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6.2.1 The Blood System: History

Discovery of the Circulation of Blood

NOS: T heories are regarded as uncert ain; William Harvey overt urned t heories
developed by t he ancient  Greek philosopher Galen on movement  of  blood in t he body

A theo ry can be de�ned as:

A caref ully tho ught-o ut idea, with acco mpanying evidence, that explains o bservatio ns

o f  the natural wo rld

Theo ries are o ften co nstructed using the scienti�c metho d  which invo lves bringing to gether

many facts and hypo theses

There is always a level o f uncertainty when using scienti�c metho ds

Uncertainty can be due to

Natural variability o f  individual o rganisms

Accuracy  o f measurements taken

Theo ries can therefo re be regarded as  uncertain due to  the uncertainties in the metho ds used

New techno lo gy o r the disco very o f new evidence o ften results in theo ries being falsi�ed o r

o verturned

An example o f the f alsi�catio n o f  a set o f  theo ries  is that o f Galen's theo ries abo ut the blo o d

and circulatio n

Galen was an ancient Greek philo so pher and surgeo n who  develo ped the fo llo wing theo ries

Blo o d is fo rmed in the liver f ro m ingested f o o d

Blo o d is pumped backwards and fo rwards between the liver and the right ventricle  in

the heart

So me blo o d mo ves into  the lef t ventricle  thro ugh invisible po res  and mixes with air f ro m

the lungs

This mixing o f air with blo o d pro duces spirits  which are distributed to  the bo dy via the

brain

Blo o d is co nsumed by the tissues  so  that new blo o d must be co ntinuo usly made

Galen f ailed to  present any evidence  fo r his theo ries

Galen's theo ries were o verturned  by English physician William Harvey  thro ugh a series o f

experiments and o bservatio ns

Harvey develo ped the fo llo wing theo ries, which were ridiculed at the time

Blo o d is pumped to  the brain and bo dy by the heart

Blo o d circulates thro ugh the pulmo nary  and systemic circulatio n systems

Capillaries exist  which link arteries to  veins
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Blo o d �o w is to o  fast fo r blo o d to  be co nsumed by the tissues; it wo uld run o ut to o

quickly to  be replaced. Instead, blo o d returns to  the heart  and re-circulates

Harvey refused to  accept Galen's theo ries witho ut direct evidence  and he to ured Euro pe to

demo nstrate evidence  fo r his o wn theo ries to  o thers, eventually leading to  acceptance o f

his new theo ries
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Galen proposed a model which was later disproved by William Harvey

Discovery of the Heart as a Pump

Harvey used a series o f  experiments  to  sho w that blo o d �o w is unidirectio nal and that the

presence o f valves prevents back�o w in veins

Harvey attached a to urniquet to  a perso n's upper arm and instructed them to  grip tightly o nto

a po le

A to urniquet is a band applied to  a limb to  limit blo o d �o w to  the lo wer part o f that limb

Once the veins became visible, Harvey pro ceeded to  apply pressure to  the veins

systematically  to  sho w ho w blo o d �o w was a�ected

He used this metho d to  demo nstrate ho w blo o d mo ves unidirectio nally  thro ugh the veins in

the arm
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William Harvey showed the movement of blood into the veins of the arms in this simple experiment

He then demo nstrated ho w the heart acts as a pump  which fo rces blo o d o ut thro ugh the

arteries; it then circulates  aro und the bo dy befo re it returns to  the heart  thro ugh the veins

He also  sho wed that the blo o d being pumped o ut o f the heart was travelling to o  quickly  to  be

co nstantly used up by the tissues, as described by Galen

Despite no t having po werful eno ugh micro sco pes to  see the capillaries, Harvey predicted  their

presence as small vessels which link the arteries to  the veins
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6.2.2 The Blood System: Vessels

Arteries

Int roduct ion t o blood vessels

The circulato ry system o f the human bo dy co ntains several di�erent types o f blo o d vessel:

Arteries

Arterio les

Capillaries

Venules

Veins

Each type o f blo o d vessel has a specialised structure  that relates to  the functio n o f that vessel

The circulatory system includes several blood vessels, each specialised to carry out its function
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St ruct ure and f unct ion of  art eries

Arteries  transpo rt blo o d away fro m the heart at high pressure

Blo o d travels fro m the ventricles to  the tissues o f the bo dy

Remember; arteries carry blo o d away fro m the heart

Artery walls co nsist o f three layers:

The tunica intima is the innermo st layer and is made up o f an endo thelial layer, a layer o f

co nnective tissue and a layer o f  elastic �bres

The endo thelium is o ne cell thick and lines the lumen o f all blo o d vessels. It is very

smo o th and reduces frictio n fo r free blo o d �o w

The tunica media is made up o f smo o th muscle cells and a thick layer o f  elastic tissue

