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6.2.1The Blood System: History

Discovery of the Circulation of Blood

NOS: Theoriesareregarded asuncertain; WilliamHarveyoverturned theories
developed by the ancient Greek philosopher Galen on movement of blood in the body

= Atheorycanbedefined as:
= Acarefully thought-outidea, withaccompanying evidence, that explains observations
of the naturalworld

= Theories are oftenconstructed using the scientific method whichinvolves bringingtogether
many facts and hypotheses
= Thereis always alevel of uncertainty whenusing scientific methods
= Uncertaintycanbe due to

Natural variability of individual organisms
Accuracy of measurements taken

= Theories cantherefore be regarded as uncertain due to the uncertainties inthe methods used
= Newtechnologyorthe discoveryofnewevidence oftenresultsintheories beingfalsified or
overturned
= Anexample of the falsificationof aset of theoriesis that of Galen's theories about the blood
and circulation
= Galenwas anancient Greek philosopher and surgeonwho developed the following theories

Bloodis formed inthe liver fromingested food

Bloodis pumped backwards and forwards between the liver and the right ventricle in
the heart

Some blood moves into the left ventricle throughinvisible pores and mixes with air from
the lungs

This mixing of airwith blood produces spirits which are distributed to the bodyviathe
brain

Bloodis consumed by the tissues so that new blood must be continuouslymade

= Galenfailed to present any evidence forhis theories

= Galen's theories were overturned by English physician William Harvey through aseries of
experiments and observations
= Harveydeveloped the followingtheories, whichwereridiculed at the time

Blood is pumped to the brainand body by the heart
Blood circulates through the pulmonary and systemic circulationsystems
Capillaries exist whichlink arteries to veins
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= Bloodflowistoo fastforbloodto be consumed bythe tissues;itwould runouttoo
quicklyto bereplaced.Instead,blood returns to the heart and re-circulates

= Harveyrefused to accept Galen's theories without direct evidence and he toured Europe to
demonstrate evidence forhis owntheories to others, eventuallyleadingto acceptance of
his new theories
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Galen proposed a model which was later disproved by William Harvey

Discovery of the Heart as a Pump

= Harveyused aseries of experiments to show thatblood flow is unidirectional and that the

presence of valves prevents backflow inveins
= Harveyattached atourniquetto aperson's upperarmand instructed themto grip tightlyonto

apole
= Atourniquetis aband applied to alimbto limitblood flow to the lowerpart of that limb

= Oncetheveins became visible,Harveyproceeded to apply pressure to the veins

systematically to showhowblood flow was affected
= Heused this method to demonstrate how blood moves unidirectionally through the veinsin

the arm

Page 3 of 29
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

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

He thendemonstrated how the heart acts as apump whichforces blood out through the
arteries;it thencirculates around the bodybeforeitreturns to the heart through the veins

He also showed that the blood being pumped out of the heart was travelling too quickly to be
constantlyused up bythe tissues, as described by Galen

Despite not having powerfulenoughmicroscopes to see the capillaries, Harvey predicted their
presence as smallvessels whichlink the arteries to the veins
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6.2.2The Blood System: Vessels

Arteries

Introductiontoblood vessels

= Thecirculatory systemofthe humanbodycontains several differenttypes of blood vessel:

Arteries
Arterioles
Capillaries
Venules
Veins

= Fachtype ofblood vesselhas aspecialised structure thatrelates to the functionofthatvessel

The circulatory system includes several blood vessels, each specialised to carry out its function
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Structure and function of arteries

= Arteries transport blood awayfrom the heart at high pressure
= Blood travels fromthe ventricles to the tissues of the body
= Remember;arteries carryblood awayfromthe heart

= Arterywalls consistof threelayers:
= The tunicaintimais the innermostlayerandis made up of anendotheliallayer,alayerof
connective tissue and alayer of elastic fibres

= The endotheliumis one cellthick and lines the lumenofallblood vessels.Itis very
smoothandreduces frictionforfree blood flow

