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Unit Seven - The Cardiovascular System 

7.1 – Introduction 

 
Welcome to the cardiovascular system!  Before we begin let’s review all 

the previous systems to keep things in context.  

  

 Integumentary System – this system’s main function is to protect 

the body from damage. 

 Skeletal System – this system provides form to the body, 

protects vital organs, and assists in movement. 

 Endocrine System – this system controls all other systems by 

secreting hormones that act on target cells. 

 Nervous System – this system also controls all other systems by 

relying on both internal and external stimuli via neurons in both 

the central and peripheral nervous systems. 

 Muscular System – this system aids in movement 

 

As you can see, each system has a specific job, and although some 

functions overlap, they all accomplish their tasks in different ways.  

The cardiovascular system is no different. 

 

The main function of the cardiovascular system is to pump oxygen rich 

blood and nutrients to tissues and carry oxygen depleted blood back to 

the heart to pick up more oxygen and metabolic waste to other tissues 

for elimination.  It interacts with the nervous system, the endocrine 

system, and the muscular system, but no other system pumps blood 

through the body. 

 

The heart is a muscle.  It is capable of pumping 9000 quarts of blood 

through the body each day. (That’s about 100,000 heart-beats!) 
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Components of the Cardiovascular System 

 

This can be simplified in the following way: 

 Pump 

 Pipes 

 Fluid 

 

The pump is of course, the heart itself.  The pipes are the blood 

vessels, and the fluid is the blood.  Those are the things we will discuss 

in this unit. Take some time to study these diagrams.  The heart is a 

major organ and as such, you will be required to memorize all the 

fundamental components. 

 
The blue and red arrows indicate the direction in which the blood 

flows.  Blue for oxygen depleted blood and red for oxygen rich blood. 
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This picture shows the inside of the heart.  The heart muscle itself is 

in the lower portion of the diagram.  It can be divided up into several 

well organized components; the most obvious are the 4 chambers 

(which are better illustrated in the picture on the previous page).  Not 

all animals have a four chambered heart.  Fish for example have a two 

chamber heart, while amphibians have three.  The number of chambers 

effects the circulation of blood.  You will learn more about that in a 

later unit. 

 

Cardiac or heart muscle is one of the three 

unique types of muscle.  It has features that 

are directly related to its function; pumping the 

blood. 
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These features are: 

 The myofibrils of each cell are branched 

 Lots of capillaries to allow for blood flow 

 Contain intercalated discs which contain desmosomes (toad 

strength) and gap junctions (allow ion transport) 

 Cardiac Muscle is made of single cells and each cell has a single 

nucleus (uninucleated) 

 The branches connect nearby fibers via adherens junctions  

 These junctions are very strong and enable the heart to contract 

forcefully without ripping the fibers apart 

 The action potential that triggers the heartbeat is generated 

within the heart itself. Motor nerves are only used to modulate 

the heart and not make it beat directly  

 The heart contraction is all or none; either it contracts maximally 

– or not at all 

 Some cardiac muscle cells are self excitable and can produce 

spontaneous action potentials – these are the pacemaker cells 

 The action potential that drives contraction of the heart passes 

from fiber to fiber through gap junctions – you will learn more 

about the electrical forces at work in the heart in a later unit 

 The heart muscle will contract and relax like all other muscles 

 Cardiac muscle more mitochondria than skeletal muscle allowing 

for greater ATP production  

 Cardiac muscle has very little glycogen does not rely on glycolysis 

when ATP is limited 

 This dependence in cellular respiration is both good and bad – if 

oxygen is not being delivered to the heart cellular respiration 

cannot take place 

 The cardiac muscle is very sensitive to any lack of oxygen and 

damage occurs rapidly when there is none present 
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Here is a diagram that depicts 

cardiac muscle: 

 

In some ways it is very much like 

the skeletal muscle in the 

previous unit. 

