Appendix I

Answers to Concept Check and End-of-Chapter Questions

Chapter 1

Page 8

1. A histologist investigates the structure and properties of the tissue level of organization.

2. The study of the physiology of specific organs is called special physiology. In this particular case, the field of study is cardiac physiology (the study of heart function). Because heart failure is typically caused by disease, this specialty would overlap or be closely related to pathological physiology.

Page 15

1. Physiological systems can function normally only under carefully controlled conditions. Homeostatic regulation prevents potentially disruptive changes in the body’s internal environment.

2. When homeostasis fails, organ systems function less efficiently or malfunction. The result is the state that we call disease. If the situation is not corrected, death can result.

3. Positive feedback is useful in processes, such as blood clotting, that must move quickly to completion once they have begun. It is harmful in situations in which a stable condition must be maintained, because it tends to increase any departure from the desired condition. For example, positive feedback in the regulation of body temperature would cause a slight fever to spiral out of control, with fatal results. For this reason, physiological systems normally exhibit negative feedback, which tends to oppose any departure from the norm.

Page 22

1. The two eyes would be separated by a midsagittal section.

2. The body cavity inferior to the diaphragm is the abdominopelvic cavity.

Page 25 Level 1 Reviewing Facts and Terms

g 2. d 3. a 4. j 5. b 6. l 7. n 8. f 9. h 10. e 11. c 12. o 13. k 14. i 15. m 16. b 17. c 18. d

19. d 20. b 21. a. pericardial cavity b. peritoneal (or abdominal) cavity c. pleural cavity d. abdominal (or abdominopelvic) cavity 22. b

Level 2 Reviewing Concepts

23. (a) Anatomy is the study of internal and external structures and the physical relationships among body parts. (b) Physiology is the study of how organisms perform their vital functions.

24. d

25. Autoregulation occurs when the activities of a cell, tissue, organ, or organ system change automatically (that is, without neural or endocrine input) when faced with some environmental change. Extrinsic regulation results from the activities of the nervous or endocrine system. It causes more extensive and potentially more effective adjustments in activities.

26. The body is erect, and the hands are at the sides with the palms facing forward.

27. b 28. c

Level 3 Critical Thinking and Clinical Applications

29. Calcitonin is released when calcium levels are elevated. This hormone should bring about a decrease in blood calcium levels, thus decreasing the stimulus for its own release.

30. There are several reasons why your body temperature may have dropped. Your body may be losing heat faster than it is being produced. This, however, is more likely to occur on a cool day. Various chemical factors, such as hormones, may have caused a decrease in your metabolic rate and thus your body is not producing as much heat as it normally would. Alternatively, you may be suffering from an infection that has temporarily changed the setpoint of the body’s “thermostat.” This would seem to be the most likely explanation considering the circumstances of the question.

Chapter 2

Page 33

1. Atoms combine with each other so as to gain a complete set of eight electrons in their outer energy level. Oxygen atoms do not have a full outer energy level, so they readily react with many other elements to attain this stable arrangement. Neon already has a full outer energy level and thus has little tendency to combine with other elements.

2. Hydrogen has three isotopes: hydrogen-1, with a mass of 1; deuterium, with a mass of 2; and tritium, with a mass of 3. The heavier sample must contain a higher proportion of one or both of the heavier isotopes.

3. The atoms in a water molecule are held together by polar covalent bonds. Water molecules are attracted to one another by hydrogen bonds.

Page 37

1. Because this reaction involves a large molecule being broken down into two smaller ones, it is a decomposition reaction. Because energy is released in the process, the reaction can also be classified as exergonic.

2. Enzymes in our cells promote chemical reactions by lowering the activation energy requirements. Enzymes make it possible for chemical reactions to proceed under conditions compatible with life.

Page 41

1. When it dissolves in water, salt dissociates into ions, charged particles that are capable of conducting an electrical current. Sugar molecules are held together by covalent bonds and so do not dissociate in solution; thus there are no ions to carry a current.

2. Stomach discomfort is commonly the result of excess stomach acidity (“acid indigestion”). Antacids contain a weak base that neutralizes the excess acid.

Page 48

1. A compound with a C:H:O ratio of 1:2:1 is a carbohydrate. The body uses carbohydrates chiefly as an energy source.

2. When two monosaccharides undergo a dehydration synthesis reaction, they form a disaccharide.

3. The most abundant lipid in a sample taken from beneath the skin would be a triglyceride.

4. An analysis of the lipid content of human cell membranes would reveal the presence of mostly phospholipids and small amounts of cholesterol and glycolipids.

Page 54

1. Proteins are chains of small organic molecules called amino acids.

2. An agent that breaks hydrogen bonds would affect the secondary level of protein structure.

3. The heat of boiling breaks bonds that maintain the protein’s tertiary structure, quaternary structure, or both. The resulting change in shape affects the ability of the protein molecule to perform its normal biological functions. These changes are known as denaturation.

4. If the active site of an enzyme changes so that the site better fits its substrate, the level of enzyme activity will increase. But if the change alters the active site to the extent that the enzyme’s substrate can no longer bind or binds poorly, the enzyme’s activity will decrease or be inhibited.

Page 56

1. The nucleic acid RNA (ribonucleic acid) contains the sugar ribose. The nucleic acid DNA (deoxyribonucleic acid) contains the sugar deoxyribose instead; both contain nitrogenous bases and phosphate groups.

