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Blood Vessels

Capillaries
Introduction to blood vessels

= Thecirculatory systemofthe humanbodycontains several different types of blood vessel:
= Arteries
= Arterioles
= Capillaries
= Venules
= \Veins
= Eachtype ofbloodvesselhas aspecialised structure thatrelates to the functionofthatvessel

Blood vesselsdiagram

The circulatory system includes several blood vessels, each specialised to carry out its function
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Adaptations of capillaries for exchange of materials

= Capillaries provide the exchange surface inthe tissues of the bodythroughanetwork of vessels
called capillarybeds
= The wallofacapillaryis made fromasingle layer of endothelial cells
= Beingjustone cellthickreduces the diffusiondistance foroxygenand carbondioxide
betweenthe blood and the tissues of the body
= Thethinendotheliumcells of some capillaries have gaps betweenthemcalled fenestrations
which allow blood plasmato leak out and form tissue fluid

= Tissue fluid surrounds the cells, enabling exchange of substances such as oxygen,
glucose,and carbondioxide
= Tissue fluid contains oxygen, glucose and othersmall molecules fromthe blood plasma
= large molecules suchas proteins usuallycan't fit through the fenestrations into the
tissue fluid
= The permeability of capillaries canvarydepending on the requirements of atissue
= Capillaries formbranches inbetweenthe cells;this is the capillarybed
= These branchesincrease the surface areafordiffusionofsubstances to and fromthe
cells
= Beingso close to the cells also reduces the diffusiondistance
= Capillaries have alumenwith a small diameter
= Redbloodcells squeeze throughcapillaries insingle-file
= This forces the blood to travel slowlywhich provides more opportunityfordiffusionto
occur
= |talsoreducesthe diffusiondistance asred blood cells are broughtinclose contact
withthe capillary wall

Capillarystructure diagram
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Capillaries have a narrow lumen and walls that are one cell thick to increase the rate of diffusion between
the blood and cells
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Arteries
Adaptations of arteries

= Arteries transportblood awayfromthe heart at highpressure
= Blood travels fromthe ventricles to the tissues of the body
= Remember;arteries carryblood awayfromthe heart
= Arterywalls consistofthreelayers:
= Theinnermostlayeris anendotheliallayer,consisting of squamous epithelium
= The endotheliumis one cellthick and lines the lumenofallblood vessels.Itis very
smoothandreduces frictionforfree blood flow
= The middle layercontains smoothmuscle cells and athicklayer of elastic tissue
= This layeris verythickinthe walls of arteries
= Thelayerof muscle:
= Strengthenthe arteries so theycan withstand highpressure
= Cancontract orrelaxto control the diameterof the lumen and regulate blood
pressure
= The elastic tissue helps to maintainblood pressure inthe arteries;it stretches and
recoils to evenout fluctuations in pressure when the heart beats
= Furtherfromthe heart there is more smoothmuscle and less elastic tissue due to smaller
fluctuationsinblood pressure
= The outerlayercovers the exteriorofthe arteryand is mostlymade up of collagenand elastic
fibres

= Collagenis astrongproteinand protects blood vessels fromdamage byover-
stretching

= Alongwithelastic fibres, it prevents the arterial wall from rupturing as blood surges from
the ventricles

= Arteries have anarrow lumenwhich helps to maintain highblood pressure

Arterystructure diagram
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Arteries have thick muscular walls and a narrow lumen

Arterial blood pressure

= Arteries,and to aslightlylesserextentarterioles, must be able to withstand highpressure
generated by the contracting heart,and both must maintain this pressure whenthe heartis
relaxed
= Muscle and elastic fibres inthe 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 ofthe 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 point reached withinthe arteryas the heartrelaxes
= Atthis pointthe stretched elastic fibres recoiland force the blood onward through the
lumen of the arteries
= This maintains high pressure throughout the heart beatcycle

= 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 Exam Tip

Be careful with the language youuse to describe theroles of muscle and elastic tissue;muscle
cancontract and relax, while elastic tissue canstretchand recoil.
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Veins