= The tunicamediais made up of smoothmuscle cells and athicklayer of elastic tissue
= Arteries have athick tunicamedia
= Thelayerof muscle cells strengthenthe arteries so they can withstand highpressure
= Bloodleaves the heart underhigh pressure

= Musclescellscanalso contract orrelaxto control the diameterof the lumenand
regulate blood pressure

= The elastic tissue helps to maintainblood pressure inthe arteries. It stretches and
recoils to evenout fluctuations in pressure

= The tunicaexternacovers the exteriorof the arteryand is mostlymade up of collagen
= Collagenisastrongproteinand protects blood vessels from damage by over-
stretching

= Arteries have anarrow lumenwhich helps to maintainahighblood pressure
= Apulseis presentinarteries due to blood leaving the heart underhigh pressure
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Arteries have thick muscular walls made up of three layers of tissue and a narrow lumen
Structure and function of arterioles

= Arterioles branch off fromarteries forming narrowerblood vessels which transportblood into
capillaries

= Arterioles are similarinstructure to arteries, but theyhave alower proportionof elastic fibres
and alarge number of muscle cells

= The presence of muscle cells allows themto contract and close theirlumento regulate blood
flow to specific organs

= Eg.duringexercise blood flow to the stomach and intestine is reduced while blood flow to
the musclesincreases

Arterialblood pressure

= Arteries,and to aslightlylesserextentarterioles, must be able to withstand highpressure
generated bythe contracting heart,and both must maintainthis pressure whenthe heartis
relaxed

= Muscle and elastic fibres in the arteries help to maintain the blood pressure as the heart
contracts and relaxes
= Systolic pressureis the peak pressure pointreached inthe arteries as the blood is forced
out of the ventricles at high pressure
= Atthis point,the walls of the arteries are forced outwards, enabled by the stretching of
elastic fibres

= Diastolic pressureis the lowest pressure pointreached within the artery as the heart relaxes
= Atthis point, the stretched elastic fibres recoiland force the blood onward through the
lumen of the arteries

= This maintains high pressure throughout the heart beat cycle

= Vasoconstrictionofthe circularmuscles of the arteries canincrease blood pressure by
decreasing the diameter of the lumen

= Vasodilationofthe circularmuscles causes blood pressure to decrease byincreasing the
diameter of the lumen

O ExamTip

Be carefulwith the language youuse to describe theroles of muscle and elastic tissue;muscle
cancontract and relax, while elastic tissue canstretchandrecoil.
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Capillaries
Structure and function of capillaries

= Capillaries provide the exchange surfaceinthe tissues of the bodythroughanetwork of vessels
called capillarybeds
= Thewallofacapillaryis made fromasingle layer of endothelial cells (this layeris also found
liningthe lumeninarteries and veins)
= Beingjustone cellthickreduces the diffusiondistance foroxygenand carbondioxide
betweenthe blood and the tissues of the body

= The thinendotheliumcells also have gaps betweenthemcalled pores whichallow blood
plasmato leak outand formtissue fluid
= Tissue fluid contains oxygen, glucose and othersmallmolecules fromthe blood plasma
= large molecules suchas proteins usuallycan't fit through the poresinto the tissue fluid
= Tissue fluid surrounds the cells, enabling exchange of substances suchas oxygen,
glucose,and carbondioxide
= The permeability of capillaries canvarydepending onthe requirements of atissue

= Capillaries have alumenwithasmall diameter
= Redbloodcells squeeze through capillaries insingle-file
= Thisforces the blood to travel slowlywhich provides more opportunity fordiffusionto
occur

= Capillaries formbranches inbetweenthe cells; this is the capillarybed
= These branchesincrease the surface areafordiffusionof substances to and fromthe
cells
= Beingso close to the cellsalso reduces the diffusiondistance

Capillaries have a narrow lumen and walls that are one cell thick
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Veins
Structure and function of veins

= Veins transport blood to the heartatlow pressure
= Remember;veins carryblood into the heart

= Theyreceive blood that has passed through capillarynetworks,across which pressure has
dropped due to the slow flow of blood
= The structure of veins differs from arteries:
= The tunicamediais muchthinnerinveins
= Thereisno need forathickmuscularand elastic layeras veins don't have to maintainor
withstand high pressure