2. Phosphorylation of an ADP molecule yields a molecule of ATP.

Page 60 Level 1 Reviewing Facts and Terms

1. a 2. b 3. d 4. d 5. b 6. c 7. d 8. d 9. b

10. d 11. a 12. d 13. b

14. protons, neutrons, and electrons

15. carbohydrates, lipids, proteins, and nucleic acids

16. (1) They provide a significant energy reserve. (2) They serve as insulation and thus act in heat preservation. (3) They protect organs by cushioning them.

17. (1) support (structural proteins); (2) movement (contractile proteins); (3) transport (transport proteins); (4) buffering; (5) metabolic regulation; (6) coordination and control (hormones and neurotransmitters); and (7) defense (antibodies)

18. (a) DNA: deoxyribose, phosphate, and nitrogenous bases (A, T, C, G); (b) RNA: ribose, phosphate, and nitrogenous bases (A, U, C, G)

19. (1) adenosine, (2) phosphate groups, and (3) appropriate enzymes

Level 2 Reviewing Concepts

20. d 21. c

22. Enzymes are specialized protein catalysts that lower the activation energy for chemical reactions. Enzymes speed up chemical reactions but are not used up or changed in the process.

23. A salt is an ionic compound consisting of any cations other than hydrogen ions and any anions other than hydroxide ions. Acids dissociate and release hydrogen ions, while bases remove hydrogen ions from solution (usually by releasing hydroxide ions)

24. Nonpolar covalent bonds have an equal sharing of electrons. Polar covalent bonds have an unequal sharing of electrons. Ionic bonds lose and/or gain electrons.

25. e 26. c

27. The molecule is a nucleic acid. Carbohydrates and lipids do not contain nitrogen. Although both proteins and nucleic acids contain nitrogen, only nucleic acids normally contain phosphorus.

Level 3 Critical Thinking and Clinical Applications

28. calcium electrons = 20; atomic number = 20; atomic weight = 40; 2 electrons in shell 1, 8 in shell 2; 8 in shell three and 2 in shell 4

29. Decreasing the amount of enzyme at the second step would slow down the remaining steps of the pathway because less substrate would be available for the next two steps. The net result would be a decrease in the amount of product.

30. If a person exhales large amounts of CO2, the equilibrium will shift to the left, and the level of H+ in the blood will decrease. A decrease

in the amount of H+ will cause the pH to rise.

Chapter 3

Page 68

1. The phospholipid bilayer of the cell membrane form a physical barrier between the internal environment of the cell and the external environment.

2. Channel proteins are integral proteins that allow water and small ions to pass through the cell membrane.

Page 72

1. The fingerlike projections on the surface of the intestinal cells are microvilli. They increase the cells’ surface area, enhancing their ability to absorb nutrients.

2. The cytosol has a higher concentration of potassium ions and suspended proteins and a lower concentration of sodium ions than the extracellular fluid. The cytosol also includes small quantities of carbohydrates, and larger reserves of amino acids and lipids.

Page 77

The SER functions in the synthesis of lipids such as steroids. Ovaries and testes produce large amounts of steroid hormones, which are lipids, and thus need large amounts of SER.

Mitochondria produce energy, in the form of ATP molecules, for the cell. A large number of mitochondria in a cell indicates a high demand for energy.

Page 84

1. The nucleus of a cell contains DNA, which codes for the production of all the cell’s polypeptides and proteins. Some of these proteins are structural proteins, which are responsible for the shape and other physical characteristics of the cell. Other proteins are enzymes, which govern cellular metabolism, direct the production of cell proteins, and control all the cell’s activities.

2. If a cell lacked the enzyme RNA polymerase, the cell would not be able to transcribe RNA from DNA.

Page 89

1. Diffusion is driven by a concentration gradient. The larger the concentration gradient, the faster the rate of diffusion; the smaller the concentration gradient, the slower the rate of diffusion. If the concentration of oxygen in the lungs were to decrease, the concentration gradient between oxygen in the lungs and oxygen in the blood would decrease (as long as the oxygen level of the blood remained constant). Thus oxygen would diffuse more slowly into the blood.

2. The 10 percent salt solution is hypertonic with respect to the cells lining the nasal cavity, because this solution contains a higher concentration of salt than do the cells. The hypertonic solution would draw water out of the cells, causing the cells to shrink and adding water to the mucus, thus relieving the congestion.

Page 95

1. To transport hydrogen ions against their concentration gradient—that is, from a region where they are less concentrated (the cells lining the stomach) to a region where they are more concentrated (the interior of the stomach)—energy must be expended. An active transport process must be involved.

2. If the cell membrane were freely permeable to sodium ions, more of these positively charged ions would move into the cell and the transmembrane potential would move closer to zero.

3. This process is an example of phagocytosis.

Page 101

1. This cell is likely in the G1 phase of its life cycle.

2. The deletion of a single nucleotide from a coding sequence of DNA would alter the entire base sequence after the point of deletion. As a result, different codons would be lined up on the messenger RNA that was transcribed from the affected region. These codons, in turn, would result in the incorporation of a different series of amino acids into the polypeptide. The polypeptide product would definitely be abnormal and may not be functional.

3. If spindle fibers failed to form during mitosis, the cell would not be able to separate the chromosomes into two sets. If cytokinesis occurred, the result would be one cell with two sets of chromosomes and one cell with none.

