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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

Page 3 of 47
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

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

Page 20 of 47
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

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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Tissue Fluid (HL)

Release & Reuptake of Tissue Fluid

= Plasmais astraw-coloured liquid that constitutes around 55 % of the blood
= Plasmaislargelycomposed of water(95 %) and, because wateris agood solvent, many
substances candissolveinit,allowing themto be transported around the body
= Asblood passes throughcapillaries some plasmais forced out through gaps inthe walls of the
capillaryto surround the cells of the body; this results inthe formation of tissue fluid
= The compositionof plasmaand tissue fluid are very similar, although tissue fluid contains fewer
proteins and cells
= Proteins are too large to fit through gapsinthe capillary walls and so remaininthe blood
= Redbloodcells and platelets are not presentinthe tissue fluid as theyare also too large to
leave the capillaries
= Tissue fluid bathes almost allthe cells of the bodythat are outside the circulatorysystem
= Exchange of substances betweencells and the blood occurs viathe tissue fluid
= Forexample,carbondioxide produced inaerobic respirationwill leave acell,dissolve into
the tissue fluid surroundingit, and then move backinto the capillary

The effect of blood pressure on tissue fluid
Tissue fluid formationat the arterialend

= Whenbloodis atthe arterialend of acapillarythe blood pressure is highenoughto force fluid
out of the capillary
= The process bywhichtissue fluid is forced out of the capillaries at high pressure is known as
pressure filtration
Reuptake of tissue fluidat the venousend

= Atthevenousend of the capillarythe blood pressure withinthe capillary is reduced due to
increased distance fromthe heart and the slowingof blood flow as it passes throughthe
capillaries
= Tissue fluid drains backinto the capillaries from the tissues
= Roughly?0 % of the fluid lost at the arterial end of the capillaryis reabsorbed at the venous
end
= The other10 % remains as tissue fluid and is eventually collected byvessels known as lymph
vessels
= Fromthe lymphvessels the fluid is eventuallyreturned to the circulatorysystem

The effect of solute concentration on tissue fluid

= Pressure filtrationoccurs due to the outward force exerted byhighblood pressure at the
arterialend of capillaries, but highblood pressureisn't the onlyfactorthat affects tissue fluid:
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= Afterpressure filtrationhas occurred, proteins remaininthe blood as theyare too large to
pass through the pores in the capillary wall
= Theincreased proteinconcentrationofthe capillarycreates asolute gradient betweenthe
capillaryand the tissue fluid
= The solutesinthis case are the proteinsinthe blood
= Thesolute gradientexerts aninward pullon the tissue fluid which draws waterbackinto the
capillary
= Thisis due to osmosis,whichis the movement of waterfromadilute solution (the tissue
fluid) to asolutionwith ahighersolute concentration (the capillary)
= Atthe arterialend the outward force generated by the highblood pressureis greater thanthe
inward force of the solute gradient so the netmovement of wateris out of the capillaries into
the tissue fluid
= Atthevenous endtheinward force of the solute gradient is greater thanthe outward force of
the blood pressure and fluid moves backinto the capillaries

At the arterial end the hydrostatic pressure (blood pressure) has a greater effect than the solute gradient
so the tissue fluid is forced out of the capillaries

At the venous end the hydrostatic pressure has less effect than the solute gradient so most of the fluid is
drawn back into the capillary
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O Exam Tip

Rememberthat tissue fluid is formed by pressure filtration of plasmain capillaries, whichis
promoted bythe higherblood pressure fromarterioles.Lowerpressure invenules allows tissue
fluid to drainbackinto capillaries.