= Thelumenofyveinsis muchwiderindiameterthanthat of arteries
= Alargerlumenhelps to ensure thatblood returns to the heart atanadequate speed
= Alargelumenreduces frictionbetweenthe blood and the endothelial layer of the vein
= Therateofblood flowis slowerinveins but alargerlumenmeans the volume of blood
delivered perunit of time is equal

= Veins containvalves
= These prevent the backflow ofblood thatcanresultunderlow pressure, helpingreturn
blood to the heart
= Movement of the skeletalmuscles pushes the blood through the veins,and anyblood
that gets pushed backwards gets caught in the valves;this blood canthenbe moved
forwards bythe next skeletalmuscle movement

= Apulseisabsentinveins;the pressure changes taking place due to the beatingofthe heart are
no longerpresent

Veins have a structure similar to arteries with three layers of tissue and a large lumen
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Structure and function of venules

= \enules connectthe capillaries to the veins
= Theyhave few orno elastic fibres and alarge lumen
= Asthebloodisatlow pressure afterpassingthroughthe capillaries thereis no need fora
muscularlayer to maintain pressure
= Thelarge lumenenables alarge volume of blood to be transported

O ExamTip

For“Explain” questions,rememberto pairadescriptionof astructural feature to an explanation
of howithelps the blood vesselto function. Forexample, “Capillaries have walls that are one-cell
thick, enabling quick and efficient diffusion of substances due to ashort diffusiondistance."

6.2.3The Blood System: Double Circulation

Double Circulation
Theneedforacirculatorysystem

1 Allorganisms need to transport materials to where theyare needed inside theirtissues
= Smallorganisms (orrelativelyinactive animals like jellyfish) canrelyondiffusionalone to
transport oxygen, carbondioxide and nutrients around theirbodies
= Largerorganisms have more layers of cells, so diffusionaloneis insufficientfortransport of
materials between cells further from the exchange surface of the organism

= Circulatory systems are systems which transport fluids containing materials needed by the
organism, as well as waste materials that need to be removed
= Circulatorysystems ensure that fluids containing these substancesreachall of the cellsinan
organism quickly enoughto supplytheirneeds and remove waste

Humans haveaclosed, doublecirculatorysystem

= Aclosedcirculatorysystemis one inwhichblood is contained withinanetworkof blood
vessels

= Asopposedtoanopencirculatorysysteminwhich the fluid fills the bodycavitye.g.as in
insects

= Adoublecirculatorysystempasses throughthe heart twice foreveryone complete circuit of the

body,withblood passingthroughtwo separate circuits known as pulmonary and systemic
circulation

= |nthe pulmonary circulatory system
= Therightside of the heart pumps deoxygenated blood to the lungs forgas exchange
= Blood pressureislowerinthe pulmonarysystem;this prevents damage to the lungs

= |Inthe systemic circulatory system
= Oxygenated blood returns to the left side of the heart from the lungs
= Theleftventricle then pumps the oxygenated blood at highpressure around the body
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The double circulatory system in mammals
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6.2.4 The Blood System: Cardiac Cycle

Introductionto the Heart
Mammalian heart structure

= The heartis ahollow, muscularorganlocated inthe chest cavity
= The heartis divided into fourchambers

= The two top chambers are atria

= The bottomtwo chambers are ventricles

= Theleftandrightsides of the heart are separated byawallof musculartissue called the septum.
= The septumis veryimportantforensuringblood doesn’t mixbetweenthe leftand right sides
ofthe heart

= Valves are important forkeepingblood flowing forward in the right direction and stoppingit
flowing backwards.Theyare also important formaintaining the correct pressure inthe chambers
of the heart
= The atriaand ventricles are separated by the atrioventricular valves
= Theventricles and the arteries that leave the heart are separated by semi-lunar valves
= Therightventricle and the pulmonaryartery are separated by the pulmonary valve
= Theleftventricle and aorta are separated by the aortic valve

= There are two blood vessels bringingblood to the heart;the vena cava and pulmonary vein
= There are two blood vessels takingblood awayfrom the heart; the pulmonary artery and aorta

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

= The contractionofthe heartis called systole, while the relaxation of the heartis called diastole

= Atrialsystoleis the period whenthe atria are contracting and ventricular systole is when the
ventricles are contracting

= Atrial systole happens around 0.13 seconds afterventricularsystole

= Atrialsystole forces blood fromthe atriainto the ventricles

= Duringventricularsystole,bloodis forced fromthe ventricles into the pulmonary artery and
aorta

= Onesystole and diastole makes aheartbeatand lasts around 0.8 seconds inhumans.