Arteries have a thick tunica media

The layer o f muscle cells strengthen the arteries so  they can withstand high pressure

Blo o d leaves the heart under high pressure

Muscles cells can also  co ntract o r relax to  co ntro l the diameter o f the lumen and

regulate blo o d pressure

The elastic tissue helps to  maintain blo o d pressure  in the arteries. It stretches  and

reco ils  to  even o ut �uctuatio ns in pressure

The tunica externa co vers the exterio r o f the artery and is mo stly made up o f co llagen

Co llagen is a stro ng pro tein and pro tects blo o d vessels fro m damage by o ver-

stretching

Arteries have a narro w lumen which helps to  maintain a high blo o d pressure

A pulse  is present in arteries due to  blo o d leaving the heart under high pressure
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Arteries have thick muscular walls made up of three layers of tissue and a narrow lumen

St ruct ure and f unct ion of  art erioles

Arterio les  branch o � fro m arteries fo rming narro wer blo o d vessels which transpo rt blo o d into

capillaries

Arterio les are similar in structure to  arteries, but they have a lo wer pro po rtio n o f  elastic �bres

and a large number o f  muscle cells

The presence o f muscle cells allo ws them to  co ntract  and clo se their lumen to  regulate blo o d

�o w to  speci�c o rgans

Eg. during exercise blo o d �o w to  the sto mach and intestine is reduced while blo o d �o w to

the muscles increases

Art erial blood pressure

Arteries, and to  a slightly lesser extent arterio les, must be able to  withstand high pressure

generated by the co ntracting heart, and bo th must maintain this pressure when the heart is

relaxed

Muscle  and elastic �bres  in the arteries help to  maintain the blo o d pressure  as the heart

co ntracts and relaxes

Systo lic pressure  is the peak pressure po int reached in the arteries as the blo o d is fo rced

o ut o f the ventricles at high pressure

At this po int, the walls o f the arteries are fo rced o utwards, enabled by the stretching o f

elastic �bres

Diasto lic pressure  is the lo west pressure po int reached within the artery as the heart relaxes

At this po int, the stretched elastic �bres reco il and fo rce the blo o d o nward thro ugh the

lumen o f the arteries

This maintains high pressure thro ugho ut the heart beat cycle

Vaso co nstrictio n o f the circular muscles o f the arteries can increase blo o d pressure by

decreasing the diameter o f  the lumen

Vaso dilatio n o f the circular muscles causes blo o d pressure to  decrease by increasing the

diameter o f  the lumen

Exam T ip

Be careful with the language yo u use to  describe the ro les o f muscle and elastic tissue; muscle

can co ntract  and relax, while elastic tissue can stretch and reco il.
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Capillaries

St ruct ure and f unct ion of  capillaries

Capillaries pro vide the exchange surf ace  in the tissues o f the bo dy thro ugh a netwo rk o f vessels

called capillary beds

The wall o f a capillary is made fro m a single layer o f  endo thelial cells (this layer is also  fo und

lining the lumen in arteries and veins)

Being just o ne cell thick reduces the di�usio n distance  fo r o xygen and carbo n dio xide

between the blo o d and the tissues o f the bo dy

The thin endo thelium cells also  have gaps between them called po res  which allo w blo o d

plasma to  leak o ut and fo rm tissue �uid

Tissue �uid co ntains o xygen, gluco se  and o ther small mo lecules fro m the blo o d plasma

Large mo lecules such as pro teins usually can't �t thro ugh the po res into  the tissue �uid

Tissue �uid surro unds the cells, enabling exchange  o f substances such as o xygen,

gluco se, and carbo n dio xide

The permeability  o f capillaries can vary depending o n the requirements o f a tissue

Capillaries have a lumen with a small diameter
Red blo o d cells squeez e thro ugh capillaries in single-�le

This fo rces the blo o d to  travel slo wly which pro vides mo re o ppo rtunity fo r di�usio n to

o ccur

Capillaries fo rm branches in between the cells; this is the capillary bed

These branches increase the surf ace area fo r di�usio n o f substances to  and fro m the

cells

Being so  clo se to  the cells also  reduces the di�usio n distance

Capillaries have a narrow lumen and walls that are one cell thick
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Veins

St ruct ure and f unct ion of  veins

Veins  transpo rt blo o d to  the heart at lo w pressure

Remember; veins carry blo o d into  the heart

They receive blo o d that has passed thro ugh capillary netwo rks, acro ss which pressure has

dro pped  due to  the slo w �o w o f blo o d

The structure o f veins di�ers fro m arteries:

The tunica media is much thinner in veins

There is no  need fo r a thick muscular and elastic layer as veins do n't have to  maintain o r

withstand high pressure

The lumen o f veins is much wider in diameter than that o f arteries

A larger lumen helps to  ensure that blo o d returns to  the heart at an adequate speed

A large lumen reduces f rictio n between the blo o d and the endo thelial layer o f the vein

The rate o f blo o d �o w is slo wer in veins but a larger lumen means the vo lume o f blo o d

delivered per unit o f time is equal

Veins co ntain valves

These prevent the back �o w o f blo o d that can result under lo w pressure, helping return

blo o d to  the heart

Mo vement o f the skeletal muscles pushes the blo o d thro ugh the veins, and any blo o d

that gets pushed backwards gets caught in the valves; this blo o d can then be mo ved

fo rwards by the next skeletal muscle mo vement

A pulse is absent in veins; the pressure changes taking place due to  the beating o f the heart are

no  lo nger present

Veins have a structure similar to arteries with three layers of tissue and a large lumen
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St ruct ure and f unct ion of  venules

Venules co nnect the capillaries to  the veins

They have f ew o r no  elastic �bres and a large lumen

As the blo o d is at lo w pressure after passing thro ugh the capillaries there is no  need fo r a

muscular layer to  maintain pressure

The large lumen enables a large vo lume o f blo o d to  be transpo rted

Exam T ip

Fo r “Explain” questio ns, remember to  pair a descriptio n o f a structural feature to  an explanatio n

o f ho w it helps the blo o d vessel to  functio n. Fo r example, “Capillaries have walls that are o ne-cell

thick, enabling quick and e�cient di�usio n o f substances due to  a sho rt di�usio n distance."

6.2.3 The Blood System: Double Circulation

Double Circulation

T he need f or a circulat ory syst em

All o rganisms need to  transpo rt materials to  where they are needed inside their tissues

Small o rganisms  (o r relatively inactive animals like jelly�sh) can rely o n di�usio n alo ne to

transpo rt o xygen, carbo n dio xide and nutrients aro und their bo dies

Larger o rganisms  have mo re layers o f cells, so  di�usio n alo ne is insu�cient fo r transpo rt o f

materials between cells further fro m the exchange surface o f the o rganism

Circulato ry systems  are systems which transpo rt �uids  co ntaining materials needed by the

o rganism, as well as waste materials that need to  be remo ved

Circulato ry systems ensure that �uids co ntaining these substances reach all o f the cells in an

o rganism quickly eno ugh to  supply their needs and remo ve waste

Hum ans have a closed, double circulat ory syst em

A clo sed  circulato ry system is o ne in which blo o d is co ntained within a netwo rk o f  blo o d

vessels

As o ppo sed to  an o pen circulato ry system in which the �uid �lls the bo dy cavity e.g. as in

insects

A do uble  circulato ry system passes thro ugh the heart twice fo r every o ne  co mplete circuit o f the

bo dy, with blo o d passing thro ugh two  separate circuits  kno wn as pulmo nary  and systemic

circulatio n

In the pulmo nary circulato ry system

The right side o f the heart pumps  deo xygenated  blo o d to  the lungs  fo r gas exchange

Blo o d pressure is lo wer in the pulmo nary system; this prevents damage to  the lungs

In the systemic circulato ry system

Oxygenated  blo o d returns to  the left side o f the heart fro m the lungs

The left ventricle then pumps the o xygenated blo o d at high pressure  aro und the bo dy
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The double circulatory system in mammals
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6.2.4 The Blood System: Cardiac Cycle

Introduction to the Heart

Mammalian heart  st ruct ure

The heart is a ho llo w, muscular o rgan lo cated in the chest cavity

The heart is divided into  f o ur chambers

The two  to p chambers are atria

The bo tto m two  chambers are ventricles

The left and right sides o f the heart are separated by a wall o f muscular tissue called the septum.

