The Circulatory System

EVOLUTION OF COMPLEX CIRCULATORY SYSTEMS

· All organisms must transport material to each cell; in large organisms, diffusion is insufficient to do so.

· In simple organisms, a body cavity is filled with fluid which helps to distribute materials.

· Types of circulatory systems:

· Open system:

· There is no distinction between the circulating fluid and body fluid.

· A muscular tube in the body cavity pumps fluid through a network of channels.

· Fluid drains back into the central cavity.

· Closed system

· Blood is enclosed within vessels.

· The circulating fluid does not mix with other body fluids.

· Materials pass from one to the other by diffusion through the walls of vessels.

· Movement of fluid in vessels is accomplished by muscle contraction (i.e. a heart).

· The advantage of a closed system is being able to change the diameter of individual blood vessels to direct blood as needed and regulate fluid flow in specific parts of body independently.

FUNCTIONS OF VERTEBRATE CIRCULATORY SYSTEMS

· Nutrient and waste transport:

· Nutrients enter the blood through the wall of the small intestine and are carried to all body cells.

· Cells release wastes into the blood and they are carried to the liver and kidney.

· Oxygen and carbon dioxide transport:

· Oxygen diffuses into the blood through the gills or lungs and is picked up by a protein called hemoglobin in red blood cells.  Oxygen is released to active cells.

· Carbon dioxide, the waste from cellular respiration, is released by cells into blood. This is carried back to gills or lungs and is released.

BLOOD VESSELS

· Arteries carry blood away from heart.

· Muscular layers allow them to withstand high pressure.  They are elastic to allow them to expand and recoil when receiving blood from heart.

· Arterioles form a large network of smaller vessels leading away from the heart.

· They have muscles that control their diameters and they are also elastic.

· Capillaries are the smallest blood vessels and are typically less than 1 mm long.

· The diameter is so small that red blood cells travel single file.

· The very thin walls allow exchange of materials between blood and cells.

· Capillaries have a huge total surface area.

· Blood velocity decreases in capillary beds to allow time for exchange of materials with extracellular fluid.

· Blood releases oxygen and nutrients and picks up carbon dioxide and wastes.

· Venules are formed where capillaries merge.

· Veins are large vessels formed from the venules and they carry blood back to the heart.

· Blood pressure is quite low in the veins.

· The pressure is too low to allow the return of blood to the heart from the lower body.  The return is aided by the contraction of skeletal muscles and one-way valves that prevent blood from flowing backward in the veins.

· Exchange:

· At the arterial end of capillaries, blood pressure forces fluid out and into the surrounding tissues. As blood moves through the capillary, the blood pressure decreases so that near the venous end, less is leaking into the surrounding tissues.

· As blood flows through the capillary and fluid moves out, the blood that remains behind becomes more concentrated. Osmosis then causes fluid to move back into the capillary near the venous end.

· The lymphatic system:

· During the exchange, some fluid is also removed from the blood.  Most fluid reenters the blood by osmosis but some does not.

· The remaining fluid is returned to blood by the lymphatic system.

· Lymphatic vessels contain vein-like one-way valves
.

· The lymphatic system connects to the circulatory into veins on the side of the neck.

· Blockage of the lymphatic system leads to the retention of water in the tissues.  The resulting swelling is called edema.

ADJUSTING BLOOD FLOW

· The diameter of arteries and arterioles can be changed as needed

· Vasoconstriction - contraction of the muscular layer causes the diameter to narrow.

· Vasodilation - relaxation of the muscular layer causes the diameter to increase.

· Sphincter muscles (called precapillary sphincters) in arterioles can open and close specific capillary beds as needed.

CIRCULATION WITHIN THE HEART

· In birds and mammals, the heart is a double pump.

· The heart is four chambered, with a wall separating the left and right ventricles.

· The left side of the heart pumps oxygenated blood to the body tissues. This is systemic circulation.

· The right side of the heart pumps deoxygenated blood to the lungs. This is pulmonary circulation.

· The left ventricle is much more muscular than the right as it must move blood through the whole body.

· Circulation within the human heart:

· Oxygenated blood from the lungs is carried through pulmonary veins to the left atrium.

· Blood flows from the left atrium into the left ventricle as it relaxes.

· The left ventricle then contracts to force blood out to the aorta.

· Valves between the atrium and ventricle (AV valve) and between the ventricle and the aorta (semilunar valve) prevent blood from flowing backward.

· Oxygenated blood is carried to all parts of the body.

· The heart itself receives blood from he coronary arteries.  They have a very small diameter and may become blocked, producing a heart attack.

· Blood from the upper body enters the heart through the superior vena cava while blood from the lower body enters through the inferior vena cava.

