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Location within cell of respiration:
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Aerobic respiration:

Glycolysis

Kreb’s cycle

Link reaction

Oxidative 
phosphorylation

Glycolysis:

Link reaction:

Kreb’s cycle:

Oxidative phosphorylation:

Glucose            Pyruvate +  ATP +  NADH

Pyruvate + NAD + CoA           Acetyl CoA + NADH  + Carbon dioxide

Acetyl CoA             NADH + FADH2 + GTP + Carbon dioxide
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Respiratory malfunctions
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Monitoring
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Peak flow:
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Sf1. What is the function of the epiglottis?

_____________________________________________________________________________________________________________________

2. Why are cartilage bands in the trachea “C” shaped?

________________________________________________________________________________________

3. What is the function of the mucus in the trachea and bronchi?

____________________________________________________________________________________________________________________

4. How is a concentration gradient of gasses maintained between alveoli and blood?

____________________________________________________________________________________________________________________

5. How are erythrocytes adapted to their role in respiration?

_______________________________________________________________________________________

6. What is the role of pleural membranes?

_______________________________________________________________________________________

7. Which muscles contract during inhalation?

_______________________________________________________________________________________

8. How is energy from cellular respiration stored until needed by the cell?  

______________________________________________________________________________________

9. What is oxygen debt? 

______________________________________________________________________________________

10. Name the four stages of aerobic respiration?

_______________________________________________________________________________________

11. Why does cystic fibrosis lead to difficulty breathing?

_______________________________________________________________________________________ 

12. Name two devices used to monitor the condition of people with respiratory disorders?

______________________________________________________________________________________

13. How do inhalers help people with asthma?

_______________________________________________________________________________________

Test your knowledge
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Trachea

Bronchus
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Lung

AlveoliDiaphragm

Pleural membrane

Intercostal muscle

Rib

Mouth

Nasal cavity

Oesophagus

Larynx

Larynx:
The larynx connects the back of nose and mouth to the trachea. It contains muscles and vocal cords and is commonly known as the voice box. It enables 
us to speak by passing air over the vocal cords which we control the tension of to make a particular sound.  

Epiglottis:

Epiglottis:
The epiglottis is a flap made out of cartilage covered by mucous membrane. Its function is to cover the trachea when we are swallowing to allow food to 
pass into the oesophagus but to prevent it from entering the airways where it could find its way to the lungs where it would cause damage or blockage.

Epiglottis

Oesophagus

Trachea

Epiglottis closed. 
Trachea covered 
so that food is 
directed into the 
oesophagus but 
cannot enter the 
trachea. 

Epiglottis open. 
Air can pass into 
trachea and then 
to the lungs.

Structure of the respiratory system
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The airways:

Trachea

Bronchi

Bronchioles

Function of the airways:
The airways allow inspired air to pass from the outside 
environment down into the lungs where oxygen can be 
absorbed into the blood. It also enables expired air to move 
from the lungs back to outside the body. 
The airways have the additional function of ensuring the air 
has been warmed before it enters the delicate alveoli by 
passing some of the heat from the blood in the passageways. 
It also moistens the inhaled air to prevent the alveoli from 
drying and to aid gas exchange.
A further function is to trap pathogens and other particles 
such as dust to protect the lungs from infection. They do this 
by producing a sticky mucus which traps the inhaled particles. 
Cilia then move the mucus and its trapped particles up away 
from the lungs and to the back of the throat where it can be 
disposed of – usually by swallowing. Pathogens that are 
swallowed with the mucus will mostly be destroyed by the 
acidity of the stomach. 

Mucus

Goblet cell

Cilia

Ciliated epithelium tissue:
The trachea is lined with ciliated epithelium. 
The goblet cells secrete mucus which traps 
pollen, pathogens, dust and other debris. The 
cilia then waft the mucus and trapped debris up 
towards the back of the throat where it can be 
swallowed. Bacteria will be destroyed by the 
stomach acid. The ciliated epithelium helps 
prevent harmful substances from being able to 
get down into the delicate lungs. 
Glandular tissue is found within the walls of 
both trachea and bronchi and secrete mucus in 
addition to that secreted by the goblet cells. 

