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The Musculoskeletal System ,

Your notes

The Musculoskeletal System

The effective movement of the human body requires both muscle and
anincompressible skeleton

= Thisis because muscles will only produce effective movement if they pullona
structure that does not shorten orbend - bone

There are over 600 skeletal musclesin the human body
Muscles are effectors, stimulated by nerve impulses from motor neurones

The muscular systemis complex, with multiple muscles crossing over each otherin
multiple directions

Lengths of strong connective tissue called tendons, connect muscles to bones

= They are flexible but do not stretch when a muscle is contracting and pullingon a
bone

= There are afew muscles with very long tendons and also a few that are directly
attachedto the bone

Ligaments are also lengths of strong connective tissue but they connect bones to
other bones, which keep the skeletonintact

Antagonistic muscle action

Muscles are only capable of contracting or pulling, they cannot push
As aresult of this limitation muscles generally operate in pairs

Amuscle pullsin one direction at ajoint and the other muscle pulls in the opposite
direction

= Thisis described as antagonistic muscle action
An example of this can be seenin the biceps and triceps of the arm
Toraise the lowerarm

= The bicep contracts and the tricep relaxes

= Asthebone can't be stretched the arm flexes around the joint

= Amuscle thatbends ajoint during contractionis known as a flexor (the bicep in this
case)

= Thisbrings the tricep intoits fulllength so that it can contract again
To lower the lowerarm
= The tricep contracts and bicep relaxes

= Asthebone can't be stretched the arm flexes around the joint
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= Amuscle that straightens ajoint during contractionis known as an extensor (the ,

tricep in this case)
Your notes

©» TENDONS ATTACHING MUSCLES TO BONE|

~THE BICEP MUSCLE CONTRACTS
TO RAISE LOWER ARM

THE TRICEP :
MUSCLE RELAXES

e ———

Antagonistic muscle action: the two muscles work together by pulling in opposite
directions
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The Muscle Fibre /

Your notes

Muscle Fibre: Structure

= Skeletal muscle makes up the musclesin the body that are attached to the skeleton
= Skeletal muscle is made up of muscle fibres
= Amuscle fibreis a highly specialised cell-like unit:
= Eachmuscle fibre:
= Contains an organised arrangement of contractile proteins in the cytoplasm
= |ssurrounded by a cell surface membrane

= Contains many nuclei (multi-nucleated) - this is why muscle fibres are not
usually referred to as cells

= The different parts of a muscle fibre have different names to the equivalent parts of a
normal cell:

= Cellsurface membrane = sarcolemma
= Cytoplasm = sarcoplasm
= Endoplasmic reticulum = sarcoplasmic reticulum (SR)
= The sarcolemma has many deep tube-like projections that fold in fromits outer surface:
= These are known as transverse system tubules or T-tubules

= Theserunclose tothe SR and help spread electricalimpulses throughout muscle
fibre

= The sarcoplasm contains mitochondria and myofibrils

= The mitochondria carry out aerobic respiration to generate the ATP required for
muscle contraction

= Myofibrils are bundles of actin and myosin filaments, which slide past each other
during muscle contraction

= The membranes of the SR contain protein pumps that transport calciumionsinto the
lumen of the SR

= Calciumions are needed forthe contraction of muscle
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The ultrastructure of skeletal muscle and of a section of muscle fibre
Myofibrils

= Myofibrils are locatedin the sarcoplasm

Each myofibrilis made up of two types of protein flament

= Thick filaments made of myosin

= Thin filaments made of actin
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= Thesetwo types of flaments are arranged in a particular order, creating different types

of bands andlines

Myofibrils Parts & Descriptions Table

Part of

Myofibril Description

H band Only thick myosin filaments
present

| band Only thin actin filaments present

A band Contains areas where only myosin
filaments are present and dreas
where myosin and actin filaments
overlap

M line Attachment for myosin filaments

Z line Attachment for actin filaments

Sarcomere The section of myofibril between
two Z lines

THE Z DISC

ANOTHER AND IS ALSO KNOWN AS

MYOFIBRILS ARE CYLINDRICAL IN SHAPE,
SO THE Z LINE IS ACTUALLY A DISC
SEPARATING ONE SARCOMERE FROM

OF MYOSIN

THICK FILAMENT MADE

—7—

i e’ THIN FILAMENT
3 QIO MADE OF ACTIN

1, SaveMyExams

© 2026 Save My Exams, Ltd.

s

Your notes

Get more and ace your exams at savemyexams.com

6


https://www.savemyexams.com/?utm_source=pdf

\ \ ;!‘P
[M LINE| |Z LINE]

