Chapter Outline

I. Not All Animals Have Red Blood









A. Our blood is red, but the blood of some invertebrates is green or blue, not red.



1. The color of blood is dependent on the pigment that transports oxygen.


B. Vertebrates have red blood because their respiratory pigment, hemoglobin, is red 



when it is bound to oxygen.



1. Hemoglobin is packaged inside blood cells, called red blood cells.



2. Each subunit of hemoglobin consists of the protein globin plus an embedded 




heme group containing an iron atom that binds to oxygen.




a) When oxygen is attached to the iron, hemoglobin is red.




b) When oxygen is not attached, hemoglobin is sort of purplish.


C. An earthworm has red blood, not because it contains hemoglobin, but because it 


contains giant, free-floating blood proteins bound to many iron-containing heme 


groups.



1. Other annelids have the respiratory pigment chlorocruorin.




a) Chlorocruorin appears red when oxygenated, but green when 




deoxygenated.


D. Hemocyanin, the second most common oxygen-transporting pigment found among 



animals, uses copper-containing heme groups instead of iron-containing heme 



groups.



1. Hemocyanin is dissolved in the blood rather than packaged in cells.



2. Copper turns blue when oxygenated.


E. The terrestrial insects have colorless blood with no respiratory pigment.



1. They have no need of a respiratory pigment because little air tubes called 




tracheae take air directly to mitochondria just inside the muscle cells.


F. The occurrence of respiratory pigments does not appear strongly connected to 



evolutionary relationships, so it is hard to find a reason why some animals have 



red, some blue, and some green blood.



1. One idea is that the pH of the environment affects the type of respiratory 




pigment.
II. Invertebrate Circulatory Systems______________________




Critical concepts include: variations of circulatory systems.

30.1 A circulatory system serves the needs of cells


A. All animals must move materials from one body location to another.



1. Any animal system that uses a fluid to transport substances within vessels 




may be called a circulatory system.



2. The fluid transports nutrients, gases, and metabolic wastes either in solution 




or bound to soluble compounds often within cells, such as blood cells.


B. Some invertebrates have no circulatory system.



1. Cnidarians and flatworms do not have a circulatory system.



2. Instead they circulate external water within their gastrovascular cavity to 




move substances to and from their cells.



3. The cells are either part of an external layer, or they line the gastrovascular 




cavity.




a) In either case, each cell is exposed to water and can independently 




exchange gases and get rid of wastes. 




b) Nutrients are passed by diffusion.



4. These organisms must remain small and/or flat so that nearly every cell can 




be exposed to external water for exchange of substances.


C. Some invertebrates use their coelom as a circulatory system.



1. A coelom is an internal body cavity that houses the internal organs.



2. This cavity contains coelomic fluid, which bathes the organs and can act as 




a hydrostatic skeleton.



3. Some animals use the coelomic fluid of their body cavity for transport 




purposes.


D. Some circulatory systems are open systems. 



1. Two ways of circulating a fluid internally are seen among animals.




a) These methods are called an open circulatory system and a closed 



circulatory system.



b) Both systems utilize a transport fluid called blood within one or more 




vessels and some sort of pumping device to keep blood flowing.



2. Open systems are utilized in animals that have a reduced coelom and whose 




organs and cavity are not lined by an internal membrane.




a) The open system is so called because vessels transport blood (actually a 




mixture of blood and tissue fluid called hemolymph) to open places 




(termed sinuses) within the body cavity where it directly bathes the 




organs.




b) The body cavity is appropriately called a hemocoel.




c) Ex: arthropods, molluscs




d) In the grasshopper, numerous little air tubes, called tracheae, open to 




the outside and take oxygen-laden air directly to its flight muscles.



3. The lower blood pressure and velocity in an open circulatory system may 




allow it to fulfill multiple functions. 




a) Ex: hydrostatic skeleton


E. Other circulatory systems are closed systems.



1. Some invertebrates, such as annelids, and all the vertebrates have a 




circulatory system in which the blood never runs free and is always 




contained in blood vessels. 