= Thisis the cardiac cycle

Initiation of the heartbeat bythe sinoatrialnode

= The heart muscle is myogenic, meaning that the heart will beat without any external stimulus from
otherorgans orthe nervous system
= Thisintrinsic control causes the heart to beatataround 60 beats perminute

= Theheartbeatisinitiated byagroup of cellsinthe wall of the right atrium called the sinoatrial
node (SAN)
= Thecellsofthe sinoatrialnode depolarise,reversing the charge across theirmembranes
= This triggers awave of depolarisationthat spreads across therest of the heart

= Thesinoatrialnodeis considered to be the pacemaker of the heart because itinitiates the heart
beatand so controls the speed at whichthe heart beats
= Note that artificialpacemakers are electronic devices implanted just underneath the skin.
Theycanbeusedtoreplace orregulate the sinoatrialnode ifit becomes defective

Cardiac Cycle
Electrical control of the cardiac cycle

= The cardiac cycleis the series of events that take place inone heart beat, including atrial and
ventricularsystole
= The cardiac cycleis controlled byelectrical signals that are initiated in the sinoatrialnode
= Depolarisationofthe cellsinthe sinoatrialnode sends anelectrical signal overthe atria,
causingthemto contractinatrialsystole
= Theelectrical signalthenreaches aregionof non-conductingtissue which prevents it from
spreading straight to the ventricles;this causes the signalto pause foraround 0.1s
= This delaymeans that the atriacancomplete their contractionbefore the ventricles
beginto contract

= Theelectrical signalis carried to the ventricles viathe atrioventricularnode (AVN)
= Thisisaregionofconductingtissue between atriaand ventricles

= The signalthentravels to the base of the heartviaconductive fibres in the septumknown as
the bundle of His
= The electrical signalis thencarried through anotherset of conductive fibres called Purkyne
fibres which spread around the sides of the ventricles, causing contractionof the ventricles
fromthe apex,orbase, of the heartupwards
= Thisis called ventricular systole
= Bloodisforcedoutofthe heartinto the pulmonary artery and aorta
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The wave of depolarisation spreads across the heart in a coordinated manner

@ Worked example

Explainthe roles of the sinoatrialnode, the atrioventricularnode and the conductive fibresina
heartbeat.

The cells of the sinoatrialnode depolarise and send out an electrical signal which spreads
across bothatria, causing atrial systole.Non-conducting tissue between the atria and
ventricles prevents depolarisationfrom spreading to the ventricles, ensuring that the atria
finishcontractingbefore the ventricles begin. The atrioventricularnode then sends the
electrical signalto the apex of the ventricles viaconductive fibres inthe septumknown as the
bundle of His.The electrical signalis then carried upwards around the walls of the ventricles by
conductive tissues called Purkyne fibres. This means that during ventricularsystole, the blood
contracts fromits base and blood is pushed upwards and outwards.
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Cardiac Cycle Pressure Changes

= Contractionofthe heart muscle causes anincrease inpressure inthe corresponding chamber if
the heart,whichthendecreases again when the muscle relaxes
= Throughoutthe cardiac cycle, heart valves openand close as aresult of pressure changes in
differentregions of the heart:
= Valves openwhenthe pressure of blood behind themis greater thanthe pressure infront
of them
= Theyclose whenthe pressure of bloodinfront of themis greater thanthe pressure behind
them

= Valves are animportant mechanismto stop blood flowingbackwards
= The pressure changes of the cardiac cycle canberepresented inagraph

