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Small vessel

Large vessel

Figure 14-9

A, Demonstration of the effect of vessel diameter on blood flow
B, Concentric rings of blood flowing at different velocities; the

farther away from the vessel wall, the faster the flow.
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Since Resistance o 1/r4 ( radius to power 4)...r = radius

P

R invefsely proportional to r4

Therefore F =AP x r4

Hence: If the radius is doubled the flow will increase by
times V= Y*Y*Y*Y



The relationship between velocity, flow and cross sectional

area A Jl sine ,ulvuln 34 velocztyd |
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V = yelocity cm/sec,[Q = flow] ml/sec, A = cross sectional afg#ne! area
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Vasodilation
(decreased contraction
of circular smooth
muscle in the arteriolar
wall, which leads to
decreased resistance
and increased flow
through the vessel)

Any dilation or

constriction in aorta
will not make huge
effect because it's
already large, but small
difference in arterioles

make effect

® Brooks/Cole - Thomson Leaming

Muscular activity or tension

Caused by: 5
{ Myogenic activity

t Oxygen (0,)

t Carbon dioxide (CO;)
and other metabolites

t Nitric oxide

{ Sympathetic stimulation
Histamine release
Heat

High metabolic activty
lead to vasodilation
'Which is local effect g4 10.0d.p. 284
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Vasodilation
(decreased contraction
of circular smooth
muscle in the arteriolar
wall, which leads to
decreased resistance
and increased flow
through the vessel)

Any dilation or

constriction in aorta
will not make huge
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difference in artericles
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I asis oy U alsally
metabolic activity
daall s,lm Suly ohan
JI gLl oly ¥ ala g
Jasis o, all sla 5 atp
&eagh

© Brooks/Cole - Thomson Leaming

Muscular activity or tension

Caused by: 5

{ Myogenic activity

t Oxygen (0,)

t Carbon dioxide (CO,)
and other metabolites

t Nitric oxide

{ Sympathetic stimulation
Histamine release
Heat

High metabolic activty
lead to vasodilation
'Which is local effect
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Neural Regulation
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Active byperemia
means increased
metabolic activity

Active H teeremla ( Metabolic activity)

A metabolic acti relase
metabolic product — vasodild®#) Active hyperemia

= When a certain tissue becomes highly A Tissue
) metabolism
active, the rate of blood flow through .
the tissue increases.
) Release of metabolic vasodilators into ECF
\
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Arterioles dilate.
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Resting 4 Blood flow
Flow — \&G l J

Oxygen Consumption
T 13 Blood flow matches metabolism.



Regulation of organ blood tlow

Prof. Said Khatib



Regulation Of Blood Flow To Tissues

Relevant Weekly Objectives:

* Explain the nervous and hormonal mechanisms designed to regulate
the blood flow to tissues.

Lecture Objectives:
By the end of the lecture the students should be able to:

* Describe the pre-capillary regulatory mechanisms, local metabolites
and other factors controlling capillary blood flow level.

* Describe the role of arteriolar smooth muscles and local metabolites in
controlling local blood flow.

* Describe the Endothelium dependent mechanisms of local blood flow
regulation.

* Explain the role of autonomic nervous system on blood flow regulation
and the effects of circulating hormones on blood flow control.



I. Myogenic Mechanism
“Bayliss effect”

The smooth muscles contract or relax in response to change in wall tension

* When the lumen of a blood vessel is suddenly expanded, the smooth

muscles respond by contraction in order to restore the vessel diameter

and resistance; (the reverse is also true).

= The stretch causes depolarization activates membrane calcium channels,
which leads to increase cytosolic calcium and eventually contraction of
vascular smooth muscle fibers.
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Metabolic Mechanisms

vasodilator theory

f'ncreased metabolism results in:
Availability of O2 and nutrients

Leads to release of local metabolites:
— Adenosine.
— Potassium ions.
— Histamine
— Carbon dioxide.
— Hydrogenion.
— Lactic acid.

Local metabolites act as arteriolar smooth muscle relaxants

(vasodilators) leading to increase blood flow.