Your notes
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THIN (ACTIN) FILAMENEN RN OSINTRILANENT] “Z LINE

\

i

The structure of a myofibril

Fast & Slow Twitch Muscle Fibres

= There are two types of muscle fibres found in muscles
= Fast twitch fibres
= Slow twitch fibres
= Human muscles are made up of both types of muscle fibres

= Some muscles have higher proportions of a particular fibre type due to their different
properties

Fast twitchmuscle fibres
= Fasttwitch muscle fiores contract rapidly

= The myosin heads bind and unbind from the actin-binding sites five times faster than
slow twitch muscle fibres

= Theirrapid contraction-relaxation cycle means they need large amounts of calcium
ions present to stimulate contraction

= Theyrely on anaerobic respiration for ATP supply

= They are suited to short bursts of high-intensity activity as they fatigue quickly due to
the lactate produced from anaerobic respiration
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= These muscle fibres are often foundin high proportionsin the limbs of animals that flee a ,
predator or hunt prey at high speeds

Your notes
= Forexample, the wings of arobin and legs of a cheetah
= There are high proportions of fast twitch muscle fibres in human eyelids
= They contractin short bursts and do not need to sustain the rapid movement
= Fast twitch muscle fibres have fewer capillaries

= Blood containing glucose and oxygen flow through the capillaries

= This means they have quite a slow supply of oxygen and glucose for aerobic
respiration

= Low amounts of myoglobin are present in fast twitch muscle fibres
= Myoglobinis ared pigment molecule thatis similar to haemoglobin

= Myoglobin functions as a store of oxygenin muscles and increases the rate of
oxygen absorption from the capillaries

= Due to this fast twitch muscle fibres appear paler in colour than slow muscle fibres

Slow twitch muscle fibres

= Slow twitch muscle fibores contract more slowly and are suited to sustained
activities like walking and perching

= Theyrely on aerobic respiration for ATP

= They fatigue less quickly due to less lactate production, making themideal
forendurance

= These muscle fibres are often foundin high proportions in the limbs of animals that
migrate or stalk prey overlong distances

= Forexample, the wings of geese and legs of wolves
= Human back muscles have a high proportion of slow twitch muscle fibres

= These muscles have to contract forlong periods of time in order to keep the
skeleton erect when standing or sitting

= Slow twitch muscle fiores have a denser network of capillaries
= Blood containing glucose and oxygen flows through the capillaries

= This means they have a short diffusion distance and a good supply of oxygen and
glucose foraerobic respiration

= High amounts of myoglobin, haemoglobin and mitochondria are present in slow twitch
muscle fibres

= Thisincreases the rate of oxygen supply, oxygen absorption and aerobic respiration

= Due to the high amounts of red pigment, slow twitch muscle fibres appear a dark red
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Fast Twitch & Slow Twitch Muscle Fibres Table

Fast muscle fibres

Short contraction—relaxation cycle

Slow muscle fibres

Long contraction—relaxation cycle

Fewer capillaries

Denser network of capillaries

ATP supplied mostly from dnaerobic
respiration

ATP supplied mostly from derobic
respiration

Fewer, smaller mitochondria present

Many, Large mitochondria present

Large store of calcium ions in the
sarcoplasmic reticulum

Small store of calcium ions in the
sarcoplasmic reticulum

Large amounts of glycogen and
phosphocreatine present

Small amounts of glycogen present

Faster rate of ATP hydrolysis
in myosin heads

Slower rate of ATP hydrolysis
in myosin heads

Fatigues rapidly due to greater
lactate formation

Fatigues more slowly due to reduced
lactate formation
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The Process of Skeletal Muscle Contraction ,

Your notes

The Sliding Filament Theory

Structure of thick & thin filaments in a myofibril
= The thick filaments within a myofibril are made up of myosin molecules
= These are fibrous protein molecules with a globular head

= The fibrous part of the myosin molecule anchors the molecule into the thick
filament

= |nthe thick filament, many myosin molecules lie next to each other with
their globular heads all pointing away from the Mline

= The thin filaments within a myofibril are made up of actin molecules
= These are globular protein molecules
= Many actin moleculeslink together to form a chain
= Two actin chains twist together to form one thin filament
= Afibrous protein known as tropomyosinis twisted around the two actin chains

= Anotherprotein known as troponinis attached to the actin chains at regularintervals

How muscles contract - the sliding filament theory
= Muscles cause movement by contracting

= During muscle contraction, sarcomeres within myofibrils shorten as the Zdiscs are
pulled closer together