Note that the specificationdoes notrequire knowledge of the effect of solute concentration

ontissue fluid, but this has beenincluded here to betterexplainthe draining of tissue fluid at low
blood pressure.
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Composition of Plasma & Tissue Fluid

= Blood plasmaand tissue fluid are similarin theircomposition, although there are some
differences betweenthem

Water and solutes formanimportant part of both plasma and tissue fluid
Substances thatare too large to filterout through the capillarywall,such as plasmaproteins
and red blood cells willnotbe found intissue fluid
Some white blood cells, which are very flexible cells, are able to squeeze out of the
capillaries, so are presentin the tissue fluid
Substances suchas glucose,amino acids and oxygenare absorbed bycells, so tissue fluid
willcontainless of these substances

= Glucose and oxygenare requirements of aerobic respirationwhile amino acids are

needed forproteinsynthesis

Cells produce carbondioxide as awaste product during cellrespiration which will diffuse
into the tissue fluid

Composition of blood plasma and tissue fluid table

Substance Blood plasma
Red blood cells, phagocytes,
Bloodcells Phagocyt Phagocytes
lymphocytes and platelets
Proteins Manylarge plasma proteins Fewer, smallerproteins
Glucose Higherconcentration Lowerconcentration
Amino acids Higherconcentration Lowerconcentration
Oxygen Higherconcentration Lowerconcentration
Carbondioxide Lowerconcentration Higherconcentration
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Drainage Into Lymph Ducts

Formation of lymph

Some tissue fluid re-enters the capillaries while some enters the lymph capillaries
The lymph capillaries are separate from the circulatory systemand form part of the lymphatic
system
= Theyhave closed ends and large pores that allow large molecules to pass through
= Theycontainfluid knownas lymph
Larger molecules that are not able to pass through the capillarywall enter the lymphatic system
= Smallvalves inthe vesselwalls are the entrypoint to the lymphatic system
Lymph fluid moves along the largervessels of this systembycompressioncaused by body
movement.Anybackflowis prevented byvalves
= Theselargervessels are knownaslymphducts
= People who have beensedentaryonplanes mayexperience swollenlowerlimbs due to the
lack of movement which causes lymphto accumulate inthese parts
Lymphnodes are presentinthe lymph ducts
= These containmacrophages whichwill engulf bacteria presentinthe lymph
= Othercells of theimmune systemcanalso be found inthe lymphnodes
The lymph eventuallyre-enters the bloodstreamthroughveins located close to the heart
Anyplasmaproteins that have escaped fromthe blood are returned to the blood via the lymph
capillaries
= |f plasmaproteins are notremoved fromtissue fluid theycould increase the solute
concentrationof the tissue fluid and prevent the reabsorption of waterinto the blood inthe
capillaries
Afterdigestionlipids are transported fromthe intestines to the bloodstream by the lymph
system, so lymph fluid contains lipids

Tissue fluid and lymph vesselsdiagram
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Some components of tissue fluid drain into the lymph vessels
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Circulatory Systems (HL)

Comparing Single & Double Circulation

Differences between single circulation in bony fish and double circulationin
mammals

= Bothfishand mammals have aclosed circulatory system

= This means bloodis contained withinasystemofblood vessels
= Bonyfishhave single circulation
Blood moves through the heart once duringeach complete circuit
The heart has two chambers
It enters the heart from the bodybefore being pumped to the gills
Here blood is oxygenated before movingto therestofthe body

Single circulation diagram

Bony fish have single circulation
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= Mammals have double circulation

This means blood flows through the heart twice foreachcomplete circuit of the body
The heart has four chambers;two onthe right and two onthe left

Therightside of the heart pumps deoxygenated blood to the lungs forgas exchange;this is
pulmonary circulation

Blood thenreturns to the left side of the heart, so that oxygenated blood canbe pumped at
high pressure around the body; this is systemic circulation

Double circulationdiagram

Mammals have double circulation
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= The mainadvantages of the mammaliandouble circulationsysteminclude:
= Keepingoxygenated and deoxygenated blood separate,so thatcells canreceive blood
with highoxygenlevels foraerobic respiration
= Maintaining a highpressure forthe transport of oxygenated blood to everypart of the body
= Pumpingblood atalowerpressureinthe lungs so thatdelicate blood vessels are not
damaged

The MammalianHeart (HL)