The septum is very impo rtant fo r ensuring blo o d do esn’t mix between the left and right sides

o f the heart

Valves  are impo rtant fo r keeping blo o d �o wing f o rward  in the right directio n and sto pping it

�o wing backwards. They are also  impo rtant fo r maintaining the co rrect pressure in the chambers

o f the heart

The atria and ventricles are separated by the atrio ventricular valves

The ventricles and the arteries that leave the heart are separated by semi-lunar valves

The right ventricle and the pulmo nary artery are separated by the pulmo nary valve

The left ventricle and ao rta are separated by the ao rtic valve

There are two  blo o d vessels bringing blo o d to  the heart; the vena cava and pulmo nary vein

There are two  blo o d vessels taking blo o d away fro m the heart; the pulmo nary artery  and ao rta

The human heart has four chambers and is separated into two halves by the septum
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Sinoatrial Node

Cont ract ion of  t he heart  muscle

The co ntractio n o f the heart is called systo le, while the relaxatio n o f the heart is called diasto le

Atrial systo le  is the perio d when the atria are co ntracting and ventricular systo le  is when the

ventricles are co ntracting

Atrial systo le happens aro und 0.13 seco nds after ventricular systo le

Atrial systo le fo rces blo o d f ro m the atria into  the ventricles

During ventricular systo le, blo o d is fo rced f ro m the ventricles into  the pulmo nary artery  and

ao rta

One systo le and diasto le makes a heartbeat and lasts aro und 0.8 seco nds in humans.

This is the cardiac cycle

Init iat ion of  t he heart beat  by t he sinoat rial node

The heart muscle is myo genic, meaning that the heart will beat witho ut any external stimulus fro m

o ther o rgans o r the nervo us system

This intrinsic co ntro l causes the heart to  beat at aro und 60 beats per minute

The heart beat is initiated by a gro up o f  cells  in the wall o f the right atrium called the sino atrial

no de  (SAN)

The cells o f the sino atrial no de depo larise, reversing the charge acro ss their membranes

This triggers a wave o f  depo larisatio n that spreads acro ss the rest o f the heart

The sino atrial no de is co nsidered to  be the pacemaker o f the heart because it initiates  the heart

beat and so  co ntro ls the speed at which the heart beats

No te that arti�cial pacemakers  are electro nic devices implanted just underneath the skin.

They can be used to  replace o r regulate the sino atrial no de if it beco mes defective

Cardiac Cycle

Elect rical cont rol of  t he cardiac cycle

The cardiac cycle  is the series o f events that take place in o ne heart beat , including atrial and

ventricular systo le

The cardiac cycle is co ntro lled by electrical signals  that are initiated in the sino atrial no de

Depo larisatio n o f the cells in the sino atrial no de  sends an electrical signal o ver the atria,

causing them to  co ntract in atrial systo le

The electrical signal then reaches a regio n o f no n-co nducting tissue which prevents it fro m

spreading straight to  the ventricles; this causes the signal to  pause fo r aro und 0.1 s

This delay means that the atria can co mplete their co ntractio n befo re the ventricles

begin to  co ntract

The electrical signal is carried to  the ventricles via the atrio ventricular no de  (AVN)

This is a regio n o f co nducting tissue between atria and ventricles

The signal then travels to  the base o f the heart via co nductive �bres in the septum kno wn as

the bundle o f His

The electrical signal is then carried thro ugh ano ther set o f co nductive �bres called Purkyne

�bres which spread aro und the sides o f the ventricles, causing co ntractio n o f  the ventricles

fro m the apex, o r base, o f the heart upwards

This is called ventricular systo le

Blo o d is fo rced o ut o f the heart into  the pulmo nary artery  and ao rta
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The wave of depolarisation spreads across the heart in a coordinated manner

Worked example

Explain the ro les o f the sino atrial no de, the atrio ventricular no de and the co nductive �bres in a

heartbeat.

The cells o f the sino atrial no de depo larise and send o ut an electrical signal which spreads

acro ss bo th atria, causing atrial systo le. No n-co nducting tissue between the atria and

ventricles prevents depo larisatio n fro m spreading to  the ventricles, ensuring that the atria

�nish co ntracting befo re the ventricles begin. The atrio ventricular no de then sends the

electrical signal to  the apex o f the ventricles via co nductive �bres in the septum kno wn as the

bundle o f His. The electrical signal is then carried upwards aro und the walls o f the ventricles by

co nductive tissues called Purkyne �bres. This means that during ventricular systo le, the blo o d

co ntracts fro m its base and blo o d is pushed upwards and o utwards.
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Cardiac Cycle Pressure Changes

Co ntractio n o f the heart muscle causes an increase in pressure  in the co rrespo nding chamber if

the heart, which then decreases  again when the muscle relaxes

Thro ugho ut the cardiac cycle, heart valves o pen and clo se  as a result o f pressure changes  in

di�erent regio ns o f the heart:

Valves o pen when the pressure o f blo o d behind them is greater than the pressure in f ro nt

o f  them

They clo se  when the pressure o f blo o d in f ro nt o f  them is greater than the pressure behind

them

Valves are an impo rtant mechanism to  sto p blo o d �o wing backwards

The pressure changes o f the cardiac cycle can be represented in a graph

Pressure changes during diast ole

During diasto le, the heart muscle is relaxing

During this perio d, blo o d begins to  �o w into  the atria fro m the veins, increasing the atrial

pressure

Relaxed muscle in the heart walls reco ils, increasing the vo lume  o f the chambers o f the heart:

The atrio ventricular valves o pen as the pressure in the atria is higher than the pressure in the

ventricles

The semilunar valves clo se as the pressure in the pulmo nary artery and ao rta is higher than the

pressure in the ventricles

Pressure changes during syst ole

During systo le, the heart co ntracts  and pushes blo o d o ut o f the heart

The co ntractio n o f  the muscles  in the wall o f the heart reduces the vo lume  o f the heart

chambers and increases the pressure  within that chamber

In atrial systo le, the atria co ntract

The atrio ventricular valves are o pen as the pressure in the atria exceeds the pressure in the

ventricles

The semilunar valves are clo sed as the pressure in the ventricles is less than the pressure in

the ao rta and pulmo nary artery

In ventricular systo le, the ventricles co ntract

The atrio ventricular valves are clo sed as the pressure in the ventricles exceeds the

pressure in the atria

The semilunar valves are o pen as the pressure in the ventricles exceeds the pressure in

the ao rta and pulmo nary artery
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The lines o n the graph represent the pressure  o f the left atrium, ao rta, and the left ventricle

The po ints at which the lines cro ss each o ther are impo rtant because they indicate when valves

o pen and clo se

Point  A - t he end of  diast ole

The atrium has �lled with blo o d during the preceding diasto le

Pressure is higher in the atrium than in the ventricle, so  the AV valve is o pen

Bet ween point s A and B - at rial syst ole

Lef t atrium co ntracts, causing an increase in atrial pressure and fo rcing blo o d into  the left

ventricle

Ventricular pressure increases slightly as it �lls with blo o d

Pressure is higher in the atrium than in the ventricle, so  the AV valve is o pen

Point  B - beginning of  vent ricular syst ole

Lef t ventricle co ntracts  causing the ventricular pressure to  increase

Pressure in the left atrium dro ps as the muscle relaxes

Pressure in the ventricle exceeds pressure in the atrium, so  the AV valve shuts

Point  C - vent ricular syst ole

The ventricle co ntinues to  co ntract

Pressure in the left ventricle exceeds that in the ao rta

Ao rtic valve o pens  and blo o d is fo rced into  the ao rta

Point  D - beginning of  diast ole

Left ventricle has been emptied o f blo o d

Muscles in the walls o f the left ventricle relax and pressure falls belo w that in the newly �lled ao rta

Ao rtic valve clo ses

Bet ween point s D and E - early diast ole

The ventricle remains relaxed  and ventricular pressure co ntinues to  decrease

In the meantime, blo o d is �o wing into  the relaxed atrium fro m the pulmo nary vein, causing an

increase in pressure

Point  E - diast ole

The relaxed left atrium �lls with blo o d, causing the pressure in the atrium to  exceed that in the

newly emptied ventricle

AV valve o pens

Af t er point  E - lat e diast ole

Analysing t he cardiac cycle

There is a sho rt perio d o f time during which the lef t ventricle expands  due to  relaxing muscles

This increases the internal vo lume o f the left ventricle and decreases the ventricular pressure

At the same time, blo o d is �o wing slo wly thro ugh the newly o pened AV valve into  the left ventricle,

causing a brief  decrease in pressure  in the left atrium

The pressure in bo th the atrium and ventricle then increases slo wly  as they co ntinue to  �ll with

blo o d
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Exam T ip

When lo o king at the heart, remember the right side o f the heart will appear o n the page as being

o n the left. This is because the heart is labelled as if it were in yo ur bo dy and �ipped aro und.

Remember that the heart muscle is myo genic, which means that the heart will generate a

heartbeat by itself and witho ut any o ther stimulatio n. Instead, the electrical activity o f the heart

regulates the heart rate.The maximum pressure in the ventricles is substantially higher than in the

atria. This is because there is much mo re muscle  in the thick walls o f the ventricles which can

exert mo re f o rce  when they co ntract. 

6.2.5 The Heart Rate

Heart Rate: Alteration by Nervous System

Altho ugh the heart muscle maintains a base heart rate via myo genic stimulatio n, there are several

circumstances that can cause an individual's heart rate to  change, e.g.

