Question 
numbers may vary slightly.
1. Underline the incorrect terms in each sentence. Replace 

them with the correct term and then find the correct 
term in the word puzzle. Write definitions of the incorrect 
words you replaced.
(a) The neuron carries hormones to target cells.
(b) The master gland of the endocrine system is the 

adrenal gland.
(c) The brain and spinal cord make up the peripheral 

nervous system.
(d) Organelles carry messages across synapses.
(e) Each molecule has tissues which carry out particular 

functions.
(f) Reflex actions and negative feedback mechanisms 

are examples of learned behaviour.
(g) Hormones are constantly being broken down, largely 

by the brain.
2. Body systems need to work together to provide cells 

with their requirements. Identify two body systems that 
work together to:
(a) deliver oxygen to cells
(b) deliver glucose to cells
(c) remove carbon dioxide from cells (and the body)
(d) remove nitrogenous waste from cells (and the body).
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Individual pathways

� ACTIVITY 1.1
Investigating control systems
doc-10631

� ACTIVITY 1.2
Analysing control systems
doc-10632

� ACTIVITY 1.3
Investigating control systems further
doc-10633

 ONLINE ONLY

FOCUS ACTIVITY
Luke has a pet bearded dragon called Mr Lizard. Luke is also a wiz at electronics. Luke is going on holidays for a 
week and he would like to make modifications to Mr Lizard’s tank so that all his pet’s needs will be catered for while 
he is on holidays.

(a) Use the information in the Resources tab to draw a diagram showing how to modify the tank.
(b) Compare the modified tank to the nervous system. Which parts correspond to the receptors, sensory nerves, 

central nervous system, motor nerves and effector organs?
Access more details about focus activities for this topic in the Resources tab. (doc-10630)
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42 Jacaranda Core Science Stage 5

3. complete the table at right.
4. (a) Identify the type of

neuron shown at right 
and outline its role in the 
nervous system.

(b) Which of the parts A, B, 
C, D or E, is:
(i) the nucleus?
(ii) the myelin sheath?

5. In the human nervous system:
(a) What do the letters CNS stand for?
(b) What is the CNS composed of?
(c) What do the letters PNS stand for?
(d) What is the PNS composed of?

6. The figure below shows the nervous pathway of the ‘knee-jerk reaction’.

(a) How do you know that the knee-jerk reaction is a reflex response?
(b) What is the stimulus for the knee-jerk reaction?

7. Mix and match the below table so that the description or role matches the correct part of the nervous 
pathway.

8. Label the human brain at right with the name and function of each structure.
9. Copy and complete the table below.

10. Construct a timeline of the menstrual cycle. Label the following:
(a) start of menstruation
(b) end of menstruation

Gland Hormone Function

    Controls overall growth 
and development

Thyroid    

    Stimulates production of 
white blood cells

  Adrenaline  

    Allows cells to take up 
glucose from the blood

Testes    

Part Description or role

(a) Neuron (i) Chemical released into the gap between nerve cells

(b) Synaptic cleft (ii) A nerve cell

(c) Receptor (iii) Site of the nucleus of a nerve cell

(d) Axon (iv) Senses changes in surroundings

(e) Neurotransmitter (v) Carries an impulse to the next neuron

(f) Cell body (vi) Space between neurons

Organ Type of receptors What do these receptors detect?

Eye    

Ear    

Nose    

Skin    
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TOPIC 1 All under control 43

(c) ovulation
(d) lining of uterus thickens
(e) uterus lining is shed.

11. List at least 4 hormones that are involved in reproduction and outline the function of each of these.

Test yourself
12. Which of the following statements is correct?

(a) In the nervous system messages travel in the form of electrical signals only.
(b) In the nervous system messages travel in the form of neurotransmitters only.
(c) Hormones travel from glands to effectors in the bloodstream.
(d) Hormones travel along nerves. (1 mark)

13. Which endocrine gland secretes hormones that regulate the function of a number of other endocrine 
glands?
(a) The pituitary
(b) The hypothalamus
(c) The thyroid gland
(d) The adrenal glands (1 mark)

14. In which of the following organs are chemoreceptors located?
(a) Eye
(b) Nose
(c) Ear
(d) Lips (1 mark)

15. Which row of the table contains correct information?

16. Which hormone acts on the nephrons in the kidney to reduce the amounts of water excreted from the 
body?
(a) glucagon
(b) insulin
(c) ADH
(d) FSH

17. Using maintenance of a constant body temperature as an example, explain what a negative feedback 
mechanism involves. (4 marks)

18. Describe one area of scientific research that may assist people who have a spinal injury. (3 marks)

  Receptor cells Sensory nerves Motor nerves Effector organs

A Detect stimuli Relay messages from 
receptor cells to the 
CNS

Relay messages 
from CNS to effector 
organs

Bring about response 
to stimulus

B Bring about 
response to stimulus

Relay messages 
from CNS to effector 
organs

Relay messages from 
receptor cells to the 
CNS

Detect stimuli

C Detect stimuli Relay messages from 
receptor cells to the 
CNS

Bring about response 
to stimulus

Relay messages 
from CNS to effector 
organs

D Detect stimuli Relay messages 
from CNS to effector 
organs

Relay messages from 
receptor cells to the 
CNS

Bring about response 
to stimulus

 Complete this digital doc: Worksheet 1.5: The body under control: puzzle (doc-0000) 

 Complete this digital doc: Worksheet 1.6:  The body under control: summary (doc-0000)

 RESOURCES — ONLINE ONLY
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