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Blood Vessels

Capillaries

Introduction to blood vessels

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

Arteries

Arterio les

Capillaries

Venules

Veins

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

Blood vessels diagram

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

called capillary beds 

The wall o f a capillary is made fro m a single layer o f endo thelial cells

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

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

The thin endo thelium cells o f so me capillaries have gaps between them called f enestratio ns

which allo w blo o d plasma to  leak o ut and fo rm tissue �uid

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

gluco se, and carbo n dio xide

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

Large mo lecules such as pro teins usually can't �t thro ugh the fenestratio ns into  the

tissue �uid

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

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

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

cells

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

Capillaries have a lumen with a small diameter

Red blo o d cells squeez e thro ugh capillaries in single-�le

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

o ccur

It also  reduces the di�usio n distance as red blo o d cells are bro ught in clo se co ntact

with the capillary wall

Capillary st ruct ure diagram
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Capillaries have a narrow lumen and walls that are one cell thick to increase the rate of di�usion between

the blood and cells
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Arteries

Adaptations of arteries

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

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

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

Artery walls co nsist o f three layers:

The innermo st layer is an endo thelial layer, co nsisting o f squamo us epithelium

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

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

The middle layer co ntains smo o th muscle cells and a thick layer o f  elastic tissue

This layer is very thick in the walls o f arteries

The layer o f muscle:

Strengthen the arteries so  they can withstand high pressure

Can co ntract o r relax to  co ntro l the diameter o f the lumen and regulate blo o d

pressure

The elastic tissue helps to  maintain blo o d pressure  in the arteries; it stretches  and

reco ils  to  even o ut �uctuatio ns in pressure when the heart beats

Further fro m the heart there is mo re smo o th muscle and less elastic tissue due to  smaller

�uctuatio ns in blo o d pressure

The o uter layer co vers the exterio r o f the artery and is mo stly made up o f co llagen and  elastic

�bres

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

stretching

Alo ng with elastic �bres, it prevents the arterial wall fro m rupturing as blo o d surges fro m

the ventricles

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

Art ery st ruct ure diagram
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Arteries have thick muscular walls and a narrow lumen

Arterial blood pressure

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

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

relaxed

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

co ntracts and relaxes

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

o ut o f the ventricles at high pressure

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

elastic �bres

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

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

lumen o f the arteries

This maintains high pressure thro ugho ut the heart beat cycle

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

decreasing the diameter o f  the lumen

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

diameter o f  the lumen

Exam T ip

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

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

Adaptations of veins

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

Remember; veins carry blo o d into  the heart

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

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

The capillaries co nverge to  fo rm venules, which deliver blo o d to  veins

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

The middle layer is much thinner in veins

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

withstand high pressure

The walls o f veins are �exible, allo wing surro unding muscles and tissues to  co mpress them

This facilitates the mo vement o f blo o d back to  the heart

Veins co ntain valves

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

blo o d to  the heart

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

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

fo rwards by the next skeletal muscle mo vement

Veins have a wide lumen

This maximises the vo lume  o f blo o d that can �o w at any o ne time

Vein st ruct ure diagram

Veins have thin walls and a wide lumen
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Exam T ip

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

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

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

Identify Blood Vessels: Skills

Structure of Arteries & Veins

Distinguishing arteries and veins in micrographs

Arteries

The arterial walls are much thicker and stro nger than tho se o f veins

This is due to  the presence o f mo re co llagen and elastic �bres, as well as a thicker layer

o f smo o th muscle

The lumen o f arteries is relatively narro w co mpared to  the thickness o f the wall

This maintains the blo o d pressure inside the arteries

Veins

The walls o f veins are much thinner than tho se o f arteries

They do  no t need to  withstand the high pressure present in arteries

The lumen o f veins is much wider in diameter co mpared to  the thickness o f the wall

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

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

vein

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

blo o d delivered per unit  o f  time is equal

These characteristics can be used to  distinguish arteries and veins in micro graphs

Art ery and 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 scienti�c names for the di�erent tissue layers in the walls of the

blood vessels
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Measuring Pulse Rate: Skills

Measuring Pulse Rate

The co ntractio n o f the ventricles fo rces a large vo lume o f blo o d thro ugh the arteries, which

expand  to  acco mmo date this

This can be felt as a pulse, especially in places where an artery is clo se to  the skin surface o r

passes o ver a bo ne

Fo r this reaso n, the caro tid artery  o r radial artery  can be used to  measure pulse rate

The caro tid artery runs do wn the side o f the neck and a pulse can be felt just belo w the

jaw

The radial artery passes o ver the wrist bo nes where a pulse can be felt just belo w the base

o f the thumb

A pulse can be taken as fo llo ws:

Place two  �ngers  o n the radial o r caro tid artery and gently co mpress  the blo o d vessel

Co unt  the number o f pulses felt fo r 60 seco nds

Alternatively, yo u co uld co unt fo r 30 seco nds and multiply by 2

Do  no t use yo ur thumb when taking a pulse, since it also  has a pulse that can lead to  inaccurate

results

There are many digital devices  that can also  be used to  determine pulse rate

These include data lo ggers, smartwatches o r �tness bands

They scan the blo o d �o w thro ugh the radial artery to  measure pulse rate

Measuring pulse diagram

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

Coronary Heart Disease

Occlusio n o f the arteries can be de�ned as

T he narro wing o f  the arteries due to  a blo ckage

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

Athero sclero sis begins when there is damage to  the walls o f the arteries due to  high blo o d

pressure

This damage can lead to  the build-up o f fatty depo sits kno wn as athero mas  under the

endo thelium

These fatty depo sits narro w the lumen o f the artery, reducing the space fo r blo o d �o w