2. The blood passes through a series of blood vessels from large to small until 




it reaches a capillary bed.




a) Because the capillaries have very thin walls that are a single cell-layer 




thick, exchanges take place by diffusion.



3. In animals that utilize a closed circulatory system, the coelom is large and 




well developed.



4. It takes power to keep blood moving through a series of blood vessels.




a) Therefore, a heart or hearts are necessary.



5. In vertebrates, the blood vessels that pump blood to a capillary bed are 




called arteries, and those that return blood to the heart are called veins.




a) Valves prevent the backward flow of blood.



6. Ex: earthworm

III. Vertebrate Cardiovascular Systems________________




Critical concepts include: anatomy of the heart, systole, diastole, heartbeat, pulse, the cardiac conduction system, blood vessel structure and function, pulmonary circuit, systemic circuit, blood pressure, deterioration of blood vessels, and cardiovascular disease and its prevention.


30.2 The mammalian heart is a double pump



A. Mammals, like all vertebrates, have a closed circulatory system, which is 




called a cardiovascular system because it consists of a heart(cardio) and a   
         system of blood vessels (vascular).



B. The strong, muscular heart has four chambers.




1. A septum divides the heart into left and right sides.




2. The right side pumps oxygen-poor blood to the lungs and the left side 





pumps oxygen-rich blood to the tissues.




3. Each side of the heart has two chambers.





a) The upper, thin-walled chambers are called atria (sing., atrium).





b) The lower chambers are the thick-walled right and left ventricles.





c) The atria receive blood; the ventricles pump blood away from the heart.



C. Valves occur between the atria and the ventricles, and between the ventricles 




and attached vessels.




1. The valves between the atria and ventricles are called the atrioventricular 




valves.




2. The valves between the ventricles and the attached vessels are called 





semilunar valves.



D. Pathway of blood flow




1. The right atrium receives blood from the superior and inferior venae 




cavae, returning oxygen-poor blood from the tissues.




2. The blood passes through the atrioventricular valve into the right ventricle,





 which pumps it through the pulmonary semilunar valve into the 





pulmonary trunk and pulmonary arteries that take it to the lungs.




3. The pulmonary veins bring oxygen-rich blood from the lungs to the left 





atrium.




4. After this blood passes through an atrioventricular valve, the left ventricle 





pumps it through the aortic semilunar valve into the aorta, which takes it 





to the tissues.



E. Like mechanical valves, the heart valves are sometimes leaky.




1. A heart murmur is often due to leaky atrioventricular valves.



F. Not all veins carry oxygen-poor veins and not all arteries carry oxygen-rich 




blood.




1. The pulmonary arteries and pulmonary veins are just the reverse.




2. An artery is a vessel that takes blood away from the heart, and a vein is a 





vessel that takes blood to the heart, regardless of the blood’s oxygen 





content.



G. Heartbeat




1. The average human heart contracts, or beats, about 70 times a minute.




2. Each heartbeat lasts about 0.85 seconds, called the cardiac cycle, and can 





be divided into three phases.





a) The atria contract (while the ventricles relax).





b) The ventricles contract (while the atria relax).





c) All chambers rest.




3. The term systole refers to contraction of the heart chambers, and the word 





diastole refers to relaxation of these chambers.




4. The volume of blood that the left ventricle pumps per minute into the 





systemic circuit is almost equivalent to the amount of blood in the body.




5. When the heart beats, the familiar “lub-dub” sound is heard as the valves of 





the heart close.





a) The lub is caused by vibrations of the heart when the atrioventricular 





valves close due to ventricular contraction.





b) The dub is heard when the semilunar valves close due to back pressure 





of blood in the arteries.




6. The pulse is a wave effect that passes down the walls of the arterial blood 





vessels following ventricular systole and can be felt at various points 





externally.



H. The cardiac conduction system




1. The rhythmic contraction of the heart is due to the cardiac conduction 




system.




2. Nodal tissue, which has both muscular and nervous characteristics, is a 





unique type of cardiac muscle.




3. The SA node causes the atria to contract and initiates the heartbeat every 





0.85 seconds.





a) Therefore, the SA node is called the cardiac pacemaker.