= |tisnotthe filaments that contract as the myosin and actin molecules remain the same
length

= Myosinand actin filaments slide over one another

= Thisisknown as the sliding filament theory of muscle contraction and occurs via the
following process:

= Anaction potential arrives at the neuromuscular junction (a specialised synapse
between a motor neuron nerve terminal and its muscle fibre)

= Calciumions are released from the sarcoplasmic reticulum (SR)
= Calciumions bind to troponin molecules, stimulating them to change shape

= This causes troponin and tropomyosin proteins to change position on the actin
(thin) filaments

= Myosin binding sites are exposed on the actin molecules
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= The globular heads of the myosin molecules bind with these sites, forming cross- ,

bridges between the two types of filaments

Your notes
= Myosin heads bend, pulling the actin filaments towards the centre of the

sarcomere and causing the muscle to contract a very small distance; this
bending of the myosin heads is known as the power stroke

= ATP plays animportantrolein this process

= The binding of ATP to the myosin heads produces a change in shape of the
myosin heads that allows them to detach from the actin filaments

= The enzyme ATPase hydrolyses ATP into ADP and inorganic phosphate which
causes the myosin heads to move back to their original positions, this is known
as therecovery stroke

= The myosin heads are then able to bind to new binding sites on the actin
filaments, closer to the Z disc

= The binding of the myosin heads to their new binding site causes the release of
ADP and phosphate and results in a new power stroke

= The myosin heads move again, pulling the actin filaments even closer to the centre
of the sarcomere, causing the sarcomere to shorten once more and pulling the Z
discs closertogether

= ATP binds to the myosin heads once more in order for them to detach again

= Aslongastroponin and tropomyosin are not blocking the myosin-binding sites and
the muscle has a supply of ATP, this process repeats until the muscle is fully
contracted

- TROPOMYOSIN |

TROPONIN °
ACTIN CHAIN-

}—1 THIN FILAMENT |

= BINDING SITE EXPOSEDJ

}—{ THICK FILAMENT

CYCLE IS REPEATED S TEAD BIBS
AT A BINDING SITE

MYOSIN HEAD-
MYOSIN

FURTHER ALONG THE TO EXPOSED BINDING

ACTIN MOLECULE, agEEgLTL;CTIN
CLOSER TO THE Z DISC

V4

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

1


https://www.savemyexams.com/?utm_source=pdf

Your notes

ATP BINDS TO THE THIN FILAMENT
THE MYOSIN HEAD IS PULLED TOWARDS:,
CAUSING IT TO THE CENTRE OF THE
SEPARATE FROM \ SARCOMERE

MYOSIN HEAD
MOVES BY
‘ROWING ACTION’

THE ACTIN
FILAMENT. THE
ATP IS THEN
HYDROLYSED TO
MOVE MYOSIN
BACK TO ITS
ORIGINAL POSITION

The sliding filament theory of muscle contraction

= Once muscle stimulation stops, calciumions leave their binding sites on troponin
molecules

= They are actively transported back to the SR

= Without calciumions bound to them, the troponin molecules return to their original
shape

= This pulls the tropomyosin molecules in a position that blocks the actin-myosin
binding sites

= Since no cross bridges can form between actin and myosin, no muscle contraction can
occur

= The sarcomere will lengthen again as actin filaments slide back to theirrelaxed position

o

Examiner Tips and Tricks

Thereis alot toremember here so take some time to go through it and ensure you
understand the order of events.

Because musclesrequire a source of ATP for myosin heads to detach (and the muscle
to stop contracting) this explains rigor mortis (stiffening of the joints and muscles of a
body a few hours after death) as there is no ATP after death to detach the myosin
heads, the muscles remain contracted!
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The Role of Muscle in the Cardiac Cycle

The Role of Muscle inthe Cardiac Cycle

The cells making up cardiac muscle are myogenic, which means they contract without
any external stimulus

Thisintrinsic rhythm means the heart beats at around 60 times per minute
The sinoatrial node (SAN) is a group of cells in the wall of the right atrium
= The SANinitiates a wave of depolarisation that causes the atria to contract

Thereis aregion of non-conducting tissue which prevents the depolarisation spreading
straight to the ventricles

= [nstead, the depolarisationis carried to the atrioventricular node (AVN)
= Thisisaregion of conducting tissue between atria and ventricles

Afteraslight delay, the AVN is stimulated and passes the stimulation along the bundle of
His

= Thisdelay means that the ventricles contract after the atria
The bundle of His is a collection of conducting tissue in the septum (middle) of the heart