Athero sclero sis can lead to  an increase in blo o d pressure  within the artery, which causes further

damage to  the artery wall

Fibro us tissue  is pro duced to  repair the damage to  the artery wall

This type o f tissue is no t elastic, so  the o verall elasticity o f the artery wall is reduced

The smo o th lining o f the arteries breaks do wn and fo rms lesio ns called plaques

This further damage can lead to  the rupturing o f blo o d vessel walls, which results in blo o d

clo tting

Clo ts fo rmed within a blo o d vessel are called a thro mbus

Once it circulates in the blo o d clo ts are kno wn as an embo lus

Consequences of atherosclerosis of the arteries

When an embo lus blo cks a small artery o r arterio le, tissues further do wn fro m the blo ckage do

no t receive the required level o f o xygen and  nutrients

This can inhibit  cell f unctio ns and cause the cells to  die

If this happens in the co ro nary arteries  then parts o f the heart muscle die

This may sto p the heart fro m pumping blo o d and lead to  a myo cardial inf arctio n, o r heart

attack

Blo ckages in the co ro nary arteries may be bypassed by undergo ing heart bypass surgery

Blo o d vessels fro m the patient's leg are remo ved and used to  create an alternative ro ute fo r

blo o d to  �o w past the blo ckage

At herosclerosis & coronary heart  disease diagram
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Atherosclerosis leads to narrowing of the arteries; this can lead 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 data relating to the incidence of coronary heart
disease

Claims abo ut the impo rtance o f di�erent risk facto rs and co ro nary heart disease, e.g. a diet high

in saturated fats, are based o n:

Epidemio lo gical studies  o n human po pulatio ns

The evidence pro vide co rrelatio n data and so  do  no t  pro vide a de�nite causal link

between co ro nary heart disease and risk facto rs such as saturated fat intake

Clinical studies  o f individual patients
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Such studies are small, e.g. they may fo cus o n just a few individuals, so  they may no t

pro vide representative data

Studies will no t include a suitable co ntro lled experiment  so  it is no t po ssible to  make a

de�nite causal link fro m the results

A co ntro lled experiment wo uld invo lve. e.g. o ne gro up o f participants eating a no rmal

diet while ano ther gro up eats a diet high in saturated fat

Ethical co nsideratio ns wo uld prevent such co ntro lled experiments fro m being

carried o ut, due to  the risk o f harm to  a gro up co nsuming a high fat diet o ver a lo ng

perio d

When evaluating data fro m studies o n co ro nary heart disease yo u co uld co nsider the fo llo wing:

The sample gro up used must be representative o f the po pulatio n

Larger sample siz es  are mo re likely to  be representative as they co ver a larger cro ss-

sectio n o f the po pulatio n

Samples must no t all co me f ro m the same demo graphic gro up, e.g. no t all white men

who  are o ver 60 and live in Lo ndo n

Samples must be human; results fro m animal trials do  no t perfectly represent human

physio lo gy

Statistical analysis sho uld be used to  check that any di�erences between results are

statistically signi�cant

E.g. the use o f erro r bars in graphical data o r the co mpariso n o f mean values fro m

di�erent trial gro ups

So me studies need to  have a co ntro l with which to  co mpare the results

E.g. when testing a drug to  treat heart disease, a co ntro l gro up that is no t given the drug

sho uld be included in the study to  ensure that any e�ect sho wn is due to  the drug and

no t any o ther facto r

Studies sho uld be repeated, o r there sho uld be many studies that sho w the same result ,

befo re co nclusio ns can be drawn

The study sho uld be designed to  co ntro l any variable that is no t being tested; this

increases the validity  o f the results

Co ntro lled facto rs might include, e.g. prio r health o f participants, o ther lifestyle facto rs

o f participants such as exercise and stress levels, age o f participants, and bio lo gical sex

o f participants

Results are co nsidered to  be valid if they measure what they set o ut to  measure, i.e.

they are no t in�uenced by external variables o r po o r experimental design, and have been

analysed co rrectly

Researchers sho uld no t be biased, i.e. lo o king fo r a particular o utco me

This co uld be a pro blem if so meo ne is being paid to  co me up with a particular result

Data co llectio n metho ds  must be accurate, e.g. participants may no t tell the truth in a

questio nnaire abo ut diet o r exercise
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Worked example

A study was carried o ut into  the relative risk o f heart disease (CVD) in no n-smo king adults

expo sed to  a range o f levels o f cigarette smo ke fro m a smo king partner.  The study lo o ked at

523 no n-smo king partners o f smo kers.

The results are sho wn in the graph belo w 

Evaluate the validity o f the data

A co mmentary o n the validity  o f the data co uld include

The study included 523 peo ple; this is a fairly small sample siz e  and may no t represent an

entire po pulatio n

This is o nly o ne study; mo re studies wo uld need to  be carried o ut  to  back up these

results

Being able to  replicate the results o f a study sho ws that the results are reliable

There is no  info rmatio n o n ho w o ther risk f acto rs might be interacting with smo king to

in�uence the risk o f CVD

Risk facto rs such as age, diet, bio lo gical sex, o r exercise levels may be playing a ro le,

as these facto rs may be interacting with the smo king variable e.g.