Page 104 Level 1 Reviewing Facts and Terms

b 2. c 3. d 4. a 5. c 6. a 7. c 8. a 9. b

10. (1) Cells are the building blocks of all plants and animals. (2) Cells are produced by the division of preexisting cells. (3) Cells are the smallest units that perform all vital physiological functions. (4) Each cell maintains homeostasis at the cellular level. (5) Homeostasis at the tissue, organ, organ system, and organism levels reflect the combined and coordinated actions of many cells.

11. (1) physical isolation, (2) regulation of exchange with the environment, (3) sensitivity, and (4) structural support

12. Membrane proteins function as receptors, channels, carriers, enzymes, anchors, and identifiers.

13. (1) diffusion, (2) carrier-mediated transport, and (3) vesicular transport

14. (1) distance (2) size of the gradient, (3) molecule size, and (4) temperature

15. (1) synthesis of proteins, carbohydrates, and lipids; (2) storage of absorbed or synthesized molecules; (3) transport of materials; and

(4) detoxification of drugs or toxins

Level 2 Reviewing Concepts

16. b 17. d 18. b 19. c 20. c 21. d 22. b 23. c

24. G0: normal cell functions; G1: cell growth, duplication of organelles, and protein synthesis; S: DNA replication and synthesis of histones; G2: protein synthesis

25. Prophase: Chromatin condenses and chromosomes become visible; centrioles migrate to opposite poles of the cell and spindle fibers develop; and the nuclear membrane disintegrates. Metaphase: Chromatids attach to spindle fibers and line up along the metaphase plate. Anaphase: Chromatids separate and migrate toward opposite poles of the cell. Telophase: The nuclear membrane forms; chromosomes disappear as the chromatin relaxes; and nucleoli appear.

26. (a) Cytokinesis is the cytoplasmic movement that separates two daughter cells. (b) It completes the process of cell division.

Level 3 Critical Thinking and Clinical Applications

27. This process is facilitated diffusion, which requires a carrier molecule but not cellular energy. The energy for this process is provided by the concentration gradient of the substance being transported. When all the carriers are actively involved in transport, the rate of transport reaches a saturation point.

28. Solution A must have initially had more solutes than solution B. As a result, water moved by osmosis across the selectively permeable membrane from side B to side A, increasing the fluid level on side A.

29. c

30. The isolation of the internal contents of membrane bound organelles allows them to manufacture or store secretions, enzymes, or toxins that could adversely affect the cytoplasm in general. Another benefit is the increased efficiency of having specialized enzyme systems concentrated in one place. For example, the concentration of enzymes necessary for energy production in the mitochondrion increases the efficiency of cellular respiration.

Chapter 4

Page 110

1. Epithelial tissue is characterized by cellularity, polarity, attachment, avascularity, and regeneration.

2. The presence of many microvilli on the free surface of epithelial cells greatly increases the cell’s surface area, allowing for increased absorption.

3. Gap junctions allow small molecules and ions to pass from cell to cell. Among epithelial cells, they help coordinate functions such as the beating of cilia. In cardiac and smooth muscle tissues, they are essential to the coordination of muscle cell contractions.

Page 118

1. No. A simple squamous epithelium does not provide enough protection against infection, abrasion, or dehydration and so is not located on the skin surface.

2. All these regions are subject to mechanical trauma and abrasion—by food (pharynx and esophagus), feces (anus), and intercourse or childbirth (vagina).

3. This process is holocrine secretion.

4. The gland is an endocrine gland.

Page 123

1. Collagen fibers add strength to connective tissue. A vitamin C deficiency thus might result in the production of connective tissue that is weak and prone to damage.

2. Antihistamines act against the molecule histamine, which is produced by mast cells and basophils that leave the bloodstream.

3. This tissue is adipose (fat) tissue.

Page 129

1. Cartilage lacks a direct blood supply, which is necessary for proper healing to occur. Instead of having chondrocytes repair the injury site with new cartilage, fibroblasts migrate into the area and replace the damaged cartilage with fibrous scar tissue.

2. Intervertebral discs are composed of fibrocartilage.

3. The two connective tissues that contain a fluid matrix are blood and lymph.

Page 132

1. The pleural, peritoneal, and pericardial cavities are all lined by serous membranes.

2. This is an example of a mucous membrane.

3. This tissue is probably fascia, a type of dense connective tissue that attaches muscles to skin and bones.

Page 134

1. This muscle tissue is smooth muscle tissue; both cardiac and skeletal muscle tissues are striated.

2. The cells are probably neurons.

3. New skeletal muscle is produced by the division and fusion of satellite cells, mesenchymal cells that persist in adult skeletal muscle tissue. Page 140 Level 1 Reviewing Facts and Terms

1. b 2. d 3. c 4. c 5. b 6. d 7. d 8. b 9. c

10. a 11. b 12. e 13. a 14. b

15. (1) It provides physical protection; (2) it controls permeability; (3) it provides sensations; and (4) it produces specialized secretions.

16. Endocrine glands secrete hormones onto the surface of the gland or directly into the surrounding fluid; exocrine glands secrete via ducts.

17. (1) merocrine secretion; (2) apocrine secretion; (3) holocrine secretion

18. (1) specialized cells; (2) extracellular protein fibers; and (3) a fluid ground substance

19. The four membranes in the body are 1) serous membranes, 2) mucous membranes, 3) cutaneous membrane and 4) synovial membranes.

