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Circulatory System
Each one of your 3 trillion cells in your body needs a constant supply of nutrients to survive & carry out their functions. Distributing these nutrients to your cells is a function of your Cardiovascular System (“Cardio”: heart & “vascular”: vessels) is made up of the heart, blood, and blood vessels. The heart, blood & blood vessels work together to transport oxygen and nutrients to the body while aiding the removal of carbon dioxide and other waste products. Another name for this system is the Circulatory System.
Blood: The Living Fluid
The adult human body contains approximately 5 liters (5.3 quarts) of blood; it makes up 7 to 8 percent of a person’s body weight. Approximately 2.75 to 3 liters of blood is plasma and the rest is the cellular portion.

There are two types of blood:

1. Oxygenated blood – is the blood that is high in oxygen.

2. Deoxygenated blood – is blood that is high in carbon dioxide.
Functions of the Blood

Blood performs two major functions: 

1. transport through the body of 

· oxygen and carbon dioxide 

· food molecules (glucose, lipids, amino acids) 

· ions (e.g., Na+, Ca2+, HCO3−) 

· wastes (e.g., urea) 

· hormones 

2. heat

3. defends the body against infections and other foreign materials. All the white blood cells participate in these defenses

Blood Components

Blood is a highly specialized tissue composed of many different kinds of components.  Four of the most important ones are red blood cells, white blood cells, platelets, and plasma.
Red Blood Cells (also called erythrocytes)
Erythrocytes are made in the bones of the vertebrae, sternum, ribs & the ends of long bones. They live for about 120 days & then are ingested by cells in the liver & spleen. Most of the iron in the hemoglobin of the red blood cells is reclaimed for reuse. The reminder of the iron is degraded into bile pigments and excreted by the liver.
Functions

1. transport oxygen to all blood cells
2. help to remove carbon dioxide & other wastes from the body
Structure

· has a biconcave disc shape
· can change shape to an amazing extent, without breaking, as it squeezes through capillaries
· has no nucleus
· makes up about 44% of blood volume
· contains hemoglobin.
Hemoglobin is made up of four atoms of Iron. Iron atoms are needed to bind oxygen & hemoglobin together. Hemoglobin molecules attract oxygen molecules and bind to them easily. When a hemoglobin molecule bonds to an oxygen molecule, the hemoglobin molecule turns a bright red colour, hence, giving red blood cells (corpuscles) their red colour. 

There are more red blood cells (corpuscles) in blood than white blood cells (corpuscles), therefore, blood is coloured red.
Diagram

Diseases

1. Anemia: is a shortage of erythrocytes and/or the amount of hemoglobin in them. Anemia has many causes. One of the most common is an inadequate intake of iron in an individual’s diet.

2. Sickle cell anemia: most common in people of African decent. It is an inherited disease which can cause episodes of pain, damage to vital organs & for some death in childhood or early adulthood.

The red blood cells of a person with sickle cell anemia may change from their biconcave disc shape into a crescent or sickle shape within the blood vessels. These sickle shaped cells tend to become trapped in the spleen & elsewhere, and are destroyed. As a result, the individual suffers from a shortage of red blood cells, which when severe can cause a patient to become pale, suffer from shortage of breath & easily tire.
White blood cells (also called leukocytes)
Function

· Fight infections as part of the immune system: help to defend your body against attacks from bacteria, viruses, fungi, protists & foreign proteins.

Accomplishes its role by two methods

1. Kill bacteria, fungi, protists & destroy viruses & foreign proteins by ingesting them (process called phagocytosis).

2. Produce proteins that attack the pathogen (disease causing organism)

Antigens: are substances that cause the body (white blood cells) to produce antibodies.

Antibodies: are proteins made by white blood cells & are carried in the plasma. They react to foreign substances in the body. 

Structure

· larger than red blood cells (corpuscles)

· oddly shaped ‘puff ball’

· makes up about 0.5% of blood volume

· can change shape to squeeze through cracks in the capillary walls.