Smo kers are o ften o lder

Mo re men may smo ke than wo men

Smo kers may be less likely to  exercise

The data do esn't co mment o n the use o f  any statistical tests  so  we canno t state the

signi�cance o f the di�erences between the di�erent levels o f smo ke expo sure
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NOS: Correlation coe�cients quantify correlations between variables and
allow the strength of the relationship to be assessed

So metimes co rrelatio n between two  variables can appear in the data

Co rrelatio n is an asso ciatio n, o r relatio nship, between variables

There is a clear distinctio n between co rrelatio n and causatio n: a co rrelatio n do es no t

necessarily imply a causative relatio nship

Causatio n o ccurs when o ne variable has an in�uence o n, o r is in�uenced by, ano ther

In o rder to  get a bro ad o verview o f the co rrelatio n between two  variables the data po ints fo r

bo th variables can be plo tted o n a scatter graph

Co rrelatio n can be po sitive o r negative

Po sitive co rrelatio n: as variable A increases, variable B increases

Negative co rrelatio n: as variable A increases, variable B decreases

The co rrelatio n co e�cient (r) can be calculated; this indicates the strength o f  the relatio nship

between variables

Perfect co rrelatio n o ccurs when all o f  the data po ints lie o n a straight line  with a co rrelatio n

co e�cient o f  1 o r -1

Remember that even stro ng co rrelatio ns do  no t imply a causal relatio nship between the

variables

The clo ser the co rrelatio n co e�cient is to  1 o r -1, the stro nger the relatio nship

If there is no  co rrelatio n between variables the co rrelatio n co e�cient will be 0

Lo w co rrelatio n co e�cients o r no  co rrelatio n between variables may pro vide evidence against  a

hypo thesis

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

The Transpiration Stream

When water evapo rates  fro m the surfaces o f cells inside a leaf during transpiratio n, mo re water is

drawn f ro m the nearest xylem vessels  to  replace the water lo st by evapo ratio n

Water mo lecules adhere to  the cell walls o f  plant cells in the leaf, enabling water to  mo ve

thro ugh the cell walls

Here the water mo ves thro ugh the cell walls o f the xylem into  o ther cells o f the leaf

This mo vement o f water that o ccurs due to  adhesio n to  the walls o f a narro w tube is  capillary

actio n

The lo ss o f water fro m the xylem vessels generates tensio n (negative pressure) within the xylem 

The tensio n generated in the xylem when water mo ves into  the cells in the leaves creates a pulling

f o rce  thro ugho ut the xylem vessels that is transmitted, via co hesio n between water mo lecules,

all the way do wn the stem o f the plant and to  the ends o f the xylem in the ro o ts

This is kno wn as transpiratio n pull and it allo ws water to  be mo ved upwards thro ugh the

plant, against the fo rce o f gravity

This is so metimes kno wn as the co hesio n-tensio n theo ry o f transpiratio n

This co ntinuo us upwards �o w o f water in the xylem vessels o f plants is kno wn as the

transpiratio n stream

Wat er t ransport  in plant s diagram

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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Transpiratio n is impo rtant to  the plant in the fo llo wing ways

It pro vides a means o f co o ling the plant via evapo rative co o ling

The transpiratio n stream is helpful in the uptake o f  mineral io ns

The turgo r pressure o f the cells (due to  the presence o f water as it mo ves up the plant)

pro vides suppo rt  to  leaves (enabling an increased surface area o f the leaf blade) and the

stem o f no n-wo o dy plants

Adaptations of Xylem Vessels

Adaptations of Xylem Vessels

The transpo rt o f water o ccurs in xylem vessels, o ne o f the vascular tissues fo und within plants

Alo ng with water, xylem vessels are also  respo nsible fo r the transpo rt o f mineral io ns fro m the

ro o ts

The co hesive pro perty o f water, to gether with the structure o f the xylem vessels, allo ws water to

be transpo rted under tensio n fro m the so il to  the leaves

Xylem vessel adaptations

Xylem vessels are fo rmed fro m lo ng lines o f  cells  that are co nnected at each end

Mature xylem vessels are no n-living cells

As the xylem cells develo p the cell walls between the co nnected cells degrade  and the cell

co ntents are bro ken do wn

This fo rms mature xylem vessels  that are lo ng, co ntinuo us, ho llo w tubes  that lack cell

co ntent and end walls

This allo ws fo r unimpeded �o w thro ugh the xylem vessels

The walls o f xylem vessels are thickened with cellulo se  and strengthened with a po lymer called

lignin

This means xylem vessels are extremely to ugh and can withstand very lo w internal

pressures, i.e. negative pressure (tensio n), witho ut co llapsing in o n themselves

Xylem vessel walls co ntain tiny po res called pits  which allo w water to  enter and mo ve sideways

between vessels

This means that if a vessel is damaged, the water can �o w into  ano ther vessel and still reach

the leaves

Xylem st ruct ure 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

The stem in a dico tyledo no us plant co ntains several di�erent types o f tissues, which include:

The epidermis  which fo rms the o uter layer o f the stem

This prevents water lo ss and pro vides pro tectio n fro m herbivo res

Parenchyma which fo rms the co rtex and pith o f the stem

These cells act as sto rage structures  fo r starch and o ther substances

The co rtex is the regio n lo cated directly beneath the epidermis while the pith is the

central regio n o f the stem

Vascular tissue  arranged in a ring o f vascular bundles

Xylem transpo rts water and disso lved mineral io ns  fro m the ro o ts to  the leaves