Rings of cartilage in the bronchi 
and bronchioles:
The rings of cartilage in the trachea are “C” 
shaped with the opening  at the back. The 
opening is adjacent to the oesophagus 
through which food passes to the stomach. 
The function of the cartilage is to keep the 
trachea open during breathing so air can 
pass freely. However, to have full rings 
might make it easier for food  passing down 
the oesophagus to be restricted by the 
cartilage if it did not have a gap at the back 
resulting in it getting stuck.

Structure and function of bronchioles:
Bronchioles are smaller than bronchi and most do not have rings of 
cartilage. They consist of smooth muscle, cuboidal epithelium and 
elastic tissue to help them spring back to shape during breathing. 
They range in diameter from about 0.2 to 0.5mm. 
Some of the bronchioles, called terminal bronchioles, have alveoli 
branching off from them. They contain club cells which secrete 
surfactant which prevents the walls of the alveoli or bronchioles 
from sticking together, keeping the airways open. 
The main function of the bronchioles is to transmit air to and from 
the alveoli. 

Cartilage

Alveoli

Bronchioles

Bronchiole:

Rings of cartilage in the trachea:
The rings of cartilage in the trachea are “C” 
shaped with the opening  at the back. The 
opening is adjacent to the oesophagus 
through which food passes to the stomach. 
The function of the cartilage is to keep the 
trachea open during breathing so air can 
pass freely. However, to have full rings 
might make it easier for food  passing down 
the oesophagus to be restricted by the 
cartilage if it did not have a gap at the back 
resulting in it getting stuck.
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Alveoli and gas exchange:

Walls of alveoli
The walls of alveoli are made of 
one layer of very thin cells. This 
makes the walls as thin as possible 
to allow for the shortest possible 
diffusion pathway. 

Location of blood vessels:
The blood capillaries are located very 
close to the walls of the alveoli to 
enable a short diffusion pathway for 
efficient gas exchange. 

Walls of blood vessels:
The capillary walls are made of very 
thin cells, one cell thick to further 
shorten the diffusion pathway. 

Moisture:
The alveoli have a layer of moisture to 
prevent the lungs from drying out and 
to facilitated diffusion of dissolved 
gases from blood to alveoli and from 
alveoli to blood. 

Concentration gradient:
Concentration gradient from high to low 
oxygen from alveoli to blood and the other way 
round for carbon dioxide is maintained by 
regularly replacing the air in the alveoli by 
breathing and by the constant movement of 
blood in the capillaries so deoxygenated blood 
continuously replaced the newly oxygenated 
blood

Summary of gas exchange and how the body is adapted for maximum efficiency:
The large number of alveoli create a very large surface area for gas exchange to take place across. The alveoli have an extensive capillary network so that 
the oxygen can move easily into the blood and the carbon dioxide from the blood into the alveoli. It is important that carbondioxide is removed 
otherwise it will lower the pH of the blood making enzymes and other proteins not work properly. Apart from having a large surface area for absorption, 
one of the most important factors in efficient exchange of substances is to have as short a distance as possible for the substances (oxygen or carbon 
dioxide) to diffuse across. This is known as a short diffusion pathway. The diffusion pathway for oxygen and carbon dioxide is kept as short as possible in a 
number of ways. The walls of both alveoli and capillaries are kept as thin as possible by only being once cell thick and being made of the thinnest type of 
cell – squamous cells. The capillaries are situated next to the alveoli with minimal distance between. In addition, the capillaries are very narrow, so the 
red blood cells are pushed up against the walls. As the oxygen is carried in the red blood cells, the closeness of the red blood cells to the walls of the 
capillary is very important in minimising the distance the oxygen has to diffuse across. The bigger the concentration gradient, the faster the diffusion. The 
concentration gradients of oxygen and carbon dioxide are maintained by regular replacement of the air in the alveoli during breathing and the continuous 
flow of blood through the capillaries. Erythrocytes are packed with a special protein called haemoglobin which can carry up to four oxygen molecules 
each. They are specially adapted by not having a nucleus giving it more room for the haemoglobin. Blood plasma helps to carrythe carbon dioxide back to 
the lungs. 

Plasma:
As well as helping the blood flow 
more easily, blood plasma helps 
carry carbon dioxide from cells to 
the lungs in the form of 
bicarbonate ions. 

