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  1	 Blood	circulates	from	the	heart	through	the	arteries	to	the	capillaries	
then	to	the	veins	and	back	to	the	heart.	

  2	 There	is	a	decrease	in	blood	pressure	as	blood	moves	away	from	the	
heart.	

  3	 Blood	vessels	are	tubes	with	walls	composed	of	different	tissues	
depending	on	the	function	of	the	vessel.	

  4	 The	central	space	or	cavity	of	blood	vessels	is	called	the	lumen.	
  5	 The	lumen	is	lined	with	a	layer	of	cells	called	the	endothelium.	
  6	 The	endothelium lining	the	central	lumen	of	blood	vessels	is	

surrounded	by	layers	of	tissue	that	differ	between	arteries,	capillaries	
and	veins.	

  7	 Arteries	carry	blood	away	from	the	heart.	
  8	 Blood	is	pumped	through	arteries	at	a	high	pressure.	
  9	 Arteries	have	an	outer	layer	of	connective tissue	containing	elastic	

fibres	and	a	thick	middle	layer	containing	smooth	muscle	with	more	
elastic	fibres.	

10  The	thick	elastic	walls	of	the	arteries	stretch	and	recoil	to	accommodate	
the	surge	of	blood	after	each	contraction	of	the	heart.	

11	 The	smooth	muscle	in	the	walls	of	arteries	can	contract	or	relax,	
causing	vasoconstriction	and	vasodilation	to	control	blood	flow.	

12	 The	ability	of	the	arteries	to	vasoconstrict	or	vasodilate	allows	the	
changing	demands	of	the	body’s	tissues	to	be	met.	

13	 During	exercise	the	arteries	supplying	the	muscles	vasodilate,	which	
increases	the	blood	flow.	

14	 During	exercise	the	arteries	supplying	the	abdominal	organs	
vasoconstrict,	which	reduces	the	blood	flow	to	them.	

15	 Capillary	walls	are	only	one	cell	thick,	which	allows	quick	and	efficient	
exchange	of	substances	with	tissues	through	their	thin	walls.	

16	 Veins	carry	blood	towards	the	heart.	
17	 Veins	have	an	outer	layer	of	connective	tissue	containing	elastic	fibres	

but	a	much	thinner	muscular	wall	than	arteries.	
18	 The	central	lumen	of	a	vein	is	relatively	wider	than	that	of	an	artery.	
19	 Valves	are	present	in	veins	to	prevent	the	backflow	of	blood.	
20	 Valves	are	needed	as	the	blood	is	flowing	back	to	the	heart	at	low	

pressure	and	generally	against	the	force	of	gravity.	
21	 Pressure filtration	causes	plasma	to	pass	through	capillary	walls	into	

the	tissue fluid	surrounding	the	cells.		
22	 Tissue	fluid	and	blood	plasma	are	similar	in	composition,	with	the	

exception	of	plasma	proteins,	which	are	too	large	to	be	filtered	through	
the	capillary	walls.		

23	 Tissue	fluid	contains	glucose,	oxygen	and	dissolved	substances,	which	
supply	the	tissues	with	all	their	requirements.	

Key points !

Key Area 2.5

The structure and function of arteries,  
capillaries and veins
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Area 2 Physiology and health

Summary notes
Circulation
The heart, blood vessels and the blood they contain form the 
cardiovascular system. Blood circulates from the heart through blood 
vessels called arteries, to the capillaries then to the veins before returning 
to the heart (Figure 2.24). There is a decrease in blood pressure as blood 
moves away from the heart.

24	 Useful	molecules	such	as	glucose	and	oxygen	diffuse	into	cells	and	
carbon	dioxide	and	other	metabolic	waste	substances	diffuse	out	of	
the	cells	and	into	the	tissue	fluid	to	be	excreted.	

25	 Much	of	the	tissue	fluid	re-enters	the	capillaries	and	returns	to	the	
blood.	

26	 Lymph vessels	absorb	excess	tissue	fluid	and	return	it	as	lymph	
fluid	to	the	circulatory	system.	

Blood vessels
The central space within a blood vessel is called the lumen. The central 
lumen is lined with a layer of cells called the endothelium. The layers of 
tissue outside the endothelium are different in the different blood vessels. 