Phlo em transpo rts o rganic so lutes  fro m the leaves to  o ther parts o f the plant

The distributio n o f tissues in a transverse sectio n o f a dico tyledo no us stem can be represented

as a plan diagram

There are a few things to  keep in mind when drawing plan diagrams:

Do  no t draw individual cells; o nly the o utline o f di�erent tissues are drawn

Draw clear, co ntinuo us lines; do  no t sketch

Avo id shading parts o f yo ur drawing

Pay attentio n to  the siz e and pro po rtio ns  o f di�erent parts visible in a micro graph

Make sure the di�erent parts are clearly labelled

Add a scale bar o r the estimated siz e  o f yo ur drawing

Include anno tatio ns that give the functio ns o f the labelled sectio ns
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A plan diagram (bottom right) showing the distribution of di�erent tissues in a dicotyledonous stem

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

Exam T ip

Yo u are expected to  anno tate yo ur drawing with the main functio ns o f these structures; this is

no t sho wn abo ve
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Dicotyledonous Root Structure

Distribution of tissues in a transverse section of a dicotyledonous root

The arrangement o f the vascular tissues  di�er in a ro o t  co mpared to  a stem

The xylem is centrally lo cated in a ro o t in a cro ss-shaped structure, while it fo rms the o uter

part o f the ring o f vascular bundles in a stem

Remember, x = a cro ss = xylem

Phlo em bundles are arranged between the cro ss "arms" o f xylem in a ro o t, while it fo rms the

inner part o f the ring o f vascular bundles in a stem

The co rtex co nsists o f parenchyma cells that sto re starch and o ther substances while the

epidermis  fo rms the o uter layer o f the ro o t

Specialised epidermal cells called ro o t hairs  are present in ro o ts to  abso rb water and

mineral io ns fro m the so il

The endo dermis  fo rms the bo undary between the vascular tissue and co rtex in a ro o t

Yo u sho uld be able to  draw a plan diagram o f the tissues in a dico tyledo no us ro o t; see abo ve fo r

the features o f a plan diagram drawing
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A plan diagram (bottom right) of a dicotyledonous root showing the distribution of di�erent tissues

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

Exam T ip

Do n't fo rget to  draw yo ur plan diagrams large eno ugh to  �ll at least half o f the available space o n

a page. Making a drawing that is to o  small will make it di�cult to  label structures accurately and

may co st yo u marks
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Tissue Fluid (HL)

Release & Reuptake of Tissue Fluid

Plasma is a straw-co lo ured liquid that co nstitutes aro und 55 %  o f the blo o d

Plasma is largely co mpo sed o f water (95 % ) and, because water is a go o d so lvent , many

substances can disso lve in it, allo wing them to  be transpo rted aro und the bo dy

As blo o d passes thro ugh capillaries  so me plasma is fo rced o ut thro ugh gaps in the walls o f the

capillary to  surro und the cells o f the bo dy; this results in the fo rmatio n o f  tissue �uid

The co mpo sitio n o f plasma and tissue �uid are very similar, altho ugh tissue �uid co ntains f ewer

pro teins and cells

Pro teins are to o  large to  �t thro ugh gaps in the capillary walls  and so  remain in the blo o d

Red blo o d cells  and platelets  are no t present in the tissue �uid as they are also  to o  large to

leave the capillaries

Tissue �uid bathes almo st all the cells o f the bo dy that are o utside the circulato ry system

Exchange  o f substances between cells and the blo o d o ccurs via the tissue �uid

Fo r example, carbo n dio xide pro duced in aero bic respiratio n will leave a cell, disso lve into

the tissue �uid surro unding it, and then mo ve back into  the capillary

T he e�ect of blood pressure on tissue �uid

T issue �uid f ormat ion at  t he art erial end

When blo o d is at the arterial end o f a capillary the blo o d pressure  is high eno ugh to  f o rce �uid

o ut  o f the capillary

The pro cess by which tissue �uid is fo rced o ut o f the capillaries at high pressure is kno wn as

pressure �ltratio n

Reupt ake of  t issue �uid at  t he venous end

At the veno us end o f the capillary the blo o d pressure within the capillary is reduced  due to

increased distance fro m the heart and the slo wing o f blo o d �o w as it passes thro ugh the

capillaries

Tissue �uid drains back into  the capillaries fro m the tissues

Ro ughly 90 %  o f the �uid lo st at the arterial end o f the capillary is reabso rbed at the veno us

end

The o ther 10 %  remains as tissue �uid  and is eventually co llected by vessels kno wn as lymph

vessels

Fro m the lymph vessels the �uid is eventually returned to  the circulato ry system

T he e�ect of solute concentration on tissue �uid

Pressure �ltratio n o ccurs due to  the o utward fo rce exerted by high blo o d pressure at the

arterial end  o f capillaries, but high blo o d pressure isn't the o nly facto r that a�ects tissue �uid: 
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After pressure �ltratio n has o ccurred, pro teins remain in the blo o d as they are to o  large to

pass thro ugh the po res in the capillary wall

The increased pro tein co ncentratio n o f the capillary creates a so lute gradient  between the

capillary and the tissue �uid

The so lutes in this case are the pro teins in the blo o d

The so lute gradient exerts an inward pull o n the tissue �uid which draws water back into  the

capillary

This is due to  o smo sis, which is the mo vement o f water fro m a dilute so lutio n (the tissue

