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Figure 1. A schematic overview of 
the human cardiovascular system. 

 

Figure 2. Venous return to the heart via 
the inferior and superior vena cava. 

The purpose of this section is to refresh your memory of your prior studies of the 
anatomy and physiology of the human cardiovascular system.  The following content is 
meant to be a review, and your knowledge of cardiovascular physiology should already 
be somewhat complete.  As with all sections of this book, content will be focused on the 
exercise physiology that pertains to each physiological system.  Consequently, you may 
find it necessary to review cardiovascular physiology to supplement the content of this 
section. 

 
Cardiovascular System 
The cardiovascular system comprises blood, the 
heart and the blood vessels that direct blood flow 
to and from the heart, as illustrated in Figure 1.  
Blood flows from the heart via arteries that 
branch, or diverge, into smaller and smaller 
arteries, and then into the smallest arteries called 
arterioles.   Blood then flows into the smallest 
blood vessels of the body, the capillaries.  Within 
the capillaries, blood transfers nutrients and 
receives waste products from the cells, Blood is 
then directed back to the heart via a network of 
larger and larger, but progressively fewer in 
number venules, which in turn feed into veins, 
which in turn become larger and larger, and fewer 
in number until the major veins of the body return 
blood to the right side of the heart.  These major 
veins are the inferior and superior vena-cava 
(Figure 2). 

 

The heart receives the blood through 
the right atrium, which then directs 
blood flow through the tricuspid 
valve into the right ventricle (Figures 
2 and 3).  Blood flow is then directed 
through the pulmonary valves to the 
lungs via the pulmonary arteries.  
Blood returns from the lungs via the 
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Figure 3. Internal schematic 
of the heart chambers 
showing the aortic and 
tricuspid valves and the 
strong chordae tendinae that 
provide structural stability to 
the myocardial walls and 
valves. 

 
Figure 4. Photograph of a 
dissected heart. 

pulmonary veins to the left atrium, which then directs blood flow through the mitral 
valve into the left ventricle.  Blood flow is then directed through the aortic valve to the 
aorta artery and the diverging network of arteries that direct the now oxygen rich blood 
to the tissues, as explained above. 
 
The Heart 
From and exercise perspective, the heart is truly an 
amazing organ.  Sure, it sustains life, which is a major 
feat of nature.  But with regard to exercise, you will learn 
that exercise stress demands a tremendous amount from 
the heart, and for almost all of us, the heart does not let 
us down.  Figure 4 is a photograph of the human heart 
dissected from the body.  The heart is mostly muscle 
tissue (myocardium), and therefore has its own 
circulation system to provide nutrients and remove 
wastes.  This system will be detailed in the clinical 
section.  In being muscle, the heart myocardium and 
support neural tissue are excitable tissues, in that they 
generate and propagate action potentials (Figure 5).  The 
myocardial action potentials are transferred throughout 
the myocardium by junctions between neighboring 
myocardial fibers, and by a network of specialized 
connective tissue called intercollated discs.  Such a 
conduction system of action potential propagation is 
essential to provide the myocardium with a near 
simultaneous contraction of all myocardial fibers in the 
atrial and ventricular regions, respectively.  While 
detailed discussion of the action potentials of the heart 
will be given in the clinical section, Figure 6 presents a 
typical myocardial action potential.  I hope you clearly 
identify that this action potential differs to the nerve action 
potential, and this difference is due to the influx of calcium 
ions (Ca+2) that prolongs the duration of depolarization, 
effectively lengthening the duration of the myocardial 
action potential. 
 
The myocardium has a unique property called 
autorhythmicity.  This means that it will generate its own 
action potentials and then contract by itself without neural 
stimulation.  The inherent rates of contraction differ for the 
myocardium based on location.  Atrial myocardium has 
the highest intrinsic rate of autorhythmicity at 
approximately 60 beats/min.  The slowest intrinsic rate of autorhythmicity is found in the 
ventricular myocardium, at approximately 35 beats/min.  For most of us, we never have 
a heart rate this slow because our heart rate is determined by a special cluster of neural 
tissue called the sino-atrial (SA) node, which is controlled by both parasympathetic 
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Figure 5. Cross section of the 
human heart to show the electrical 
conduction system as well as the 
difference in myocardial wall 
thickness between the right vs. left 

sides of the heart. 

 
Figure 6. between the nerve and myocardial action 
potential, and the time course of sodium, 
potassium and calcium ionic conduction for the 
myocardial action potential. 

 
Figure 7. A standard electrocardiogram tracing of the 
conduction of the action potential through the heart’s 

conduction system for one complete cardiac cycle. 

and sympathetic nerves to initiate a 
myocardial depolarization at higher 
rates than the atrial myocardium, 
which makes the SA Node of a 
normal heart the pacemaker of the 
heart. 
 