Adaptations of veins

= Veins transportblood 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 capillaries converge to formvenules, whichdeliverblood to veins
= The structure of veins differs from arteries:
= The middle layeris much thinnerinveins
= Thereisno need forathickmuscularand elastic layeras veins don't have to maintainor
withstand high pressure
= The walls of veins are flexible, allowing surrounding muscles and tissues to compress them
= This facilitates the movement of blood back to the heart
= Veins containvalves
= These prevent the backflow of blood that canresult underlow pressure, helpingreturn
blood to the heart
= Movement of the skeletalmuscles pushes the blood through the veins,and anyblood
that gets pushed backwards gets caughtinthe valves;this blood canthenbe moved
forwards bythe next skeletal muscle movement
= Veins have awide lumen
= This maximises the volume of blood thatcanflow atanyone time

Vein structure diagram

Veins have thin walls and a wide lumen
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O ExamTip

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

Identify Blood Vessels: Skills

Structure of Arteries & Veins

Distinguishing arteries and veins in micrographs

= Arteries
= The arterial walls are much thicker and stronger thanthose of veins
= Thisis dueto the presence of more collagenand elastic fibres, as well as a thickerlayer
ofsmoothmuscle
= Thelumenof arteriesis relativelynarrow compared to the thickness of the wall
= This maintains the blood pressure inside the arteries
= \eins
= The walls of veins are muchthinner thanthose of arteries
= Theydo notneed to withstand the high pressure presentinarteries
= Thelumenofveinsis muchwiderindiameter compared to the thickness of the wall
= Alargerlumenhelps to ensure that blood returns to the heart at anadequate speed
= Alargelumenreduces frictionbetween the blood and the endotheliallayerof the
vein
= Therate of blood flowis slowerinveins but alargerlumenmeans the volume of
blood delivered perunit of time is equal
= These characteristics canbe used to distinguish arteries and veins in micrographs

Arteryand vein micrograph diagrams
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Arteries and veins can be distinguished from each other by the thickness of their walls and the diameter of
the lumen; arteries (left) have thick walls and a narrow lumen while veins (right) have thin walls and a wide
lumen

Note that you do not need to know the scientific names for the different tissue layers in the walls of the
blood vessels
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Measuring Pulse Rate: Skills

Measuring Pulse Rate

The contractionof the ventricles forces alarge volume of blood through the arteries, which
expand to accommodate this
This canbe felt as apulse,especiallyin places where anarteryis close to the skinsurface or
passesoverabone
= Forthisreason,the carotid artery orradialartery canbe used to measure pulse rate
= The carotid arteryruns downthe side of the neck and apulse canbe feltjustbelow the
jaw
= Theradial arterypasses overthe wristbones where apulse canbe feltjust below the base
of the thumb
Apulse canbe takenas follows:
= Placetwo fingers onthe radial orcarotid arteryand gently compress the blood vessel
= Count the numberofpulses feltfor60 seconds
= Alternatively,youcould countfor30 seconds and multiply by 2
Do notuse yourthumbwhentakingapulse,sinceitalso has apulse that canlead to inaccurate
results
There are manydigitaldevices that canalso be used to determine pulse rate
= Theseinclude dataloggers,smartwatches orfitness bands
= Theyscanthe blood flow through the radial arteryto measure pulse rate

Measuring pulse diagram

Theradial or carotid artery can be used to measure the pulse rate
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Coronary Heart Disease: Skills

Coronary Heart Disease

= Occlusionofthe arteries canbe defined as
The narrowing of the arteries due to ablockage

= The arteries canbe blocked bythe process of atherosclerosis
= Atherosclerosis begins whenthere is damage to the walls of the arteries due to highblood
pressure
= Thisdamage canlead to the build-up of fattydeposits known as atheromas underthe
endothelium
= These fattydeposits narrow the lumen of the artery,reducing the space forblood flow
= Atherosclerosis canlead to anincreaseinblood pressure within the artery, which causes further
damage to the arterywall
= Fibroustissueis produced to repairthe damage to the arterywall
= This type of tissue is not elastic,so the overall elasticity of the arterywallis reduced
= The smoothliningof the arteries breaks down and forms lesions called plaques
= This furtherdamage canlead to the rupturing of blood vesselwalls, whichresultsinblood
clotting
= Clots formed withinablood vesselare called athrombus
= Onceitcirculatesinthe blood clots are knownas anembolus

