Unit IV- B – Transport, Blood and Immunity, Locomotion


Unit Outline
I.  Transport – Chapter 9



A.  Adaptations for Transport

                                         1.  Transport and Circulation  

                                              a. Transport is the process by which substances move into or out of cells or are distributed within cells.  Substances from the environment move across cell membranes, and then are moved to places where they can be used or stored.  Simple organisms are in close contact with their environment; complex organisms possess a circulatory system.

                                               b. Circulatory systems acts as links between the cells of a complex organism and its environment.  There are three parts:

                                                   i. a fluid in which materials are transported

                                                   ii. a network of tubes or body spaces through which the fluid flows

                                                   iii. a means of driving the fluid through the tubes or spaces

                                         2.  Transport in Various Organisms

                                               a. Protists e.g. Amoeba, Paramecium
                                                   i. no circulatory system; even in colonies, most cells are in direct contact with surroundings.

                                                   ii. diffusion and active transport move materials into and out of cells.

                                                   iii. cyclosis, the streaming of the cytoplasm moves material within the cell. 

                                                b. Cnidaria e.g. Hydra
                                                   i. no circulatory system, ectoderm and endoderm are in direct contact with surrounding water.

                                                   ii. both cell layers exchange dissolved oxygen, carbon dioxide, and waste through diffusion with their surroundings.

                                                   iii. nutrients from gastrovascular cavity pass into endodermal cells by both active transport and diffusion; ectodermal cells absorb nutrients from the endodermal cells by diffusion.

                                                    iv. cyclosis moves nutrients and other substances within all cells.

                                                    v. movement of the hydra body as it stretches and contracts helps to distribute materials within the gastrovascular cavity, carrying materials to all endodermal cells and prevents wastes fro collecting near its surface; flagella also help to move materials.

                                                  c. Annelida e.g. Earthworm

                                                      i. most cells are not in direct contact with its surroundings; closed circulatory system makes possible the exchange of materials between outside environment and body cells; in closed systems fluid, or blood, is always contained within tubes or vessels and is under pressure which causes the blood to move quickly.
                                                      ii. blood, red in color due to hemoglobin, carries dissolved nutrients, gases, wastes, water, and other substances.

                                                      iii. dorsal and ventral vessels are the two major blood vessels which respectively run above and below the digestive tract.

                                                          iv. vessels are connected near the head by five pairs of blood vessels known as aortic arches, or “hearts”, the beating of which pumps blood from the dorsal to the ventral vessel.

                                                          v. ventral vessel divides into many progressively smaller vessels that go to all parts of the body; smallest blood vessels are microscopic capillaries so small that every cell in the body is near one.
                                                      vi. exchange of materials takes place through the walls of the capillaries by diffusion.

                                                      vii. capillaries join to form larger vessels which carry the blood back to the dorsal vessel which contracts rhythmically forcing blood back into the aortic arches.

                                                  d. Insecta e.g. Grasshopper

                                                      i. has an open circulatory system where blood is not always enclosed in vessels but flows directly into body spaces where it bathes the tissues.

                                                      ii. blood is colorless, as it does not contain hemoglobin, and does not transport oxygen or carbon dioxide which are transported through a series of tubes separate from the circulatory system; blood does transport nutrients and nitrogen-containing wastes.

                                                      iii. a single vessel, the aorta, and a tubular heart are found along the back above the digestive and reproductive systems.

                                                      iv. contraction of the heart which is near the rear of the animal forces the blood forward through the aorta toward the head where the blood flows out of the vessel trickling through the body spaces and over the tissues; exchange of materials takes place while the blood is in the body spaces. Blood is kept moving by breathing and other body movements.  
Eventually the blood circulates back into the heart through valve-like openings in the heart wall.       

                             B.  Human Circulatory System – a closed system composed of a single heart and a network of blood vessels
                                         1.  Blood Vessels 

                                               a. arteries are the blood vessels that carry blood away from the heart to the organs and tissues of the body;

                                                   i.  thick, elastic walls composed of layers of connective, muscle, and epithelial tissues;

                                                   ii. divide into progressively smaller vessels called arterioles.

                                               b. veins are the blood vessels that return blood from the body tissues to the  heart;

                                                   i. smallest are called venules which progressively join together to form larger vessels; 

                                                   ii. thin, slightly elastic walls with flap-like valves on the interior that prevent backflow of blood away from the heart;

                                                   iii. valve failure leads to a build up of blood within the vein stretching walls and causing a loss of elasticity producing varicose veins particularly in the leg.