20. (1) neurons, which transmit electrical impulses in the form of changes in the transmembrane potential; and (2) neuroglia, which comprise several kinds of supporting cells and play a role in providing nutrients to neurons

Level 2 Reviewing Concepts

21. Exocrine secretions are secreted onto a surface or outward through a duct. Endocrine secretions are secreted by ductless glands into surrounding tissues. The secretions are called hormones, which usually diffuse into the bloodstream for distribution to other parts of the body.

22. Tight junctions block the passage of water or solutes between the cells. In the digestive system, these junctions keep enzymes, acids, and waste products from damaging delicate underlying tissues.

23. The fluid connective tissues have a liquid, watery matrix. They differ from supporting connective tissues in that they have many soluble proteins in the matrix and they do not include insoluble fibers.

24. The extensive connections between cells formed by cell junctions, intercellular cement, and physical interlocking hold skin cells together and can deny access to chemicals or pathogens that cover their free surfaces. If the skin is damaged and the connections are broken, infection can easily occur.

25. b 26. b

27. Similarities: actin and myosin interactions produce contractions, calcium ions trigger and sustain contractions. Differences: skeletal muscles are relatively large, multinucleate, striated, and contract only under neural stimulation; cardiac muscles have 1–5 nuclei; they are interconnected in a branching network; they contract in response to pacemaker cell activity. Smooth muscles are small and spindle shaped, nonstriated; each has only 1 nucleus.

Level 3 Critical Thinking and Clinical Applications

28. Because apocrine secretions are released by pinching off a portion of the secreting cell, you could test for the presence of cell membranes, specifically for the phospholipids in cell membranes. Merocrine secretions do not contain a portion of the secreting cell, so they would lack membrane constituents.

29. Skeletal muscle tissue would be made up of densely packed fibers running in the same direction, but since these fibers are composed of cells they would have many nuclei and mitochondria. Skeletal muscle also has an obvious banding pattern or striations due to the arrangement of the actin and myosin filaments within the cell. The student is probably looking at a slide of tendon (dense connective tissue). The small nuclei would be those of fibroblasts.

30. You would expect the skin in the area of the injury to become red and warm. It would also swell and Jim would experience a painful sensation. These changes occur as a result of the inflammation reaction, our body’s first response to injury. Injury to the epithelium and underlying connective tissue would trigger the release of chemicals like histamine and heparin from mast cells in the area. These chemicals in turn initiate the changes that we observe.

Chapter 5

Page 157

1. Dandruff consists of cells from the stratum corneum.

2. This splinter is lodged in the stratum granulosum.

3. Fresh water is hypotonic with respect to skin cells, so water will move into the cells by osmosis, causing them to swell.

4. Sanding the tips of the fingers will not permanently remove fingerprints. The ridges of the fingerprints are formed in layers of the skin that are constantly regenerated, so these ridges will eventually reappear. The pattern of the ridges is determined by the arrangement of tissue in the dermis, which is not affected by sanding.

Page 161

1. When exposed to the ultraviolet radiation in sunlight or sunlamps, melanocytes in the epidermis and dermis synthesize the pigment melanin, darkening the color of the skin.

2. When skin is warm, blood is diverted to the superficial dermis for the purpose of eliminating heat. Because blood is red, it imparts a red cast to the skin.

3. The hormone cholecalciferol (vitamin D3) is needed to form strong bones and teeth. The first step in this hormone’s production involves the exposure of the skin to specific wavelengths of UV light. When the body surface is covered, UV light cannot penetrate to the blood in the skin to begin vitamin D3 production, resulting in fragile bones.

Page 163

1. The capillaries and sensory neurons that supply the epidermis are located in the papillary layer of the dermis.

2. The presence of elastic fibers and the resilience of skin turgor allow the dermis to undergo repeated cycles of stretching and recoil.

Page 167

1. The contraction of the arrector pili muscle pulls the hair follicle erect, depressing the area at the base of the hair and making the surrounding skin appear higher. The result is known as “goose bumps.”

2. Hair is a derivative of the epidermis, but the follicles are in the dermis. Where the epidermis and deep dermis are destroyed, new hair will not grow.

Page 169

1. Sebaceous glands produce a secretion called sebum. Sebum lubricates and protects the keratin of the hair shaft, lubricates and conditions the surrounding skin, and inhibits the growth of bacteria.

2. Apocrine sweat glands produce a secretion that contains several kinds of organic compounds. Some of these compounds have an odor, and others produce an odor when metabolized by skin bacteria. Deodorants are used to mask the odor of such secretions.

3. Apocrine sweat glands enlarge and increase their secretion production in response to the increase in sex hormones that occurs at puberty.

Page 173

1. The combination of fibrin clot, fibroblasts, and the extensive network of capillaries in tissue that is healing is called granulation tissue.

2. Skin can regenerate effectively even after considerable damage has occurred because stem cells persist in both the epithelial and connective tissue components of skin. When injury occurs, cells of the stratum germinativum replace epithelial cells while mesenchymal cells replace cells lost from the dermis.

3. As a person ages, the blood supply to the dermis decreases and merocrine sweat glands become less active. These changes make it more difficult for the elderly to cool themselves in hot weather.

Page 177 Level 1 Reviewing Facts and Terms

a 2. c 3. d 4. d 5. c 6. a 7. d 8. b 9. b 10. d 11. d 12. b 13. a

14. Epidermal cell division occurs in the stratum germinativum.

15. This smooth muscle causes hairs to stand erect when stimulated.

16. Epidermal growth factor promotes the divisions of germinal cells in the stratum germinativum and stratum spinosum. It also accelerates the production of keratin in differentiating epidermal cells and stimulates both epidermal development and epidermal repair after injury and synthetic activity and secretion by epithelial cells.

