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Required practical 4

pH and rates of reaction
Aim:	To	investigate	the	effect	of	pH	on	the	rate	of	reaction	of	amylase	
enzyme.

Equipment:	Boiling	tubes,	iodine	solution,	amylase	solution,	pH	buffer	
solutions,	water	bath,	pipettes,	spotting	tile.

Method:
 1	 Place	one	drop	of	iodine	into	each	well	of	a	spotting	tile.
 2	 Put	10	cm3	of	starch	solution	in	a	boiling	tube.
 3	 Place	2	cm3	of	amylase	solution	in	another	boiling	tube.
 4	 Add	5	cm3	of	pH	buffer	solution	to	the	second	boiling	tube.
 5	 Place	both	boiling	tubes	into	a	water	bath	at	37	°C	for	2	minutes.
 6	 After	2	minutes,	add	the	contents	of	both	boiling	tubes	together.
 7	 Every	30	seconds,	use	a	pipette	to	put	one	drop	of	solution	into	a	

new	well	of	the	spotting	tile.
 8	 Repeat	every	30	seconds	until	the	solution	turns	blue	or	black.
 9	 Repeat	with	different	pH	buffer	solutions.

Results:	The	longer	the	time	that	the	iodine	test	gave	positive	results,	
by	turning	blue	or	black,	the	less	suitable	the	pH	is	to	the	enzyme.	So,	
the	optimum	pH	is	the	one	at	which	the	solution	remained	brown	for	
the	longest.

The heart and blood vessels
Your circulatory system is made from your heart and all your veins, 
arteries and capillaries. Its function is to provide all the 
millions of billions of cells in your body with the substances 
they need. All cells need glucose and oxygen for respiration. 
All cells need carbon dioxide and water (the products of 
respiration) to be removed. Other cells require different 
substances such as hormones at specific times, such as during 
puberty. Your circulatory system ensures that all your cells 
have all the substances they need.

Capillaries:	Tiny	blood	vessels	found	between	arteries	
and	veins	that	carry	blood	into	tissues	and	organs.

Hormone:	A	chemical	(produced	in	a	gland	in	mammals)	
that	moves	around	an	organism	to	change	the	function	of	
target	cells,	tissues	or	organs.

The heart and double circulation
Your heart is an organ made from muscle and nervous tissue. 
It pumps roughly every second and so your heart beats an 
amazing 100 000 times a day or over two billion times in your 
lifetime. Amazingly, many other mammals have heartbeats 
that are roughly similar and tend to beat around one billion 
times in their lifetime.

Your heartbeat is controlled by your ‘natural pacemaker’. This 
is a small group of nervous tissue cells in the top right chamber 

heart lung

brain

liver kidney

large
intestine
(only
section
shown)

small intestine
(only section

shown)

Figure 2.9 The circulatory system, showing 
the main organs with which the blood 
exchanges substances. A bright red colour 
indicates oxygenated blood and a dark red 
colour indicates deoxygenated blood.

Vein:	A	large	blood	vessel	
that	returns	blood	to	the	
heart.

Artery (plural arteries):	A	
large	blood	vessel	that	takes	
blood	from	the	heart.
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of your heart. They generate an electrical signal which spreads out along 
your heart’s nerve fibres and causes the heart muscle to contract. This 
action pumps blood from your heart. Your pacemaker controls the rate at 
which your heart beats.

Blood takes about 1 minute to complete a full circuit of your body. 
During this time, it will pass through your heart twice. Blood is pumped 
in a circle from your heart to your lungs, back to your heart and then to 
the rest of your body, before returning to your heart to start again. This is 
called double circulation.

Your heart has four chambers: two on each side. The top two chambers 
are called atria, or your left atrium and your right atrium. The bottom 
chambers are called ventricles. Atria and ventricles are separate by 
valves. Blood collects in your atria when the valves are closed. When 
your heart beats, the blood in your atria is forced into the ventricles. 
More valves at the ends of the ventricles stop blood being pumped 
straight into your blood vessels. When your heart beats again, the blood 
in your ventricles is forced into your blood vessels to begin another 
journey around your body.

vena cava: returns 
blood from body

pulmonary artery: carries 
deoxygenated blood to lungs

right atrium: 
receives blood
from body

valve

right ventricle: pumps blood
to lungs

left ventricle: pumps blood 
around body

valves prevent backflow

valve

left atrium: receives blood 
from lungs

pulmonary veins: return 
oxygenated blood from lungs

aorta: carries oxygenated
blood at high pressure 
around body

Figure 2.10 A cross-section of the heart, showing its structure.