Another cluster of specialized 
neural tissue, the atrio-ventricular 
(AV) Node, assists the transfer of 
the myocardial action potential 
from the atria to the ventricles.  
The AV Node also provides a slight delay in the conduction of the myocardial action 
potential between the atria and ventricles, which is seen in the electrocardiogram of the 
heart as the P-R interval.  Figure 7 provides a typical resting (low heart rate) 
electrocardiogram, with all components labeled and defined.  The P-wave represents 
atrial depolarization, the QRS complex represents ventricular depolarization.  The T-
wave represents ventricular relaxation. 
 
Blood 
Blood is a liquid connective tissue, as it is comprised mostly of water.  The contents of 
blood are summarized in Table 1.  Depending on body size, training status, and heat 
acclimatization, blood volume can vary between about 4 to 6 L.  The larger the body 
size, the more highly trained, and the more heat acclimatized, the larger the blood 
volume. 



Overview of the Cardiovascular System 

4 

 

 
Table 1. The contents of blood. 

Blood Constituent Concentrations 
Cell Matter 
Packed cell volume (hematocrit; %) 35 - 50 
Red blood cells (erythrocytes; cells/mm

3
) 4.3 - 5.8 x 106 

Platelets  
White blood cells (leukocytes; cells/mm

3
) 4 - 11 x 103 

   Granulocytes 
   - neutrophils 3 – 7 x 103 
   - Eosinophils 100 - 400 
   - Basophils 20 - 50 
   Agranulocytes 
   - lymphocytes 1.5 – 3.0 x 103 
   - monocytes 100 - 700 

Liquid Component (Plasma) 
Plasma Volume (%) 50 - 65 
Cations 
Sodium (mEq/L) 135 - 145 
Potassium (mEq/L) 3.5 - 5.0 
Calcium (mEq/L) 2.2 - 2.5 
Magnesium (mEq/L) 1.5 - 2.0 
Anions 
Chloride (mEq/L) 95 - 107 
Bicarbonate (mEq/L) 22 - 16 
Lactate (mEq/L) 1.0 - 1.8 
Sulfate (mEq/L) 1.0 
Phosphate (mEq/L) 2.0 
Proteins 
Albumin (g/L) 34 - 50 
Total globulin (g/L) 22 - 44 
Transferrin (mg/L) 2500 
Ferritin (g/L) 15 - 300 
Total Protein (g/L) 60 - 80 

Osmolality (mOsmol/kg H2O) 285-295 

 
The blood volume consists of cells, cell fragments and liquid plasma which consists of 
water, proteins and electrolytes.  The cell mass consists of red blood cells 
(erythrocytes), white blood cells (leukocytes), and fragments of red blood cells called 
platelets or thrombocytes, amounting to a packed cell volume of 35 to 50%, which is 
called the hematocrit.  Although an important function of blood is to transport oxygen, 
and hence is essential for life, blood also has several other important functions as 
summarized in Table 2. 
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Figure 8. Schematic showing the main differences between the 

large arteries and veins. 

 
Table 2. The main components of blood and their primary functions. 

Constituent Origin/Source Function(s) 
Water Ingestion 

Metabolism 
Dissolves or suspends all other blood 
constituents; heat absorption and transfer 

 
Platelets 

 
Megakaryocytes 

 
Blood clotting 

 
Albumin 

 
Liver 

 
Main contributor to osmolality; transports 
certain lipid molecules; buffers protons 

 

 and -Globulin 

 
Liver 

 
Transports lipid molecules 

 

-Globulin 

 
B-Lymphocytes 

 
Antibodies released during immune responses 

 
Transferrin 

 
Liver 

 
Blood protein that transports iron from the 
intestine to the liver 

 
Ferritin 

 
Mucosal cells 

 
Protein that binds iron from digested food 

 
Calcium 

 
Ingestion 

 
Blood clotting 

 
 

Metabolism Proton buffering, myocardial action potential 

 
Blood Vessels 
The multiple types of 
blood vessels of the 
body have important 
structural and functional 
differences.  These 
differences are 
presented in Figures 8 
to 10.  Remember, the 
arterial system has 
higher blood pressure 
and flow velocity features, whereas the capillaries have the lowest blood flow velocity 
and highest total surface area.  Obviously, these features facilitate nutrient and waste 
exchange between the cells and capillary blood. 
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Figure 9. Schematic showing the main differences between 

small blood vessels venules, arterioles and capillaries. 

 
Figure 10. Another schematic revealing the 

details of a microcirculatory system. 