Arteries
Arteries carry blood at high pressure away from the heart. 
They have thick walls and a relatively narrow central 
lumen. Arteries have an outer layer of connective tissue 
containing elastic fibres and a middle layer containing 
smooth muscle with more elastic fibres, as shown in 
Figure 2.25.

artery arteriole
(small artery)

capillary vein

from heart

back to heart

venule
(small vein)

Figure 2.24 The pattern of circulation

outer layer of connective
tissue containing

elastic fibres 

middle layer containing
smooth muscle with

elastic fibres

lumen (narrower than
comparable vein)

endothelium

Figure 2.25 The structure of an artery
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Key Area 2.5 The structure and function of arteries, capillaries and veins

Contractions of the heart force surges of high-pressure blood into the 
arteries. The elastic fibres in the outer and middle layers allow the artery 
walls to stretch as these surges of blood pass through them. These fibres 
then recoil between beats, so maintaining the high pressure of blood in 
the arteries.

Contraction of the smooth muscle in the middle layer of the artery 
wall decreases the diameter of the central lumen. This is called 
vasoconstriction. Vasoconstriction of the arteries decreases the flow of 
blood into the capillaries. Relaxation of the smooth muscle in the middle 
layer of the artery wall causes the opposite effect, called vasodilation. 
Vasodilation increases the diameter of the central lumen and increases 
the blood flow into the capillaries. 

Veins
Veins carry blood at low pressure back to the heart. Veins remove blood 
from the capillaries, where exchange of materials with tissues has taken place. 
Veins have an outer layer of connective tissue containing elastic fibres but a 
much thinner muscular wall than arteries. The lumen of a vein is relatively 
wider than that of an artery of equivalent diameter.

Veins have valves that prevent the backflow of blood to the heart at low 
pressure and generally against the force of gravity. Figure 2.26 shows the 
structure of a vein.

Remember: A for Artery 
and for Away from heart.

Hints & tips �

Remember: VeINs carry 
blood INto the heart. Veins 
have Valves.

Hints & tips �

Capillaries
Capillaries allow the exchange of substances carried in the 
blood with the tissues of the body. Capillaries have a lumen 
and very thin walls – only the endothelium. This allows quick 
and efficient exchange of materials to occur between the 
blood inside and the surrounding body tissues. Figure 2.27 
shows the structure of a capillary.

endothelium
(thin – single cell layer)

lumen (narrow internal
diameter – only
5–10 microns, or
one red blood cell)

Figure 2.27 The structure of a capillary

valve

endothelium
lumen
(wider than in
comparable artery)

outer layer of
connective tissue
containing
elastic fibres 

thinner muscular
wall with elastic
fibres

Figure 2.26 The structure of a vein
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Area 2 Physiology and health

The following table summarises the structure and function of arteries, 
veins and capillaries.

Blood 
vessel

Function Structure of wall Lumen Valves

Arteries Carry blood away 
from the heart at a 
high pressure

Outer layer of 
connective tissue 
containing elastic 
fibres and a middle 
layer containing 
smooth muscle with 
more elastic fibres

Relatively 
narrow

Absent 

Veins Carry blood towards 
the heart at lower 
pressure

Outer layer of 
connective tissue 
containing elastic 
fibres but a much 
thinner muscular 
wall than arteries 

Relatively 
wide

Present to 
prevent the 
backflow of 
blood

Capillaries Allow rapid and 
efficient exchange of 
substances with tissues

Only one cell thick Very narrow Absent

The exchange of materials between tissue  
fluid and cells
Capillaries occur in networks called capillary beds, which run in between 
cells of the body tissues. The high pressure of arteriole blood causes 
pressure filtration. Pressure filtration causes plasma to pass through the 
thin capillary walls into the tissue fluid surrounding the cells. Tissue fluid 
supplies cells with glucose, oxygen and other substances. Carbon dioxide 
and other metabolic wastes diffuse out of the cells and into the tissue 
fluid to be excreted. Much of the tissue fluid returns to the blood. Excess 
tissue fluid drains into lymphatic vessels and is now called lymph  
(Figure 2.28). Tissue fluid and blood plasma are similar in composition, 
with the exception of plasma proteins, which are too large to be filtered 
through the capillary walls.