The MammalianHeart

Adaptations of the mammalian heart to deliver blood to the arteries

= The heart muscleis known as cardiac muscle;aspecialised formof muscle tissue thatis able to
contractrepeatedlyand continuouslywithout becoming fatigued
= The heartis divided into fourchambers;the two top chambers are atriaand the bottomtwo
chambers are ventricles
= The atria
= These chambersreceive blood fromthe veins that return from the lungs and the body
= Theyare surrounded byathinlayer of muscle, allowing them pumpblood overashort
distance into the ventricles below
= Theventricles
= These chambersreceive blood fromthe atria
= Theyhave thickmuscle walls which can generate high pressures forpumpingblood to
thelungs and to the body
= Theleftventricle has thickermuscle thantheright ventricle,as itmust pump blood all
around the body
= Theleftandrightsides of the heartare separated byawallof musculartissue, called the septum.
= The septumis veryimportant forensuringblood doesn’t mixbetweenthe leftand right sides
of the heart
= The wallof theright atrium containasmallregion of tissue known as the pacemaker, orsinoatrial
node (SAN)
= The pacemakerinitiates the heart beat by sendingawave of excitationacross the atria
= This causes atrial contraction
= Theelectricalimpulse travels downto the base of the ventricles
= Fromthe base,itspreadsupwards across the ventricularwalls
= This causes ventricularcontraction
= There are two blood vessels bringingblood to the heart;the venacavaand pulmonary vein
= There are two blood vessels takingblood awayfromthe heart;the pulmonary artery and aorta

Valvesinthe heart

= Valves areimportant forkeepingblood flowing forward inthe right directionand stoppingit
flowingbackwards

= Valvesinthe heart:
= Openwhenthe pressure of blood behind themis greaterthanthe pressureinfrontof them
= Closewhenthe pressure of blood infrontofthemis greaterthanthe pressure behind them

= Thevalves betweenthe atria and the ventricles are the atrioventricular valves;they prevent
blood fromflowingback fromthe ventricles into the atria
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= Therightatriumand right ventricle are separated by the tricuspid valve
= Theleftatriumand left ventricle are separated by the bicuspid valve
= Thevalves betweenthe ventricles and the arteries are the semilunar valves
= Theright ventricle and the pulmonary artery are separated by the pulmonary valve
= Theleftventricle and aorta are separated byavalve called the aortic valve

Heart structurediagram

Deoxygenated blood flows into the right atrium from the body, from which it flows downwards into the
right ventricle, and then upwards to the pulmonary artery which carries it to the lungs

Oxygenated blood from the lungs enters the left atrium, flows down into the left ventricle, and then
upwards to the aorta which carries it to the rest of the body
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Coronary arteries

= Theheartisamuscle and so requiresits ownblood supply;blood supplies the cells with oxygen
and glucose foraerobic respiration
= The heartreceives blood through arteries called coronary arteries
= These arteries are visible onthe front of the heart

Coronaryarteriesdiagram

The coronary arteries supply the heart muscle with oxygenated blood

Q Exam Tip

Whenlooking at the heart,rememberthat the right side of the heart willappearonthe page as
beingontheleft. Thisis because the heartis labelled as if it were inyourbodyand flipped around.
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The Cardiac Cycle: Skills (HL)

The Cardiac Cycle
Controlof thecardiac cycle

= Controlofthe basic heartbeatis myogenic, whichmeans the heart will beat without any external
stimulus fromthe nervous system
= Thisintrinsic rhythm means the heart beats at around 60 times perminute
= The sinoatrialnode (SAN)is agroup of cells inthe wall of the right atrium;it controls the cardiac
cycle as follows:
= The SANinitiates awave of depolarisationthat spreads across the atriaand causes the atria
to contract
= Aregionofnon-conductingtissue prevents the depolarisationspreading straight to the
ventricles
= This delays the wave of depolarisationforlongenoughto allow the atriato finish
contracting
= The depolarisationisinstead carried to the atrioventricular node (AVN); this is aregionof
conductingtissue between atriaand ventricles
= Conductingfibres carrythe wave of excitationdown the septumand out around the walls of
the ventricles
= Thebundle of Hisis acollectionofconductingtissuelocated inthe septum
= The Purkyne fibres spread around the ventricles
= Theventricles depolarise fromthe base upwards, and the ventricles contract