Exercise

Stress

Relaxatio n

The brain is invo lved in the regulatio n o f heart rate, tho ugh it do es no t require co nscio us tho ught

The branch o f the nervo us system that do es no t require co nscio us tho ught is kno wn as the

auto no mic nervo us system

The area o f the brain that co ntro ls heart rate is the cardio vascular centre, lo cated in a regio n o f

the brain called the medulla

The medulla is fo und at the base o f the brain near the to p o f the spinal co rd

Two  nerves co nnect the medulla with the sino atrial no de  (SAN):

One nerve co nnects to  the accelerato ry centre, which causes the heart to  speed up

This happens in respo nse to  lo w blo o d pressure, lo w o xygen co ncentratio ns and  lo w

pH

These changes might o ccur during exercise

The blo o d vessels dilate, causing a decrease in blo o d pressure

The muscle cells are using up o xygen at a faster rate, causing blo o d o xygen levels to  dro p

The pro ductio n o f carbo n dio xide by respiring cells causes blo o d pH to  decrease

The o ther nerve co nnects to  the inhibito ry centre, which causes the heart to  slo w do wn

This happens in respo nse to  high blo o d pressure, high o xygen co ncentratio ns and high

pH

These changes are likely to  o ccur when the bo dy is at rest
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The heart rate is controlled by the cardiovascular centre in the medulla
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Heart Rate: Alteration by Hormonal System

Epinephrine, also  called  adrenaline, is pro duced by the adrenal glands, lo cated abo ve the

kidneys, in times o f fear, stress, o r excitement

The brain co ntro ls the release o f epinephrine fro m the adrenal glands

Epinephrine increases  the heart rate  and bo o sts  the delivery o f o xygen and gluco se  to

the brain and muscles, preparing the bo dy fo r ‘�ight o r �ght’

Increased gluco se and o xygen are needed by the cells fo r aero bic respiratio n to  release

energy, e.g. to  fuel the muscles to  mo ve/run away!

6.2.6 Skills: The Blood System

The Structure of the Heart

Heart  st ruct ure

The heart has two  sides:

The lef t  side pumps o xygenated  blo o d aro und the bo dy in the systemic circulatio n

The right  side pumps deo xygenated  blo o d to  the lungs in the pulmo nary circulatio n

The left and right sides o f the heart are separated by a wall o f muscular tissue called the septum.

The septum is very impo rtant fo r ensuring blo o d do esn’t mix between the left and right sides

o f the heart

The heart is divided into  f o ur chambers

The two  to p chambers are atria (singular atrium) - they receive blo o d fro m the veins and pump

it thro ugh to  the ventricles

The bo tto m two  chambers are ventricles - they receive blo o d fro m the atria and pump it o ut

into  the arteries

Valves  are impo rtant fo r keeping blo o d �o wing fo rward in the right directio n and sto pping it

�o wing backwards. They are also  impo rtant fo r maintaining the co rrect pressure  in the chambers

o f the heart

The atria and ventricles are separated by the atrio ventricular valves

The right atrium and ventricle are separated by the tricuspid valve

The left atrium and ventricle are separated by the bicuspid valve

The ventricles and the arteries that leave the heart are separated by semi-lunar valves

The right ventricle and the pulmo nary artery are separated by the pulmo nary valve

The left ventricle and ao rta are separated by the ao rtic valve

There are two  blo o d vessels bringing blo o d into  the heart; the vena cava and pulmo nary vein

There are two  blo o d vessels taking blo o d o ut o f the heart; the pulmo nary artery  and ao rta

Page 19 of 29
For more help visit our website www.exampaperspractice.co.uk



The human heart has four chambers and is separated into two halves by the septum

T he pat hway of  blood t hrough t he heart

Deo xygenated blo o d  co ming fro m the bo dy �o ws thro ugh the vena cava and into  the right

atrium

The atrium co ntracts  and the blo o d is fo rced thro ugh the atr io ventr icular  (tricuspid) valve  into

the right ventricle

The ventricle co ntracts  and the blo o d is pushed thro ugh the semilunar valve into  the pulmo nary

artery

The blo o d travels to  the lungs  and mo ves thro ugh the capillaries past the alveo li where gas

exchange  takes place

Lo w pressure  blo o d �o w o n this side o f the heart prevents damage to  the capillaries in the

lungs
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Oxygenated blo o d  returns via the pulmo nary vein to  the lef t atrium

The atrium co ntracts  and fo rces the blo o d thro ugh the atr io ventr icular  (bicuspid) valve  into

the lef t ventricle

The ventricle co ntracts  and the blo o d is fo rced thro ugh the semilunar valve  and o ut thro ugh the

ao rta

Thicker muscle walls o f the left ventricle pro duce a high eno ugh pressure  fo r the blo o d to

travel aro und the who le bo dy

Coronary art eries

The heart is a muscle and so  requires its o wn blo o d supply to  enable its cells to  carry o ut aero bic

respiratio n

The heart receives blo o d thro ugh arteries o n its surface called co ro nary arteries