= The bundle of His divides into two conducting fibres which carry the impulse to
the Purkyne fibres

= Purkyne fibres are also known as Purkinje fibres

Purkyne fibres spread around the ventricles and initiate the depolarisation of the
ventricles from the apex (bottom) of the heart

This makes the ventricles contract from the bottom upward and blood is forced out of
the ventriclesinto the pulmonary artery and aorta

Stagesin the Cardiac Cycle Table

4

Your notes
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4

Stage in Your notes
sequence
1 Sinoatrial node sends out a wave of excitation
2 Atria contract
3 Atrioventricular node sends out a wave of excitation
4 Purkyne tissue conducts the wave of excitation
5 Ventricles contract
KEY

Bl = PATH WAY OF DEPOLARISATION

SINOATRIAL NODE (SAN)
WHERE DEPOLARISATION -
STARTS

“BUNDLE
OF HIS

THE
ATRIOVENTRICULAR s
NODE (AVN)

PURKYNE
FIBRES

“APEX OF
THE HEART

The wave of depolarisation spreads across the heart in a co-ordinated manner

o

Examiner Tips and Tricks
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Remember that the heart is myogenic, which means that the heart will generate a ,
heartbeat by itself and without any other stimulation. Instead, the electrical activity of

the heartregulates the heart rate. Be aware that you may sometimes see an Your notes
alternative spelling of "Purkyne" as "Purkinje" they mean the exact same thing!

The Use of ECGs

= Electrocardiography can be used to monitor and investigate the electrical activity of the
heart

= Electrodes that are capable of detecting electric signals are placed on the skin
= These electrodes produce an electrocardiogram (ECG)

= AnECG shows anumber of distinctive electrical waves produced by the activity of
the heart

= Ahealthy heart produces a distinctive shapeinan ECG

R

L 0.8seconds — |

The ECG of a healthy heart
= The P wave

= Caused by the depolarisation of the atria, whichresults in atrial contraction (systole)

The QRS complex

= Caused by the depolarisation of the ventricles, which results in ventricular
contraction (systole)

= Thisisthelargest wave because the ventricles have the largest muscle mass

The Twave

= Caused by therepolarisation of the ventricles, which results in ventricular relaxation
(diastole)

= The Uwave

= Scientists are still uncertain of the cause of the U wave, some think it is caused by the
repolarisation of the Purkyne fibres
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= The biggerthe wave, the greater the electrical activity passing through the heart, which

resultsin a stronger contraction

Using ECGs to diagnose heart problems

If someone has a suspected heart problem a doctor will oftenuse anECG as a
diagnostic tool

Some heart problems produce certain shapes or waves in an ECG which allow for a
diagnosis

Tachycardia

= Whenthe heartbeats too fast it is tachycardic

= Anindividual with aresting heart rate of over 100 bpmiis said to have tachycardia
Bradycardia

= Whenthe heart beats too slow itis bradycardic

= Anindividual with aresting heart rate below 60 bpmis said to have bradycardia

= Alot of fitindividuals or athletes tend to have lower heart rates anditis usually not
dangerous

Ectopic heartbeat
= This conditionis caused by an early heartbeat followed by a pause

= This could be due to an earlier contraction of either the atria or ventricles

= |tiscommoninthe population and usually requires no treatment unless very severe

Fibrillation
= Anirregular heartbeat will disrupt the rhythm of the heart
= The atria or ventricles stop contracting properly

= Severe cases of fibrillation can be very dangerous, even fatal

4

Your notes
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TACHYCARDIA /

Your notes

THE HEART IS BEATING TOO FAST AS SHOWN BY THE PEAKS
BEING TOO CLOSE TOGETHER. RESTING HEART RATE > 100 bpm

BRADYCARDIA

THE HEART IS BEATING TOO SLOWLY AS SHOWN BY THE PEAKS
BEING TOO FAR APART. RESTING HEART RATE <60 bpm

ECTOPIC HEART BEAT

THE HEART BEAT COMES TOO EARLY (E) AND IS FOLLOWED BY A PAUSE.
NORMAL HEARTBEATS (N).

| FIBRILLATION |

ITHE HEARTBEAT IS IRREGULAR AND SO THE RHYTHM IS LOST\

Each of these ECGs shows different faulty heartbeats. The speed or rhythm/regularity of
the heartbeat is very important
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Calculation of Cardiac Output

Calculation of Cardiac Output

Cardiac output (CO) s the term used to describe the volume of blood that is pumped by
the heart (the left and right ventricle) per unit of time