�uid) to  a so lutio n with a higher so lute co ncentratio n (the capillary)

At the arterial end the o utward fo rce generated by the high blo o d pressure is greater than the

inward fo rce o f the so lute gradient so  the net mo vement o f water is o ut o f  the capillaries  into

the tissue �uid

At the veno us end the inward f o rce o f  the so lute gradient is greater than the o utward fo rce o f

the blo o d pressure and �uid mo ves back into  the capillaries

At the arterial end the hydrostatic pressure (blood pressure) has a greater e�ect than the solute gradient

so the tissue �uid is forced out of the capillaries

At the venous end the hydrostatic pressure has less e�ect than the solute gradient so most of the �uid is

drawn back into the capillary
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Exam T ip

Remember that tissue �uid is fo rmed by pressure �ltratio n o f plasma in capillaries, which is

pro mo ted by the higher blo o d pressure fro m arterio les. Lo wer pressure in venules allo ws tissue

�uid to  drain back into  capillaries.

No te that the speci�catio n do es no t require kno wledge o f the e�ect o f so lute co ncentratio n

o n tissue �uid, but this has been included here to  better explain the draining o f tissue �uid at lo w

blo o d pressure.
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Composition of Plasma & Tissue Fluid

Blo o d plasma and tissue �uid are similar in their co mpo sitio n, altho ugh there are so me

di�erences between them

Water and so lutes  fo rm an impo rtant part o f bo th plasma and tissue �uid

Substances that are to o  large  to  �lter o ut thro ugh the capillary wall, such as plasma pro teins

and red blo o d cells  will no t be fo und in tissue �uid

So me white blo o d cells, which are very �exible cells, are able to  squeez e o ut o f the

capillaries, so  are present in the tissue �uid

Substances such as  gluco se, amino  acids  and o xygen are abso rbed by cells, so  tissue �uid

will co ntain less o f these substances

Gluco se and o xygen are requirements o f aero bic respiratio n while amino  acids are

needed fo r pro tein synthesis

Cells pro duce carbo n dio xide  as a waste pro duct during cell respiratio n which will di�use

into  the tissue �uid

Composit ion of  blood plasma and t issue �uid t able

Substance Blood plasma Tissue fluid

Blo o d cells
Red blo o d cells, phago cytes,

lympho cytes and platelets
Phago cytes

Pro teins Many large plasma pro teins Fewer, smaller pro teins

Gluco se Higher co ncentratio n Lo wer co ncentratio n

Amino  acids Higher co ncentratio n Lo wer co ncentratio n

Oxygen Higher co ncentratio n Lo wer co ncentratio n

Carbo n dio xide Lo wer co ncentratio n Higher co ncentratio n
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Drainage Into Lymph Ducts

Formation of lymph

So me tissue �uid re-enters the capillaries while so me enters the lymph capillaries

The lymph capillaries are separate fro m the circulato ry system and fo rm part o f the lymphatic

system

They have clo sed ends and large po res that allo w large mo lecules to  pass thro ugh

They co ntain �uid kno wn as lymph

Larger mo lecules  that are no t able to  pass thro ugh the capillary wall enter the lymphatic system

Small valves in the vessel walls are the entry po int to  the lymphatic system

Lymph �uid mo ves alo ng the larger vessels o f this system by co mpressio n caused by bo dy

mo vement . Any back�o w is prevented by valves

These larger vessels are kno wn as lymph ducts

Peo ple who  have been sedentary o n planes may experience swo llen lo wer limbs due to  the

lack o f mo vement which causes lymph to  accumulate in these parts

Lymph no des  are present in the lymph ducts

These co ntain macro phages which will engulf bacteria present in the lymph

Other cells o f the immune system can also  be fo und in the lymph no des

The lymph eventually re-enters the blo o dstream thro ugh veins lo cated clo se to  the heart

Any plasma pro teins  that have escaped fro m the blo o d are returned to  the blo o d via the lymph

capillaries

If plasma pro teins are no t remo ved fro m tissue �uid they co uld increase the so lute

co ncentratio n o f the tissue �uid and prevent the reabso rptio n o f water into  the blo o d in the

capillaries

After digestio n lipids  are transpo rted fro m the intestines to  the blo o dstream by the lymph

system, so  lymph �uid co ntains lipids

T issue �uid and lymph vessels diagram
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Some components of tissue �uid drain into the lymph vessels
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Circulatory Systems (HL)

Comparing Single & Double Circulation

Di�erences between single circulation in bony �sh and double circulation in
mammals

Bo th �sh and mammals have a clo sed circulato ry system

This means blo o d is co ntained within a system o f blo o d vessels

Bo ny �sh have single circulatio n

Blo o d mo ves thro ugh the heart o nce  during each co mplete circuit

The heart has two  chambers

It enters the heart fro m the bo dy befo re being pumped to  the gills

Here blo o d is o xygenated  befo re mo ving to  the rest o f the bo dy

Single circulat ion diagram

Bony �sh have single circulation
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Mammals have do uble circulatio n

This means blo o d �o ws thro ugh the heart twice  fo r each co mplete circuit o f the bo dy

The heart has f o ur chambers; two  o n the right and two  o n the left

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

pulmo nary circulatio n

Blo o d then returns to  the left side o f the heart, so  that o xygenated blo o d can be pumped at

high pressure aro und the bo dy; this is systemic circulatio n

Double circulat ion diagram

Mammals have double circulation
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The main advantages  o f the mammalian do uble circulatio n system include:

Keeping o xygenated and deo xygenated blo o d separate, so  that cells can receive blo o d

with high o xygen levels fo r aero bic respiratio n

Maintaining a high pressure  fo r the transpo rt o f o xygenated blo o d to  every part o f the bo dy

Pumping blo o d at a lo wer pressure  in the lungs so  that delicate blo o d vessels are no t

damaged

The Mammalian Heart (HL)

The Mammalian Heart

Adaptations of the mammalian heart to deliver blood to the arteries

The heart muscle is kno wn as cardiac muscle; a specialised fo rm o f muscle tissue that is able to

co ntract repeatedly and co ntinuo usly witho ut beco ming fatigued

The heart is divided into  fo ur chambers; the two  to p chambers are atria and the bo tto m two

chambers are ventricles

The atria

These chambers receive blo o d f ro m the veins  that return fro m the lungs and the bo dy

They are surro unded by a thin layer o f  muscle, allo wing them pump blo o d o ver a sho rt

distance into  the ventricles  belo w

The ventricles

These chambers receive blo o d f ro m the atria

They have thick muscle walls  which can generate high pressures fo r pumping blo o d to

the lungs and to  the bo dy

The left ventricle has thicker muscle than the right ventricle, as it must pump blo o d all

aro und the bo dy

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

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

o f the heart

The wall o f the right atrium co ntain a small regio n o f tissue kno wn as the pacemaker, o r sino atrial

no de (SAN)

The pacemaker initiates the heart beat by sending a wave o f excitatio n acro ss the atria

This causes atrial co ntractio n

The electrical impulse travels do wn to  the base o f  the ventricles

Fro m the base, it spreads upwards  acro ss the ventricular walls

This causes ventricular co ntractio n

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

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

Valves in t he heart

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

�o wing backwards

Valves in the heart:

Open when the pressure o f blo o d behind them is greater than the pressure in fro nt o f them

Clo se when the pressure o f blo o d in fro nt o f them is greater than the pressure behind them

The valves between the atria and the ventricles are the atrio ventricular valves; they prevent

blo o d fro m �o wing back fro m the ventricles into  the atria
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The right atrium and right ventricle are separated by the tricuspid valve

The left atrium and left ventricle are separated by the bicuspid valve

The valves between the ventricles and the arteries are the semilunar valves

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

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

Heart  st ruct ure diagram

Deoxygenated blood �ows into the right atrium from the body, from which it �ows 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, �ows 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

The heart is a muscle and so  requires its o wn blo o d supply; blo o d supplies the cells with o xygen

and gluco se fo r aero bic respiratio n

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

These arteries are visible o n the fro nt o f the heart

Coronary art eries diagram

The coronary arteries supply the heart muscle with oxygenated blood

Exam T ip

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

being o n the left. This is because the heart is labelled as if it were in yo ur bo dy and �ipped aro und.
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The Cardiac Cycle: Skills (HL)

The Cardiac Cycle

Cont rol of  t he cardiac cycle

Co ntro l o f the basic heartbeat is myo genic, which means the heart will beat witho ut any external

stimulus fro m the nervo us system

This intrinsic rhythm means the heart beats at aro und 60 times per minute

The sino atrial no de (SAN) is a gro up o f cells in the wall o f the right atrium; it co ntro ls the cardiac

cycle as fo llo ws:

The SAN initiates a wave o f depo larisatio n that spreads acro ss the atria and causes the atria

to  co ntract

A regio n o f no n-co nducting tissue prevents the depo larisatio n spreading straight to  the

ventricles

This delays the wave o f depo larisatio n fo r lo ng eno ugh to  allo w the atria to  �nish

co ntracting

The depo larisatio n is instead carried to  the atrio ventricular no de (AVN); this is a regio n o f

co nducting tissue between atria and ventricles

Co nducting �bres carry the wave o f excitatio n do wn the septum and o ut aro und the walls o f

the ventricles

The bundle o f  His  is a co llectio n o f co nducting tissue lo cated in the septum

The Purkyne �bres  spread aro und the ventricles

The ventricles depo larise fro m the base upwards, and the ventricles co ntract

St ages in t he cardiac cycle t able

Stage in

sequence
Event

1 Sino atrial no de sends o ut a wave o f excitatio n

2 Atria co ntract

3 Atrio ventricular no de sends o ut a wave o f excitatio n

4 Purkyne tissue co nducts the wave o f excitatio n

5 Ventricles co ntract
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Cont rol of  cardiac cycle diagram

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

T he events of the cardiac cycle

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

co ntractio n and relaxatio n

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

called diasto le

One cardiac cycle is fo llo wed by ano ther in a co ntinuo us pro cess

There is no  gap between cycles where blo o d sto ps �o wing

The events o f the cardiac cycle o ccur simultaneo usly  in the lef t and right  sides o f the heart

Volume and pressure changes
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Co ntractio n o f the heart muscle causes a decrease in vo lume in the co rrespo nding chamber o f

the heart, which then increases again when the muscle relaxes

Vo lume changes lead to  co rrespo nding pressure changes

When vo lume decreases, pressure increases

When vo lume increases, pressure decreases

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

di�erent regio ns o f the heart

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

o f  them

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

them

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

Atrial systole

The heartbeat is initiated by the sino atrial no de

The walls o f the atria co ntract

Atrial vo lume decreases

Atrial pressure increases 

The pressure in the atria rises abo ve that in the ventricles, f o rcing the atrio ventricular (AV) valves

o pen

Blo o d is fo rced into  the ventricles

There is a slight increase in ventricular pressure and chamber vo lume as the ventricles receive

the blo o d f ro m the atria

The ventricles are relaxed at this po int; ventricular diasto le  co incides with atrial systo le