Adenosine Comes from
ATP

adenosine s the strongest
vasodilator
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Potassium when it is
accumulation outside of the cell
can produce vasodilation
Jasts Al s uS T ol 5 K5
relaxation in the cardiac
muscle and the smooth muscle

Histamine is
a local
factor

Carbon dioxide

also is a local
factor

Hydrogen ion also
we explained
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Vascular Control by lons

88 abuy

Ca?* ions — vasoconstriction.
K* 10ons — vasodilation.

Mg?* ions — vasodilation (often inhibits the actions of Ca**
10ns).

H™* 1ons — increase cause vasodilation.
Anions — acetate and citrate cause vasodilation.
CO, — vasodilation, particularly important in the brain.



Neural Regulation

Sympathetic nerves:
— Sympathetic vasoconstrictor nerves:
* Supplies vascular smooth muscle in all tissues.
» System for regulating arterial blood pressure rather than blood flow to individual tissues.
* Mediator: noradrenaline through a adrenergic receptors.
— Sympathetic vasodilator nerves:
« Some tissues have a specific vasodilator supply e.g. skeletal muscles.
* Mediator adrenaline through B adrenergic receptors & Ach through muscarinic receptors.
Parasympathetic nerves:
— In tissues which need sudden increase in blood flow (salivary gland, sweat glands and external genitalia).



Humeoral Regulation of Blood Flow

i i

» The release of vasoactive substance from tissues into the tissue

flmds and blood under certain conditions act to regulate blood flow.
= Some are released by gland and others are formed locally.

* Vasoconstrictors
Norepinephrine and epinephrine
Angiotensin II

Vasopressin (ADH)
Endothelins

e Vasodilators
Bradykinin
Serotonin
Histamine
Prostaglandins  Er¢zos tases



Precapillary sphincters

Smooth muscle fiber

Endothelium

ARTERIOLE ARTERIOLE

METARTERIOLE METARTERIOLE

Precapillary
sphincters
(relaxed)

Precapillary
sphincters
(contracted)

CAPILLARY
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Autoregulation of Blood Flow

when blood pressure changes

Lac¥l g aneall 35 U L,

[t 1s the ability of an organ to maintain a constant blood flow L] A 3 Lo LY jam o

despite changes in blood pressure.

occurs 1n the absence of neural or hormonal influences and

therefore 1s intrinsic to the organ.

Blood flow (x normal)

)
0 50
Arterial pressure (mm Hg)
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the blood
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Blood Flow autoregulation theories:
Myogenic Mechanism.

Metabolic Mechanism
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Autoregulation of blood flow

(two theories)
Myogenic theory
* when high arterial pressure stretches the vessel, this in turn causes

reactive vascular constriction ( increases resistance), which reduces

blood flow nearly back to normal.
Metabolic theory

* due to increase of pressure, increased blood flow provides too much

oxygen and nutrients to the tissues.

* The excess 0, causes constriction and the flow returns nearly to

normal despite the increased pressure. 12



Anastomoses
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Collateral

This is prominent in the cardiac muscle

Collateral Circulation -

It is the development of new blood vessels that reroute blood flow
around the blockage.

When a blood vessel is blocked:

D)

2)

Within few minutes after blockage,
dilation of the small vascular loops
(Collaterals) that already connect the

vessel above the blockage to the vessel

below occurs.

further opening of these collaterals
occurs within the following hours, so that

within 1 day as much as half the tissue

needs may be met, and within a few days

often all the tissue needs.
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* In an adults cerebral blood flow (CBF)

* CBEF 1s controlled by local metabolites:

Cerebral Circulation

L“g-’\-’:ugﬁﬂ| LA[)E

1s 750 ml/min (15% Cardiac Output).

1. CO, 1s the most important
vasodilator:

— CO, diffuses to vascular cells,
forms H,CO; which gives (H).

— Intracellular H* causes
vasodilatation.

— Increase in blood flow, removes
excess CO, and H".

2. Decrease in PO, (hypoxia )
increases cerebral blood flow.

Many vasoactive substances do not
affect cerebral circulation, do not cross
the blood-brain barrier.
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