Anaverage adult has a cardiac output of roughly 4.7 litres of blood per minute when
atrest

Individuals who are fitter often have higher cardiac outputs due to having thicker and
stronger ventricular muscles in their hearts

Cardiac outputincreases when anindividual is exercising

= Thisis so that the blood supply can match the increased metabolic demands of the
cells

The CO of anindividual can be calculated using their heart rate and stroke volume
Heartrate is the number of times a heart beats per minute
= Thiscanalso be described as the number of cardiac cycles per minute
Stroke volume is the volume of blood pumped out of the left ventricle during one
cardiac cycle
140 —
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Graph showing the changes in the volume of the left ventricle within one cardiac cycle;

this is the stroke volume

4

Your notes
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Calculating cardiac output j
= Cardiac outputis found by multiplying the heart rate by the stroke volume: Your notes
Cardiac output = heart rate x stroke volume
= The equation canbe rearranged to find the heart rate and stroke volume if required:
= Heartrate = cardiac output + stroke volume

= Stroke volume = cardiac output + heart rate

3 1

= Cardiac outputis measuredincm®min~

= Heartrate is measuredin beats per min (bpm)

= Stroke volume is measured incm?3

o

Worked Example

Awomantook 0.833 seconds to complete a single cardiac cycle. The stroke volume
of herheart was measured at 75 cm?®. Calculate the cardiac output. Give your answer
indm?.

Answer:
Step 1: Find the heart rate

One cardiac cycle (atrial systole, ventricular systole and diastole) takes 0.833
seconds

To find the number of cardiac cycles completed in a minute, divide 60 (seconds) by
the time taken for one cycle, 0.833 seconds

Heartrate =60+ 0.833
=72bpm
Step 2: Insert relevant figures into the equation
Cardiac output = heart rate x stroke volume
Cardiac output =72x75=5400 cm?
Step 3: Converttodm®
1000 cm?®=1dm?
Cardiac output=5400+1000 =

5.40dm?

o
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Worked Example /’

Anathlete runs a10 kmrace, after which his heart rate was measured at 110 bpm and Your notes
his cardiac output was determined to be 9,800 cm?3.

Calculate the stroke volume aftertherace.
Answer:
Stroke volume = cardiac output + heart rate
Stroke volume = 9,800 =110

Stroke volume = 89.1cm3

o

Examiner Tips and Tricks

1dm3is equal to 1000 cm3. It can be useful to convert all the figures found in the first
questioninto the same units before starting your working out, that way you are less
likely to make any mistakes!

Effects of Variability of Cardiac Output

During exercise, muscle contraction occurs more frequently, requiring more energy
The rate of aerobic respirationincreases to meet the increase in energy demand

This means that cells require more oxygen to be delivered to them, while producing
more carbon dioxide as a waste product of respiration

The body willaccommodate this by making the following changes:

= Increase the rate and depth of breathing which willincrease the amount of oxygen
entering the lungs and bloodstream, while getting rid of more carbon dioxide

= Increase the heartrate which will transport the oxygen (and glucose) to the muscles
much faster, while removing the additional carbon dioxide produced due to the
increased rate of respiration

Control of the breathing rate

Breathingrate is controlled by the ventilation centres (also called respiratory centres) in
the medulla oblongata

= Thisis one of the three regions that make up the brainstem, it transfers nerve
messages from the brain to the spinal cord

= Theinspiratory centre controls the movement of airinto the lungs (inhalation)
= The expiratory centre controls the movement of air out of the lungs (exhalation)

The inspiratory centre in the medulla oblongata has the following effect on breathing:

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= |tsends nerve impulses along motor neurons to the intercostal muscles of the ribs ,
and diaphragm muscles

Your notes
= These muscles will contract and cause the volume of the chest to increase
= Thislowers the air pressure in the lungs to slightly below atmospheric pressure

= Animpulseis also sent to the expiratory centre to inhibitits action

= Due to the differencein pressure between the lungs and outside air, air will flow
into the lungs

= Stretchreceptorsinthe lungs are stimulated as they inflate with air

= Nerveimpulses are sent back to the medulla oblongata which will inhibit the inspiratory
centre

= The expiratory centre is no longerinhibited and will bring about the following changes:
= |tsendsnerveimpulses to the intercostal and diaphragm muscles
= These muscles willrelax and cause the volume of the chest to decrease

= Thisincreases the air pressure in the lungs to slightly above atmospheric
pressure

= Due to the higher pressure in the lungs, air will flow out of the lungs

= Asthelungs deflate, the stretch receptors become inactive which means that the
inspiratory centre is no longer inhibited and the next breathing cycle can begin
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PRESSURE DECREASES,
SO AIR IS DRAWN INTO e
THE LUNGS