Stagesinthecardiaccycle table

Stagein
sequence
1 Sinoatrialnode sends out awave of excitation
2 Atriacontract
3 Atrioventricularnode sends out awave of excitation
4 Purkyne tissue conducts the wave of excitation
5 Ventricles contract
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Controlof cardiac cyclediagram

The wave of depolarisation spreads across the heart in a coordinated manner

The events of the cardiac cycle

= The cardiac cycleis the series of events that take place inone heart beat, including muscle
contractionand relaxation
= Thecontractionofthe heartis called systole, while the relaxation of the heartis
called diastole
= Onecardiac cycleis followed byanotherinacontinuous process
= Thereisno gap betweencycles where blood stops flowing
= Theevents ofthe cardiac cycle occursimultaneously inthe left and right sides of the heart

Volume and pressure changes
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= Contractionofthe heart muscle causes adecrease involume inthe correspondingchamberof
the heart,whichthenincreases again when the muscle relaxes
= Volume changes lead to corresponding pressure changes
= Whenvolume decreases, pressure increases
= Whenvolumeincreases,pressure decreases
= 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

Atrial systole

= The heartbeatis initiated by the sinoatrialnode
The walls of the atriacontract
= Atrialvolume decreases
= Atrialpressureincreases
= The pressureinthe atriarises above thatin the ventricles, forcing the atrioventricular (AV) valves
open
= Bloodisforcedinto the ventricles
= Thereis aslightincrease inventricularpressure and chambervolume as the ventricles receive
the blood fromthe atria
The ventricles are relaxed at this point;ventricular diastole coincides with atrial systole

Ventricular systole

= Thewalls of the ventricles contract
= Ventricularvolume decreases
= \entricularpressureincreases
= The pressureinthe ventriclesrises above thatin the atria
= This forces the AVvalves to close,preventingback flow ofblood
= The pressure inthe ventriclesrises above thatinthe aortaand pulmonaryartery
= This forces the semilunar (SL)valves openso bloodis forced into the arteries and out of the
heart
= During this period, the atria are relaxing; atrial diastole coincides with ventricularsystole
= Theblood flowto the heart continues, so the relaxed atriabeginto fillwithblood again

Diastole

= Theventricles and atriaare bothrelaxed
= The pressureinthe ventricles drops below thatinthe aortaand pulmonaryartery, forcing the SL
valves to close

= The atriacontinue to fillwithblood
= Bloodreturns to the heart via the vena cava and pulmonaryvein
= Pressureinthe atriarises above thatinthe ventricles,forcing the AVvalves open
= Blood flows passively into the ventricles without need of atrial systole
= The cycle thenbegins againwith atrial systole

Cardiaccyclediagram
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Valvesduring the cardiac cycle table

Stageincardiaccycle  Atrioventricular valves Semilunar valves
Atrial systole Open Closed
Ventricularsystole Closed Open
Diastole Open Closed

Analysing the cardiac cycle

= Thelines onthe graphrepresent the pressure of the left atrium, aorta, and the left ventricle
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= The points atwhichthe lines cross eachother are important because theyindicate whenvalves
openand close
Point A - the end of diastole

= The atrium has filled withblood during the precedingdiastole
= Pressureis higherinthe atriumthanin the ventricle,so the AVvalve is open
Betweenpoints Aand B - atrialsystole

= Leftatriumcontracts,causinganincrease inatrial pressure and forcing blood into the left
ventricle

= Ventricularpressureincreases slightlyas it fills withblood

= Pressureis higherinthe atriumthanin the ventricle,so the AVvalve is open

Point B - beginning of ventricular systole

= Left ventricle contracts causingthe ventricularpressure to increase

= Pressureinthe left atriumdrops as the muscle relaxes

= Pressureinthe ventricle exceeds pressure inthe atrium, so the AV valve shuts
Point C - ventricularsystole

= The ventricle continues to contract

= Pressureintheleftventricle exceeds thatinthe aorta
= Aortic valve opens and blood is forced into the aorta
Point D - beginning of diastole