 

 

 

The Four Chambers of the Heart 

The heart is divided into four parts; two upper chambers called the 

atria and two lower chambers called the ventricles: 

 

 Atria – The atria are shown in purple in the above diagram 

 Ventricles – The ventricles are shown in red or pink 

 

The Right Side of the Heart 

 

Before we start you should understand something about how you view 

left and right in medicine.  When you think of the right side of your 

heart – it is always on YOUR right side.  But when you look at 

ANOTHER person’s heart, it is on YOUR left side.  So when we talk 

about the right side of the heart we are actually looking at the left 

side of the diagram and when we are discussing the left side of the 

heart, we are talking about the right side of the diagram.  This is 

because in medicine you are looking at the patient – and that is a mirror 

image of how you view yourself. 

 

The superior vena cavae and inferior vena cavae are in blue to the 

left of the heart muscle as you look at the first picture. These veins 

are the largest veins in your body. They carry oxygen depleted blood 

back to the right atrium of your heart. 
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The superior vena cava carries oxygen-poor blood from the upper parts 

of your body, including your head, chest, arms, and neck. The inferior 

vena cava carries oxygen-poor blood from the lower parts of your body. 

 

The oxygen-poor blood from the vena cavae flows into your heart's 

right atrium and then down to the right ventricle. From the right 

ventricle, the blood is pumped through the pulmonary arteries (in blue 

in the center of the picture) to your lungs.  

 

Typically when we talk about veins we are always talking about oxygen 

depleted blood and when we talk about artery, we are talking about 

oxygen rich blood.  This is not the case for the pulmonary arteries.  

These arteries carry oxygen depleted blood to the lungs where they 

will pick up oxygen molecules. 

 

The reason this is worded this way is because arteries really mean 

vessels carrying blood away from the heart and veins refer to vessels 

bringing blood to the heart.  
 

When the blood from the pulmonary artery (pulmonary means lungs) 

reaches the lungs the red blood cells will pick up new oxygen molecules.  

Then this oxygen rich blood go back to the heart through the 

pulmonary veins (remember – it is a vein because it is taking blood to 

the heart, even though the blood is oxygen rich).  The pulmonary veins 

are colored pink to the right of the left atrium in the first picture. 

 

The Left Side of the Heart 

 

The left side of the heart takes the oxygen rich blood that just came 

from the lungs and pumps it out into the body.  When the oxygen rich 

blood passes through the pulmonary veins it enters the left atrium and 

is pumped into the left ventricle.  From there, the oxygen rich blood 
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passed through the aorta and where it is carried to the rest of the 

body. 

 

The heart itself requires much oxygen rich blood in order to work, so 

some of the oxygen rich blood is pumped through the coronary 

arteries and into the left ventricle.  These arteries are located on the 

heart’s surface inside the aorta. There is not a clear view of these 

arteries in the previous pictures, but you will be able to identify them 

using the internal view on the next page. 

 

The Interior of the Heart 

 

The picture below depicts the interior view of the heart.  It shows 

several structures that will be discussed further in this section. 

 
The Septum 

The right and left sides of your heart are divided by an internal wall of 

tissue called the septum. The area of the septum that divides the atria 
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is called the atrial septum.  The area of the septum that divides the 

ventricles is called the ventricular septum. 

 

Heart Chambers 

The picture shows the inside of your heart and how it's divided into 

four chambers. The two upper chambers of your heart are called atria. 

The atria receive and collect blood.  

 

The two lower chambers of your heart are called ventricles. The 

ventricles pump blood out of your heart into the circulatory system to 

other parts of your body. 

Heart Valves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The picture above shows your heart's four valves. Shown clockwise 

from lower left in the picture, the valves include the tricuspid valve, 

the pulmonary valve, the mitral valve, and the aortic valve.   
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The tricuspid valve is also called the right atrioventricular valve, and 

it separates the atria from the ventricle and prevents “back-flow” of 

blood.  Similarly, the mitral valve is also called the bicuspid valve or 

the left atrioventricular valve and performs the same function, but on 

the other side.  The atrioventricular valves are abbreviated AV valves. 

 

The pulmonary valve is also called the 

right semilunar valve and the aortic 

valve is called the left semilunar valve. 

The semilunar valves are abbreviated SL 

valves. 

