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❑ Long-term blood flow 
regulation is required by:

o Ischaemic tissues,
o Tissues that are growing 
rapidly and  
o Tissues that become 
chronically hyperactive.

❑ The long-term blood flow 
regulation is brought by an 
increase in the physiological size 
of the vessels in a tissue and in 
certain circumstances even by an 
increase in the number of blood 
vessels (angiogenesis).
❑ Angiogenic factors:

❑ Vascular endothelial 
growth factor,  
❑ Fibroblast growth factor 
and
❑ Angiogenin. 
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� Extrinsic control of 
arteriolar radius includes:
▪ Neural influences
▪ Hormonal influences

� the effects of the 
sympathetic nervous 
system being the most 
important. 

MABP-RAP

TPR
Q=

Since Rt. Atrial pressure = 0 then
MABP

TPR
Q=

MABP= cardiac output (Q) × total 
peripheral resistance (TPR) 



capillarynetwork:

theterminalportionofarteriolebutatthejunctionbetweenarteriole&capillarythe 

metarteriolewillbeformedwhichdrainsincapillary 

smoothmuscleofarterioles,metarterioles&precapillarysphincterwillregulatebloodflow 

theupstreamsideofcapillariescontainstheprecapillarysphincter(whichisregulated 

mainlybylocalmediators)

iftheycontracttheywilldecreasebloodflow&viseversa 

thelargestsurfaceareawecanfoundisincapillaries 

becauseofthislargetotalsurfacearea,thevelocityofbloodflowisthelowestin 

capillaries,beacusethereisaninverserelationshipbetweensurfaceareaandvelocity 

(whichmakestheacpillaryanidealpalceformaterialsexchange)

sonowwehave3factorsthathelpthecapillariestodotheirfunctions:

1-largesurfacearea 

2-thin-walled 

3-slowvelocityofbloodflow 

slideblowpicbelowonrightsays:

thatwehavemanymechanismsfortransportingsubstancesbetweenblood&ISF:

Somesubstancescrosscapillarywallbyvesiculartransportation(meanstobetransported intocapillariesfromoutsideorfrom 

insidetooutsidethesesubstancesneedvesiclestobetransportedwecalleditvesicular 

transportationandthistypeof 

transportationinvolvedexocytosisandendocytosis)

endocytosismeansfromoutsidetoinside 

exocytosisfrominsidetooutside 

Relativelylittlematerialstransportedbyvesicletransportation



Themostcommonmechanismtoexchangesaltandfluidbythejunctionbetween 

endothelialcells 

#sinusoid:largejunctionbetweenendothelialcellsfoundintheliverandendocrine 

glandsespeciallyanteriorpitutrygland 

(notallendocrinegland)

inendocrinetissue,smallintestineandthekidneythetransportationhappensin 

capillariescalledfenestratedcapillariesà 

endothelialcellscontainfenestrationssosubstancesexchangethrowthese 

fenestrationsà(substanceswhichexchangehere 

areabout600nmindiameter)

*inskeletalmuscle,cardiacmuscle,thereisnofenestrationbutthereissmall 

passagesbetweenendothelialcells(substances 

hereupto10nm)

inbrainthereisnospacesbetweenendothelialcellsthatconstitutethebrain 

capillaries(theyfromtightjunction)whichallowsverylittlepassivediffusion(thesetight junctionsconstituteanimportantpartofthebloodbrainbarrier)

(water,co2,othergases)canentereasilybutothermoleculesmayneedaspecialized 

transportertotransportthem 

nowwewilltalkaboutpicbelowonleft:

ittalksaboutthebulkflow(themovementofsolution(withsoluteswithinit)from 

capillariestiISF(filtration)orreversiblefromISFtocapillariescalledreabsorption)

thisprocessalsocalledthecapillaryfluidshift(regulatedmainlybytwoforces:

thehydrostaticpressure&theosmoticcolloidpressure))

atthearterialendtherewillbefiltraton 

atthevenousendtherewillbereabsorption 

typicallythefluidthatisfiltered=thatisreabsorbed 

butifthereisanetfiltrationthisamountoffluidwillreturntocirculationviathe 

lymphaticsystem
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� Blood flows from 
arterioles through 
metarterioles, then 
through capillary network