It’s impo rtant that these arteries remain clear o f blo ckages called plaques, as this co uld lead to

angina o r a heart attack (myo cardial infarctio n)

The coronary arteries cover the outside of the heart, supplying it with oxygenated blood

Dissect ion of  a mammalian heart

Dissectio ns are a vital part o f scienti�c research
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They allo w fo r the internal structures o f o rgans to  be examined so  that theo ries can be made

abo ut ho w they functio n

Apparat us

Scisso rs

Scalpel

Tweez ers / Fo rceps

Dissectio n bo ard

Paper to wels

Bio lo gical specimen

Pins

Glo ves

Go ggles

Met hod

A lab co at, glo ves and eye pro tectio n sho uld be wo rn

This is do ne to  avo id co ntaminatio n with bio lo gical material which co uld cause an allergic

reactio n o r co ntain harmful micro o rganisms

Place the specimen o n the dissecting bo ard

Use the to o ls to  access the desired structure

When using the scalpel cut away  fro m yo ur bo dy and keep yo ur �ngers f ar f ro m the blade  to

reduce the chance o f cutting yo urself

Scisso rs can be used fo r cutting large sectio ns o f tissue (cuts do  no t need to  be precise)

Scalpel enables �ner, mo re precise cutting and needs to  be sharp to  ensure this

Use pins to  mo ve the o ther sectio ns o f the specimen aside to  leave the desired structure

expo sed

Ident if ying st ruct ures during t he dissect ion

Observe the o utside o f the heart to  identify the co ro nary arteries  supplying the cardiac muscle

with a o xygenated blo o d and nutrients

The co ro nary arteries branch o � the ao rta near to  the semilunar valves

The co ro nary arteries are o ften surro unded by white, fatty tissue

Po sitio n the heart and study it fro m the to p, yo u sho uld be able to  identify

Arteries  leaving the heart - these can be identi�ed by the thicker walls

Po ke a glass ro d thro ugh the ao rta to  feel the thicker walls o f the left ventricle and

thro ugh the pulmo nary artery  to  feel the thinner walls o f the right ventricle

Veins  entering the heart - these can be identi�ed by their thinner walls
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Po king a glass ro d thro ugh the pulmo nary vein will lead to  the left atrium and po king a

glass ro d thro ugh the superio r o r inferio r vena cava will lead to  the right atrium.

Lay the heart do wn o n its �atter side, this is the do rsal side.

Do rsal refers to  the back o f an o rganism

The ventral side  is no w clo sest to  yo u with the pulmo nary artery facing o utwards and in fro nt o f

the ao rta

Ventral refers to  the fro nt o f an o rganism

Make an incisio n fro m the Ao rta, underneath the pulmo nary artery and aro und the apex o f the

heart to  cut the heart into  halves

This sho uld o pen up the heart to  sho w the ventricles  so  that yo u can co mpare the thickness o f

the walls

The atrio ventricular valves  sho uld also  be visible as a white �ap o f co nnective tissue attached

by tendino us co rds which prevent inversio n o f the valve

The tendino us co rds are stringy in appearance and are so metimes referred to  as the

heartstrings

The atria are wrinkled in appearance and can be tricky to  see co mpared with the ventricles.

They sit just abo ve the atrio ventricular valves and are the entry po int fo r the veins (the

pulmo nary vein and the vena cava)

They are signi�cantly smaller than the ventricles

It is po ssible that the atria and blo o d vessels may be sliced o � so me specimens

Observe the septum o f the heart which separates the left and right-hand sides. The septum

co ntains the co nductive �bres  which stimulate co ntractio n, ho wever, these are no t visible to  the

eye
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Following a careful method during a heart dissection will allow you to identify the di�erent structures

Exam T ip

Remember:

Arteries carry blo o d away fro m the heart

Veins carry blo o d  into  the heart

When explaining the ro ute thro ugh the heart we usually describe it as o ne co ntinuo us pathway

with o nly o ne atrium o r ventricle being discussed at a time, but remember that in reality, bo th atria

co ntract at the same time and bo th ventricles co ntract at the same time

Also , the heart is  labelled as if  it  was in the chest  so  the left side o f a diagram is actually the right

hand side and vice versa
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Atherosclerosis

Occlusio n can be de�ned as

The narrowing of  the arteries due to a blockage

The arteries can be blo cked by the pro cess o f athero sclero sis

Athero sclero sis results in a build-up o f layers o f fatty material kno wn as plaque inside arteries