 

Heart valves function to ensure that 

your blood flows in only ONE direction.   
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Worksheets and Activities for Unit 7.1 

 

Label the parts of the heart: 
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Label the internal parts of the heart: 
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Label the Heart Valves: 
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7.2 – General Circulation and the Components of 

Blood 
 

Blood Flow 

 

The arrows in the drawing show the direction that blood flows through 

the heart. The blue arrows show that blood enters the right atrium of 

the heart from the superior and inferior vena cavae.  

 

From the right atrium, blood is pumped into the right ventricle. From 

the right ventricle, blood is pumped to the lungs through the pulmonary 

arteries. 
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The red arrows show the oxygen-rich blood coming in from your lungs 

through the pulmonary veins into the heart's left atrium. From the left 

atrium, the blood is pumped into the left ventricle. The left ventricle 

pumps the blood to the rest of the body through the aorta. 

 

For the heart to work properly, the blood must flow in only one 

direction. The heart valves make this possible. Both of the heart's 

ventricles have a valve that allows blood in from the atria and a valve 

that allows blood to leave via the arteries.  

 

When the heart valves are functioning properly, they open and close in 

an exact and precise way.  They are coordinated with the pumping 

action of both the atria and the ventricles. Each valve has a set of 

flaps called cusps that seal or open the valves. This allows pumped 

blood to pass through the chambers and into the arteries without 

backing up or flowing backward. 

 

Circulation and Blood Vessels 

The cardiovascular system consists of both the heart and the blood.  

Cardio refers to the heart and vascular refers to the vessels and the 

flow of blood.  The circulatory system, like the heart, is divided into 

several sub-systems which are explained below. 

 

Arterial circulation, as the name implies, involves the arteries.  This 

includes the aorta and pulmonary arteries. 

 

As discussed earlier, arteries are blood vessels that carry blood away 

from the heart. Arteries have the following properties when they are 

healthy: 

 

 Strong and elastic 

 Move in only one direction – away from the heart 

 Carry oxygenated blood 
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 When the heart beat they narrow 

 They keep blood pressure consistent 

 They are under a high amount of pressure due to the pumping 

action of the heart 

 

When disease sets in those properties listed above are compromised 

and they do not function at their optimum level. 

 

Arteries near the heart are large and thick, but as they move away 

from the heart and into the tissues they narrow.  These narrow vessels 

are called arterioles.  Like arteries, the arterioles are strong and 

flexible to allow the blood to flow through efficiently. 

 

Venous circulation involves the veins.  As discussed earlier, veins carry 

blood towards the heart.  Veins exhibit the following properties: 

 Have thinner walls 

 Carry oxygen depleted blood 

 Move under low pressure 

 Move in only one direction – towards the heart 

 

Like the arteries near the heart, the veins near the heart have a larger 

diameter.  Since the veins pick up deoxygenated blood from the 

tissues, they start out 

very small and 

gradually get larger as 

they approach the 

heart.  These smaller 

veins are called 

venules. 

 

Capillary circulation 

is the place in the 

system where oxygen, 



Human Anatomy & Physiology ©2010 The Simple Homeschool 

 

20 

 

By J. Anne Huss – For Private Use Only – All Rights Reserved 

nutrients, and waste pass from tissues to blood (venules) and from 

blood to tissues (arterioles). 

 

Capillaries connect the arterial and venous circulatory subsystems via 

the capillary bed. They exhibit the following properties: 

 Very small 

 Thin walls which allow certain molecules, like oxygen, waster 

products (CO2 ) and nutrients, to pass through. 

 

 
           Arterial Circulation            Venous Circulation 
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Pulmonary circulation is the movement of blood from the heart to the 

lungs and back to the heart again. Pulmonary circulation includes both 

arterial and venous circulation. 

 

Blood without oxygen is pumped to the lungs from the heart.  

Remember that this occurs via the pulmonary artery and this is still 

part of the arterial circulation even though the blood is not rich with 

oxygen. 

 

Oxygen-rich blood moves from the lungs to the heart through the 

pulmonary veins and this is called venous circulation. 

