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Reading: 

Circulation Lecture 6: Local Control of Circulation 

 
Berne & Levy Physiology (7th Ed.)  
Koeppen & Stanton, Chapter 18, pages: 388 - 407 

Learning Objectives: You should be able to 

CIRC 6.1. Define the resistance vessels, and the cellular muscles responsible for 
vascular smooth muscle contraction 

CIRC 6.2. Define autoregulation of blood flow. Distinguish between short-term and long-
term autoregulatory responses and the mechanisms responsible for each. 

CIRC 6.3. Describe metabolic regulation of blood flow, and its role in active hyperemia 
and reactive hyperemia. 

CIRC 6.4. Describe the contribution of tissue pressure to blood flow regulation. 

CIRC 6.5. Describe the role of the endothelium in regulating local flow 

CIRC 6.6. Diagram the synthetic pathway for nitric oxide (EDRF, endothelial derived 
relaxing factor), including substrate and the interplay between endothelium and vascular 
smooth muscle. 
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CIRC 6.1. Define the resistance vessels, and the cellular muscles responsible for 
vascular smooth muscle contraction 
 
General Considerations for Local Control of Blood Flow. 
• Blood flow is primarily controlled by the resistance vessels: 
 a) Arterioles 
 b) Precapillary sphincters 
 c) Metarteriolars 
 d) Venous resistance 

 
• Vascular smooth muscle is responsible for the control of total peripheral resistance, 

arterial and venous tone, and the distribution of blood flow throughout the body.  
 

• Multiple mechanisms govern vascular resistance and thus the distribution of blood 
flow throughout the body.  The extent to which these mechanisms control blood 
flow varies from organ to organ.   

 a) neural and hormonal - global   
 b) myogenic - local   
 c) metabolic - local 
 d) endothelial - local 
 e) mechanical - local 
 
CIRC 6.2. Define autoregulation of blood flow. Distinguish between short-term 
and long-term autoregulatory responses and the mechanisms responsible for 
each. 
 
Autoregulation is the intrinsic property of an organ 
or tissue to maintain constant blood flow despite 
changes in arterial perfusion pressure. It is a 
mechanism that maintains constant blood flow to 
an organ in spite of changes in gravitational forces.  
 
The autoregulation response is shown in Fig 6.1. 
• In the top panel, arterial pressure increases 
abruptly from baseline (dotted line). 
• In the bottom panel, there is an initial abrupt 
increase in blood flow (due to the sudden increase 
in arterial pressure) followed by a gradual decline 
toward the original baseline. The gradual decrease 
in blood flow results from an increase in resistance 
due to autoregulation by the vascular bed. 
• This figure shows the steady-state relationship between pressure and flow in a 
vascular bed that exhibits the property of autoregulation. Note that as arterial pressure 
increases, arterial resistance increases and flow remains relatively constant over a 
defined range. 
 

 
Fig 6.1. Autoregulation   
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• The autoregulatory range (Fig 6.2) and the 
absolute level of blood flow vary for each tissue. 
Autoregulation fails at very low or very high pressures.  
 
Myogenic mechanism for autoregulation 

• Vascular smooth muscle contracts in response 
to stretch and relaxes in response to a reduction 
in stretch.   

• An increase in pressure causes an initial stretch 
of the vessel wall which in turn causes the 
vascular smooth muscle to contract 
(vasoconstrict), resulting in an increase in 
resistance and decrease in flow. 

• A decrease in pressure causes a reduction in 
stretch of the vessel wall which in turn causes 
the vascular smooth muscle to relax 
(vasodilation) resulting in a decrease in 
resistance and increase in flow. 

 
Autoregulation varies significantly among different organs.  

• Strong autoregulation:  heart, brain, kidney, skeletal muscle 
• Weak autoregulation: splanchnic circulation 
• Little/no autoregulation: skin, lungs 

 
CIRC 6.3. Describe metabolic regulation of blood flow, and its role in active 
hyperemia and reactive hyperemia. 
 