Consequences of atherosclerosis of the arteries

= Whenanembolus blocks asmallarteryorarteriole, tissues furtherdown fromthe blockage do
notreceive the required level of oxygenand nutrients
= This caninhibit cellfunctions and cause the cells to die
= |f this happens inthe coronary arteries then parts of the heart muscle die
= This maystopthe heart frompumpingblood and lead to amyocardialinfarction,orheart
attack
= Blockagesinthe coronaryarteries maybe bypassed byundergoingheart bypass surgery
= Bloodvessels fromthe patient's legare removed and used to create an alternative route for
blood to flow past the blockage

Atherosclerosis &coronaryheart disease diagram
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Atherosclerosis leads to narrowing of the arteries; this canlead to coronary heart disease
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Buildup of plaque in the coronary arteries narrows the lumen, and can lead to a heart attack

Evaluating epidemiological datarelating to theincidence of coronary heart
disease

= Claims about the importance of differentrisk factors and coronaryheart disease, e.g.adiet high
insaturated fats,are based on:
= Epidemiological studies onhuman populations
= Theevidence provide correlationdata and so do not provide adefinite causallink
betweencoronaryheartdisease andrisk factors such as saturated fatintake
= Clinicalstudies of individual patients
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= Suchstudies are small,e.g.theymayfocus onjustafewindividuals,so theymaynot
provide representative data
= Studies willnotinclude asuitable controlled experiment soitis notpossible to make a
definite causalllink from the results
= Acontrolled experimentwould involve.e.g.one group of participants eatinganormal
dietwhile anothergroup eats adiet highinsaturated fat
= FEthicalconsiderations would prevent such controlled experiments frombeing
carried out,due to therisk of harmto agroup consuminga highfatdietoveralong
period
= Whenevaluatingdatafromstudies oncoronaryheartdisease youcould considerthe following:
= The sample groupused must be representative of the population
= Largersample sizes are more likelyto be representative as theycoveralargercross-
sectionofthe population
= Samples mustnot allcome fromthe same demographic group,e.g.notall white men
who are over60 and live inLondon
= Samples mustbe human;results from animal trials do not perfectlyrepresent human
physiology
= Statistical analysis should be used to check that anydifferences betweenresults are
statistically significant
= E.g.theuseoferrorbarsingraphicaldataorthe comparisonof meanvalues from
different trial groups
= Some studies need to have acontrolwithwhichto compare the results
= E.g.whentestingadrugto treatheartdisease,acontrolgroup thatis not giventhe drug
should beincluded inthe studyto ensure that anyeffect shownis due to the drugand
notanyotherfactor
= Studies should berepeated,orthere should be many studies that show the same result,
before conclusions canbe drawn
= Thestudyshould be designed to controlany variable that is not beingtested;this
increases the validity of the results
= Controlled factors mightinclude, e.g. priorhealth of participants, otherlifestyle factors
of participants such as exercise and stress levels,age of participants, and biological sex
of participants
= Results are considered to be valid if theymeasure what they set out to measure,i.e.
theyare notinfluenced byexternal variables orpoorexperimental design, and have been
analysed correctly
= Researchers should notbebiased,i.e.lookingforaparticularoutcome
= This could be aproblemif someoneis being paid to come up with a particularresult
= Datacollectionmethods mustbe accurate, e.g.participants maynottellthe truthina
guestionnaire about diet orexercise
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@ Worked example

Astudywas carried outinto the relative risk of heart disease (CVD) innon-smoking adults
exposed to arange of levels of cigarette smoke fromasmoking partner. The studylooked at
523 non-smoking partners of smokers.