 

Pulmonary circulation also includes capillary circulation. All animals and 

humans breathe in oxygen.  This oxygen passes through the lungs into 

the blood via capillary bed exchange in the lungs. Oxygen-rich blood 

moves through the pulmonary veins to the left side of the heart and 

out of the aorta to the rest of the body.  

 

Capillaries in the lungs also remove carbon dioxide from the blood and 

the lungs will expel this gas into the air.  You will learn more about 

respiration in the next unit. 

 

The Pericardium 

The pericardium is the thin double-walled sac that covers the heart 

muscle.  It attaches to several locations within the chest such as the 

great vessels, the chest wall, and the diaphragm.  Picture the 

pericardium as a plastic baggie that is wrapped around the heart.  This 

wrapping creates a layer between itself and the heart called the 

pericardial cavity.  Inside this cavity there exists a small amount of 

lubricating fluid.   
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The functions of the pericardium are: 

 Provide lubricant to allow efficient contractions of the heart 

 Prevent over-expansion of the heart during relaxation (when 

blood is rushing into the heart) 

 Provide attachment to the chest wall and diaphragm which 

protects the heart from being displaced when subjected to 

physical compression 

 

The three layers of the heart are: 

 Endocardium (inner most layer) 

 Myocardium (middle layer) 

 Epicardium (out and thickest layer) – this layer contains the 

cardiac contractile fibers, nerves, and is very vascular compared 

to other tissues in the body. 

 

Blood 

 

About 7-9% of a person’s body weight is made up of blood.  If a person 

looses more than 30% of total blood volume they will be in a lot of 

trouble.  There is a calculation that you can use to determine how much 

blood is in your body and the formula looks like this: 

 

(total blood in body X weight in kilograms) = amount of blood in 

milliliters. 

 

You can use .07 .08 or .09 for your total blood volume.  For this 

example we will use .07.  For simplicity sake let’s assume that the 

person weights 55 kg. 

 

Then all you need to do is plug the numbers into the equation and you 

get: 

 

.07 X 55 = 3850 ml 
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3850 ml is the approximate total blood volume for this example 

person’s body.  To figure out what 30% of that would be we simple 

multiply by .30 to get 1155 ml. 

 

If that person lost 1155 ml of blood they would be in danger of death.  

How much is a 1000 ml anyway?  Well, 1000 ml = 1 liter.  A good 

comparison is ½ of a 2 liter bottle of soda. 

 

Blood is a connective tissue that consists of cells suspended in plasma.  

Plasma is the matrix of blood.  It is almost 90% water and contains 

inorganic salts that are commonly called electrolytes.  These inorganic 

salts are dissolved in the plasma as ions.  Remember that ions are 

charged particles such as Sodium (Na+) and Chloride (Cl-).  These ions 

maintain osmotic balance of the blood.  Salts (in chemistry) are ionic 

compounds composed of cations (positively charged ions) and anions 

(negative ions) so that the product is electrically neutral (without a net 

charge). 

 

Osmosis is the movement of water and dissolved materials from an 

area of greater (higher) concentration to an area of lesser (lower) 

concentration through a semi-permeable membrane.  Just like these 

ions controlled nerve impulses and muscle movement, they also control 

the uptake and output of fluids in the body and the combined 

concentration of these ions is important in maintaining osmotic balance 

in the blood. 

 

Some ions also help buffer the blood. A buffer controls the pH of the 

blood, which is about 7.4 in humans.  The pH scale is a measure of 

hydrogen ions that goes from 1-14.   

 

1-6 on the pH scale is considered acidic, 7 is neutral, and 8-14 is basic.  

The job of a buffer is to bring the pH of a solution either up or down.  
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That is what an antacid does for a person with heartburn.  The 

stomach is naturally very acidic and the antacid tablet contains 

buffering powders such as calcium carbonate. 

 

You will learn more about the strict control of plasma electrolytes in a 

later discussion on the renal system. 