Haemoglobin

Erythrocytes:
Erythrocytes have no nucleus and 
other organelles that other cells 
have. This gives it room to carry as 
much haemoglobin as possible. 
Haemoglobin can carry up to four 
oxygen molecules each. Having a 
large number of red blood cells, 
each packed with haemoglobin 
allows the maximum absorption 
of oxygen into the blood. 

Return



Ventilation

External intercostal 
muscles contract

Ribs

External intercostal 
muscles

Internal intercostal 
muscles

Intercostal muscles: Pleural membranes:

Parietal pleural 
membrane

Visceral pleural 
membrane

Pleural fluid
Lung

Role of intercostal muscles:
There are two intercostal muscles, the external intercostal muscles are 
used for normal breathing. They contract during inhalation to pull the 
rib cage up and out. The internal intercostal muscles are used during 
forced exhalation. When they contract, the rib cage is brought back 
down and in, reducing the volume of the thorax. 

Role of the pleural membranes:
The lungs are surrounded by the visceral membrane and the thoracic 
wall is covered by the parietal membrane. They are serous membranes 
meaning they produce a substance like serum that makes up the pleural 
fluid which increases the surface tension between the two membranes. 
This means that they can slide past each other but will stay together. So, 
when the chest cavity gets bigger the parietal membrane will move with 
it but due to being stuck to the visceral membrane, it will put the lungs 
out with it. So when the chest cavity increases in volume, so do the 
lungs.  

Inspiration:
The external intercostal muscles contract pulling the rib cage 
up and out. At the same time, the diaphragm pulls down and 
flattens. Both these things increase the volume of the chest 
cavity. The chest cavity pulls the lungs open due to the 
actions of the pleural membranes. When the volume of the 
lungs increases the pressure within them drops below the 
atmospheric pressure outside the body because the same 
amount of air now has more space. The difference in pressure 
between the outside and outside causes air to be forced into 
the lungs. 

Expiration:
During normal exhalation, the muscles relax. The relaxation 
of the external intercostal muscles allows the rib cage to 
spring back down and in. The relaxation of the diaphragm 
returns it to its domed shape. Both of these things together 
reduce the volume of the thoracic cavity. Because the same 
amount of air is now occupying less space, its pressure 
increases. The pressure of air in the lungs is now greater than 
that of the atmospheric pressure and air is forced out through 
the nose or mouth to equalize this pressure – expiration has 
taken place. 
During forced exhalation, this reduction in volume is speeded 
up by the contraction of the internal intercostal muscles and 
contraction of some abdominal muscles.

Air forced in 

Diaphragm pulls 
down and flat

Volume of lungs:
Increases

Pressure in lungs:
Decreases

External intercostal 
muscles relax

Air forced out 

Diaphragm returns 
up and domed

Volume of lungs:
Decreases

Pressure in lungs:
Increases

Inspiration

Expiration
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Cellular respiration

Need for energy in the body:
Energy is needed for most processes in the body including:
Protein synthesis
Nerve impulses
Heartbeat
Generation of heat
Movement
Production of hormones

Cellular respiration:
Respiration is the process by which energy is obtained from nutrients 
such as glucose or fat. It is needed to drive the processes that take place 
in the body. It takes place inside the cells which is why it is called cellular 
respiration. Energy produced in the cell by cellular respiration is stored 
in a molecule called ATP until it is needed. 

How energy is stored:

ATP and ADP:
ATP stands for adenosine triphosphate. The 
energy produced by cellular respiration is used 
to form a high energy bond between ADP 
(adenosine diphosphate) and a phosphate 
group. When energy is needed by the cell, e.g.
to contract a muscle, the bond is broken 
releasing the energy and ADP and a phosphate 
group are produced which are available to 
become ATP again when more cellular 
respiration takes place. 

ATP

ADP
Phosphate 

group

Energy 
from 

respiration
Energy 

needed by 
cell

Aerobic respiration:

Glucose Lactic acid

Glucose Oxygen Carbon dioxide Water+ +

ATP molecules32

Anaerobic respiration:

ATP molecules2
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Location within cell of respiration:

Cytoplasm

Mitochondrion

Outer 
membrane

Inner 
membrane

Cristae

Matrix
A cell

A mitochondrion

Within the cytoplasm:
The first part of aerobic respiration is known as glycolysis and is the 
same as anaerobic respiration. Anaerobic respiration/glycolysis takes 
place in the cytoplasm of the cell.

