Biology II
Chapter 47—Circulatory and Respiratory Systems

CIRCULATORY SYSTEM
The circulatory system distributes oxygen and nutrients to cells in all parts of the body through blood and lymph, the two fluids that flow through it.

It is made up of two systems:

1) Cardiovascular system—blood, heart, and blood vessels

2) Lymphatic system—lymph, lymph nodes, and lymph vessels—a series of one-way vessels that carry intracellular fluid from tissues to the bloodstream

Heart—the central organ of the cardiovascular system; a muscular organ that pumps blood through an intricate network of blood vessels
--Located within the thoracic (chest) cavity, behind the sternum, and between the two lungs

--Surrounded by the pericardium, a tough saclike membrane that secretes fluid to reduce friction as the heart beats
Parts of the Heart
--Divided into two sides by the septum.  


**Right side—pumps blood to the lungs


**Left side—pumps blood to other parts of the body

--Each side of the heart is divided into an upper and lower chamber


**Upper chamber—Atrium

**Lower chamber—Ventricle
--Atrioventricular valves separate each atrium from the ventricle beneath it.  The AV valves consist of flaps of tissue that open in only one direction, preventing the blood from flowing backward from the ventricles to the atria.

**Right AV valve—Tricuspid valve

**Left AV valve—Mitral (or biscuspid) valve

--From the ventricles, blood flows out of the heart into large vesicles, which are separated from the ventricles by semilunar valves, which prevent blood from flowing back into the ventricles when the heart relaxes.


**Right SL valve—pulmonary valve


**Left SL valve—aortic valve
Circulation in the heart:

1) Deoxygenated blood enters the right atrium
2) The right atrium pumps deoxygenated blood into the right ventricle
3) The muscles of the right ventricle contract and force the blood into the pulmonary arteries, which lead to the lungs
4) In the lungs, CO2 diffuses out of the blood and oxygen diffuses into the blood
5) Oxygenated blood returns to the left atrium
6) Oxygenated blood is then pumped into the left ventricle
7) Contraction of the left ventricle forces the blood into the aorta
8) From the aorta, blood is transported to all parts of the body except the lungs
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Control of the Heartbeat
Sinoatrial (SA) node—located in the right atrium

--initiate their own electrical impulse and contract

--often called the pacemaker because it regulates the rate of contraction
Atrioventricular (AV) node—located in the septum between the atria

--relays electrical impulse (from the SA node) to muscle cells in the ventricles

Impulse travels from the SA node to the AV node, causing a contraction (heartbeat).
A heartbeat has 2 phases:

1)  Systole—ventricles contract, AV valves close, SL valves open

2)  Diastole—ventricles relax, SL valves close, AV vales open

Blood vessels
The human circulatory system is a closed system; blood is contained within either the heart or blood vessels at all times.

Arteries—large muscular vessels that carry blood away from the heart

--Contraction of the heart propels the blood through the arteries with force.  The force that blood exerts against the walls of a blood vessel is called blood pressure.

1)  Systolic pressure—pressure of the blood when the ventricles contract (top number)

2)  Diastolic pressure—pressure of the blood when the ventricles relax (bottom number)

Hypertension—high blood pressure

Arteriole—a branch of an artery that gives rise to capillaries, the smallest blood vessels
Capillary walls are thin and allow passage of gases and nutrients through them.

Blood flows through capillaries that merge to form larger vessels called venules, which unite to form a vein—a large blood vessel that carries blood to the heart.

Inferior vena cava—merging of veins returning deoxygenated blood from the lower parts of the body

Superior vena cava—merging of veins returning blood from the upper parts of the body
Patterns of Circulation—pulmonary and systemic
Pulmonary circulation—movement of blood between the heart and the lungs

Systemic circulation—movement of blood between the heart and all parts of the body except the lungs

**Subsystems of systemic circulation:

1) Coronary circulation—supplies blood to the heart

--blood supply is reduced or cut off when an artery is blocked

--atherosclerosis—buildup of fatty material on the interior walls of the   coronary artery

2)  Renal circulation—movement of blood through the kidneys

3)  Hepatic portal circulation—movement through the digestive tract and the liver

LYMPHATIC SYSTEM
Lymph—fluid in the lymphatic system

Differences between the lymph vessels and blood vessels:

1) Blood vessels form a complete circuit so that blood passes from the heart to all parts of the body and then back again to the heart.  Lymph vessels form a one-way system that returns fluids collected in the tissues back to the bloodstream
2) The lymphatic system has no pump like the heart.  Lymph must be moved through the vessels by the squeezing of skeletal muscles (larger lymph vessels have valves to prevent the fluid from moving backward).

As lymph travels, it passes through small organs known as lymph nodes, which filter the lymph as it passes, trapping foreign particles, microorganisms, and other tissue debris.  Lymph nodes also store lymphocytes, white blood cells that are specialized to fight disease.  When a person has an infection, the nodes may become inflamed, swollen, and tender because of the increased number of lymphocytes.

BLOOD
Blood is a liquid connective tissue whose function is to transport nutrients and oxygen to the cells and to carry carbon dioxide and other waste materials away from the cells.  Blood also transfers heat to the body surface and plays a major role in defending the body against disease.  It is composed of a liquid medium and blood solids (RBCs, WBCs and platelets).  The liquid makes up about 55%, and the blood solids make up the remaining 45%.