17. (1) papillary layer, which consists of loose connective tissue and contains capillaries and sensory neurons; (2) reticular layer, which consists of dense irregular connective tissue and bundles of collagen fibers. Both layers contain networks of blood vessels, lymphatic vessels, and nerve fibers.

18. (1) bleeding; (2) scab formation; (3) granulation tissue formation; (4) scarring

Level 2 Reviewing Concepts

19. Insensible perspiration is water loss via evaporation through the stratum corneum of the skin. Sensible perspiration is produced by active sweat glands.

20. Substances that are fat soluble pass through the permeability barrier easily, because the barrier is composed primarily of lipids surrounding the epidermal cells. Water-soluble drugs are hydrophobic and thus don’t penetrate the permeability barrier easily.

21. A tan is a result of the synthesis of melanin in the skin. Melanin helps prevent skin damage by absorbing UV radiation before it reaches

the deep layers of the epidermis and dermis. Within the epidermal cells, melanin concentrates around the outer wall of the nucleus, so it absorbs the UV light before it can damage nuclear DNA.

22. Lines of cleavage represent the orientation of the collagen and elastin fibers of the dermis, an orientation that resists normal stresses on the skin. Incisions along the lines of cleavage are more likely to remain closed, and thus will heal more quickly, than would incisions not along lines of cleavage.

23. c 24. c 25. d

Level 3 Critical Thinking and Clinical Applications

26. a

27. The puncture wound has a greater chance of becoming infected than the knife cut because the cut from the knife will bleed freely, washing away many of the bacteria from the wound site. In a puncture wound, bacteria can be forced beneath the surface of the skin where oxygen is limited (anaerobic) and past the skin’s protective barriers, thus increasing the possibility of infection.

28. (a) Ultraviolet radiation in sunlight converts a cholesterol-related steroid into vitamin D3, or cholecalciferol. This compound is then converted to calcitriol, which is essential for normal calcium and phosphorus absorption by the small intestine. Calcium and phosphorus are necessary for normal bone maintenance and growth. (b) They can drink more milk. Milk is routinely fortified with cholecalciferol, normally identified as “vitamin D,” which is easily absorbed by the intestines.

29. Sweating from merocrine glands is precisely regulated, and one influencing factor is emotional state. Presumably, a person who is lying is nervous and sweats noticeably; this sweating is detected by the lie detector machine.

30. The chemicals in hair dyes break the protective covering of the cortex allowing the dyes themselves to stain the medulla of the shaft. This is not permanent because the cortex remains damaged, allowing shampoo and UV rays from the sun to enter the medulla and affect the color. Also, the viable portion of the hair remains unaffected, so that when the shaft is replaced the color will be lost.

Chapter 6

Page 188

1. If the ratio of collagen to hydroxyapatite in a bone increased, the bone would become less strong (as well as more flexible).

2. The presence of concentric layers of bone around a central canal is indicative of an osteon. Osteons make up compact bone. Because the ends (epiphyses) of long bones are primarily cancellous (spongy) bone, this sample is most likely from the marrow cavity of the shaft (diaphysis) of a long bone.

3. Because osteoclasts break down or demineralize bone, the bone would have a reduced mineral content (less mass); as a result, it would also be weaker.

Page 193

1. During intramembranous ossification, fibrous connective tissue is replaced by bone.

2. In endochondral ossification, cells of the inner layer of the perichondrium differentiate into osteoblasts, and a cartilage model is gradually replaced by bone.

3. Long bones of the body, such as the femur, have an epiphyseal cartilage, a plate of cartilage that separates the epiphysis from the diaphysis so long as the bone is still growing lengthwise. An x-ray would indicate whether the epiphyseal cartilage is still present. If it is, growth is still occurring; if it is not, the bone has reached its adult length.

Page 196

1. The larger arm muscles of the weight lifter would apply more mechanical stress to the bones of the upper limbs. In response to that stress, the bones would grow thicker. For similar reasons, we would expect the jogger to have heavier thigh bones.

2. Growth continues throughout childhood. At puberty, a growth spurt occurs and is followed by the closure of the epiphyseal cartilages. The later puberty begins, the taller the child will be when the growth spurt begins, so the taller the individual will be when growth is completed.

3. Increased levels of growth hormone prior to puberty will result in excessive bone growth, making the individual taller.

Page 198

1. The bones of children who have rickets are poorly mineralized and as a result are quite flexible. Under the weight of the body, the leg bones bend. The instability makes walking difficult and can lead to other problems of the legs and feet.

2. Parathyroid hormone (PTH) stimulates osteoclasts to release calcium ions from bone. Increased PTH secretion would result in an increase in the level of calcium ions in the blood.

3. Calcitonin lowers blood calcium levels by inhibiting osteoclast activity and increasing the rate of calcium excretion at the kidneys.

Page 201

1. An external callus forms early in the healing process, when cells from the endosteum and periosteum migrate to the area of the fracture. These cells form an enlarged collar (external callus) that circles the bone in the area of the fracture.

2. The sex hormones known as estrogens play an important role in moving calcium into bones. After menopause, the level of these hormones decreases dramatically; as a result, older women have difficulty replacing the calcium in bones that is being lost due to normal aging. In males, the level of sex hormones (androgens) does not decrease until much later in life.