Within the mitochondria:
The rest of aerobic respiration takes place in the mitochondria which 
includes Kreb’s cycle and the electron transfer chain (oxidative 
phosphorylation). 

Anaerobic respiration:

Glycolysis

Glucose

Pyruvate

Pyruvate

ATP2

Lactic 
acid

Oxygen 
available

Oxygen not 
available

ATP2

When anaerobic respiration is used:
People use both aerobic and anaerobic respiration to provide 
energy. Much more energy is produced by aerobic respiration so 
anaerobic respiration is used only when there is insufficient 
oxygen available for aerobic respiration. This is likely to happen 
during heavy exercise. 

Oxygen debt:
Lactic acid is toxic to the body and caused aching muscles and a feeling 
of fatigue. It can be converted back into pyruvate if oxygen is available. 
The pyruvate can then be used for aerobic respiration. In order to do 
this there needs to be sufficient oxygen. The oxygen required to break 
down the lactic acid together with the oxygen needed to restock 
depleted stores of oxygen (in the muscles) is known as the oxygen debt. 
Due to the oxygen debt people need to breathe more deeply for a while 
after exercise has stopped. The amount of time it takes to repay the 
oxygen debt can vary from a few minutes to a few hours to even a few 
days if the activity was energy intensive such as running a marathon. 

Glucose Pyruvate
Lactic 
acid

Oxygen available
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Aerobic respiration:

Glycolysis

Kreb’s cycle

Link reaction

Oxidative 
phosphorylation

Glycolysis:
Glycolysis is the first stage of both aerobic and 
anaerobic respiration. It takes place in the 
cytoplasm of the cell. It involves the breakdown of 
glucose into two molecules of pyruvate and the 
release of two molecules of ATP. 

Link reaction:
The link reaction is only relevant to aerobic 
respiration. It takes place in the matrix of the 
mitochondria. It produces a substance called acetyl 
Co-enzyme A and NADH and some carbon dioxide 
which will be returned to the lungs for exhalation. 
The acetyl Co-A will be used in the next stage of 
aerobic respiration known as Kreb’s cycle. 

Kreb’s cycle:
Kreb’s cycle is also know as the citric acid cycle. It 
uses Acetyl Co-enzyme A to produce more carbon 
dioxide waste and two molecules called NADH and 
FADH2 which are both used in the next stage of 
aerobic respiration which is oxidative 
phosphorylation. Kreb’s cycle also takes place in 
the matrix of the mitochondria. 

Oxidative phosphorylation:
The last stage of aerobic respiration is oxidative 
phosphorylation, also known as the electron 
transfer chain. It takes place in the inner membrane 
of the mitochondria. Electrons are removed from 
both NADH and FADH2. They will go through a chain 
of enzyme driven reactions. This stage requires the 
presence of oxygen which joins with the hydrogen 
from the NADH and FADH2to produce water as the 
other waste product of aerobic respiration. A lot of 
ATP molecules are released by this process. 

Glucose            Pyruvate +  ATP +  NADH

Pyruvate + NAD + CoA           Acetyl CoA + NADH  + Carbon dioxide

Acetyl CoA             NADH + FADH2 + GTP + Carbon dioxide
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Respiratory malfunctions

Cystic fibrosis causes and effects:
Cystic fibrosis is a genetically inherited conditions which affects the movement of 
salt in and out of the cells. This leads to a build-up of sticky mucus in the airways 
of the lungs and the pancreatic and bile ducts which prevents digestive juices 
reaching the intestines. Because the airways are filled with mucus it is very 
difficult to breathe and the individual will be prone to frequent chest infections. 
Because the bile and pancreatic ducts are filled with mucus vital enzymes and 
bile cannot get into the intestine making it difficult for the individual to digest 
food properly and so it is difficult for them to put on weight and absorb all the 
nutrients they need so they are likely to suffer from malnutrition. The damage to 
both lungs and digestive system gets worse with time limiting life expectancy 
greatly to around 35 to 40 years. Difficulty in breathing means that it is difficult 
to play sports and frequent infections mean a lot of school missed and may make 
it difficult to maintain employment.  