= Leftventricle has beenemptied of blood
= Musclesinthe walls of the left ventricle relax and pressure falls below thatin the newlyfilled aorta
= Aortic valve closes

Betweenpoints Dand E - early diastole

= The ventricle remains relaxed and ventricularpressure continues to decrease
= |Inthe meantime,blood is flowinginto the relaxed atriumfrom the pulmonaryvein,causingan
increase inpressure
Point E - diastole

= Therelaxed leftatriumfills withblood, causing the pressureinthe atriumto exceed thatinthe
newly emptied ventricle

= AVvalveopens

Afterpoint E -late diastole

= Thereis ashortperiod of time during which the left ventricle expands due to relaxing muscles

= 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 decreaseinpressureinthe left atrium

= The pressure inboththe atriumand ventricle thenincreases slowly as theycontinue to fill with
blood
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@ Worked example
The graph below shows pressure changes duringthe cardiac cycle.

Calculate the heartrate of this person. Give youranswerin beats perminute.

Step 1: Workout the lengthof one heart beat

Ittakes 0.7 seconds forcompletionof one cardiac cycle,whichis one heart beat
So thereislcyclein0.7 seconds
Step 2:Calculate how many heart beats occurpersecond
Divide by 0.7 to find outhow manycyclesinlisecond
1+ 0.7=143beatsinlsecond
Step 3:Calculate how many heart beats occur per minute

Multiply by 60 to find outhow manycyclesin60 seconds
143 X 60=85.71beatsin60seconds

So the heartrateis 85.71beats / min
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O ExamTip

You might be asked to interpret the graph of the cardiac cycle so itis important youunderstand it
and cananalyse where each stage of the cycle is happening. Common areas of assessment
include

= Pressure and volume changes,

= Timings of valves openingand closing

= Whenblood starts flowinginorout of specific chambers
Note that the specificationrefers to events 'inthe left side of the heart', while this pages does
notdistinguishbetweenleftand right. The events of the cardiac cycle occursimultaneouslyin
the leftand right sides of the heart, so anything on this page can be applied equallyto the leftor
right sides.

The Roots & Water Transport (HL)

Generationof Root Pressure

= Lossofwaterattheleaves bytranspirationcreates anegative pressure inside xylemvessels
which pulls waterup the stem of plants, but plants can also push waterup fromthe roots by
generatingroot pressure
= Rootpressureis generated as follows:
= Minerals are actively transported into the cells of theroots fromthe soil,lowering the
water potentialof therootcells
= Notethatalowwaterpotentialis theresult of ahighsolute concentration
= This creates awater potential gradient betweenthe soiland the cells of theroots and
watermovesinto theroot cells by osmosis
= Minerals are thenactivelytransported fromcellto cellacross theroot, eventuallyreaching
the xylem
= As minerals enterthe cells and the xylem the waterpotentialis reduced and water follows by
osmosis
= Waterenters the xylemand generates apositive pressure potential; this pushes the column
of waterupwards;thisisrootpressure
= Rootpressureisimportantindrivingthe movementof waterup xylemvessels whentherate of
transpirationislow
= E.g.inconditions of highhumidityorbefore the leaves of deciduous plants developinspring

Root pressure diagram
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Water moves into the xylem by osmosis due to the water potential gradient created when minerals are
actively transported into roots from the soil

Water that enters the xylem in this way generates root pressure
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TranslocationinPlants (HL)

TranslocationinPlants

= Translocationis the biologicaltermused to describe the transport of organic solutes inthe

phloemtissue
= Theliquid thatis beingtransported withinthe phloem canbe referred to as phloemsap
= Thisphloemsapconsists of sugarsinthe formofsucrose,alongwithwaterand other
dissolved substances such as amino acids
= Thesedissolved substances are sometimesreferred to as assimilates
= Translocationwithinphloemtissue transports these organic compounds fromregions known as
‘sources’toregions knownas ‘sinks’