Pressure changesduring diastole

= Duringdiastole, the heart muscle is relaxing
= During this period, blood begins to flowinto the atriafrom the veins, increasing the atrial
pressure

= Relaxed muscle inthe heart walls recoils,increasing the volume of the chambers of the heart:
= The atrioventricular valves openas the pressure inthe atriais higherthan the pressure inthe
ventricles
= The semilunar valves close as the pressure inthe pulmonaryarteryand aortais higherthanthe
pressure inthe ventricles

Pressure changesduring systole

= Duringsystole, the heart contracts and pushes blood out of the heart
= The contractionof the musclesinthe wallofthe heartreduces the volume of the heart
chambers and increases the pressure within that chamber
= |natrialsystole,the atriacontract
= The atrioventricularvalves are openas the pressure inthe atriaexceeds the pressure inthe
ventricles
= The semilunarvalves are closed as the pressure inthe ventricles is less thanthe pressure in
the aortaand pulmonaryartery

= Inventricularsystole,the ventricles contract
= The atrioventricular valves are closed as the pressure inthe ventricles exceeds the
pressure inthe atria
= The semilunarvalves are openas the pressure inthe ventricles exceeds the pressurein
the aortaand pulmonaryartery
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Analysing the cardiac cycle

= Thelines onthe graphrepresent the pressure of the left atrium, aorta, and the left ventricle
= The points atwhichthelines cross eachother are importantbecause theyindicate whenvalves
openand close

Point A-the end of diastole

= The atrium has filled with blood during the precedingdiastole
= Pressureis higherinthe atriumthaninthe ventricle,so the AVvalve is open

Between pointsAand B-atrial systole

= Leftatriumcontracts,causinganincrease inatrial pressure and forcingblood into the left
ventricle

= Ventricularpressure increases slightlyas it fills withblood

= Pressureis higherinthe atriumthaninthe ventricle,so the AVvalve is open

Point B-beginning of ventricular systole

= Leftventricle contracts causingthe ventricularpressure toincrease
= Pressureintheleftatriumdrops as the muscle relaxes
= Pressureinthe ventricle exceeds pressure inthe atrium, so the AV valve shuts

Point C - ventricular systole

= The ventricle continues to contract
= Pressureinthe leftventricle exceeds thatinthe aorta
= Aortic valve opens and bloodis forced into the aorta

Point D -beginning of diastole

= Leftventricle has beenemptied of blood
= Musclesinthe walls of the left ventricle relaxand pressure falls below thatin the newly filled aorta
= Aortic valve closes

Between pointsDand E -earlydiastole

= The ventricle remains relaxed and ventricular pressure continues to decrease
= Inthe meantime,blood is flowinginto the relaxed atriumfrom the pulmonaryvein, causingan
increaseinpressure

Point E-diastole

= Therelaxed leftatriumfills withblood, causingthe pressureinthe atriumto exceed thatinthe
newlyemptied ventricle
= AVvalveopens

After point E-late diastole

= Thereisashortperiod of time duringwhich the left ventricle expands due to relaxingmuscles

= Thisincreases theinternalvolume of the left ventricle and decreases the ventricular pressure

= Atthe same time,bloodis flowingslowlythrough the newlyopened AV valve into the left ventricle,
causingabrief decreaseinpressureintheleftatrium

= The pressure inboththe atriumand ventricle thenincreases slowly as theycontinue to fill with
blood
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O ExamTip

Whenlooking at the heart,remembertheright side of the heart willappearon the page as being
ontheleft. Thisis because the heartis labelled as if it were inyourbodyand flipped around.
Rememberthat the heart muscle is myogenic, whichmeans that the heart will generate a
heartbeat byitself and without anyotherstimulation.Instead, the electrical activity of the heart
regulates the heart rate.The maximum pressure in the ventricles is substantially higherthanin the
atria. Thisis because there is muchmore muscle in the thick walls of the ventricles whichcan
exert more force whentheycontract.

6.2.5The Heart Rate

Heart Rate: Alterationby Nervous System

Although the heart muscle maintains abase heart rate viamyogenic stimulation, there are several
circumstances that cancause anindividual's heartrate to change, e.g.