Page 203 Level 1 Reviewing Facts and Terms

b 2. a 3. a 4. c 5. b 6. b 7. c 8. a 9. a

10. (1) support; (2) storage of minerals and lipids; (3) blood cell production; (4) protection; and (5) leverage

11. (1) osteocytes; (2) osteoblasts; (3) osteoclasts; and (4) osteoprogenitor cells

12. (1) diaphysis (shaft); (2) epiphysis; (3) epiphyseal cartilages/line; (4) articular cartilage; (5) medullary canal;

(6) periosteum; (7) endosteum

13. In intramembranous ossification, bone develops from mesenchyme or fibrous connective tissue. In endochondral ossification, bone develops from a cartilage model.

14. (1) organic = collagen; (2) inorganic = hydroxyapatite crystals

15. (a) calcium salts and phosphate salts and vitamins A, C, and D3; (b) calcitriol, growth hormone, thyroxine, estrogens (in females) or androgens (in males,) calcitonin, and parathyroid hormone (PTH)

16. (1) the bones; (2) the intestinal tract; and (3) the kidneys

17. Parathyroid hormone stimulates osteoclast activity, increases the rate of intestinal absorption, and decreases the rate of excretion of calcium ions.

Level 2 Reviewing Concepts

18. Nutrients reach the osteocytes by diffusion along canaliculi that open onto the surface of the trabeculae.

19. The osteons are parallel to the long axis of the shaft, which does not bend when forces are applied to either end. Stresses or impacts to the side of the shaft can lead to a fracture.

20. Inactivity in unstressed bones leads to the removal of calcium salts. Up to one-third of the bone mass can be lost in this manner, causing the bones to become thin and brittle.

21. The digestive and urinary systems (kidneys) play important roles in providing the calcium and phosphate minerals needed for bone growth. In return, the skeleton provides protection and acts as a reserve of calcium, phosphate, and other minerals that can compensate for changes in the dietary supplies of these ions.

22. b

23. There are many long bones in the hand, each of which has an epiphyseal cartilage. Measuring the width of these plates will provide clues to the hormonal control of growth in the child.

24. When a bone fracture is repaired, the bone tends to be stronger and thicker than normal at the fracture site.

25. b

26. Bone markings give clues as to the size, age, sex, and general appearance of an individual.

Level 3 Critical Thinking and Clinical Applications

27. The fracture might have damaged the epiphyseal cartilage in Sally’s right leg. Even though the bone healed properly, the damaged leg did not produce as much cartilage as did the undamaged leg. The result would be a shorter bone on the side of the injury.

28. d 29. a

30. The matrix of bone will absorb traces of minerals from the diet. These minerals can be identified hundreds of years later. A diet rich in calcium and vitamin B will produce denser bones than will a diet lacking these. Cultural practices such as binding of appendages, or wrapping of infant heads will manifest in misshapen bones. Heavy muscular activity will result in larger bone markings, indicating an athletic lifestyle.

Chapter 7

Page 220

1. The foramen magnum is located in the base of the occipital bone.

2. Tomás has fractured his right parietal bone.

3. The sphenoid bone contains the sella turcica, which in turn contains the pituitary gland.

Page 226

1. The adult vertebral column has fewer vertebrae because the five sacral vertebrae fuse to form a single sacrum and the four coccygeal vertebrae fuse to form a single coccyx.

2. The secondary curves of the spine allow us to balance our body weight on our lower limbs with minimal muscular effort. Without the secondary curves, we would not be able to stand upright for extended periods.

3. When you run your finger along a person’s spine, you can feel the spinous processes of the vertebrae.

Page 231

1. The dens is located on the axis, or second cervical vertebra, which is in the neck.

2. The presence of transverse foramina indicate that this vertebra is a cervical vertebra.

3. The lumbar vertebrae must support a great deal more weight than do vertebrae that are more superior in the spinal column. The large vertebral bodies allow the weight to be distributed over a larger area.

Page 234

1. True ribs are attached directly to the sternum by their own costal cartilage. False ribs either do not attach to the sternum (as in the floating ribs) or attach by means of a common costal cartilage (as in the vertebrochondral ribs).

2. Improper compression of the chest during CPR can—and commonly does—result in a fracture of the sternum or ribs.

3. Vertebrosternal ribs, or true ribs, attach directly to the sternum, whereas vertebrochondral ribs fuse together and merge with the costal cartilages of ribs 8–10 and and then with the cartilages of rib pair 7 before they reach the sternum.

Page 236 Level 1 Reviewing Facts and Terms

a 2. b 3. d 4. d 5. a 6. b 7. c 8. d

9. the frontal bone, sphenoid, ethmoid, palatine bones, and maxillary bones

10. (1) lacrimal bone; (2) nasal bone; (3) maxillary bone; (4) zygomatic bone; and (5) mandible

11. (1) sphenoid; (2) frontal bone; (3) ethmoid; (4) lacrimal bone; (5) maxillary bone; (6) palatine bone; (7) zygomatic bone

12. The vomer forms the anterior, inferior portion of the bony nasal septum that separates the right and left nasal cavities.

13. the frontal bone, sphenoid, ethmoid, palatine bones, and maxillary bones

Level 2 Reviewing Concepts

14. The petrous part of the temporal bone encloses the structures of the inner ear. The middle ear is located in the tympanic cavity within the petrous part. The external acoustic canal ends at the tympanic membrane, which leads to the inner ear. Mastoid air cells within the mastoid process are connected to the tympanic cavity.