· Blood moves from the right atrium through an AV valve to the right ventricle.

· When the right ventricle contracts, blood moves through a semilunar valve into the pulmonary arteries and to the lungs.

· Blood returns from the lungs through the pulmonary veins to the left side of the heart to complete the cycle.

THE CONTROL OF THE HEARTBEAT

· The heartbeat does not require nerves but generates its own beat.  If all the nerves to the heart are cut it will continue to beat.

· Nerve signals from the brain can have an influence on the heart rate and cause it to speed up or slow down.

· Muscle cells in the heart can all contract to produce a regular heartbeat but they must be coordinated.

· This coordination is accomplished by the pacemaker which causes all the cells to contract together. The pacemaker is a group of cells in the wall of the right atrium called the sinoatrial node (SA node) that sets the origin of the heartbeat in mammals.

· To be filled with blood from the atria, the ventricles must contract slightly later than the atria. This is the job of the atrioventricular node (AV node).  It receives the signal from the SA node but delays it for about 0.1 seconds before passing it along to the ventricles. This ensures that the atria completely empty before the ventricles contract.

HEART SOUNDS

· The sounds of the heartbeat are caused by the closing of the heart valves.

· The first sound (the “lub”) is caused by blood hitting the AV valves as they close.

· The second sound (the “dub”) is caused by blood hitting the semilunar valves as they close.

· If the valves do not close properly, some blood can pass through the valves and cause a heart murmur.  The heart must work harder to get the same volume of blood circulating.  This can be corrected by replacing the valve.

BLOOD PRESSURE

· When the heart relaxes between beats (diastole) the arterial pressure drops to about 80 mm Hg. This is called diastolic pressure. The pressure does not drop to 0 because the arterial walls are elastic and squeeze the blood. The 80 mm Hg diastolic pressure keeps blood flowing between beats.

· When the ventricles contract (systole) the pressure in the arteries leaving the heart rises to about 120 millimeters of mercury (mm Hg). This is called systolic pressure.

· Normal values: systolic/diastolic = 120/80 mm Hg.

· Blood pressure is monitored by the medulla oblongata through sensors in the aorta and carotid arteries. Vasoconstriction can be used to increase blood pressure and vasodilation can be used to lower it as needed.

HEART DISORDERS

· Heart disease is the leading cause of death in North America.

· Atherosclerosis:

· A diet high in cholesterol can result in the deposit of fatty material in the wall of the artery.

· The diameter narrows which increases pressure and decreases flow.

· If the artery is blocked completely it can cause a heart attack or stroke.

· The condition can be improved by decreasing fat and cholesterol in the diet and with exercise.

· High blood pressure (hypertension):

· High blood pressure is associated with cardiovascular disease and can be caused by a high salt diet or stress.

· In males under 45 years, pressures greater than 130/90 are considered to be high. In males over 45 years, pressures greater than 140 /95 are high. Females are becoming more and more at risk of high blood pressure.

· The stress of the heart having to work harder can cause a heart attack.

TRANSPORT OF GASES

· 1The oxygen entering the lungs must be delivered to all cells of the body.

· Diffusion is slow so a circulatory system is necessary to transport the oxygen throughout the body.

· The circulatory system also transports nutrients as well as carbon dioxide and other wastes produced by cells.

· Blood plasma holds a maximum of 3 ml O2/L while whole blood is able to carry 200 ml O2/L.

· Hemoglobin makes the difference:

· This protein carries oxygen in the blood of most animals.

· Hemoglobin picks up oxygen in the lungs and becomes bright red in color

· Hemoglobin releases oxygen at tissues and becomes dark red in color. It looks blue under the skin because of the way light passes through the skin.

· The fluid surrounding tissues and cells has a lower [O2] than blood so oxygen diffuses from the blood into the fluid surrounding the tissues.  This diffusion occurs in the capillaries.

· At rest, only about 20% of the oxygen in blood is unloaded. When it’s needed (like during exercise) the rest of the oxygen can be unloaded.

· Blood contains reserves for four to five minutes without breathing. After that time, cells begin to die.

· Anemia:

· Hemoglobin requires iron to function properly.  A lack of iron means less hemoglobin so less oxygen can be carried.  Since oxygen is needed for cells to make energy so the person will feel tired.

· Carbon monoxide (CO):

· Hemoglobin binds to carbon monoxide (CO) but the binding is not easily reversible.

· In the presence of CO, hemoglobin is less able to carry oxygen and suffocation results.

· Carbon dioxide (CO2):

· As red blood cells unload oxygen, the blood absorbs CO2 from tissues and carries it back to the lungs.

· The lower [CO2] in the alveoli causes CO2 to diffuses into the alveoli and it is exhaled.