The results are showninthe graphbelow

Evaluate the validityof the data

= Acommentaryonthe validity of the datacould include
= Thestudyincluded 523 people;thisis afairlysmallsample size and maynotrepresentan
entire population
= Thisisonlyone study;more studies would need to be carried out to back up these
results
= Beingable toreplicate theresults of astudyshows that the results are reliable
= Thereisnoinformationonhow otherrisk factors might be interacting withsmoking to
influence theriskof CVD
= Riskfactorssuchas age,diet,biological sex,orexercise levels maybe playingarole,
as these factors maybe interacting with the smoking variable e.g.
= Smokers are oftenolder
= More menmaysmoke thanwomen
= Smokers maybe less likelyto exercise

= Thedatadoesn'tcommentontheuse of any statisticaltests so we cannotstate the
significance of the differences between the differentlevels of smoke exposure
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NOS: Correlation coefficients quantify correlations between variables and
allow the strength of the relationship to be assessed

Sometimes correlationbetweentwo variables can appearinthe data

= Correlationis anassociation,orrelationship,betweenvariables

= Thereis acleardistinctionbetweencorrelationand causation:acorrelationdoes not

necessarilyimplya causative relationship
= Causationoccurs whenone variable has aninfluence on, oris influenced by, another

Inorderto getabroad overview of the correlationbetween two variables the datapoints for
bothvariables canbe plotted onascattergraph
Correlationcanbe positive or negative

= Positive correlation: as variable Aincreases, variable Bincreases

= Negative correlation: as variable Aincreases, variable B decreases
The correlationcoefficient (r) can be calculated;thisindicates the strength of the relationship
betweenvariables

= Perfectcorrelationoccurs whenallof the datapoints lie onastraight line with acorrelation

coefficient of Tor-1
= Rememberthatevenstrongcorrelations do notimplyacausalrelationship betweenthe
variables

= Thecloserthe correlationcoefficientis to Tor-1,the strongerthe relationship

= |[fthereis no correlationbetweenvariables the correlationcoefficient willbe O
Low correlationcoefficients orno correlationbetweenvariables may provide evidence against a
hypothesis

Scattergraphs can be used to show the correlation between variables
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The Transpiration Stream

The Transpiration Stream

= Whenwaterevaporates fromthe surfaces of cells inside aleaf during transpiration, more wateris
drawnfromthe nearest xylemvessels to replace the waterlost byevaporation
= Watermolecules adhere to the cell walls of plant cells in the leaf, enablingwaterto move
through the cellwalls
= Here the watermoves throughthe cellwalls of the xyleminto othercells of the leaf
= This movementofwaterthatoccurs due to adhesionto the walls of anarrow tube is capillary
action
= Thelossofwaterfromthe xylemvessels generates tension(negative pressure) withinthe xylem
= Thetensiongeneratedinthe xylemwhenwatermovesinto the cellsinthe leaves creates apulling
force throughout the xylemvessels thatis transmitted, viacohesionbetweenwater molecules,
allthe waydown the stem of the plant and to the ends of the xylemintheroots
= Thisis knownas transpirationpulland it allows waterto be moved upwards through the
plant,against the force of gravity
= Thisis sometimes known as the cohesion-tensiontheoryof transpiration
= This continuous upwards flow of waterin the xylemvessels of plants is known as the
transpirationstream
Watertransportinplantsdiagram

The movement of water through xylem vessels is due to the evaporation of water vapour from the leaves
and the cohesive and adhesive properties exhibited by water molecules
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= Transpirationisimportant to the plantinthe following ways
= |tprovides ameans of cooling the plant via evaporative cooling
= The transpirationstreamis helpfulinthe uptake of mineralions
= Theturgorpressure of the cells (due to the presence of wateras itmoves up the plant)
provides support to leaves (enablinganincreased surface area of the leaf blade) and the
stemofnon-woodyplants