15. The ethmoid forms the superior surface of the nasal cavity. The olfactory foramina within the cribriform plate of the ethmoid allows neurons associated with the sense of smell to extend into the nasal cavity.

16. The ribs raise and lower to increase and decrease the volume of the chest cavity. They move similar to the handle of a bucket. When they rise, the chest cavity expands and we breathe in. When the ribs are lowered to their original position, the volume of the chest cavity decreases and we breathe out.

17. Keeping your back straight keeps the weight aligned along the axis of your vertebral column, where it can be transferred to your lower limbs. Bending your back would strain the muscles and ligaments of the back, increasing the risk of injury.

18. d

19. Fontanels are fibrous connections between cranial bones. They permit distortion of the skull without damaging the structure during delivery, helping to ease the child through the birth canal.

20. a 21. c 22. e

Level 3 Critical Thinking and Clinical Applications

23. d

24. The large bones of a child’s cranium are not yet fused; they are connected by fontanels, areas of fibrous tissue. By examining the bones, the archaeologist could readily see if sutures had formed. By knowing approximately how long it takes for the various fontanels to close and by determining their sizes, she could estimate the ages of the bones.

25. Women in later stages of pregnancy develop lower back pain because of the changes in the lumbar curvature of the spine. The increased mass of the pregnant uterus shifts the center of gravity and to compensate for this the lumbar curvature is exaggerated and more of the body weight is supported by the lumbar region than normal. This results in sore muscles and the lower back pain.

Chapter 8

Page 242

1. The clavicle attaches the scapula to the sternum and thus restricts the scapula’s range of movement. When the clavicle is broken, the scapula has a greater range of movement and is less stable.

2. The head of the humerus articulates with the scapula at the glenoid cavity.

Page 245

1. The two rounded projections on either side of the elbow are the lateral and medial epicondyles of the humerus.

2. The radius is lateral when the forearm is pronated, as in the anatomical position.

3. The first distal phalanx is located at the tip of the thumb; Bill’s thumb is broken.

Page 249

1. The three bones that make up the os coxae are the ilium, ischium, and pubis.

2. The pelvis of females is generally smoother and lighter than that of males and has less-prominent markings. The pelvic outlet is enlarged, and there is less curvature on the sacrum and coccyx. The pelvic inlet is wider and more circular. The pelvis as a whole is relatively broad and low. The ilia project farther laterally. The inferior angle between the pubic bones is greater than 100°, as opposed to 90° or less for the pelvis of males. These differences adapt the pelvis of females for supporting the weight of the developing fetus and enable the newborn to pass through the pelvic outlet during delivery.

3. When you are seated, your body weight is borne by the ischial tuberosities of the pelvis.

Page 253

1. Although the fibula is not part of the knee joint and does not bear weight, it is an important point of attachment for many leg muscles. When the fibula is fractured, these muscles cannot function properly to move the leg, and walking is difficult and painful. The fibula also helps stabilize the ankle joint.

2. Joey has most likely fractured the calcaneus (heel bone).

3. The talus transmits the weight of the body from the tibia toward the toes.

Page 256 Level 1 Reviewing Facts and Terms

d 2. a 3. b 4. d 5. b

6. extension and flexion

7. ischium, ilium, and pubis

8. (1) talus; (2) calcaneus; (3) cuboid bone; (4) navicular bone; and (5–7) three cuneiform bones

Level 2 Reviewing Concepts

9. d 10. a 11. c 12. d 13. d 14. d 15. c

16. The pelvic girdle consists of the ossa coxae. The pelvis is a composite structure; it consists of the ossa coxae of the appendicular skeleton and the sacrum and coccyx of the axial skeleton.

17. d

18. The clavicles are small and fragile, so they are easy to break. Once this part of the pectoral girdle is broken, the assailant would no longer have efficient use of the arms.

19. e

20. The slender fibula parallels the tibia of the leg and provides an important site for muscle attachment. It does not help in transferring weight to the ankle and foot, however, because it is excluded from the knee joint.

21. e

Level 3 Critical Thinking and Clinical Applications

22. In osteoporosis, a decrease in the calcium content of the bones leads to bones that are weak and brittle. Since the hip joint and leg bones must support the weight of the body, any weakening of these bones may result in not enough strength to support the body mass, and as a result the bone will break under the great weight. The shoulder joint is not a load-bearing joint and is not subject to the same great stresses or strong muscle contractions as the hip joint. As a result, breaks in the bones of this joint should occur less frequently.

23. Fred probably dislocated his shoulder, which is quite a common injury due to the weak nature of the glenohumeral joint.

24. The general appearance of the pelvis, the shape of the pelvic inlet, the depth of the iliac fossa, the characteristics of the ilium, the angle inferior to the pubic symphysis, the position of the acetabulum, the shape of the obturator foramen, and the characteristics of the ischium are all important in determining an individual’s sex from a skeleton. Age can be determined by the size, degree of mineralization, and various markings on the bone. The individual’s general appearance can be reconstructed by looking at the markings where muscles attach to the bones. This can indicate the size and shape of the muscles and thus the general body contours of the individual.

Chapter 9

Page 262

1. All these joints ( but not synostoses) consist of bony regions separated by fibrous or cartilaginous connective tissue.

2. Originally, each of these joints is a syndesmosis. As the bones interlock, they form sutural joints.

3. Articular cartilages lack a blood supply; they rely on synovial fluid to supply nutrients and eliminate wastes. Impairing the circulation of synovial fluid would have the same effect as impairing a tissue’s blood supply. Nutrients would not be delivered to meet the tissue’s needs, and wastes would accumulate. Damage to and ultimately the death of the cells in the tissue would result.