Plasma—the liquid medium of the blood

--carries dissolved substances to nourish cells (vitamins, minerals, amino acids, & glucose)
--carries hormones and brings wastes from the cells to the kidneys or lungs to be removed from the body

--proteins in the plasma include clotting factors, albumin, and antibodies

Red Blood Cells—“Erythrocytes”

--transport oxygen to cells

--formed in red bone marrow

--synthesize large amounts of hemoglobin, an iron-containing protein that transports oxygen and, to a lesser degree, carbon dioxide

--a mature RBC does not have a nucleus and organelles (they have disintegrated); it is little more than a membrane sac containing hemoglobin

--because they lack nuclei, they cannot divide and have a limited survival period (120-130 days)

White Blood Cells—“Leukocytes”

--help defend the body against disease

--formed in red bone marrow, lymph nodes, & the spleen

--larger than RBCs and less plentiful

--live longer than RBCs (can function for years)

--several types exist

**Phagocyte—engulfs invading microorganisms


**Antibodies—produced by some WBCs to help destroy bacteria and viruses

--the number of WBCs can double when a person has an infection

Platelets
--essential to formation of blood clots

--not whole cells; they are fragments of very large cells that were formed in the bone marrow

--congregate at a site of injury, stick together and form a small plug & release clotting factors


**fibrin—long, sticky threads that function in blood clotting

Blood Types
--determined by the type of antigen present on the surface of RBCs


**antigen—a protein or carbohydrate that acts as a signal, enabling the body to recognize foreign substances (short for “antibody-generating substance”)

--Four blood types:  A, B, AB, and O

--Mixing of two different blood types causes reactions between the antigens on RBCs and the antibodies in the plasma, causing cells to agglutinate (clump together)

	Blood Type
	Antigen on RBCs
	Antibodies in plasma
	Can get blood from
	Can give blood to

	A
	A
	anti-B
	O, A
	A, AB

	B
	B
	anti-A
	O, B
	B, AB

	AB
	A and B
	none
	A, B, AB, O
	AB

	O
	none
	anti-A, anti-B
	O
	A, B, AB, O


Rh System

--identifies blood by the presence or absence of the Rh factor—an antigen that is sometimes present on the surface of RBCs

--If Rh is present, a person is considered Rh-positive; if absent, they are Rh-negative

RESPIRATORY SYSTEM
The function of the respiratory system is to transport gases to and from the cardiovascular system.
External respiration—the exchange of gases between the atmosphere and the blood

Internal respiration—the exchange of gases between the blood and the cells of the body

The lungs are the site of gas exchange between the atmosphere and the blood.

--right lung has 3 lobes; left lung has 2 lobes

--located in the thoracic cavity, bounded by the rib cage and the diaphragm

--encased by the pleura—membranes that secrete a slippery fluid that decreases friction from the movement of lungs during breathing

The Passage of Air
--air filters through small hairs of the nose and passes into the nasal cavity


**The walls of the nasal cavity are lined with cilia, which trap inhaled particles.
--moistened, filtered air moves into the pharynx—a tube at the back of the nasal cavities and the mouth

--the epiglottis—a flap of cartilage covering the trachea—is in an upright position, allowing air to pass into the trachea—a cartilaginous tube that connects the pharynx to the lungs

**At the upper end of the trachea is the larynx—the voice box that houses the vocal cords

--the trachea branches into two bronchi, each of which leads to a lung

--the bronchi branch into smaller and smaller tubes, the smallest of which are known as the bronchioles, which end in clusters of tiny air sacs called alveoli
Gas Exchange and Transport
In the lungs, gases are exchanged between the alveoli and the blood in the capillaries.  Oxygen to be transported throughout the body moves into the bloodstream, and carbon dioxide to be eliminated from the body moves into the alveoli.

97% of the oxygen that moves into the bloodstream combines with hemoglobin (Hgb) in the red cells.  Each Hgb molecule contains four iron atoms, each of which can bind to one O2 molecule.  Thus, one Hgb molecule can carry up to four molecules of O2.
CO2 in the blood becomes carbonic acid, then breaks down into bicarbonate ions and a proton.  This reverses when the blood reaches the lungs, as bicarbonate ions combine with a proton to form carbonic acid, which in turn forms CO2 and water.  The CO2 diffuses out of the capillaries into the alveoli and is exhaled.

Mechanism of Breathing
Breathing is the process of moving air into and out of the lungs.

--Inspiration—process of taking air into the lungs:  chest expands as ribs move up and outward; diaphragm flattens and pushes down on the abdomen, which increases the volume of the thoracic cavity (this lowers the pressure in the cavity, drawing air into the lungs

--Expiration—air moves out of the lungs:  diaphragm and rib muscles relax and the lungs deflate; the size of the thoracic cavity decreases (this increases the pressure in the cavity, expelling air from the lungs)

Regulation of Breathing
Rate of breathing is directly related to the activity of the cells.  It is controlled by the brain and the brain stem.  Increased amounts of CO2 activate increased respiration.