EXTERNAL INTERCOSTAL
° MUSCLES CONTRACT,
EXPANDING THE RIBCAGE

DIAPHRAGM CONTRACTS, _
PULLING DOWNWARDS

BREATHING IN
— EXTERNAL INTERCOSTAL MUSCLES CONTRACT
— RIBCAGE MOVES UP AND OUT
— DIAPHRAGM CONTRACTS AND FLATTENS
- VOLUME OF THORAX INCREASES
— PRESSURE INSIDE THORAX DECREASES
— AR IS DRAWN IN

@savemyexams

The process of breathing in (inhalation)

Your notes
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EXHALATION Your notes

EXTERNAL INTERCOSTAL
_MUSCLES RELAX, ALLOWING
THE RIBCAGE TO DROP
INWARDS AND DOWNWARDS

PRESSURE INCREASES,
SO AIR IS FORCED OUT
OF THE LUNGS

DIAPHRAGM RELAXES _
AND MOVES UP

BREATHING OUT
— EXTERNAL INTERCOSTAL MUSCLES RELAX
— RIBCAGE MOVES DOWN AND IN
— DIAPHRAGM RELAXES AND BECOMES DOME-SHAPED
- VOLUME OF THORAX DECREASES
— PRESSURE INSIDE THORAX INCREASES
— AR IS FORCED OUT

#Fsavemyexams

The process of breathing out (exhalation)

Effect of exercise

= The extra carbon dioxide that is produced due to the increase in the rate of
respiration during exercise dissolvesin the blood to form carbonic acid

= This quickly dissociates into hydrogenions (H*) and hydrogencarbonate ions (HCOz")

= Theincreaseinthe concentration of H*ions will decrease the pH of the blood (it
becomes more acidic)

= Thedecreasein pHis detected by receptors sensitive to changes in the chemical
composition of blood

= These are called chemoreceptors and they are located in several places
= |nthe ventilation centre of the medulla oblongata

= Theyare also present as clusters of cellsin the aorta (aortic bodies) and the carotid
arteries (carotid bodies)
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Once they are stimulated a nerve impulse is sent to the medulla oblongata ,

The medulla oblongata will then send more frequent nerve impulses to the intercostal Your notes
and diaphragm muscles toincrease the rate and strength of contractions

= Thisincreases the breathingrate and depth

This results in more oxygen entering the lungs (and bloodstream), while more carbon
dioxide can be exhaled and thus be removed from the bloodstream

= The decrease in carbon dioxide levels will result in the blood pH returning back to
normal, which leads to the breathing rate returning to normal

The volume of airthat movesin and out of the lungs during a set time period (e.g. a
minute) is known as the ventilationrate

The ventilationrate increases during exercise due to the increase in breathing rate and
depth

Control of the heartrate

The cardiovascular control centre in the medulla oblongata unconsciously controls the
heart rate by controlling the rate at which the sinoatrial node (SAN) generates electrical
impulses

= These electricalimpulses cause the atria to contract and therefore determines the
rhythm of a heartbeat

Changesintheinternal environment of the body (e.g. blood pressure, oxygen levels) can
resultinachangeinthe heartrate

These changes act as stimuli which is detected by baroreceptors and chemoreceptors

= Baroreceptors are foundin the aortic and carotid bodies and they are stimulated
by high and low blood pressure

= Chemoreceptors are found in the medulla oblongata, as well asin
the aortic and carotid bodies

= They are stimulated by changes in the levels of carbon dioxide and oxygenin the
blood, as well as blood pH

Once stimulated, these receptors will send electrical impulses to the medulla
oblongata

The cardiovascular control centre in the medulla oblongata will respond by sending
impulses to the SAN along sympathetic or parasympathetic neurones

Each of these neurones release different neurotransmitters which will affect the SANin
adifferentway

= Sympathetic neurones willincrease the rate at which the SAN generates electrical
impulses, thus speeding up the heart rate

= These neurones form part of the sympathetic nervous system which prepares
the body foraction (‘fight or flight' response) andincreases the heart
rate during exercise

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

24


https://www.savemyexams.com/?utm_source=pdf

= Parasympathetic neurones will decrease the rate at which the SAN fires, ,

thus slowing down the heart rate
Your notes
= These neurones form part of the parasympathetic nervous

system which calms the body down after action ('rest and digest' response)
and decreases the heart rate after exercise

e CENTRE

,ACCELERATORY fCARDIOREGULATORY

_INHIBITORY
CENTRE

NERVOUS
IMPULSES
SPEED UP
HEART RATE

_NERVOUS IMPULSES SLOW
DOWN HEART RATE

i
DIRECTION OF

THE NERVE
IMPULSES

I

SINOATRIAL
NODE (SAN)