� smooth muscle in 
arterioles, metarterioles, 
precapillary sphincters
regulates blood flow
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nowwewilltalkabouttherelationshipbetweenthesurfacearea&velocity:

wesaidthatthereisaninverserelationship 

slidebelowpiconleft:

notethesurfaceareaofaortaistheleast(2.5cm2)sothevelocityisthelargestaswe gofurthertotheperipherythevelocitywilldecreasebecasueofincreasingsurfacearea &branching 

whatisthedifferencebetweentheflowrate&velocityofflow:

flowrateisthevolumeofbloodperunitoftimesomeasuredbyL\minorml\secetc 

whilevelocityisthespedd(distancepertime)someasuredcm\secetc 

rememberthatbloodflowusuallyisconstantthroughdifferentpointsincirculation 

(bloodflowofaorta=thatofarteriole=thatofcapillaryetc..)

asQisconstantthemostimportantfactorindeterminingvelocityisthesurfacearea 

nowwewilltalkaboutveins(venulesisverysimilartoveins:)

veinshavespecialfeaturestoproducespecificfunctions:

1-storageofblood(becausethecomplinaceinveinsisveryhightheycalledcapacitance 

vesselsbecausethecontainalargeamountofbloodwithoutasignificantincreaseinBP (BPmaybeconstantorwithsmallincrease)

wallsofveinsareeasilydistended 

alsothearteries(butveinsmore)sotheycanholdlargeamountofbloodwithout 

increasingintravascularBP 

capacitancebecausetheyhaceathinn-walledwithlesssmoothmuscle&elastictissue,buttheycontainmorecollagen 

veinsarestretchablevesselswithaverylowelasticrecoil(becauseoflowelasticfibers )

collagenispresenttopreventinjuryduetoexcessivedilationaspossible 

alsotheyhavealittleinherentmyogenictonecomparedtoarterioles 

veinsareinnervatedbysympatheticfiberstheycontainalpha1adrenergicreceptors 

sympatheticstimulationwillcausevenoconstrictionsodecreasethecompliance&pushes thebloodtowardtheheart
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� Aorta= 2.5cm2

� Small Arterioles= 20cm2

� Arterioles= 40cm2

� Capillaries= 2500cm2

� Venules= 250cm2

� Small Veins= 80cm2

� Venae Cavae= 8cm2 18

notethispic

theintimaofveins(mainlyveinsoflimb)are foldedatintervalformingvenousvalvesto preventretrogradeflowofblood



Functions of Veins:
1. Venous system transports 

deoxygenated blood from 
tissues to the heart. From 
heart, blood is pumped into 
the lungs where carbon dioxide 
is removed from it. 

2. Veins are capacitance vessels 
as they can accommodate a 
large volume of blood. They 
act as reservoir of blood. In 
fact, more than 60% of the 
total blood is present in the 
venous compartment.



compliance of blood vessels:

compliance =delta v\delta p(defined as the ability of blood vessels to distend as the trans mural pressure increase )

if low pressure lead to high increase in volume (this means that the slope is large so the compliance is large 

pic below said:

at low pressure (veins have a greater compliance than arteries )(beacuse veins can accomodate a large changes in blood volume with a small changes in pressure)

at low pressure (vein compliance is 10-20times greater than artery compliance)

at high pressure (compliance is similar in both but volume is considerably larger in veins)

because at high pressure&volume vessels become stiffer with low compliance 

this characteristic makes veins suitable for use as arterial bypass grafts 



now we will talk about wall tension :according to laplace law:

in small diameter blood vessels like capillaries less wall tension is required to balance the distended pressure .(T=P*r)

that's why small vessels dont rupture due to high BP 

it can be applied also to heart (when the heart is dilated the radius will increase so more wall tension is required to balance the high BP)



also that's why large blood vessels have a much thicker walls than small arteries (inorder to withstand the level of tension (stress)





20

• At low pressures, veins have a 
greater compliance than 
arteries, Therefore, veins can 
accommodate a large changes 
in blood volume with only a 
small change in pressure.

• At high pressures, compliance 
is similar in veins and arteries 
(but volume is much greater in 
veins)

• This characteristic makes 
veins suitable for use as 
arterial by-pass grafts.

http://www.cvphysiology.com/Blood%20Pressure/BP025


� the relationship between the 
distending pressure (P), the tension 
(T) in the wall of a structure and 
its radius (r) is explained by the 
law of Laplace

� It states that the wall tension (T) 
in a hollow organ is equal to the 
product of distending (P) and the 
radius (r); divided by the thickness 
of the wall (w):

▪ In thin-walled structures, wall 
thickness is negligible
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• This implies that large 
arteries must have 
thicker walls than 
small arteries in order 
to withstand the level 
of tension (Aneurysm).

• Arteries must have 
thicker walls than 
veins because they 
carry much higher 
blood pressure.