= Exercise

= Stress

= Relaxation

The brainis involved inthe regulation of heartrate,thoughitdoes notrequire conscious thought
= The branchofthe nervous systemthat does notrequire conscious thoughtis known as the
autonomic nervous system

The areaof the brainthat controls heartrate is the cardiovascular centre,located inaregionof
the brain called the medulla
The medullais found at the base of the brainnearthe top of the spinalcord
Two nerves connect the medullawith the sinoatrialnode (SAN):
= Onenerveconnects to the acceleratory centre,whichcauses the heartto speed up
= This happensinresponse to lowblood pressure,low oxygenconcentrations and low
pH
= These changes mightoccurduring exercise
= Thebloodvessels dilate,causingadecreaseinblood pressure
= The muscle cells are usingup oxygen atafasterrate,causingblood oxygenlevels to drop
= The productionofcarbondioxide byrespiringcells causes blood pHto decrease

= The othernerve connects to the inhibitory centre,which causes the heart to slowdown
= This happensinresponse to highblood pressure, highoxygenconcentrations and high
pH
= Thesechanges arelikelyto occurwhenthe bodyis atrest
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The heart rate is controlled by the cardiovascular centre in the medulia
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Heart Rate: Alterationby Hormonal System

Epinephrine, also called adrenaline, is produced by the adrenalglands, located above the
kidneys,intimes of fear, stress, orexcitement
The braincontrols the release of epinephrine from the adrenal glands
Epinephrine increases the heartrate and boosts the deliveryof oxygenand glucose to
the brainand muscles, preparing the bodyfor‘flight orfight’
= |ncreased glucose and oxygenare needed bythe cells foraerobic respirationto release
energy, e.g.to fuel the muscles to move/run away!

6.2.6 Skills: The Blood System

The Structure of the Heart

Heart structure

= The heart has two sides:

1 Theleftside pumps oxygenated blood around the bodyinthe systemic circulation
= Theright side pumps deoxygenated blood to the lungs in the pulmonary circulation

The leftand right sides of the heart are separated byawall of musculartissue called the septum.
= The septumisveryimportantforensuringblood doesn’t mixbetweenthe leftand right sides
ofthe heart

The heartis divided into four chambers
= The two top chambers are atria (singularatrium) - theyreceive blood from the veins and pump
itthroughto the ventricles
= The bottomtwo chambers are ventricles - theyreceive blood fromthe atriaand pump it out
into the arteries

Valves are important forkeepingblood flowing forward in the right direction and stoppingit
flowingbackwards.Theyare also important formaintaining the correct pressure inthe chambers
ofthe heart
= The atriaand ventricles are separated by the atrioventricular valves
= Therightatriumand ventricle are separated by the tricuspid valve
= Theleftatriumand ventricle are separated by the bicuspid valve

= Theventricles and the arteries that leave the heart are separated by semi-lunar valves
= Theright ventricle and the pulmonary artery are separated by the pulmonary valve
= Theleftventricle and aorta are separated by the aortic valve

= There are two blood vessels bringingblood into the heart; the vena cava and pulmonary vein
= There are two blood vessels takingblood out of the heart; the pulmonary artery and aorta
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The human heart has four chambers and is separated into two halves by the septum

The pathwayof blood through the heart

Deoxygenated blood comingfromthe bodyflows through the vena cavaand into the right
atrium
The atriumcontracts and the blood is forced through the atrioventricular (tricuspid) valve into
theright ventricle
The ventricle contracts and the blood is pushed through the semilunar valve into the pulmonary
artery
The blood travels to the lungs and moves through the capillaries past the alveoliwhere gas
exchange takes place

= Lowpressureblood flowonthis side of the heart prevents damage to the capillaries in the

lungs
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= Oxygenated blood returns viathe pulmonary veinto the left atrium
= The atriumcontracts and forces the blood through the atrioventricular (bicuspid) valve into
the left ventricle
= Theventricle contracts and the blood is forced through the semilunar valve and out through the
aorta
= Thickermuscle walls of the left ventricle produce ahighenoughpressure forthe blood to
travel around the whole body