                                                c. capillaries connect arterioles and venules

                                                    i. walls consist of a single layer of epithelial cells

                                                    ii. so narrow that red blood cells move in single file

                                                    iii. thin walls allow the exchange of dissolved nutrients, wastes, oxygen, and other substances                                              
                                         2.  Heart

                                              a. acts as a double pump; regular contractions forces blood through the vessels, the right side sends oxygen-poor blood to the lungs, and the left side sends oxygen-rich blood to the rest of the body.
                                              b. somewhat larger than one’s fist and is slightly to the left of the middle of the chest cavity

                                              c. made of cardiac muscle, individual cells each with a single nucleus forming a branching interlocking network, or lattice, which allow them to contract with greater force.

                                              d. pericardium, a tough membrane, covers and protects the heart

                                              e. divided into four chambers

                                                  i. two upper thin-walled atria or auricles
                                                  ii. two lower, thick-walled ventricles

                                              f. wall that separates right and left sides of the heart is called the septum that prevents oxygen-poor blood found in the right side of the heart from mixing with the oxygen-rich blood on the left side

                                              g. valves control the direction of the blood flow inside the heart

                                                   i. atrioventricular, or A-V valves allow blood to flow only from the atria to the ventricles.

                                                       a. right side – tricuspid valve (three flaps)

                                                       b. left side – bicuspid, or mitral valve

                                                    ii. semilunar valves allow blood to move from the ventricles into the arteries that carry blood away from the heart when open, and prevent back flow into the ventricles when closed.
                                               h. Heartbeat Cycle – two main periods of pumping
                                                    i. relaxation period, diastole

                                                       a. A-V valves are open

                                                       b. blood flows from atria to ventricles until they are about 70 percent filled

                                                    ii. contraction period, systole
                                                        a. begins with contraction of the atria, forcing more blood into ventricles

                                                        b. filled ventricles then contract

                                                        c. pressure closes the A-V valves, producing a sound “lub”, and opens the semilunar valves, producing a sound “dupp”

                                                        d. blood flows out of the right ventricle into the pulmonary artery moving blood into the lungs        
                                                        e. blood flows out of the left ventricle into the aorta moving blood to all the body tissues
                                                        f. while ventricles contract, atria relax, permitting blood to flow into the atria from the veins; blood returning from the body flows into the right atrium, blood returning from the lungs flows into the left atrium

                                                        g. ventricles relax and the cycle begins again

                                                      iii. if septum or any of the heart valves are damaged there will be a leak or backflow producing an abnormal heart sound commonly known as a “heart murmur”

                                               i. Control of Heartbeat

                                                      i. interlocking arrangement of muscle fibers in the two atria cause the atria to function together as one unit, as do the ventricles

                                                      ii. cardiac muscle has a built-in ability to contract, each fiber has its own rate of contraction but heart works as a unit made possible by a structure in the heart called the sinoatrial, or S-A, node (the pacemaker) a small group of specialized muscle cells in the wall of the right atrium

                                                       iii. contraction of the heart begins when the heart receives electrical impulses from the S-A node, causing the atria to contract

                                                       iv. almost immediately the impulse reaches the atrioventrical, or A-V, node a small bundle of muscles cells located at the base of the right atrium triggering an impulse that causes the ventricles to contract.

                                                       v. an electrocardiogram (EKG) can record the tiny electrical current produced each time the heart contracts

                                                       vi. rate of heartbeat is influenced
                                                          i. vagus nerve causes the pacemaker to slow

                                                          ii. cardioaccelerator nerves speed up the pacemaker
                                                          iii. changes in body temperature, 1(C increase raises the heart rate by about 10 beats per minute
                                                          iv.  exercise increases the heartrate    

                                                          v. substances secreted by glands, particularly epinephrine secreted by the adrenal gland, can increase the heart rate

                                         3.  Blood Pressure and Flow
                                              a. elasticity of the artery walls helps maintain pressure between heartbeats, maintaining the continuous flow of blood

                                              b. pulse is the expansion (high pressure) and relaxation (lower pressure) that can be felt in an artery each time the left ventricle contracts and relaxes; heartbeat can be measured by pulse.