Ventricular systole

The walls o f the ventricles co ntract

Ventricular vo lume decreases

Ventricular pressure increases

The pressure in the ventricles rises abo ve that in the atria

This f o rces the AV valves to  clo se, preventing back �o w o f blo o d

The pressure in the ventricles rises abo ve that in the ao rta and pulmo nary artery

This f o rces the semilunar (SL) valves o pen so  blo o d is fo rced into  the arteries and o ut o f the

heart

During this perio d, the atria are relaxing; atrial diasto le co incides with ventricular systo le

The blo o d �o w to  the heart co ntinues, so  the relaxed atria begin to  �ll with blo o d  again

Diastole

The ventricles and atria are bo th relaxed

The pressure in the ventricles dro ps belo w that in the ao rta and pulmo nary artery, fo rcing the SL

valves  to  clo se

The atria co ntinue to  �ll with blo o d  

Blo o d returns to  the heart  via the vena cava and pulmo nary vein

Pressure in the atria rises abo ve that in the ventricles, fo rcing the AV valves o pen

Blo o d �o ws passively into  the ventricles  witho ut need o f atrial systo le

The cycle then begins again with atrial systo le

Cardiac cycle diagram
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Atrial systo le Open Clo sed

Ventricular systo le Clo sed Open

Diasto le Open Clo sed

Stage in cardiac cycle Atrioventricular valves Semilunar valves

Valves during t he cardiac cycle t able

Analysing the cardiac cycle

The lines o n the graph represent the pressure o f the left atrium, ao rta, and the left ventricle
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The po ints at which the lines cro ss each o ther are impo rtant because they indicate when valves

o pen and clo se

Po int A - the end o f  diasto le

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

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

Between po ints A and B - atrial systo le

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

ventricle

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

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

Po int B - beginning o f  ventricular systo le

Lef t ventricle co ntracts causing the ventricular pressure to  increase

Pressure in the left atrium dro ps as the muscle relaxes

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

Po int C - ventricular systo le

The ventricle co ntinues to  co ntract

Pressure in the left ventricle exceeds that in the ao rta

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

Po int D - beginning o f  diasto le

Left ventricle has been emptied o f blo o d

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

Ao rtic valve clo ses

Between po ints D and E - early diasto le

The ventricle remains relaxed and ventricular pressure co ntinues to  decrease

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

increase in pressure

Po int E - diasto le

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

newly emptied ventricle

AV valve o pens

Af ter po int E - late diasto le

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

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

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

causing a brief  decrease in pressure in the left atrium

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

blo o d
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Worked example

The graph belo w sho ws pressure changes during the cardiac cycle.

Calculate the heart rate o f this perso n. Give yo ur answer in beats per minute.

Step 1: Wo rk o ut the length o f  o ne heart beat

It takes 0.7 seco nds fo r co mpletio n o f o ne cardiac cycle, which is o ne heart beat

So  there is 1 cycle in 0.7 seco nds

Step 2: Calculate ho w many heart beats o ccur per seco nd

Divide by 0.7 to  �nd o ut ho w many cycles in 1 seco nd

1 ÷  0.7 = 1.43 beats in 1 seco nd

Step 3: Calculate ho w many heart beats o ccur per minute

Multiply by 60 to  �nd o ut ho w many cycles in 60 seco nds

1.43 ×  60 = 85.71 beats in 60 seco nds

So  the heart rate is 85.7 1 beats / min
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Exam T ip

Yo u might be asked to  interpret the graph o f the cardiac cycle so  it is impo rtant yo u understand it

and can analyse where each stage o f the cycle is happening. Co mmo n areas o f assessment

include

Pressure and vo lume changes,

Timings o f valves o pening and clo sing

When blo o d starts �o wing in o r o ut o f speci�c chambers

No te that the speci�catio n refers to  events 'in the left side o f the heart', while this pages do es

no t distinguish between left and right. The events o f the cardiac cycle o ccur simultaneo usly in

the left and right sides o f the heart, so  anything o n this page can be applied equally to  the left o r

right sides.

The Roots & Water Transport (HL)

Generation of Root Pressure

Lo ss o f water at the leaves by transpiratio n creates a negative pressure inside xylem vessels

which pulls water up the stem o f plants, but plants can also  push water up fro m the ro o ts by

generating ro o t pressure

Ro o t pressure is generated as fo llo ws:

Minerals are actively transpo rted  into  the cells o f the ro o ts fro m the so il, lo wering the

water po tential o f the ro o t cells

No te that a lo w water po tential is the result o f a high so lute co ncentratio n

This creates a water po tential gradient between the so il and the cells o f the ro o ts and

water mo ves into  the ro o t cells by o smo sis

Minerals are then actively transpo rted fro m cell to  cell acro ss the ro o t, eventually reaching

the xylem

As minerals enter the cells and the xylem the water po tential is reduced and water f o llo ws by

o smo sis

Water enters the xylem and generates a po sitive pressure po tential; this pushes  the co lumn

o f water upwards; this is ro o t pressure

Ro o t pressure is impo rtant in driving the mo vement o f water up xylem vessels when the rate o f

transpiratio n is lo w

E.g. in co nditio ns o f high humidity o r befo re the leaves o f deciduo us plants develo p in spring