Coronaryarteries

= The heartis amuscle and so requires its ownblood supplyto enable its cells to carryout aerobic
respiration

= The heartreceives blood through arteries onits surface called coronary arteries

= |t'simportantthatthese arteries remainclearof blockages called plaques, as this could lead to
anginaoraheart attack (myocardialinfarction)

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

= Dissections are avital part of scientific research
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= Theyallowfortheinternal structures of organs to be examined so that theories canbe made
about how theyfunction

Apparatus

= Scissors

= Scalpel

= Tweezers /Forceps
= Dissectionboard

= Papertowels

= Biologicalspecimen
= Pins

= Gloves

= Goggles

Method

= Alabcoat,gloves and eye protectionshould be worn
= Thisisdone to avoid contaminationwith biological material which could cause an allergic
reactionorcontainharmful microorganisms

Place the specimenonthe dissectingboard

= Usethetoolsto accessthe desired structure

= Whenusingthe scalpel cutaway fromyourbodyand keep yourfingers farfromthe blade to
reduce the chance of cuttingyourself

= Scissors canbe used forcuttinglarge sections of tissue (cuts do notneed to be precise)

= Scalpelenables finer,more precise cuttingand needs to be sharpto ensure this

= Use pins to move the othersections of the specimenaside to leave the desired structure
exposed

Identifying structuresduring the dissection

= Observe the outside of the heart to identify the coronary arteries supplying the cardiac muscle
with aoxygenated blood and nutrients
= The coronaryarteries branch off the aortanearto the semilunar valves
= The coronaryarteries are oftensurrounded by white, fatty tissue

= Positionthe heart and studyit fromthe top,youshould be able to identify
= Arteriesleavingthe heart -these canbeidentified bythe thickerwalls
= Pokeaglassrodthroughthe aortato feelthe thickerwalls of the left ventricle and
throughthe pulmonary artery to feelthe thinnerwalls of the right ventricle

= Veins entering the heart -these canbe identified by theirthinnerwalls
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= Pokingaglassrod throughthe pulmonary veinwilllead to the left atrium and poking a
glassrod throughthe superiororinferiorvenacavawilllead to the right atrium.

Laythe heartdownonits flatterside, this is the dorsal side.
= Dorsalrefersto the backofanorganism

The ventral side is now closestto youwiththe pulmonaryarteryfacingoutwards and infront of
the aorta
= Ventralrefers to the front of anorganism

Make anincisionfromthe Aorta,underneath the pulmonaryarteryand around the apex of the
heart to cut the heartinto halves
This should openup the heart to show the ventricles so that youcancompare the thickness of
the walls
The atrioventricular valves should also be visible as awhite flap of connective tissue attached
bytendinous cords which preventinversion of the valve

= Thetendinous cords are stringyin appearance and are sometimes referred to as the

heartstrings

The atria are wrinkled in appearance and canbe tricky to see compared with the ventricles.
= Theysitjustabove the atrioventricularvalves and are the entrypoint forthe veins (the
pulmonaryveinand the vena cava)
= Theyare significantlysmallerthanthe ventricles
= |tis possible that the atriaand blood vessels maybe sliced off some specimens

Observe the septumof the heart which separates the left and right-hand sides.The septum
contains the conductive fibres which stimulate contraction,however, these are notvisible to the
eye
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Following a careful method during a heart dissection will allow you to identify the different structures

O ExamTip

Remember:

= Arteries carryblood away fromthe heart

= \eins carryblood into the heart
When explaining the route through the heart we usuallydescribe it as one continuous pathway
withonlyone atriumorventricle being discussed atatime, butrememberthatinreality,both atria
contract atthe same time and bothventricles contract at the same time

Also,the heartis labelled as if it was inthe chest so the left side of adiagramis actually the right
hand side and vice versa
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Atherosclerosis

= Occlusioncanbe defined as
» The narrowing of the arteries due to a blockage

= The arteries canbe blocked bythe process of atherosclerosis

= Atherosclerosisresultsinabuild-up of layers of fatty materialknown as plaque inside arteries