4. When the impulse reaches the AV node, the AV node signals the ventricles 





to contract by way of large fibers terminating in the smaller but more 





numerous Purkinje fibers.




5. An electrocardiogram (ECG) is a recording of the electrical changes that 





occur in the heart during a cardiac cycle.





a) Electrodes are placed on the skin and connected by wires to an 





instrument that detects the heart’s electrical changes.
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30A Cardiovascular Disease in Humans


A. Cardiovascular disease (CVD) is the leading cause of untimely death in Western 




countries.




1. In the United States, it is estimated that about 33% of the population suffers 





from hypertension, which is high blood pressure.




2. Heredity and lifestyle contribute to hypertension.





a) Hypertension is often seen in individuals who have atherosclerosis, 





which occurs when plaque protrudes into the lumen of a vessel and 





interferes with the flow of blood.





b) Plaque can cause a clot to form on the irregular arterial wall.





c) If the clot remains stationary, it is called a thrombus, but when and if it 





dislodges and moves along with the blood, it is called an embolus.





d) A stroke occurs when a small cranial arteriole bursts or is blocked by an 





embolus.





e) If a coronary artery becomes completely blocked due to 





thromboembolism, a heart attack can occur.




3. If the coronary arteries becomes partially blocked, the individual may first 
           suffer from angina pectoris.





a) When the coronary artery is completely blocked, a portion of the heart 





muscle dies due to lack of oxygen. This is a heart attack.





b) Two surgical procedures are possible to correct a blockage or facilitate 





blood flow: coronary bypass operation and balloon angioplasty.




4. Gene therapy has been available for clogged coronary blood vessels.





a) The chosen gene codes for vascular endothelial growth factor (VEGF),
            a chemical that encourages the appearance of new blood vessels and carry 
            the blood past the blocked ones.
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30B Evolution of a Four-Chambered Heart


A. Two different types of circulatory pathways are seen among vertebrate 




animals.




1. Fishes have a single-loop system in which the heart only pumps the blood 





to the gills.




2. The other vertebrates have a two-circuit (double-loop) circulatory pathway.





a) In the systemic circuit, the heart pumps blood to all parts of the body 





except the lungs.





b) The pulmonary circuit pumps blood to the lungs.



B. Fishes




1. In fishes, the heart has a single atrium and a single ventricle.




2. The pumping action of the ventricle sends blood under pressure to the gills, 





where gas exchange with the external environment occurs.





a) Their blood is fully enriched with oxygen when it leaves the gills, the 





respiratory organ for aquatic organisms.



3. But after passing through the gills, blood is no longer under pressure as it 





travels in the aorta to the rest of the body.





a) This means the rate of oxygen delivery to the tissues is limited. 





b) However, fishes are ectotherms and have a reduced body temperature, 





so a sluggish delivery of oxygen to the body proper is usually sufficient.



C. Amphibians and reptiles




1. A single ventricle pumps blood in the pulmonary circuit to the lungs, the 





respiratory organ of land vertebrates.




2. It also pumps blood in the systemic circuit to the rest of the body.




3. Both oxygen-rich and oxygen-poor blood enter a single ventricle, but the 





two types of blood are kept somewhat separate.





a) In some reptiles the ventricle is partially divided.



D. Birds and Mammals




1. In some reptiles (crocodiles and birds) and mammals, a septum completely 





separates the ventricles.




2. This means that these animals have a complete separation of the pulmonary 





and systemic circuits.




3. Good oxygen delivery is needed for their active way of life and the 





maintenance of a warm internal temperature.


30.3 The structure of blood vessels is suited to their function



A. The cardiovascular system has three types of blood vessels: arteries, 




capillaries, and veins.



B. Arteries have a much thicker wall than veins because of a well-developed 




middle layer consisting of smooth muscle and elastic tissue.




1. The elastic tissue allows arteries to expand and accommodate the sudden 





increase in blood volume that results after each heartbeat.




2. Smaller arteries branch into a number of arterioles, which are just visible 





to the naked eye.