Note also that the 
differences between blood 
vessels in how they are 
regulated.  By regulation I 
mean how the smooth 
muscle surrounding these 
vessels responds to 
certain stimuli to relax or 
contract, causing dilation 
and constriction, 
respectively.  Arterial 
vessels are not regulated, 
arterioles are regulated by 
nerves and certain 
hormones, capillaries are 
regulated by nerves, 
hormones, and a variety 
of local mediators such as 

temperature, CO2, pH, potassium, and 
certain metabolite by-products such as 
adenosine.  Venules are regulated by 
nerves and certain hormones, and veins 
are not regulated. 
 
As will be discussed in the Topic, 
“Integrating Cardiovascular Responses 
to Exercise”, the total regulation of the 
central (heart) and peripheral (blood 
vessels) cardiovascular system during 
exercise increases muscle blood flow, 
and hence oxygen delivery to muscle, while still maintaining adequate blood flow to 
essential organs, a sustained normal diastolic blood pressure, and increased venous 
return to the heart. 
 

Glossary Words 
 
blood is a connective tissue of the cardiovascular system, consisting of liquid plasma, 
and cellular constituents such as red blood cells, white blood cells, and platelets. 
 
heart is the muscular pump of the cardiovascular system. 
 
blood vessels are the structures that direct blood flow pumped by the heart to and from 
the organs, tissues and cells of the body. 
 
arteries are the largest of the blood vessels that direct blood flow from the heart to the 
periphery. 
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arterioles are the blood vessels that direct blood flow from arteries to the capillaries. 
 
capillaries are the smallest of the blood vessels, where gas, nutrient and waste 
diffusion occur between the blood and cells. 
 
venules are the smallest of the blood vessels that direct blood flow back to the heart. 
 
veins are the largest of the blood vessels that direct blood flow back to the heart. 
 
inferior vena-cava is the large vein that returns blood flow from inferior regions of the 
body to the right atrium. 
 
superior vena-cava is the large vein that returns blood flow from the arms, chest and 
head to the right atrium. 
 
atrium is the chamber of the heart that receives blood flow and assists in ventricular 
filling.  There are two atrium, left and right. 
 
tricuspid valve is the valve that separates and controls blood flow in one direction from 
the right atrium to right ventricule. 
 
ventricle is the chamber of the heart that receives blood flow the atrium.  There are two 
ventricles, left and right. 
 
Ppulmonary valves are the valves that control blood flow in one direction from the right 
ventricle to the left and right lungs. 
 
lungs are the organs that allow for ventilation and the external respiration of gases 
between alveolar air and pulmonary blood flow. 
 
pulmonary arteries are the blood vessels that direct blood flow from the right ventricle 
to the lungs. 
 
pulmonary veins are the blood vessels that direct blood flow from the lungs to the left 
atrium. 
 
mitral valve is the valve that separates and controls blood flow in one direction from the 
left atrium to left ventricule. 
 
aortic valve is the valve that separates and controls blood flow in one direction from the 
left ventricle to ascending aorta artery. 
 
aorta artery is the artery that direct blood flow from the left ventricle to the entire body. 
 
myocardium refers to heart muscle. 
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excitable tissues are tissues that can generate an action potential. 
 
intercollated discs are the specialized tissue within and throughout the myocardium 
that rapidly conducts the myocardial action potential. 
 
Depolarization is the change in membrane potential from negative to positive during 
the action potential. 
 
Autorhythmicity is the property of a tissue in being able to rhythmically discharge 
action potentials without need of neural innervation. 
 
Sino-atrial (SA) node is the main collection of cells in the right atrium that possess 
autorhythmicity.  As the inherent rate of discharge is the highest of all tissues of the 
heart that possess autorhythmicity, the SA Node is referred to as the pace maker of the 
heart. 
 
atrio-ventricular (AV) Node is the localized collection of cells located through the 
connective tissue sheath separating the atria and ventricles, which functions to slightly 
delay the conduction of the action potential to allow for ventricular filling from the 
contracting atrial myocardium prior to ventricular contraction. 
 
P-R interval is the time interval between the start of the p-wave and R-spike of the 
electrocardiogram. 
 
plasma is the liquid component of blood. 
 
erythrocytes are red blood cells. 
 
leukocytes are white blood cells. 
 
platelets are cell fragments essential for the process of blood clotting. 
 
thrombocytes is another name for platelets. 
 
hematocrit is the percentage of cell to liquid component volumes of blood. 
 
adenosine is the nucleotide base responsible for vasodilation of capillaries, as well as 
the main structural component of ATP, ADP, and AMP. 
 

 
 