Emphysema:
Emphysema is one of the conditions which makes up COPD (chronic obstructive 
pulmonary disease) alongside chronic bronchitis. It is more likely to affect people 
in middle to old age. It is caused by damage to the alveoli of the lungs over time.
The most common cause is smoking but it can also be caused by passive 
smoking, pollution, exposure to chemicals at work or dust or smoke. The walls of 
the alveoli break down causing the alveoli to merge together. This results in 
fewer larger alveoli and greatly reduces the surface area of the lungs making it 
difficult to absorb sufficient oxygen. Symptoms include breathlessness and 
coughing which will become more noticeable over time. As the condition gets 
worse the individual is likely to experience breathlessness even when at rest. 
Due to not getting enough oxygen, they will lack energy and will start to find 
even basic day to day tasks difficult. These difficulties will affect the person’s 
ability to work or to enjoy their retirement. They may need social care to support 
them with day to day living. They may even need oxygen 24 hours a day which 
will greatly affect what they can do and where they can go. 

Asthma:
Asthma usually affects people from childhood but can be experienced for the 
first time by adults. It is a lifelong condition with no cure but can be managed. It 
is caused by the airways being oversensitive to triggers which could include 
allergens such as dust and pollen, smoke, pollution, exercise, infections and 
stress. During an asthma attach the muscles of the airways contract making the 
airways narrower, the walls inflame and produce more mucus than normal 
further blocking the airway making it difficult to breathe, particularly to breathe 
out. Symptoms include wheezing, breathlessness, tight chest and coughing. 
Having asthma can affect a person’s ability to engage in the leisure activities that 
they would like to. If the condition is not well managed the person will feel tired 
all the time as they are not getting enough oxygen for their needs. They may 
have a lot of absences from school or work. As an asthma attack can be life-
threatening the condition also causes much anxiety. More frequent chest 
infections are likely. It may affect growth particularly during puberty.

Normal airway Asthma

Contracted
muscles

Narrow 
airway

Inflammation

Increased 
mucus

Normal alveoli Emphysema

Many tiny
air sacs

Walls broken 
down

Air sacs merge

Fewer, larger 
air sacs

Gall bladder

Bile duct and 
pancreatic 

ducts blocked 
with mucus

Air ways filled 
with mucus
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Monitoring
Spirometry:
A spirometer is a device that can measure the volume of 
air in each breath and can also be used to determine 
how much oxygen is used during a particular period. It is 
used to monitor people with all three conditions to see if 
their condition is getting worse, improving or staying the 
same. It will also give a good indication of whether 
treatment options are working. Lung volume would be 
expected to be lower for people with any of the three 
conditions. 

Peak flow:
A peak flow meter is used to measure the rate of exhalation. 
This usually varies with age, gender and height. People with 
these conditions will be tested on a regular basis, at least 
every six months, and their readings compared to the 
average reading for healthy people of their age and gender 
and also with their own previous reading to check for any 
deterioration. 

Measurements than can be taken using a spirometer 

Example of spirometer reading during exercise

Peak flow meter
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Treatments

Physiotherapy:
Physiotherapy consists of specific exercises to 
improve a person’s condition. For respiratory 
conditions physiotherapy aims to change the 
way the individual breathes to make their 
breathing more efficient. They should be able 
to increase the volume of air they can take in. 
In some cases, physiotherapy reduces the 
need for inhalers. 

Inhalers:
Inhalers are particularly used for asthma but also for COPD. They 
work by releasing a chemical that causes the muscles of the airways 
to relax, widening the airway and allowing more air through. There 
are different types of inhaler. The two main types are the blue 
preventative inhalers which are used regularly to reduce 
inflammation and sensitivity in general. The brown or red reliever 
inhalers cause even more airway muscle relaxation to be used when 
the individual is experiencing symptoms such as during an asthma 
attack. 

Nebulisers:
A nebuliser is a device which converts liquid 
medication into tiny droplets (aerosols) which 
can be inhaled through a mask. They are 
mostly used when inhalers are not working 
such as during an asthma attack.  