3. Arterioles branch into capillaries.



C. Capillaries are extremely narrow and have thin walls composed of a single 




layer of endothelium with a basement membrane.




1. The thin walls of a capillary facilitate capillary exchange.




2. Although each capillary is small, collectively they form vast networks.




3. Only certain capillary beds are open at any given time.





a) Each capillary bed has an arteriovenous shunt that allows blood to go





directly from the arteriole to the venule, bypassing the bed.



D. Veins and venules take blood from the capillary beds to the heart.




1. First, the venules drain blood from the capillaries.




2. Then they join to form a vein.




3. Veins often have valves which prevent the backward flow of blood when 





closed.



E. Blood flow in arteries




1. When the left ventricle contracts, blood is forced into the aorta and other 





systemic arteries under pressure.




2. Systolic pressure results from blood being forced into the arteries during 





ventricular systole, and diastolic pressure is the pressure in the arteries 





during ventricular diastole.




3. Human blood pressure can be measured with a traditional mercury 





manometer or with a digital manometer. 





a) Blood pressure is normally measured on the brachial artery of the upper 





arm.





b) A blood pressure reading consists of two numbers (120/80) that 





represent systolic and diastolic pressures, respectively.




4. Blood pressure accounts for the flow of blood from the heart to the 





capillaries.





a) As blood flows from the aorta into the various arteries, arterioles and 





capillaries, blood pressure falls.





b) The slow movement of blood in the capillaries provides time for the gas 





exchange and nutrient-for-waste exchange that occur across capillary 





walls.



F. Blood flow in veins




1. Blood pressure in the veins is low and cannot move blood back to the heart, 





especially from the limbs.




2. Venous return depends upon three factors:





a) Skeletal muscle contraction





b) The presence of valves in veins





c) Respiratory movements




3. Varicose veins, abnormal dilations in superficial veins, develop when the 





valves of the veins become weak and ineffective due to backward pressure 





of the blood.


30.4 Blood vessels form two circuits in mammals


A. The pulmonary circuit




1. In the pulmonary circuit, oxygen-poor blood from all regions of the body 





collects in the right atrium and then passes into the right ventricle, which 





pumps it into the pulmonary trunk.





a) The trunk divides into the right and left pulmonary arteries, which carry 





blood to the lungs.





b) As blood passes through pulmonary capillaries, carbon dioxide is given 





off and oxygen is picked up.





c) Oxygen-rich blood returns to the left atrium of the heart, through 





pulmonary venules.



B. The systemic circuit




1. In the systemic circuit, arteries contain oxygen-rich blood but veins 





contain oxygen-poor blood.




2. The aorta and the venae cavae (sing., vena cava) are the major blood 





vessels in the systemic circuit. 




3. To trace the path of blood to any organ in the body, you need only to start 





with the left ventricle, then mention the aorta, the proper branch of the 





aorta, the organ, and the vein returning blood to the vena cava, which 





enters the right atrium.




4. The coronary arteries are extremely important because they serve the heart 





muscle itself.




5. A portal system begins and ends in capillaries.





a) The hepatic portal system takes blood from the intestines to the liver.





b) The liver is an organ of homeostasis.




6. All parts of the body contain all three types of blood vessels.
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30C Prevention of Cardiovascular Disease


A. Many of us are predisposed to cardiovascular disease (CVD) due to factors 
         beyond our control.



B. The Don’ts




1. Smoking




2. Drug abuse




3. Alcohol




4. Obesity



C. The Do’s




1. Cholesterol profile





a) An LDL level about 160 mg/100 ml and an HDL level below 40 





mg/100 ml are matters of concern.




2. Healthy diet





a) Cholesterol is ferried by two types of plasma proteins, LDL and HDL.





b) Eating foods high in saturated fat or those that contain trans fats raises 





the LDL (“bad” lipoprotein) cholesterol level.





c) Evidence is mounting to suggest a role for the antioxidant vitamins in 





preventing cardiovascular disease.




3. Resveratrol





a) Levels of CVD are low in France, despite common consumption of a high-fat diet.





b) One possible explanation is the that wine is frequently consumed with 
            meals and contains an antioxidant called resveratrol.