· can escape from the blood into the tissue to fight infections

· when there is an infection, the number of white blood cells in the blood will increase

Diagram

Disease

1. Leukemia: type of blood cancer. Results from a disorder affecting the production of white blood cells causing them to reproduce uncontrollably, crowding the existing healthy cells. The bone marrow may become severely impaired & unable to maintain production of sufficient levels of red blood cells & platelets. At the same time white blood cell production becomes so rapid that these cells 
Platelets

Function

1. help blood to clot 
Structure

· smaller than red blood cells

· colourless

· fragments of cells
Diagram

Disease

1. Hemophilia: is an inherited disease where sufferers’ blood can not clot properly. Mostly effects males. 
Plasma

Function

1. medium that supports solid cells, platelets and other nutrients
2. carries food, nutrients & some oxygen

3. carries wastes (urea, carbon dioxide)

4. carries hormones, antibodies & heat
Structure

· watery part of blood (made up of 90% water)
· makes up 55% of blood

· light straw colour
Blood Type
Everybody has a blood type. The most common blood type classification system is the ABO (say "A-B-O") system discovered by Karl Landsteiner in the early 1900s. 
There are four types of blood in the ABO system: A, B, AB, and O. Your blood type is established before you are born, by specific genes inherited from your parents. You receive one gene from your mother and one from your father; these two combine to establish your blood type. These two genes determine your blood type by causing proteins called agglutinogens (a-GLOO-tin-a-gins) to exist on the surface of all of your red blood cells. In addition to the proteins (agglutinogens) existing on your red blood cells, other genes make proteins called agglutinins (a-GLOO-tin-ins) that circulate in your blood plasma. Agglutinins are responsible for ensuring that only the blood cells of your blood type exist in your body.

Blood Transfusion

Because there are only four types of blood, it is possible to take blood from one person and donate it to another person in a process called transfusion. In order for a transfusion to work it is essential that the agglutinogens on the surface of the donor's blood cells match the agglutinogens on the surface of the recipient's blood cells. In other words, the blood type of the donor and the blood type of the person receiving the transfusion must be compatible. If the blood types don't match, special antibodies in the recipient's blood, called agglutinins, will attack the donated blood causing blood clots to form in a reaction called agglutination.

If you ever need a blood transfusion, someone will take a sample of your blood in order to determine your blood type and the genotypes of matching blood types. 
Example: Someone with type A blood can receive blood from people with the AA, AO, and OO genotypes. People with type B blood can receive blood from people with the BB, BO, and OO genotypes.


There are two special genotypes when it comes to blood transfusions:OO and AB. 

A person with type O blood is said to be a universal donor because (s)he can donate blood to everybody. A person with type AB blood is said to be a universal receiver because (s)he can receive blood from everybody. 

Blood Vessels

Blood vessels are tube-like vessels that transport blood around the body. There are three types of blood vessels: Arteries, Capillaries & Veins. They are made up of smooth muscle tissue. 
Arteries
Functions

1.  Carry blood away from the heart. All Arteries flow Away from the heart.
Aorta -> Almost all arteries branch from this major blood highway (exception = pulmonary artery) 


2. Transports oxygenated blood **Exception!!! Pulmonary artery is the ONLY ARTERY that carries de-oxygenated blood**

Structure

· Have thick elastic muscular walls
· Blood flows under high pressure
· Found buried in skeletal muscles or connective tissue (not visible beneath the skin)

· Arteries branch into smaller vessels called arterioles which branch again to form capillaries.
Diagram of an Artery

Names of Major Arteries
There are many, many organs in the body. Each has its own artery. For some, it is easy to identify the organ for which they are intended - like the pancreatic artery feeds the pancreas. Others are a little more challenging to remember:
	Pulmonary artery -> lungs 
Gastric artery -> stomach 
Hepatic artery -> liver 
Renal artery -> kidney 
Coronary artery -> heart 
Carotid artery -> brain 


Two Major Arteries: Pulmonary Artery and the Aorta 
The Pulmonary Artery carries blood away from the heart and to the lungs. Once it arrives, fresh, oxygenated blood plumps up the hemoglobin, like filling a gas tank at a gas station pump. Now it continues back to the heart's clover-leaf for distribution first to the coronary arteries and then on to the rest of the body. 
Oxygenated blood flows out of the heart via the Aorta - the Mother of all arteries and it is also the largest. When you see a diagram of the circulatory system you should note that it is the vessel exiting the Left Ventricle of the heart.