tissue fluid

lymphatic vessel containing lymph

tissue cells
red blood cells

small vein

low pressure

tissue fluid
enters capillary

plasma forced out
into surrounding tissues

high pressure

capillary

small artery

Figure 2.28 Fluids in a capillary bed – plasma, tissue fluid and lymph

Remember: CaPillArieS 
allow materials to PASs 
through them.

Hints & tips �

The role of lymph vessels
More fluid passes out of the capillaries due to pressure filtration than diffuses 
back by osmosis and diffusion. Excess tissue fluid that does not pass into the 
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Key Area 2.5 The structure and function of arteries, capillaries and veins

capillaries enters the lymph vessels and passes into the lymphatic system. The 
tissue fluid entering the lymph vessels is now called lymph. The pressure of 
the lymph fluid is even lower than that of the blood in the veins.

Like veins, lymph vessels contain valves and surrounding skeletal muscles 
squeeze the lymph through the valves of the lymph vessels as the body 
moves. The lymphatic system returns the lymph fluid back into the 
bloodstream. Returning lymph passes through a series of lymph nodes, 
which contain lymphocytes and other cells of the immune system. The 
nodes act as filters, removing foreign particles from the lymph fluid. 
Figure 2.29 shows the lymphatic system.

body
capillaries

tissue fluid

lung
capillaries

tissue fluid

lymph
capillaries

lymph
node

lymph
vessel

valve

lymph node

lymph
capillaries

Figure 2.29 The lymphatic system

Artery – blood vessel that carries blood away from the heart
Capillary – narrow, thin-walled blood vessel that exchanges materials with 

the tissues 
Connective tissue – type of body tissue which is found between other 

tissues and often supports other tissues
Endothelium – layer of cells that lines the inner surface of blood vessels
Lumen – central channel of a tube such as a blood vessel
Lymph fluid – fluid made up from tissue fluid collected into lymph vessels, 

which circulates the body
Lymph vessels – tiny vessels in which lymph circulates around the body
Plasma – liquid component of the blood
Pressure filtration – passage of molecules through membranes under pressure 
Tissue fluid – fluid which bathes cells in tissues; derived from blood
Vasoconstriction – narrowing of blood vessels to reduce blood flow
Vasodilation – widening of blood vessels to increase blood flow
Vein – blood vessel with valves that transports blood back to the heart

Key words

There is more about 
lymphocytes and the 
immune system in Key 
Area 3.6 (page 159).

Key link 
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Area 2 Physiology and health

Short answer (1 or 2 marks)
 1 Give the name of the central space or cavity in a blood vessel. (1)
 2 Name the layer of cells that forms the inner lining of a blood vessel. (1)
 3 Define an artery. (1)
 4 Define a vein. (1)
 5 Explain why veins require valves. (2)
 6 Give two structural differences between an artery and a vein. (2)
 7 Describe the structure and function of a capillary. (2)
 8 Explain the process of pressure filtration in the capillary beds. (2)
 9 Describe how tissue fluid differs from blood plasma. (1)
10 Describe the role of tissue fluid. (1)
11 Describe how tissue fluid re-enters the capillaries at the venule end  

of the capillary bed. (1)
12 Describe the role of the lymph vessels. (1)
13 Explain the importance of vasoconstriction and vasodilation 

in arteries. (2)

Longer answer (3–10 marks)
14 Write notes on the structure and function of the arteries, veins and 

capillaries. (9)
15 Describe the exchange of substances between plasma and body cells. (9)
Answers are on page 124.

Questions ?

452350_2.5_HTPH_Bio_CfE_094-099.indd   99 29/11/18   1:26 PM

dr
af

t m
at

er
ial