Blood is pumped from your left atrium into your left ventricle. It is then 
pumped into an artery called the aorta. The aorta divides into smaller 
arteries and eventually into tiny capillaries that permeate your tissues and 
organs to provide oxygen, glucose and other required substances. Your 
capillaries collect into small veins that join to become larger and eventually 
form one vein called the vena cava. This vein returns blood to your right 
atrium. From here it is pumped into your right ventricle and then into an 
artery called the pulmonary artery. This artery takes blood to your lungs to 
replenish the oxygen and remove carbon dioxide. Your blood completes its 
journey by returning to the left atrium in your pulmonary vein.

The muscular lining of your heart is thicker on the left-hand side. This 
difference is because the left ventricle pumps blood to all tissues of your 
body including those in your extremities. The right ventricle only pumps 
blood to the lungs so does not need such a thick muscular lining.

Atrium (plural atria):	An	
upper	chamber	of	the	heart	
surrounded	by	a	smaller	
wall	of	muscle.

Ventricle:	A	lower	chamber	
of	the	heart	surrounded	by	a	
larger	wall	of	muscle.

Typical mistake

Convention	dictates	that	
labelled	heart	diagrams	in	
all	books	(including	this	one)	
have	the	right-hand	side	on	
the	left	and	the	other	way	
around.

Exam tip

You	should	be	able	to	
describe	the	structure	and	
function	of	the	human	heart	
and	lungs	including	their	
adaptations.
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The blood vessels
You have between 50 000 and 100 000 miles of blood vessels in your 
body, which is enough to circle the Earth. There are three types: arteries, 
veins and capillaries.

Arteries take blood away from the heart. This blood is under high 
pressure, so the lining of arteries needs to be thick and muscular. It is also 
elastic so it can stretch when blood is pumped from your heart. You can 
feel this surge of blood in places such as your wrist where arteries are near 
the surface. This surge is called your pulse.

thick
muscular
and 
elastic
wall

narrow lumen
(hole)

outer protective wall

lumen: round
shape in section
smooth lining (in
healthy individuals)

thick muscle and
elastic layer which
can stretch to
receive a ‘pulse’
of blood

0.85 cm

Figure 2.11 Note the thickness of the artery wall.

Capillaries carry blood into your tissues and organs to provide all your 
cells with the substances they need. Capillaries are very small and spread 
out into your tissues and organs like the roots of a tree. They are very 
thin. Blood plasma passes from capillaries into the tissues. Here plasma 
is called tissue f luid and it provides cells with glucose and oxygen for 
respiration and other substances. Glucose and oxygen move into the cells 
by diffusion. The products of respiration are carbon dioxide and water. 
Carbon dioxide and water diffuse into the tissue f luid to be carried away 
in the capillaries.

Veins carry blood back to the heart under much lower pressure. Blood 
loses pressure during its journey through the capillaries. So, the linings of 
your veins do not need to be as muscular as the linings of your arteries. 
Veins also have one-way valves (not found in arteries) to keep blood 
f lowing back to your heart.

outer protective
wall: thinner 
than artery wall

lumen: larger
than artery and
irregular shape
smooth lining

one-way
valve
allows
blood
to flow
in one
direction
only

thin layer of 
muscle and 
elastic

1.1 cm

Figure 2.12 Note the irregular shape and the thinner muscle and elastic 
layer of the vein.

Typical mistake

The	same	volume	of	blood	that	leaves	your	heart	must	return	to	it.	So	
even	though	images	of	veins	and	arteries	show	them	to	have	differently	
shaped	structures,	the	total	area	of	the	arteries	leaving	and	the	veins	
returning	blood	must	be	the	same.

Exam tip

You	should	be	able	to	explain	
how	the	structure	of	blood	
vessels	relates	to	their	
function.