4. Exercise





a) People who exercise are less apt to have cardiovascular disease.





b) The heart beats faster when exercising, but exercise slowly increases 





the heart’s capacity.




5. Anxiety and stress





a) Mental stress can increase the odds of a heart attack.

IV. Blood________________








Critical concepts include: composition of blood, blood clotting, the process of exchange in capillaries, and blood types.


30.5 Blood is liquid tissue



A. The numerous functions of blood include the following:




1. Transports substances to and from the capillaries




2. Helps defend the body against invasion by pathogens




3. Helps regulate body temperature




4. Forms clots



B. In humans, blood has two main portions: the liquid portion, called plasma, and 




the formed elements, consisting of various cells and platelets.




1. The formed elements are manufactured continuously within the red bone 





marrow of certain bones. 




2. Plasma is composed mostly of water and proteins, but it also contains 





smaller quantities of many types of molecules, including nutrients, wastes, 





and salts.





a) The salts and proteins buffer the blood keeping it at a pH near 7.4.





b) These also maintain the blood’s osmotic pressure.





c) Several plasma proteins are involved in blood clotting and transport.



C. The formed elements are red blood cells, white blood cells, and platelets.




1. Red blood cells (RBCs) transport oxygen due to hemoglobin molecules, 





which contain iron that loosely combines with oxygen.





a) If an individual does not have enough hemoglobin, they suffer from 





anemia.





b) Red blood cells lose their nuclei before being released from the bone 





marrow.





c) RBCs live about 120 days and are then destroyed in the liver and the 





spleen.





d) The iron in the hemoglobin is recovered and returned to the red bone 





marrow for reuse. The heme portion is degraded and excreted by the liver 





as bile pigments.




2. White blood cells (WBCs) help fight infections.





a) WBCs are usually larger than RBCs, have a nucleus, lack hemoglobin, 





and without staining, appear translucent.





b) White blood cells are able to squeeze between the cells of a capillary 





wall and can be found in tissue fluid, lymph, and lymphatic organs.





c) When microorganisms enter the body due to an injury, an inflammatory 





response, characterized by swelling, reddening, heat, and pain, occurs at 





the injured site.





d) WBCs called neutrophils squeeze through the capillary wall and enter 





the tissue fluid, where they phagocytize foreign material.





e) WBCs called monocytes appear and are transformed into macrophages.





f) Lymphocytes also play an important role in fighting infection.





g) T cells attack infected cells that contain viruses, and B cells produce 





antibodies.





h) An antigen, which is most often a foreign protein but sometimes a 





polysaccharide, causes the body to produce an antibody to combine with 





the antigen.



D. Blood clotting




1. Process of blood clotting





a) Platelets clump at the site of the puncture and partially seal the leak.





b) Platelets and the injured tissues release prothrombin activator that 






converts prothrombin to thrombin in a reaction requiring calcium 






ions. 





c) Thrombin acts as an enzyme to convert fibrinogen into fibrin.





d) Fibrin threads wind around the platelet plug in the damaged area of the 






blood vessel and provide the framework for the clot.





e) As soon as the blood vessel repair is initiated, the enzyme plasmin 






destroys the fibrin network and restores the fluidity of the plasma.




2. If blood is allowed to clot in a test tube, a yellowish fluid develops above 





the clotted material.





a) This fluid, called serum, contains all the components of plasma, except 






fibrinogen.




3. Hemophilia is a well-known, inherited clotting disorder.


30.6 Exchanges between blood and tissue fluid occur at capillaries



A. Capillary exchange occurs between a systemic capillary and tissue fluid.




1. Blood that enters a capillary at the arterial end is rich in oxygen and 





nutrients, and is under pressure created by the pumping of the heart.




2. Two forces primarily control the movement of fluid through the capillary 





wall: blood pressure and osmotic pressure.




3. At the arterial end of a capillary, blood pressure is higher than the osmotic 





pressure of blood.





a) Therefore, water exits a capillary at this end.