= Themaincause of atheromadevelopmentis the presence of low-densitylipoprotein(LDL)
whichforms from saturated fats and cholesterol

= LDLbuilds upinregions of the arteries and phagocytes move to these areas,
engulfingthe LDL by endocytosis

= The enlarged phagocyte cells are thencovered bysmoothmuscle cells which cause a bulging of
the endotheliuminthe artery

= Depositionof calciumions canworsenthe situationbyhardening the endothelium

= This narrows the lumenof the artery,reducing the space forblood flow

Consequencesof occlusion of the arteries

= Whenanatheroma builds upenoughto causeimpeded blood flow, tissues do notreceive the
required level of oxygenand nutrients
= This caninhibit cell functions

= Occlusionofthe coronary arteries in particularcanlead to significant healthissues such as
coronary heart disease
= The flowofblood throughthe coronaryarteries isreduced,resultinginalack of oxygenand
nutrients forthe heart muscle
= Partialblockage of the coronaryarteries creates arestricted blood flow to the cardiac
muscle cells and results insevere chest pains called angina as the heart muscle beats faster
to trytoincrease blood supply
= Complete blockage means cellsinthe areaof the heart notreceivingblood willnot be able
torespire aerobically;these cells willbe unable to contract,leading to aheart attack
= Atheromas cansometimes rupture,leadingto the developmentofabloodclot
= Bloodclotscanworsenexistingblockages, orbreak off and travelinto smallerblood
vessels
= Blood clots thattravelto the coronaryarteries cancause aheartattack
= Blood clots thattravelto the braincanlead to astroke
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Buildup of plaque in the coronary arteries narrows the lumen
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The effect of a narrowed lumen in a coronary artery is reduced blood flow to the heart
Riskfactorsforatherosclerosis

= There are severalriskfactors whichwillincrease the chances of coronaryheartdisease:
= Consumptionof trans-fats
= These damage the endotheliumof the arteryinitiatingformationof anatheroma
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= Constant highblood sugar
= Thisis usuallytheresultof consumptionoffoods highincarbohydrate

= Highblood pressure
= Thisincreases the force of the blood against the arterywalls and consequentlyleads to
damage of the vessels
= Blood pressure canincrease due to smokingorstress

= Highblood concentrations of LDL
= Speeds upthe build up of fatty plaques inthe arteries,leadingto blockages

= Smoking
= Chemicalsinsmoke cause anincrease in plague build up and anincreaseinblood
pressure
= Carbonmonoxide also reduces the oxygen carrying capacityofthered blood cells

= |nfectionby certainmicrobes
= Chlamydia pneumoniaecaninfect the arterial wall and triggerinflammation which
promotes atherosclerosis
= Microbes of the smallintestine produce the chemical trimethylamine N-oxide which
promotes atherosclerosis

Structure of the Blood Vessels

= The bodycontains several differenttypes of blood vessel
= Thewallsofeachtype of blood vesselhave astructure thatrelates to the functionof the vessel
= Arteries transport blood awayfrom the heart (usually at high pressure). Theyare structured as
follows:
= Three thicklayers intheirwalls
= Ahighproportionof muscle and elastic fibres
= Narrow lumen
= Novalves

= Capillaries transport blood from arteries to veins,and are located betweenthe cells inthe
tissues.Theyare structured as follows:
= Walls are onlyone cellthick (endothelial layer only)
= No muscle orelastic fibres
= No valves

= Veins transport blood into the heart (usuallyat low pressure). Theyare structured as follows:
= Thinwalls withthree layers
= Lowproportionof muscle and elastic fibres compared to arteries
= largelumen
= Valves (usually) present
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The three main categories of blood vessel can be identified by comparing their structures

O ExamTip

For“explain” questions relating to blood vessel structure,rememberto pairadescriptionofa
structural feature to anexplanationof exactlyhow it helps the blood vesselto function.For
example “capillarywalls are one-cell thick, which enables quick and efficient diffusionof
substances suchas oxygenand glucose to the cells”
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