Medication:
Medication other than inhalers can include 
medication to reduce inflammation, 
antibiotics to treat the more frequent chest 
infections. Antibiotics are usually 
accompanied by corticosteroids (e.g.
prednisolone) which work by reducing 
inflammation in the lungs. 

Oxygen therapy:
Oxygen is used when an individual cannot get enough oxygen into their blood through normal 
breathing, even with medication and inhalers to help. Oxygen therapy can be a temporary measure
if a person is experiencing a particularly bad episode. Many people with emphysema, however, 
need to take oxygen permanently which means they need to have it plumbed into their home. They 
can also use portable oxygen cylinders for when they need to go out. Being reliant on oxygen 
severely restricts a person’s life choices. 

Surgery:
Surgery can be used to remove damaged 
sections of the lungs such as in emphysema 
where large holes in the lungs fill up with air 
and restrict healthy alveoli from filling with 
air. When a person’s condition is particularly 
bad, a lung transplant may also be 
considered. 

Identifying triggers:
Identifying triggers is particularly useful for 
asthma sufferers. Knowing what triggers and 
asthma attack enables the individual to be 
able to avoid the triggers and reduce the 
number of asthma attacks they have. 

Lifestyle changes:
Giving up smoking will prevent further 
damage to lungs or reduce triggers for asthma 
attacks. Losing weight helps because more 
energy is needed with increased body weight. 
Individuals may also have to make changes to 
leisure activities or even work to take account 
of their condition. Individuals on oxygen 
therapy will find their lifestyle severely 
restricted as they will always have to make 
sure they have a supply of oxygen. Even with 
the oxygen they will have little energy to do 
things they enjoy. 

Care needs:
Individuals with respiratory conditions will need regular healthcare check-ups. They 
will need to have their condition monitored and medication changed as needed. 
Check-ups will be at least every year but usually more frequently than that. 
Individuals may need vaccinations and preventative antibiotics to reduce 
infections. People with emphysema may need oxygen cylinders and maintenance 
of the equipment. 
People whose lifestyle is greatly affected by their condition may need social care to
help them carry out day to day living tasks.
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Sf1. What is the function of the epiglottis?

___ To cover the trachea during swallowing so food goes down the oesophagus and not into the lungs ___________________________________

2. Why are cartilage bands in the trachea “C” shaped?

__ The shape gives a gap in hard cartilage in the part of the trachea next to the oesophagus. This gaps makes it less likely food will get stuck ___

3. What is the function of the mucus in the trachea and bronchi?

__ To trap pathogens, pollen, pollution and dust before it can go down into the lungs and cause damage ________________________________

4. How is a concentration gradient of gasses maintained between alveoli and blood?

__Regular breathing in will replace air and constant movement of blood moves oxygenated blood away and replaces with deoxygenated _______

5. How are erythrocytes adapted to their role in respiration?

__They have no nucleus or other organelles giving them room to carry as many haemoglobin molecules as possible to carry oxygen ____________

6. What is the role of pleural membranes?

__They ensure the lungs are pulled open during inhalation as one is stuck to chest cavity, fluid between them allow them to slide over each other _

7. Which muscles contract during inhalation?

__Intercostal muscles and diaphragm _______________________________________________________________________________________

8. How is energy from cellular respiration stored until needed by the cell?  

__It is used to convert ADP into ATP, the energy is stored between the ADP and the phosphate group, breaking the bond releases the energy __

9. What is oxygen debt? 

__The amount of oxygen needed to replaced used oxygen stores and break down the lactic acid formed by anaerobic respiration _____________

10. Name the four stages of aerobic respiration?

__Glycolysis, link reaction, Kreb’s cycle (citric acid cycle), oxidative phosphorylation (electron transfer chain).______________________________

11. Why does cystic fibrosis lead to difficulty breathing?

__Inability to control salt movement into and out of cells lead to a build up of sticky mucus which fills the trachea, bronchi and bronchioles _____

12. Name two devices used to monitor the condition of people with respiratory disorders?

__Spirometer and peak flow meter_______________________________________________________________________________________

13. How do inhalers help people with asthma?

__Reduce inflammation and cause muscles in airways to relax so airways become wider and easier for air to pass through ___________________

Test your knowledge
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