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 Reading: 

Circulation Lecture 5: Global Control of Circulation 

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

Learning Objectives: You should be able to 

CIRC 5.1. Autonomic regulation: contrast the sympathetic and parasympathetic nervous 
system control of heart rate, contractility, total peripheral resistance, and venous 
capacitance.  

CIRC 5.2. Explain the sequence of events in the baroreflex that occur after an acute 
increase or decrease in arterial blood pressure. Include receptor response, afferent 
nerve activity, CNS integration, efferent nerve activity to the SA node, ventricles, 
arterioles, venules, and hypothalamus. 

CIRC 5.3: Understand the renin-angiotensin-aldosterone hormonal control system 

CIRC 5.4. Outline the cardiovascular reflexes initiated by decreases in blood O2 and 
increases blood CO2. 
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CIRC 5.1. Autonomic regulation: contrast the sympathetic and parasympathetic 
nervous system control of heart rate, contractility, total peripheral resistance, and 
venous capacitance.  
 
The effects of autonomic regulation on 
vessel resistance are shown in Fig 5.1. 
 
Basal Tone: Theoretical reference point. 
Amount of vascular contraction found 
under resting conditions without neural 
or hormonal (extrinsic) influences.  
 
Resting Sympathetic Tone: Amount of 
vascular constriction found under resting 
conditions as a result of tonic 
sympathetic nerve activity. The 
resistance is higher than the basal 
arterial tone due to the presence of 
tonically-released norepinephrine.  
Active mechanisms induce a change in 
vascular resistance away from the basal 
arterial tone. 
 
Passive mechanisms induce a change in vascular resistance back toward the basal 
arterial tone. For example, removal of sympathetic activation would cause passive 
vasodilation. 
 
It is important to know the receptor types – what they respond to, where they are 
located, and what their stimulation results in.  
 
Adrenergic Receptors- stimulated by isoproterenol, norepinephrine, epinephrine 

• alpha (α) receptors - located on vascular smooth muscle; causes vasoconstriction.  
Coronary and cerebral vessels have little sympathetic vasoconstrictor innervation. 

• beta (β)-1 receptors - primary adrenergic receptor on cardiac muscle; stimulates 
heart rate and contractility. 

• beta (β)-2 receptors - secondary adrenergic receptor on cardiac muscle; stimulates 
heart rate and contractility. 

• beta (β)-2 receptors – also located on vascular smooth muscle and causes 
vasodilation, NE binds β2 receptors with lower affinity than α receptors, so with 
adrenergic stimulation, the net result is vasoconstriction 

 
Cholinergic Receptors - muscarinic receptors stimulated by acetylcholine. 

• parasympathetic fibers innervate a limited number of blood vessels; cerebral, 
some viscera including splanchnic, genitalia, bladder and large bowel; causes 
vasodilation. Skeletal muscle and cutaneous vessels are not innervated by 
parasympathetic nerves. 

 
Fig 5.1. Neural control of vessel radius  
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• sympathetic cholinergic pathway - postganglionic sympathetic fibers that release 
acetylcholine on effectors. Ex. Sweat glands of nonapical skin to indirectly induce 
vasodilation. 

 
Table 5.1 shows the physiological response, pathway, neurotransmitter, and receptors. 

 
Effector Response Anatomic Pathway Transmitter Receptor 

Vasoconstriction in most 
blood vessels Sympathetic NE α1 on VSMC 

Vasoconstriction in some 
blood vessels Sympathetic NE α2 on VSMC 

Vasodilation in muscle 
blood vessels Adrenal medulla Epi β2 on VSMC 

Vasodilation in fight-of-
flight muscle response Sympathetic Ach Post-ganglionic fibers to 

VSMC receptors 

Vasoldilation in limited 
vessels (limited cerebral, 
erectile, some viscera) 

Parasympathetic Ach, NO Ach activates M3 on endo 
cells to release NO 

Tachcardia Sympathetic NE β1 on cardiac pacemaker 

Bradycardia Parasympathetic Ach M2 on cardiac pacemaker 

Inc. cardiac contractility Sympathetic NE β1 on cardiac myocytes 

Dec. cardiac contractility Parasympathetic Ach M2 on cardiac myocyte 

Table 5.1 
 
CIRC 5.2. Explain the sequence of events in the baroreflex that occur after an 
acute increase or decrease in arterial blood pressure. Include receptor response, 
afferent nerve activity, CNS integration, efferent nerve activity to the SA node, 
ventricles, arterioles, venules, and hypothalamus. 
 
Arterial baroreceptors play a key role in short-term adjustments of blood pressure in 
response to relatively abrupt changes in blood volume (hemorrhage), cardiac output, or 
peripheral resistance, position. 
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Baroreceptor nerve terminals are located in the walls of the carotid sinus and aortic arch 
(Fig 5.2). These structures have relatively less vascular smooth muscle. 
 
Baroreceptor nerve terminals respond to vascular 
stretch (mechanoreceptors) induced by changes in 
blood pressure.  
 
Baroreceptor nerve firing frequency is increased 
by an increase in arterial pressure and decreased 
by a decrease in arterial pressure.  
 