Blood flow in a given tissue is regulated by the 
metabolic activity of the tissue. In other words, 
metabolites are released from the tissue and act locally 
to dilate resistance vessels to increase blood flow to the 
tissue. This is an important mechanism for the 
regulation of blood flow to metabolically active tissues 
such as skeletal muscle, cardiac muscle and brain.  In 
addition, a reduction in oxygen delivery to a tissue can 
stimulate the formation of metabolites that are 
vasodilators.  
 
1) Active (functional) Hyperemia - Increased blood 
flow caused by enhanced tissue activity, as shown in 
Fig 6.3. K+, inorganic phosphate, and interstitial 
osmolarity are among the possible factors responsible 
for this type of control. 
2) Reactive (passive) hyperemia - Transient increase of blood flow that follows a brief 
arterial occlusion. Thus, metabolic debt increases blood flow, as shown in Fig 6.3. 

 
Fig 6.2. Autoregulation range  
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Fig 6.3. Active and reactive 
hyperemia 
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 Metabolic factors include K+, adenosine, pH, CO2 
 
CIRC 6.4. Describe the contribution of tissue pressure to blood flow regulation. 
 
An increase in tissue pressure can mechanically compress small vessels and alter blood 
flow. These are often specific to individual organ systems, and will be discussed in further 
detail in the Special Circulations lectures. Some possible causes of increased tissue 
pressure:   
 a) muscle contraction (heart and skeletal muscle as shown in CIRC L7)  
 b) alveolar pressure (lungs and shown in CIRC L8)  
 c) tumors (venous obstruction) 
 
CIRC 6.5. Describe the role of the endothelium in regulating local flow 
 
Fig 6.4 shows the role of the 
endothelium in regulating local 
blood flow. In the left panel, 
these recordings show that 
when transmural pressure 
within an arteriole is increased 
(but flow is held constant), the 
diameter of the arteriole 
decreases, or constricts. This 
constriction is NOT dependent 
on the endothelium because it 
is the same with endothelium 
intact or removed. This is an 
example of autoregulation.  
 
In the right panel of Fig 6.4, these recordings show that when the pressure gradient 
(flow) through an arteriole is increased (but transmural pressure is held constant), the 
diameter of the arteriole is increased (dilates) when the endothelium is intact but NOT 
when the endothelium is removed. This 
vasodilation is due to the release of endothelium-
derived relaxing factor (EDRF) or nitric oxide (NO) 
in response to shear stress caused by the 
increase in flow through the vessel. In other 
words, an increase in blood flow directly releases 
endothelial-mediated vasodilators to further 
increase blood flow. This is an endothelial-
mediated mechanism for vasodilation that 
typically occurs during exercise. 
 
PGL – vasodilators 
EDRF – vasodilator 
NO – vasodilator 

 

Fig 6.4. Endothelium dependent and independent actions 

 

Fig 6.5. The endothelium 
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Nitroprusside – vasodilator 
Endothelin – vasoconstrictor 
 
CIRC 6.6. Diagram the synthetic pathway for nitric oxide (EDRF, endothelial 
derived relaxing factor), including substrate and the interplay between 
endothelium and vascular smooth muscle. 

 
Nitric oxide (NO) production occurs via the following pathway in endothelial cells, as 
shown in Fig 6.6: 
 

• External stimulation from vasodilator agonists (acetylcholine, Ach and others) or 
from shear stress (see Fig 6.4) on the side of the endothelial cell facing the 
vessel lumen 

• This displaces caveolin from calmodulin (CaM) and results in activation of 
endothelial nitric oxide synthase (eNOS) in the endothelial cell 

• eNOS acts on L-arginine to produce NO (other cofactors are required, but you do 
not need to remember them) 

• NO diffuses to vascular smooth muscle and activates guanylate cyclase, which 
increases cGMP. cGMP induces smooth muscle relaxation 

 
Nitroprusside, a vasodilator that also increases cGMP activity acts directly on the 
smooth muscle cells, and thus does not require the endothelium 
 
Disruptions in this pathway can reduce endothelial NO production, which can cause 
impaired vascular relaxation and inappropriate vasoconstriction.  
 
  

 

Fig 6.6. The nitric oxide synthesis pathway 
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