Exam tip

You	should	be	able	to	
calculate	the	rate	of	flow	of	
blood.
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Figure 2.13 Exchange between 
the blood and tissue cells in a 
capillary network.
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Components of blood
You have about 5 litres of blood in your body. Blood looks red because 
it carries millions of red blood cells around your body. Blood also carries 
other cells and substances including those absorbed into your blood by 
your digestive system. These substances include glucose, fatty acids, 
glycerol and amino acids.

Red blood cells
There are millions of red blood cells in every drop of your blood. These 
cells carry oxygen from your lungs to your tissues and organs where it 
is needed for respiration. Red blood cells are a characteristic biconcave 
shape. (They have dips in their middle on both sides.) This shape 
increases the surface area of the cell, and so increases its ability to absorb 
oxygen.

Red blood cells contain a compound called haemoglobin. In your lungs, 
this binds with oxygen to form oxyhaemoglobin. This process turns the 
colour of your blood from dark red to bright red. When these red blood 
cells reach your tissues, they release the oxygen and so oxyhaemoglobin 
turns back to haemoglobin. Red blood cells don’t have a nucleus. This 
allows them to maximise the amount of haemoglobin they can carry.

capillary

body cell

capillary
alveolus

O2

O2
O2

O2

haemoglobin+oxygen →  oxyhaemoglobin oxyhaemoglobin →  oxygen+haemoglobin

O2

Figure 2.15 Haemoglobin transports oxygen from the lungs to other 
organs as oxyhaemoglobin in red blood cells.

White blood cells
White blood cells are part of your immune system to attack pathogens 
before they can make you ill. You have far fewer white blood cells than 
red ones. A single drop of your blood will only contain tens of thousands 
of white blood cells.

There are several types of white blood cells, but two main groups:

Phagocytes engulf pathogens by surrounding them and absorbing them. 
Break-down enzymes, present inside phagocytes, destroy pathogens. 
Phagocytes act non-specifically.

Lymphocytes make antibodies that bind to protein antigens found on 
pathogens and, in doing so, clump them together. This process makes it 
easier for pathogens to be destroyed by phagocytes. Each lymphocyte makes 
a specific type of antibody that binds to a specific protein antigen on the 
pathogen. Therefore different lymphocytes are specific to different pathogens.

Figure 2.14 The biconcave 
shape of red blood cells 
maximises their surface 
area to volume ratio and 
so increases their ability to 
absorb oxygen.

Biconcave:	Describes	a	
shape	with	a	dip	that	curves	
inwards	on	both	sides.

Haemoglobin:	The	molecule	
in	red	blood	cells	that	
can	temporarily	bind	with	
oxygen	to	carry	it	around	
your	body.

Oxyhaemoglobin:	A	
substance	formed	when	
haemoglobin	in	your	red	
blood	cells	temporarily	
binds	with	oxygen.

Phagocyte:	A	type	of	white	
blood	cell	that	engulfs	and	
destroys	pathogens.

Lymphocyte:	A	type	of	white	
blood	cell	that	produces	
antibodies	to	help	clump	
pathogens	together	to	make	
them	easier	to	destroy.

Antigen:	A	protein	on	the	
surface	of	a	pathogen	
that	your	antibodies	can	
recognise	as	foreign.
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Platelets
These are not cells, but fragments of them. There are over a 100 000 of 
them in a drop of blood. They join together after you have cut yourself 
and form a scab. When you cut yourself, platelets release clotting factors. 
These factors convert a chemical called fibrinogen in your blood into 
fibrin. This forms a mesh and sticks platelets to it to form a scab.

Plasma
Blood plasma is the straw-coloured f luid that carries red and white blood 
cells, platelets and all other substances around your body. Just over half 
of your body’s total blood volume is plasma and nearly all your plasma is 
made of water.

Coronary heart disease: 
a non-communicable disease
Communicable diseases like the common cold can be transmitted 
between people. Coronary heart disease is a non-communicable disease. 
This means it develops, rather than being caught.

Your heart is like all other organs in your body. Its cells need glucose 
and oxygen for respiration. These are delivered to your heart in its 
coronary arteries.

Unhealthy lifestyles include not doing enough exercise, smoking, 
drinking in excessive amounts and a poor diet. This can result in the 
build-up of fat inside coronary arteries and also a reduction in the 
f lexibility of their linings. This process is called atherosclerosis. Fat 
build-up and atherosclerosis slow or stop blood from reaching the heart. 
This can result in heart attacks.