                                              c. pressure is measured in the artery of the upper arm with a sphygmomanometer.  Average adult the pressure during systole can support a column of mercury about 120 millimeters high.  During diastole, the pressure drops to a maximum height of  the mercury is only about 80 millimeters.
                                                d. pressure increases during exercise and times of stress

                                                e. hypertension is a condition where blood pressure remains above normal throughout the heartbeat cycle, sometimes caused by artherosclerosis, “hardening of the arteries” a condition where cholesterol and other fatty materials collect on the inner walls of the arteries, narrowing them and increasing pressure and therefore strain on the heart and vessels

                                                 f. normally, as blood flows through the arteries, there is little drop in pressure except when the blood reaches the arterioles; muscle rings at the capillary ends open and close directing the flow of blood to parts of the body where it is needed

                                                  g. when blood reaches the veins, pressure is low; blood flow is helped by the squeezing action of the skeletal muscles as the body moves and the valves prevent backflow; standing for an extended period causes blood to collect in veins of legs and eventually the blood supply to brain may be reduced leading to fainting.
                                   C.  Pathways of Human Circulation

                                         1.  Circulation of Blood

                                              a. pathway elucidated by William Harvey in 1628, postulated capillaries but could not find them, eventually found by an Italian anatomist in 1660

                                              b. two major pathways

                                                  i. pulmonary circulation – carries blood between the heart and the lungs

                                                      a. adds oxygen and removes carbon dioxide from the blood

                                               b. oxygen-poor blood returns to heart through the right atrium and flows to the right ventricle then through the pulmonary artery to the lungs

                                               c. oxygen-rich blood returns to heart through the pulmonary vein to the left atrium and flows to the left ventricle and then through the aorta to the rest of the body
                                              ii. systemic circulation  - carries blood between the heart and the rest of the body  

                                               a. begins in the left ventricle of the heart from which blood is pumped into the aorta which branches into smaller and smaller vessels 

                                               b. following the exchange of materials in capillary beds the vessels merge to become larger and larger veins

                                               c. the veins which return blood to the heart are the superior and inferior vena cava which enter the right atrium; the superior vena cava returns blood from the head, arms, and chest while the inferior vena cava returns blood from the lower body regions

                                               d. three branches of special importance

                                              1. coronary circulation  - supplies blood to the muscle of the heart; if the circulation is blocked by a blood clot or fat deposit a heart attack can occur; coronary bypass surgery can be performed to construct a detour around the blocked artery

                                              2. hepatic-portal circulation – carries blood from the digestive tract to the liver; begins in capillaries of the digestive system, and ends in sinuses of the liver; fluids, nutrients, and some blood proteins flow into these spaces, maintaining the balance of glucose in the blood by removing excess amounts converting it into glycogen which is then stored.  If no food has been eaten for a long time, blood reaching the liver will be low in glucose and some glycogen can be converted back to glucose.  
                                              3. renal circulation – wastes other than carbon dioxide are removed from the blood and exreted by the kidneys

                          2.  Circulation of Lymph
                                              a. all cells of the body are bathed in a colorless, watery fluid called the intercellular, or, interstitial fluid which helps move materials between the capillaries and the body cells; all substances exchanged between blood and body cells diffuse through the intercellular fluid

                                              b. intercellular fluid is formed from the parts of the blood that diffuse out of the capillaries – water, salts, proteins, and nutrients; occurs when capillaries merge with arterioles.  Close to the venules, most of the intercellular fluid and some of the substances it contains diffuse into the capillaries.
                                               c. excess fluid and proteins are returned to the blood by a system of vessels called the lymphatic system, necessary to maintain the fluid level in the circulatory system and outside of the body tissues; once in the system, the fluid is called lymph.

                                               d. lymph flows in one direction pushed along by muscular activity to two large ducts

                                                i. lymph from the lower part of the body, left side of head and chest, and left arm empty into the thoracic duct which empties into a large vein at the left side of the neck.

                                                 ii. lymph from the right side of the head, the right arm, and the right side of the chest enters the right lymph duct which drains into a large vein on the right side of the neck.  

                                                 iii. lymph nodes or lymph glands are located at various places along the lymphatic vessels which act as filters removing foreign matter such as cancer cells, bacteria, and other disease-causing organisms from entering the blood stream.  Lymph nodes also produce some types of white blood cells that contain products that destroy bacteria and other foreign substances.  “Swollen glands” are often found in an area of infection indicating the body’s defenses are at work.

                                                 iv. lymphoid tissue is also found in the spleen an organ near the stomach where bacteria and worn-out red blood cells are filtered from the blood. 