The carotid sinus baroreceptors are more sensitive 
than the aortic arch to changes in blood pressure. 
 
Afferent nerve fibers from the carotid sinus and 
aortic arch join the ninth  
(glossopharyngeal) and tenth (vagus) nerves, 
respectively, to vasomotor centers in the medulla. 
 
As shown in Fig 5.3, a decrease in arterial 
pressure stimulates sympathetic and inhibits parasympathetic nerve activity leading to 
an increase in arterial pressure through: 
 1) peripheral vasoconstriction (+ sympathetic) 
 2) increase in heart rate (+ sympathetic and - parasympathetic)  
 3) increase in ventricular contractility (+ sympathetic) 
An increase in arterial pressure elicits the opposite neural responses, leading to a 
decrease in arterial pressure. 
 
Baroreceptors respond to both Phasic and Static Pressures 

  
Fig 5.2. Baroreceptor anatomy 

 

Fig 5.3. Baroreceptor response 
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• Baroreceptors are more responsive to pulsatile (phasic) pressures than to 
constant (static) pressures. 

• At normal mean arterial pressure (100 
mm Hg) carotid sinus nerve impulses are 
activated in early systole by the increase 
(phasic change) in pressure. Fewer 
impulses occur during late systole when 
pressure is still high but changing less. 
Note that when the pressure falls during 
diastole, the receptors reduce their firing 
rate even though the pressure is still 
above the threshold (50 mm Hg). 

• When the pulse pressure (phasic) is 
damped out but the mean arterial 
pressure is kept constant (static), the 
rate of neural activity recorded from the 
carotid sinus nerve decreases and 
systemic arterial pressure increases (due 
to less inhibition of sympathetic nerve activity and vasoconstriction). Restoring 
the pulse pressure in the carotid sinus restores the frequency of sinus nerve 
discharge and the systemic arterial pressure to control. 

 
Baroreceptors adapt to chronic changes as shown in Fig 5.4. 

• Baroreceptor sensitivity decreases in hypertension. 
• In hypertension, a given increase in carotid sinus pressure elicits a lower 

frequency nerve response and therefore a smaller decrease in systemic 
arterial pressure that it does at normal blood pressure. 

• The threshold is increased and the receptors are less sensitive to change 
in transmural pressure.  

 
CIRC 5.3. Understand the renin-angiotensin-aldosterone hormonal control system 
 
The renin-angiotensin-aldosterone system (RAAS) is the primary mechanism 
responsible for long-term regulation of blood pressure; it responds over the course of 
days or longer. 
 
It is responsible for mitigating the effects of fluid loss, hypovolemia, and dehydration, but 
not hemorrhage, at it will not respond quickly enough. 
 
The pathway is shown in Fig 5.5. Kidneys sense low blood pressure, stimulating renin 
release from juxtaglomerurular apparauts cells that converts angiotensinogen (produced 
primarily by the liver) into angiotensin I.  

 
Fig 5.4. Adaptation of baroreceptor 
reflex 
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Angiotensin Converting Enzyme (ACE), in 
endothelial cells in the lungs and the 
kidney, converts angiotensin I to 
angiotensin II (AngII) 
 
Angiotensin II is a powerful 
vasoconstrictor, but has multiple additional 
affects to increase blood volume: 
• stimulates aldosterone from the 

adrenal cortex, aldosterone stimulates 
the distal tubules in the kidneys to 
reabsorb Na, causing retention of 
water 

• stimulates hypothalamus to release 
antidiuretic hormone (ADH) that 
increases permeability of collecting ducts to reabsorb water 

• stimulates hypothalamus to increase thirst 
 
In congestive heart failure, decreased contractility will result in low blood pressure, 
causing stimulation of this pathway. However, chronic stimulation will result in 
hypertension, increased afterload (causing an increase in MVO2), fluid retention, and 
edema. These are maladaptive responses that worsen the syndrome. This can be 
treated clinically with an ACE inhibitor that will decrease angiotensin II.  
 
CIRC 5.4. Outline the cardiovascular reflexes initiated by decreases in blood O2 
and increases blood CO2. 
 

• Small highly vascular bodies located in the region of the aortic arch and just medial 
to the carotid sinus at the bifurcation of the internal and external carotid arteries 
(near the baroreceptors).  

• Primarily activated by low arterial PO2 but also is affected by high arterial PCO2 and 
low arterial pH (high H+). 

• Primarily involved with the regulation of respiration.  Low O2 stimulates respiration. 
• Effects on the cardiovascular system are smaller than on the respiration system. 
• In the cardiovascular system, peripheral chemoreceptors only play a role during 

severe hypoxia.  They are not activated during normal fluctuations in PaO2 levels. 
• Afferent nerve activity from the carotid and aortic bodies is carried through the IX 

and X nerve, respectively, to the medulla (similar to the baroreceptors).  
• These signals stimulate efferent sympathetic and parasympathetic nerve activity to 

cause vasoconstriction and bradycardia, respectively.  
• In real life, however, hypoxia induces tachycardia because the increase in ventilation 

acts via stretch receptors in the lung to centrally inhibit efferent vagal nerve activity 
(resulting in an increase heart rate).    

 
  

 
Fig 5.5. The RAAS 
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