Coronary heart disease is now one of the major causes of death in the world. 
A common previous treatment for this was a heart bypass operation. This 
treatment involved moving a short section of artery from another part of 
a person’s body and using it to short circuit the blockage. This is a major 
form of surgery and has inevitable risks. More recent treatments are less 
damaging. Stents are small medical meshes that can be expanded to hold 
open blocked arteries. Statins are drugs prescribed by doctors to reduce 
cholesterol, which in turn reduces coronary heart disease.

Communicable:	A	disease	that	can	be	transmitted	from	one	organism	
to	another.

Coronary arteries:	Arteries	that	supply	the	heart	muscle	with	
oxygenated	blood.

Atherosclerosis:	A	medical	condition	resulting	from	an	unhealthy	
lifestyle	that	reduces	the	flexibility	of	arteries.

Heart bypass:	A	medical	procedure	in	which	a	section	of	less	
important	artery	is	moved	to	allow	blood	to	flow	around	a	blockage	in	
a	more	important	one.

Stent:	A	small	medical	device	made	from	mesh	that	keeps	arteries	
open.

Cholesterol:	An	important	biological	molecule	for	cell	membranes,	
which	leads	to	atherosclerosis	if	found	in	high	levels	in	the	blood.

Exam tip

You	should	be	able	to	
describe	the	functions	
of	all	blood	components.	
You	should	also	be	able	to	
recognise	the	different	types	
of	blood	cell	in	a	diagram	and	
explain	how	their	structure	is	
related	to	their	function.

Platelets:	Small	structures	
(not	cells)	in	your	blood	that	
fuse	together	to	form	a	scab.

left atrium

coronary
artery

left ventricle

coronary
artery

right
atrium

right
ventricle

Figure 2.16 The coronary 
arteries supply glucose and 
oxygen to the heart muscle 
tissue.
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narrowed 
artery
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Figure 2.17 This stent allows 
blood to flow freely again.
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Faulty valves
Your heart has valves between the atria and ventricles and also between 
the ventricles and arteries. Some heart valves do not function properly. 
If they do not function properly, less blood will be pumped around a 
person’s body. Valves can be replaced in a major heart operation. They 
can be from organ donors or artificial, mechanical values.

Pacemakers
Some people have difficulties controlling their heartbeat. The beat needs 
to be coordinated properly to ensure the maximum volume of blood 
is pumped at each heartbeat. An artificial pacemaker can be fitted to 
people in this situation. The pacemaker takes over the generation of the 
electrical signal needed to coordinate every heartbeat.

Transplants
If all other treatments fail, some patients need a heart transplant. These 
treatments are serious medical procedures. All transplants, including this 
type, need a match between the donor and that of the patient. Some 
patients can sadly be on waiting lists for a heart transplant for many years.

Health issues
Your health is now defined as your mental and physical wellbeing. It can 
be improved by:
● seeking medical help when you are physically or mentally unwell
● eating a balanced diet
● exercising regularly
● reducing stress levels.

Well-balanced diet
A well-balanced diet has the correct amounts of all food groups. This 
can be shown in a food pyramid. This model shows that a large part 
of your diet should be made from carbohydrates like bread, potatoes 
and rice. Another large part of your diet should be made from fruits 
and vegetables. These contain natural healthy sugars, vitamins and 
fibre. Fats are found in dairy products including milk and cheese. 
These are also high in protein. They do however, have high 
cholesterol levels and so should be eaten in smaller quantities.

Regular exercise
Exercise strengthens your muscles including your heart. It 
also improves the efficiency of your circulatory system. 
Many people also believe that exercise helps your mental, 
as well as physical, health. The National Health Service 
(NHS) recommends that all young people do an hour of exercise every day.

Physical and mental ill health
Doctors now believe that there are links between diseases and mental and 
physical health. Patients with one medical condition can be more likely 
to develop another:
• If a person’s immune system is not functioning properly, they are more 

likely to catch communicable diseases.
• A small number of viral infections leads to cancer.
• Serious physical health problems can lead to mental ill health.

Exam tip

You	should	be	able	to	
evaluate	the	advantages	and	
disadvantages	of	the	various	
cardiovascular	treatments	
listed	above.

Figure 2.18 A balanced food diet represented as 
a food pyramid.
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