The main cause o f athero ma develo pment is the presence o f lo w-density lipo pro tein (LDL)

which fo rms fro m saturated fats and cho lestero l

LDL builds up in regio ns o f the arteries and  phagocytes move to these areas,

engul�ng the LDL by endocytosis
The enlarged phago cyte cells are then co vered by smo o th muscle cells  which cause a bulging o f

the endo thelium in the artery

Depo sitio n o f calcium io ns  can wo rsen the situatio n by hardening the endo thelium

This narro ws the lumen o f the artery, reducing the space fo r blo o d �o w

Consequences of  occlusion of  t he art eries

When an athero ma builds up eno ugh to  cause impeded blo o d �o w, tissues do  no t receive the

required level o f o xygen and  nutrients

This can inhibit  cell f unctio ns

Occlusio n o f the co ro nary arteries  in particular can lead to  signi�cant health issues such as

co ro nary heart disease

The �o w o f blo o d thro ugh the co ro nary arteries is reduced, resulting in a lack o f o xygen and

nutrients fo r the heart muscle

Partial blo ckage  o f the co ro nary arteries creates a restricted blo o d �o w to  the cardiac

muscle cells and results in severe chest pains called angina as the heart muscle beats faster

to  try to  increase blo o d supply

Co mplete blo ckage  means cells in the area o f the heart no t receiving blo o d will no t be able

to  respire aero bically; these cells will be unable to  co ntract, leading to  a heart attack

Athero mas can so metimes rupture, leading to  the develo pment o f a blo o d clo t

Blo o d clo ts can wo rsen existing blo ckages, o r break o � and travel into  smaller blo o d

vessels

Blo o d clo ts that travel to  the co ro nary arteries can cause a heart attack

Blo o d clo ts that travel to  the brain can lead to  a stro ke
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Buildup of plaque in the coronary arteries narrows the lumen
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The e�ect of a narrowed lumen in a coronary artery is reduced blood �ow to the heart

Risk f act ors f or at herosclerosis

There are several risk f acto rs  which will increase the chances o f co ro nary heart disease:

Co nsumptio n o f  trans-f ats

These damage the endo thelium o f the artery initiating fo rmatio n o f an athero ma
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Co nstant high blo o d sugar

This is usually the result o f co nsumptio n o f fo o ds high in carbo hydrate

High blo o d pressure

This increases the fo rce o f the blo o d against the artery walls and co nsequently leads to

damage o f the vessels

Blo o d pressure can increase due to  smo king o r stress

High blo o d co ncentratio ns o f  LDL

Speeds up the build up o f fatty plaques in the arteries, leading to  blo ckages

Smo king

Chemicals in smo ke cause an increase in plaque build up and an increase in blo o d

pressure

Carbo n mo no xide also  reduces the o xygen carrying capacity o f the red blo o d cells

Inf ectio n by certain micro bes

Chlamydia pneumoniae can infect the arterial wall and trigger in�ammatio n which

pro mo tes athero sclero sis

Micro bes o f the small intestine pro duce the chemical trimethylamine N-o xide which

pro mo tes athero sclero sis

Structure of the Blood Vessels

The bo dy co ntains several di�erent types o f blo o d vessel

The walls o f each type o f blo o d vessel have a structure that relates to  the functio n o f the vessel

Arteries  transpo rt blo o d away fro m the heart (usually at high pressure). They are structured as

fo llo ws:

Three thick layers in their walls

A high pro po rtio n o f muscle and elastic �bres

Narro w lumen

No  valves

Capillaries transpo rt blo o d fro m arteries to  veins, and are lo cated between the cells in the

tissues. They are structured as fo llo ws:

Walls are o nly o ne cell thick (endo thelial layer o nly)

No  muscle o r elastic �bres

No  valves

Veins transpo rt blo o d into  the heart (usually at lo w pressure). They are structured as fo llo ws:

Thin walls with three layers

Lo w pro po rtio n o f muscle and elastic �bres co mpared to  arteries

Large lumen

Valves (usually) present

Page 28 of 29
For more help visit our website www.exampaperspractice.co.uk



The three main categories of blood vessel can be identi�ed by comparing their structures

Exam T ip

Fo r “explain” questio ns relating to  blo o d vessel structure, remember to  pair a descriptio n o f a

structural feature to  an explanatio n o f exactly ho w it helps the blo o d vessel to  functio n. Fo r

example “capillary walls are o ne-cell thick, which enables quick and e�cient di�usio n o f

substances such as o xygen and gluco se to  the cells”
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