Veins
Functions
1. Veins take blood back to the heart. Veins always lead to the heart.
Except the Hepatic Portal vein which does not return blood directly to the heart. It carries blood containing digested food from the Small Intestine to the Liver.
2. Transports deoxygenated blood. **Exception: Pulmonary Vein is the ONLY VEIN that carries oxygenated blood. 
Structure

1. Veins have thinner walls than arteries 

2. Veins contain valves which prevent the flow of blood in the wrong direction.

3. Blood flows under low pressure

4. Veins branch into smaller vessels called venules that connect with capillaries
Diagram of a Vein

Names of major veins

· inferior vena cava
· superior vena cava
· hepatic veins,
· renal veins
· coronary vein
Capillaries
Functions
1. They supply oxygen, food, water, minerals & vitamins to the cells from the arteries. These items diffuse from the capillaries into tissue fluid surrounding the body cells then into the cells.

2. Waste material (carbon dioxide, urea etc.) diffuse out of the cells into the tissue fluid & into the capillaries. Excess waste passes to the lymph. 

Structure

1. Are the smallest of all blood vessels, can only be seen with a microscope. 
2. Have very thin walls one cell thick

3. Are very fine & hair-like

4.  They branch considerably before connecting arterioles (arteries) to venules (veins)

5. They are permeable to oxygen, carbon dioxide, water, food, & lymph. 
Diagram of a Capillary

Differences between Arteries & Veins
	Arteries
	Veins

	Thick elastic walls
	Thinner walls with valves

	Blood under high pressure
	Blood under low pressure

	Carry oxygenated blood (except Pulmonary artery)
	Carry de-oxygenated blood (except Pulmonary vein)

	Carry blood from heart to organs
	Carry blood from organs to heart


Heart
The heart is a hollow muscle made up of cardiac muscle cells. It is about the size of your fist. It is located slightly to the left of the center of your chest; located in the thoracic/chest cavity. The heart is a muscle that acts as a pump to circulate blood throughout our body. 
Structure 

The hollow inside is divided into four sections. These sections are called chambers. Two chambers are on the left and two chambers are on the right side. Each side has an upper and lower chamber. All upper chambers are called Atria & lower chambers are called Ventricles.

The right upper receives blood from the body; it is called the Right Atrium
The right lower pumps blood to the lungs; it is called the Right Ventricle
The left upper receives blood from the lungs; it is called the Left Atrium
The left lower pumps blood to the rest of the body; it is called the Left Ventricle.

The Atria receive blood from veins while the Ventricles have thicker walls & pump blood through arteries. 

The two halves of the heart are separated by a membrane (thick muscular wall) called the septum. This wall prevents the flow of blood between the two atria or the two ventricles. 

There are four valves inside the heart. The valves within the heart are one-way valves. This means that blood can flow into the heart but not back into the arteries or ventricles. Valves prevent backflow. 

Two of the heart valves are the mitral valve and the tricuspid valve, and they let blood flow from the atria to the ventricles. The other two are called the aortic valve and pulmonary valve, and they're in charge of controlling the flow as the blood leaves the heart. 

Diagram of the Heart

Heart Beat (Pulse)

Heart beat is a term used to describe the frequency of the cardiac cycle. It is considered one of the four vital signs. Usually it is calculated as the number of contractions (heart beats) of the heart in one minute and expressed as "beats per minute". 
Rate changes due to:
· exercise (heart beat will increase with exercise)

· hormone adrenaline (makes you want to fight of flight)

· nerve activity

· mood

· certain drugs

Investigation of heart rate

What happens to our heart rate and breathing when we exercise? Why? (Our heart rate increases and our breathing is more frequent. It is important for this to occur because our body needs more energy when we exercise. We breathe faster so our lungs can take in more oxygen. Our heart pumps faster to transport more oxygen to our muscles so that they can burn the energy faster.) 

Blood Pressure

Blood in the blood vessels are under pressure. This is the pressure needed to pump blood around the body. The pressure is the force of the blood exerted on the walls of arteries. Blood must pass from arteries through capillaries to veins. There must be a difference in blood pressure between the arteries and veins in order for blood to circulate. Blood pressure varies with age. Blood pressure is highest in arteries.
Blood pressure is measured by a sphygmomanometer. The heart pumps blood in two phases. In the systolic phase the ventricles contract, pumping blood into the arteries. In the diastolic phase, or second phase, the ventricles relax and blood flows into them from the atria. These two phases of the heartbeat are measured when the blood pressure is taken. 
High Blood Pressure (Hypertension) occurs when the heart has to work harder to pump blood through the arteries. The arteries can become blocked with fat deposits or the elastic walls of the arteries can lose their elasticity. It can be caused by smoking, drinking alcohol, and eating too many fatty foods.
Diagram of Blocked Artery

Low Blood Pressure (Hypotension) occurs when a person loses a great amount of blood. It may occur after shock or severe bleeding.