4. Midway along the capillary, where blood pressure is lower, blood pressure 





and osmotic pressure essentially cancel each other, and no net movement 





of water occurs.





a) Solutes now diffuse according to their concentration gradient.





b) Oxygen and nutrients diffuse out of the capillary, and carbon dioxide 





and other wastes diffuse into the capillary.





c) Red blood cells and almost all plasma proteins remain in the capillaries.




5. At the venous end of a capillary, blood pressure has fallen to the point that 





osmotic pressure is greater than blood pressure, and water tends to move 





into the capillary.





a) Almost the same amount of fluid that left the capillary returns to it, 





although excess tissue fluid is collected by the lymphatic capillaries.





b) Tissue fluid contained within lymphatic vessels is called lymph.




c) Lymph is returned to the systemic venous blood via the subclavian 





veins in the shoulder region.





d) The one-way lymphatic vessels play a vital role in maintaining blood 





pressure by returning fluid to the cardiovascular system. 


30.7 Blood types must be matched for transfusions


A. Only certain types of blood are compatible because red blood cell membranes 




carry specific proteins or carbohydrates that are antigens to blood recipients.




1. An antigen is a foreign molecule, usually a protein, that the body reacts to.




2. Several groups of red blood cell antigens exist, the most significant being 





the ABO system.



B. ABO system




1. In the ABO system, the presence or absence of type A and type B antigens 





on red blood cells determines a person’s blood type.




2. The ABO system recognizes four types of blood: A, B, AB, and O.




3. Within the plasma are antibodies to the antigens that are not present on the 





person’s red blood cells.





a) Because type A blood has anti-B antibodies (but not anti-A antibodies), 





a donor with type A blood can give blood to a recipient with type A blood.





b) However, if type A blood is given to a type B recipient, clumping of red 





blood cells, or agglutination, occurs. This can cause death.




4. Type O blood has no antigens on the red blood cells and is sometimes 





called the universal donor.




5. Type AB blood has no anti-A or anti-B antibodies in the plasma and is 





sometimes called the universal recipient.



C. Rh System




1. Another important antigen in matching blood types is the Rh factor.




2. The designation of blood type usually also includes whether the person has 





or does not have the Rh factor on the red blood cells.





a) This is done by attaching a minus or plus sign to the blood type.



D. Erythroblastosis fetalis



1. During pregnancy, if the mother is Rh-negative and the father is Rh-





positive, the child may be Rh-positive.




2. The Rh-positive red blood cells may begin leaking across the placenta into 





the mother’s cardiovascular system, where the mother now produces anti-





Rh antibodies.




3. In this or a subsequent pregnancy with an Rh-positive baby, these 





antibodies may cross the placenta and destroy the child’s red blood cells, a 
            condition known as erythroblastosis fetalis.




4. This can be prevented by giving Rh-negative women an Rh 





immunoglobulin injection midway through the first pregnancy and no later 





than 72 hours after giving birth to an Rh-positive child.





a) This injection contains anti-Rh antibodies that attack any of the baby’s 





red blood cells in the mother’s blood before she starts making her own 





antibodies. 

How Biology Impacts Our Lives

30D What to Know When Giving Blood



A. According to the American Red Cross, over 9.5 million people donate blood 
         each year.




1. Despite that number, donated blood is in short supply.



B. The procedure




1. Before the procedure you will be asked a series of private questions.




2. Temperature, blood pressure, and pulse will be recorded.




3. You cannot be infected with a disease when donating blood.




4. You will feel a brief “sting”, and the procedure takes 10 minutes.




5. Your body will replace the liquid part in hours and the cells in a few weeks.




6. Immediately after you donate you are given a number to call if you decide 
           your blood is not safe.



C. The cautions




1. Some medications and medical conditions have waiting periods before you 
           can donate blood.




2. You should inform the medical staff if you meet a variety of medical 
           conditions.



D. After the procedure




1. Most people feel fine while they give blood and afterward, but a few donors 
            have an upset stomach or feel faint or dizzy.





a) Resting, drinking fluid, and eating a snack usually help.




2. Very rarely, a person may have muscle spasms and/or suffer nerve damage.





a) You should contact your physician if you have any concerns about 
            potential side effects.