Sources and sinks

= Sources are theregions of plants inwhich organic solutes originate;theycaninclude
= Mature greenleaves and greenstems
= Photosynthesisintheseregions produces glucose whichis converted into sucrose
before beingtransported
= Storageorgans,e.g.tubers and taproots,unloadingtheirstored substances at the
beginning of agrowth period
= Foodstoresinseeds whichare germinating
= Sinks are theregions of plants where organic compounds are required forgrowth;theycan
include
= Meristems that are actively dividing
= Roots that are growingoractively takingup mineralions
= Youngleavesinbud
= Anypart of the plant where organic compounds are being stored, e.g.developingseeds,

fruits,orstorage organs
= Notethatsources canbecome sinks and vice versa,dependingonthe time of yearand the

processes taking place inside the plant

Sourcesand sinksdiagram
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Organic compounds are moved through a plant, by the process of translocation, from source(s) to
sink(s).

Phloem adaptations

= The functionof phloemtissueinaplantis to transport organic compounds, particularlysucrose,
fromsources to sinks
= Thecells that make up the phloemtissue are highlyspecialised, meaning that theirstructure aids
their function
= Phloemisacomplextissue made up of different cell types;itis mainlymade up of sieve tube
elements and companioncells
= Sijeve tube cells,orelements,line upend-to-end to formacontinuous tube throughwhich
phloemsap flows
= Thecells are separated by perforated sieve plates which allow the passage of
assimilates

= Sieve tube cells have reduced cytoplasmand few organelles to allow the free flow of
phloemsap
= Companioncells are closely associated withthe sieve tube and aid with the loadingand
unloadingof dissolved substances,orassimilates
= Companioncells contain many mitochondriawhich generate ATP forthe active loading
of sucroseinto the sieve tube
= Sieve tubes and companioncells are linked by bridges of cytoplasmknown as plasmodesmata

Phloemadaptationsdiagram
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Phloem tissue contains sieve tube cells and companion cells
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Sieve tube structure and function table

Structure Function

Sieve plates Allows forthe continuous movement of the

organic compounds betweencells

Strengthens the wall to withstand the
Cellulose cellwall hydrostatic pressures that move the
assimilates

No nucleus,vacuole orribosomesin Maximises the space forthe translocation
mature cells of assimilates

Reduces frictionto facilitate the

Thincytoplasm o
movement of assimilates

Companion cell structure and function table

Structure Function

Provides metabolic support to sieve tube

Nucleus and otherorganelles
elements

Moves assimilates into and out of the sieve

Transport proteins in plasmamembrane
tube elements

Provide ATP forthe active transport of
Manymitochondria assimilatesinto orout of the companion
cells

Link with sieve tube elements to allow
Plasmodesmata assimilates to move fromthe companion
cellsinto the sieve tubes

Translocation

= Theloadingand unloading of sucrose and otherorganic compounds fromthe source to the
phloem, and fromthe phloemto the sinkis anactive process, meaning that it requires energyin
the formof ATP
= Asummaryofthe processis
1.Active transportis used to load organic compounds into the phloemat the source
2.The highconcentrations of solutes inthe phloemat the source lower the water potential
and cause waterto move into the phloemvessels byosmosis
= Watercanmove infrom the neighbouring xylemvessels
3.Thisresultsinaraised hydrostatic pressure and generates ahydrostatic pressure gradient
betweenthe source and the sink;this causes the contents of the phloemto flow towards
the sinkdown a pressure gradient
= Hydrostatic pressure refers to the pressure exerted bya fluid on the walls of its
container;inthis case the walls of the phloem
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4. Atthe same time sucrose is beingunloaded from the phloem at the sink,lowering the water
potentialof the cells of the sink

5.Waterfollows by osmosis, maintaining the hydrostatic pressure gradient betweenthe
source and the sink

O Exam Tip

Rememberthat directionof movementin the phloemis determined bythe locations of the
source and the sink,so canbe eitherupward ordownward.

Understand the difference betweensieve tube elements and companion cells, and make sure
thatyoucandescribe how the structure of sieve tube cellsis related to theirfunction
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