 

Dispersed in the blood plasma are the cellular component of blood 

which consists of two cell types: 

 

 Red Blood Cells 

 White Blood Cells 

 

Red blood cells are also called erythrocytes and can be abbreviated as 

RBC.  These are the most numerous type of blood cell and there are 

about 25 trillion of these cells in an average sized human. 
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The RBC contains the following notable structural components: 

 Biconcave disc 

 Thinner in the center than on the edges 

 No nuclei in mature cells 

 Lack mitochondria  

 Generate their own ATP via anaerobic metabolism 

 

 
The major function of RBC’s is to carry oxygen and so anaerobic 

respiration is a must so as not to consume the oxygen they are 

carrying.   

 

They contain about 250 million molecules of hemoglobin.  Hemoglobin is 

an oxygen carrying protein that contains iron.  The hemoglobin contains 

the oxygen binding site on the RBC.   
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Oxygen exchange via capillary beds will be discussed in the unit on the 

respiratory system. 

 

Hemoglobin is an amazing molecule and in fact, it has an amazing place 

in history.  In 1959 Max Perutz determined the molecular structure of 

hemoglobin by X-ray crystallography. This work resulted in his sharing 

with John Kendrew the 1962 Nobel Prize in Chemistry.  Hemoglobin was 

an ugly molecule, but scientists quickly realized something very 

important as they began to study it.  Protein structure dictates 

function. For the first time scientists could look at a protein molecule, 

determine the secondary structures contained within it (and tertiary in 

the case of hemoglobin) and put the pieces of the puzzle together to 

determine what it does! 

 
The white blood cells (WBC’s) make up a very small portion of the 

blood itself, but they contribute to the physiology of the body in 

significant ways.  There are 5 major types of white blood cells (also 

called leukocytes): 

 Monocytes 

 Neutrophils 

 Basophils 

 Eosinophils 

 Lymphocytes 
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Their collective purpose is to fight infections in various ways: 

Monocytes and neutrophils are phagocytes – this means that they 

engulf and digest bacteria and other debris that comes from our own 

dead cells and lymphocytes play a major role in the immune response.  

White blood cells spend most of their time circulating outside the 

blood in a space called the interstitial fluid and in the lymph system. 

 

The last component of blood is the platelet.  Platelets are not cells, but 

parts of cells that are formed in the bone marrow.  Platelets play an 

important role in blood clot formation 
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The formation of red blood cells is called erythropoiesis and this 

process occurs within the bone marrow.  This is a very complex process 

in which a pluripotent stem cell (a cell that is capable of becoming any 

number of specialized mature cells) goes through a process called 

differentiation.  Differentiation is the process by which a less 

specialized cell (stem cell) becomes more specialized.  For example, 

stem cell can become any number of different cells.  It can be a skin 

cell, a blood cell, a hair cell, or a liver cell.  That is what makes stem 

cells so special.  As they become more specialized, that is they move 

along in their development towards their final destination, their 

options for what they may become are decreased.  In the picture above 

the cell on the upper left is the least specialized – the cell on the lower 

right is a mature cell that cannot change into another cell type. 

 

The RBC’s, WBC’s, and Platelets all develop from pluripotent stem cells.  

The diagram above illustrates a simplified version of how this process 

occurs for Red Blood Cells. 
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Worksheets and Activities for Unit 7.2 

Describe the pathway of blood through the heart.  For each red or 

blue arrow tell where the blood is coming from or flowing towards.   

 

 

 

 

 

 
 

 

 

 
When you are finished with the chart repeat each step back to 

your parents from memory. 



Human Anatomy & Physiology ©2010 The Simple Homeschool 

 

30 

 

By J. Anne Huss – For Private Use Only – All Rights Reserved 

Label the blood components and cell types: 
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Label the red blood cells: 
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Visit the Anatomy Resource Page to access the link that goes with 

this part of the course to learn more about Sickle Cell Disease and 

then answer the following questions: 

 

How do people get sickle cell disease? 

 

 

 

 

 

 

 

What are the symptoms of sickle cell disease? 

 

 

 

 

 

 

 

 

How do doctors diagnose sickle cell disease? 

 

 

 

 

 

 

 

How is sickle cell disease treated? 

 

 

http://www.thesimplehomeschool.com/resource-pages/anatomy-resources