Nervous control of the heart rate by the cardioregulatory centre (also known as the
cardiovascular control centre). Sympathetic neurones (indicated in red) will speed up the
heart rate while parasympathetic neurones (indicated in blue) will slow the heart rate
down

Changesinheartrate
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= Theheartwillrespondin different way depending on the stimulus that it receives ,
= Highblood pressure Your notes
= Detected by baroreceptors which send impulses to cardiovascular control centre

= |tsendsimpulses along parasympathetic neurones which secrete the
neurotransmitter acetylcholine

= Acetylcholine binds to receptors on SAN causing it to fire less frequently
= Heartrate slows down and blood pressure decreases back to normal
= Lowblood pressure
= Detected by baroreceptors which send impulses to cardiovascular control centre

= |tsendsimpulses along sympathetic neurones which secrete the
neurotransmitter noradrenaline

= Noradrenaline binds to receptors on SAN causing it to fire more frequently
= Heartrate speedsup and blood pressure increases back to normal
= Highblood O /Low CO3 / high pH levels

= Detected by chemoreceptors which send impulses to cardiovascular control
centre

= |tsendsimpulses along parasympathetic neurones which secrete the
neurotransmitter acetylcholine

= Acetylcholine binds to receptors on SAN causing it to fire less frequently
= Heartrate slows downand O,/ CO, and pH levels return to normal
= Lowblood O,/ High CO; /low pH levels (during exercise)

= Detected by chemoreceptors which send impulses to cardiovascular control
centre

= |tsendsimpulses along sympathetic neurones which secrete the
neurotransmitter noradrenaline

= Noradrenaline binds to receptors on SAN causing it to fire more frequently

= Heartrate speedsup and O,/ CO;,and pH levelsreturnto normal
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The Role of Adrenaline ,

Your notes

The Fight or Flight Response

= During situations that creates stress, fear or excitement, the neurones of the
sympathetic nervous system will stimulate the adrenal medulla (of the adrenal gland) to
secrete adrenaline

= Adrenalineis ahormone that will prepare your body forreacting to a stressful
situation

= Thisreactionis often called the "fight or flight" response

= |tis the effects of adrenaline that lead to the typical symptoms we experience
during stressful situations such asincreased heart rate, dry mouth, increased
sweating etc.

ADRENAL
GLAND

i

“VESSELS

LEFT
KIDNEY

The adrenal medulla is responsible for releasing the hormone adrenaline into the
bloodstream to prepare the body for the "fight or flight" response

= Since adrenalineisahormone, itis transported around the body in the bloodstream
= [twillbindtoreceptorsonits target organs

= One of the targets of adrenaline is the SAN, leading to anincrease in the frequency of
excitations

= Thisinturn, willincrease the heart rate to supply blood to the muscle cells at a faster
rate

= More blood means more oxygen and glucose that reaches the muscle cells, whichin
turn, increases the rate of aerobic respiration

= Thisreleases more energy that will be used during the response to the stressful or
dangerous situation
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= Adrenaline will also stimulate the cardiovascular control centre in the medulla ,
oblongata

Your notes
= Thisincreases the impulses travelling along the sympathetic neurones affecting the

heart, further speeding up the heart rate

= Bloodvessels tolessimportant organs (such as the digestive system and skin) constrict
so that more blood can be diverted to organs that will be involved in the "fight or flight”
response

= Note that blood flow to the brain remains constant, regardless of whether the body
isin a state of stress orrelaxation

= The brainis one of the mostimportant organsin the body and needs a constant
blood supply in order to function properly

= The changes experienced by the body during the "fight or flight" response are
controlled by a combination of nervous and hormonal responses
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Core Practical 17: The Effects of Exercise ,

Your notes

The Effects of Exercise

Measuring breathing
= There are four main ways that breathing can be scientifically measured. These include:

= Tidal volume - this is the volume of air that is breathed in or out during normal
breathing (at rest)

= Breathingrate - thisis the number of breaths taken in one minute (one breath =
taking airin and breathing it back out again)

= Oxygen consumption - this is the volume of oxygen used up by someonein a given
time

= Respiratory minute ventilation - this is the volume of air that can be
breathedin oroutina minute and can be calculated by means of the following
formula:

Respiratory minute ventilation = tidal volume x breathing rate (breaths per minute)

Spirometers

= The breathing measurements described above can all be taken using a piece of
apparatus known as a spirometer

= The person (subject) being examined breathesin and out through the spirometer

= Carbondioxideis absorbed from the exhaled air by sodalime in order to stop the
concentration of carbon dioxide in the rebreathed air from getting too high, as this can
cause respiratory distress

= Asthe subject breathes through the spirometer, a trace is drawn on arotating drum of
paper oragraphis formed digitally, which can be viewed on a computer

= Fromthis trace, the subject's respiratory minute ventilation, tidal volume and breathing
rate can all be calculated
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CLASSIC SPIROMETER ,

TRACE DRAWN ON REVOLVING Yournotes

DRUM AS LID MOVES UP AND:-
DOWN

AIRTIGHT CHAMBER
FILLED WITH OXYGEN

COUNTERWELGHT%’%

CANISTER OF SODA
LIME TO REMOVE
CARBCN DIOXIDE
PRODUCED

NOSE CLIPe

SUBJECT BREATHES IN AND OUT
UNTIL OXYGEN USED UP

GRAPH PRODUCED :
ON COMPUTER SCREEN

MACHINE RECORDS
THE RESULTS OF
THE SPIROMETRY TEST

Spirometers are used to measure different aspects of breathing. There are different types
of spirometers

Investigating the effects of exercise
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= Exercise cancause anincreaseinbreathingrate and tidal volume, including anincrease
in oxygen consumption and ventilation rates.

Apparatus
= Spirometer
= Treadmill

= Stopwatch

Method
1. Aperson atrest will breathe into the spirometer for one minute
2.Recordtheresults

3.The person will then exercise for two minutes while the spirometer chamberis refilled
with oxygen

4. After they stop exercising, they willimmediately breathe into the spirometer forone
minute

5.Recordtheresults

6. Compare therecordings taken before and after exercise

Analysing data from a spirometer

= Theresults from a spirometer (eitherin the form of a trace drawn on graph paperora
digital graph created by a computer) can be used to calculate respiratory minute
ventilation, tidal volume and breathing rate

= Asmallamount of air, known as the residual volume, is always retained in the lungs
= Thefollowingreadings and calculations can be made:
= Tocalculate the breathing rate, count the number of peaks on the trace in a minute

= Tidal volume can be determined by calculating the average difference in the volume
of gas between each peak and trough

=  Oxygen consumption can also be calculated using a spirometer

= Carbondioxide isremoved from the exhaled air, meaning that the total volume
of airavailable in the spirometer gradually decreases, as oxygenis extracted
fromit by the subject's breathing

= Thischangeinvolumeisused as a measure of oxygen consumption

4

Your notes

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

31


https://www.savemyexams.com/?utm_source=pdf

4

Your notes
|EXERCISE ENDS %\/
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The changes in the volume of air present in the lungs are shown here. Note the vital
capacity; this is the maximum volume of air that can be breathed in or out in one breath

o

Worked Example

f

From the spirometer datain theimage above, calculate the breathing rate during the
first minute and then calculate the breathing rate during the second minute.

Answer:
Step 1: Count the number of breaths in the first 60 seconds

One breathis shown by the trace going up and then down, so there are 12 breathsin
the first 60 seconds.

Step 2: Give appropriate units

Breathing rate should be givenin breaths min1 (breaths per minute), so the breathing
rate during the first minute

=12 breaths min’
Step 3: Count the number of breaths in the second 60 seconds
There are 14 breathsin the second 60 seconds
Step 4: Give appropriate units

The breathing rate during the second minute =14 breaths min-!
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o Your notes

Worked Example
Calculate the tidal volume during rest and the peak tidal volume during exercise.
Answer:

Step 1: For the 'atrest' phase of the trace, measure the difference between the top
and bottom of the trace in terms of the volume of airin the lungs

Duringrest, the tidal volume = 3dm3-2.6 dm3
=0.4dm3

Step 2: At the peak tidal volume during exercise, measure the difference between
the top and bottom of the trace in terms of the volume of air in the lungs

The peak tidal volume during exercise occurs right at the end of the exercise period
(ataround 100 seconds):

=41dm3-2.3dm3

=1.8dm3

o

Worked Example
Calculate the respiratory minute ventilation during the first minute.
Answer:
Step 1: Use the formula
Respiratory minute ventilation = tidal volume x breathing rate
Step 2: Substitute the values calculated from the first minute
Respiratory minute ventilation= 0.4 x12

=4.8dm3 min-!
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