Adaptations of Xylem Vessels

Adaptations of Xylem Vessels

= Thetransportofwateroccursinxylemvessels,one of the vasculartissues found within plants
= Alongwithwater,xylemvessels are also responsible forthe transport of mineralions fromthe
roots
= The cohesive propertyofwater,togetherwith the structure of the xylemvessels, allows waterto
be transported undertensionfromthe soilto the leaves

Xylem vessel adaptations

= Xylemvessels are formed fromlonglines of cells that are connected ateachend
= Mature xylemvessels are non-living cells
= Asthexylemcells developthe cellwalls betweenthe connected cells degrade and the cell
contents are brokendown
= This forms mature xylemvessels that are long, continuous, hollow tubes thatlack cell
contentand end walls
= This allows forunimpeded flow through the xylemvessels
= Thewalls of xylemvessels are thickened withcellulose and strengthened withapolymercalled
lignin
= This means xylemvessels are extremelytough and can withstand very low internal
pressures,i.e.negative pressure (tension), without collapsing inonthemselves
= Xylemvesselwalls containtinypores called pits which allow waterto enterand move sideways
betweenvessels
= This means thatif avesselis damaged, the watercanflowinto anothervesseland stillreach
the leaves

Xylemstructure diagram
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Xylem vessels are adapted to transport water from the roots to the leaves in plants
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Drawing Root & Stem Structure: Skills

Dicotyledonous Stem Structure

Distribution of tissues in a transverse section of a dicotyledonous stem

= Thesteminadicotyledonous plant contains several different types of tissues,whichinclude:
= The epidermis whichforms the outerlayerof the stem
= This prevents waterloss and provides protectionfrom herbivores
= Parenchymawhichforms the cortexand pithofthe stem
= Thesecellsactas storage structures forstarchand othersubstances
= Thecortexis theregionlocated directlybeneath the epidermis while the pithis the
centralregionofthe stem
= Vasculartissue arranged inaringof vascularbundles
= Xylemtransports water and dissolved mineralions fromtheroots to the leaves
= Phloemtransports organic solutes fromthe leaves to otherparts of the plant
= Thedistributionoftissuesinatransverse sectionofadicotyledonous stemcanbe represented
as aplandiagram
= There are afew things to keepinmind when drawing plan diagrams:
= Do notdrawindividual cells;onlythe outline of different tissues are drawn
= Draw clear,continuouslines;do notsketch
= Avoid shading parts of yourdrawing
= Payattentionto the size and proportions of different parts visible inamicrograph
= Make sure the different parts are clearly labelled
= Addascalebarorthe estimated size of yourdrawing
= Include annotations that give the functions of the labelled sections
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A plan diagram (bottom right) showing the distribution of different tissues in a dicotyledonous stem

Note that a hand-drawn plan diagram should not contain shading

O Exam Tip
You are expected to annotate yourdrawing with the main functions of these structures;thisis

notshownabove
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Dicotyledonous Root Structure

Distribution of tissues in a transverse section of adicotyledonousroot

= The arrangement of the vascular tissues differinaroot compared to astem
= Thexylemis centrallylocatedinarootinacross-shaped structure,while it forms the outer
part of theringofvascularbundlesinastem
= Remember,x=across =xylem
= Phloembundles are arranged betweenthe cross "arms" of xyleminaroot, while it forms the
innerpart of theringofvascularbundlesinastem
= The cortexconsists of parenchymacells that store starch and othersubstances while the
epidermis forms the outerlayerof theroot
= Specialised epidermal cells called root hairs are presentinroots to absorb waterand
mineralions fromthe soil
= The endodermis forms the boundarybetweenthe vasculartissue and cortexinaroot

= Youshould be able to draw aplandiagramof the tissuesinadicotyledonousroot;see above for
the features of aplandiagram drawing
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A plan diagram (bottom right) of a dicotyledonous root showing the distribution of different tissues

Note that hand-drawn plan diagrams should not contain any shading

Q Exam Tip

Don'tforgetto draw yourplandiagrams large enoughto fillatleast half of the available space on

apage.Makingadrawing thatis too small willmake it difficult to label structures accuratelyand
may costyoumarks
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