Circulation of Blood

Function

· Movement in a circle or circuit of blood through bodily vessels as a result of the heart's pumping action. As a result oxygen & nutrients are transported to the cells & carbon dioxide & wastes are removed from cells.

The body has two circulation circuits linked by the heart.

1. The Pulmonary (lung) circuit carries deoxygenated (oxygen poor) blood from the right side of the heart to the lungs to pick up oxygen, and then returns oxygenated blood to the left side of the heart. Circulation between the heart & lungs.
Structure
The Pulmonary circulation is composed of the pulmonary artery, pulmonary vein & the right side of the heart. 

Pulmonary Circulation

Deoxygenated blood from the body enters the right atrium. The atrium contracts and forces blood through a valve into the right ventricle. As the right ventricle fills, the valves close preventing blood from draining back into the atrium. The thick walled right ventricle contracts and forces the blood out along the pulmonary artery, which divides into two to supply blood to each lung. In the lungs the blood becomes rich in oxygen. 
Oxygenated blood returns to the left atrium via the pulmonary veins from the lungs. 

Diagram of Pulmonary Circulation

2. The Systemic (body) circuit carries oxygenated blood from the left side of the heart to the rest of the body, and returns deoxygenated blood to the right side of the heart 
Structure
Systematic circulation is composed of the aorta, blood vessels & the left side of the heart. 

Systematic Circulation

Contraction of the left atrium forces blood into the left ventricle through a valve. As the left ventricle fills, the valves close preventing blood from draining back into the left atrium. Contraction of the left ventricle forces blood out of the heart and along the aorta which branches to supply blood to all parts of the body. 
The left ventricle is the smallest of all chambers. It has the thickest walled chamber enabling it to force blood out of the heart and around the body at high pressure through the arteries.

Diagram of Systematic Circulation

Lymphatic System

Recall: Blood transports materials like oxygen, food & hormones to the tissues. Before these items can enter the tissue they have to pass through the tissue fluid that bathes each cell. Tissue fluid acts as the “middle man” between the blood & the tissues. 

The Lymphatic System acts as a secondary circulatory system. It has three main functions:

1. To collect & return tissue fluid to the blood.

2. To defend the body against disease organisms (pathogens). 

3. To absorb lipids (fatty acids & glycerol) from the small intestine. 
Components of the Lymphatic System
· The lymphatic system consists of lymphatic vessels that conduct lymph. Once the tissue fluid enters the lymph vessels it is called Lymph. 
· It also consists of Lymph tissue. Lymph tissue is a type of connective tissue that contains white blood cells. 

· Lymph tissue group together to form lymph nodes, which act as filters. 

· Examples, tonsils (in the mouth); thymus gland; and spleen.

Spleen is an organ located in the abdominal cavity. It removes worn out blood cells & bacteria from the blood. It plays a role in immunity. 

· Lymph capillaries extend into almost all tissues of the body. They are dead-end capillaries; they only join to form Lymph veins. There are no Lymph arteries. Lymph only flows in one direction due to the presence of valves in the larger vessels. 
How the Lymphatic System Works

· These Lymph vessels empty into Lymph nodes (glands). Within the nodes there are many white blood cells that destroy any harmful pathogen from the tissue fluid that has been drained. This is why the lymph nodes may become swollen in serious infections.
· Once the tissue fluid has been filtered it returns to the blood & is carried in the plasma of blood. 
The fascinating transfer work happens here in the capillaries. Imagine your right hand is the capillary end of an arteriole (your right arm). Lace your 2 hands together. Your left hand represents the capillary end of a Vein. Here is where the oxygen is discharged and the empty hemoglobin containers are recycled back towards the heart on their path to re-filling. Once the oxygen portion is used, the blood tends to lose its bright red colour.