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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Translocation in Plants (HL)

Translocation in Plants

Translo catio n is the bio lo gical term used to  describe the transpo rt o f  o rganic so lutes  in the

phlo em tissue

The liquid that is being transpo rted within the phlo em can be referred to  as phlo em sap

This phlo em sap co nsists o f sugars in the fo rm o f sucro se, alo ng with water and o ther

disso lved substances such as amino  acids

These disso lved substances are so metimes referred to  as assimilates

Translo catio n within phlo em tissue transpo rts these o rganic co mpo unds fro m regio ns kno wn as

‘so urces’ to  regio ns kno wn as ‘sinks’

Sources and sinks

So urces are the regio ns o f plants in which o rganic so lutes o riginate; they can include

Mature green leaves and green stems

Pho to synthesis  in these regio ns pro duces gluco se  which is co nverted into  sucro se

befo re being transpo rted

Sto rage o rgans, e.g. tubers and tap ro o ts, unlo ading their sto red substances at the

beginning o f a gro wth perio d

Fo o d sto res in seeds which are germinating

Sinks are the regio ns o f plants where o rganic co mpo unds are required  fo r gro wth; they can

include

Meristems that are actively dividing

Ro o ts  that are gro wing o r actively taking up mineral io ns

Yo ung leaves  in bud

Any part o f the plant where o rganic co mpo unds are being sto red, e.g. develo ping seeds,

fruits, o r sto rage o rgans

No te that so urces can beco me sinks and vice versa, depending o n the time o f year and the

pro cesses taking place inside the plant

Sources and sinks diagram
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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 functio n o f phlo em tissue in a plant is to  transpo rt o rganic co mpo unds, particularly sucro se,

f ro m so urces to  sinks

The cells that make up the phlo em tissue are highly specialised, meaning that their structure aids

their f unctio n

Phlo em is a co mplex tissue made up o f di�erent cell types; it is mainly made up o f sieve tube

elements  and co mpanio n cells

Sieve tube cells, o r elements, line up end-to -end to  fo rm a co ntinuo us tube  thro ugh which

phlo em sap �o ws

The cells are separated by perfo rated  sieve plates  which allo w the passage o f

assimilates

Sieve tube cells have reduced cyto plasm and f ew o rganelles  to  allo w the f ree �o w o f

phlo em sap

Co mpanio n cells are clo sely asso ciated with the sieve tube  and aid with the lo ading and

unlo ading o f disso lved substances, o r assimilates

Co mpanio n cells co ntain many mito cho ndria which generate ATP fo r the active lo ading

o f sucro se into  the sieve tube

Sieve tubes and co mpanio n cells are linked by bridges o f  cyto plasm kno wn as plasmo desmata

Phloem adapt at ions diagram
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Phloem tissue contains sieve tube cells and companion cells
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o rganic co mpo unds between cells

Cellulo se cell wall

Strengthens the wall to  withstand the

hydro static pressures that mo ve the

assimilates

No  nucleus, vacuo le o r ribo so mes in

mature cells 

Maximises the space fo r the translo catio n

o f assimilates

Thin cyto plasm
Reduces frictio n to  facilitate the

mo vement o f assimilates

Companion cell st ruct ure and f unct ion t able

Structure Function

Nucleus and o ther o rganelles
Pro vides metabo lic suppo rt to  sieve tube

elements

Transpo rt pro teins in plasma membrane
Mo ves assimilates into  and o ut o f the sieve

tube elements

Many mito cho ndria

Pro vide ATP fo r the active transpo rt o f

assimilates into  o r o ut o f the co mpanio n

cells

Plasmo desmata

Link with sieve tube elements to  allo w

assimilates to  mo ve fro m the co mpanio n

cells into  the sieve tubes

Translocation

The lo ading and unlo ading o f sucro se and o ther o rganic co mpo unds fro m the so urce to  the

phlo em, and fro m the phlo em to  the sink is an active pro cess, meaning that it requires energy in

the fo rm o f ATP

A summary o f the pro cess is

�. Active transpo rt  is used to  lo ad o rganic co mpo unds  into  the phlo em at the so urce

�. The high co ncentratio ns o f so lutes in the phlo em at the so urce lo wer the water po tential

and cause water to  mo ve into  the phlo em vessels by o smo sis

Water can mo ve in fro m the neighbo uring xylem vessels

�. This results in a raised hydro static pressure  and generates a hydro static pressure gradient

between the so urce and the sink; this causes the co ntents o f  the phlo em to  �o w to wards

the sink do wn a pressure gradient

Hydro static pressure refers to  the pressure exerted by a �uid o n the walls o f its

co ntainer; in this case the walls o f the phlo em

Structure Function

Sieve plates Allo ws fo r the co ntinuo us mo vement o f the

Sieve t ube st ruct ure and f unct ion t able
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�. At the same time sucro se is being unlo aded  fro m the phlo em at the sink, lo wering the water

po tential o f the cells o f the sink

�. Water fo llo ws by o smo sis, maintaining the hydro static pressure gradient  between the

so urce and the sink

Exam T ip

Remember that directio n o f mo vement in the phlo em is determined by the lo catio ns o f the

so urce and the sink, so  can be either upward o r do wnward.

Understand the di�erence between sieve tube elements and co mpanio n cells, and make sure

that yo u can describe ho w the structure  o f sieve tube cells is related to  their f unctio n
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