Page 267

1. When you do jumping jacks and move your lower limbs away from the midline of the body, the movement is abduction. When you bring the lower limbs back together, the movement is adduction.

2. Flexion and extension are the movements associated with hinge joints.

Page 270

1. Intervertebral discs are not found between the first and second cervical vertebrae, between sacral vertebrae in the sacrum, or between coccygeal vertebrae in the coccyx. An intervertebral disc between the first and second cervical vertebrae would prohibit rotation. The vertebrae in the sacrum and coccyx are fused.

2. (a) flexion; (b) lateral flexion; (c) rotation

Page 273

1. Ligaments and muscles provide most of the stability for the shoulder joint.

2. Because the subscapular bursa is located in the shoulder joint, the tennis player would be more likely to develop inflammation of this structure (bursitis). The condition is associated with repetitive motion that occurs at the shoulder, such as swinging a tennis racket. The jogger would be more at risk for injuries to the knee joint.

3. A shoulder separation is an injury involving partial or complete dislocation of the acromioclavicular joint.

4. Terry has most likely damaged his annular ligament.

Page 276

1. The iliofemoral, pubofemoral, and ischiofemoral ligaments are at the hip joint.

2. Damage to the menisci of the knee joint would result in a decrease in the joint’s stability. The individual would have a hard time locking the knee in place while standing and would have to use muscle contractions to stabilize the joint. If the person had to stand for a long period, the muscles would fatigue and the knee would “give out.” We would also expect the individual to feel pain.

3. “Clergyman’s knee” is a bursitis that commonly affects members of the clergy, who spend a great deal of time kneeling. The work of carpet layers and roofers necessitates kneeling and sliding along on their knees, causing a similar inflammation of the bursae in the knee joint.

Page 281 Level 1 Reviewing Facts and Terms

1. d 2. b 3. c 4. c 5. d 6. c 7. b 8. c 9. b

10. b 11. d 12. c 13. c 14. a 15. b 16. a 17. d 18. b

Level 2 Reviewing Concepts

19. d

20. b

21. Menisci may subdivide a synovial cavity, channel the flow of synovial fluid, and allow variations in the shape of the articular surfaces.

22. shoulder separation

23. Articular cartilages do not have perichondrium, and their matrix contains more water than do other cartilages.

24. The nucleus pulposus does not extrude in a slipped disc. In a herniated disc, the nucleus pulposus breaks through the annulus fibrosus.

25. Height decreases during adulthood in part as a result of osteoporosis in the vertebrae and in part as a result of the decline in water content of the nucleus pulposus region of the intervertebral discs.

26. ankylosis

27. (1) gliding: clavicle and sternum; (2) hinge: elbow; (3) pivot: atlas and axis; (4) ellipsoid: radius and carpal bones; (5) saddle: thumb;

(6) ball and socket: shoulder

Level 3 Critical Thinking and Clinical Applications

28. The injury was a strain – movement outside of the normal range of motion has stretched the ligaments and probably stressed and irritated the tendons. This leads to inflammation and pain on movement.

29. Cartilage does not have any blood vessels, so the chondrocytes rely on diffusion to gain nutrients and eliminate wastes. The synovial fluid is very important in supplying nutrients to the articular cartilages that it bathes and in removing wastes. If the circulation of the synovial fluid is impaired or stopped, the cells will not get enough nutrients or be able to get rid of their waste products. This combination of factors can lead to the death of the chondrocytes and the breakdown of the cartilage.

30. Shoulder dislocations would occur more frequently than hip dislocations because the shoulder is a more mobile joint. Because of its mobility, the shoulder joint is not bound tightly by ligaments or other elements and is easier to dislocate when excessive forces are applied. The hip joint, although mobile, is stabilized by four heavy ligaments, and the bones fit together snugly in the joint. The synovial capsule of the

hip joint is larger than the shoulder, and the range of motion is not as great. These factors contribute to the joint being more stable and less easily dislocated.

Chapter 10

Page 292

1. Because tendons attach muscles to bones, severing the tendon would disconnect the muscle from the bone. If the muscle were to contract, nothing would happen.

2. Skeletal muscle appears striated when viewed through a microscope because the Z lines and thick filaments of the myofibrils within the muscle fibers are aligned.

3. You would expect the greatest concentration of calcium ions to be in the cisternae of the sarcoplasmic reticulum in resting skeletal muscle.

Page 300

1. A muscle’s ability to contract depends on the formation of cross-bridges between the myosin and actin myofilaments in the muscle. A drug that interferes with cross-bridge formation would prevent muscle contraction.

2. Because the amount of cross-bridge formation is proportional to the amount of available calcium ions, increased permeability of the sar

colemma to Ca2+ would lead to an increased intracellular concentration of Ca2+ and a greater degree of contraction. In addition, because the amount of calcium ions in the sarcoplasm must be reduced for relaxation to occur, an increase in the permeability of the sarcolemma to Ca2+ could make the muscle unable to relax completely.

3. Without acetylcholinesterase, the motor end plate would be continuously stimulated by acetylcholine; the muscle would lock in a state of contraction.

Page 308

1. A muscle’s ability to contract depends on the formation of cross-bridges between the myosin and actin myofilaments in the muscle. In a muscle that is overstretched, the myofilaments would overlap very little. Very few cross-bridges would form, and the contraction would be weak. If the myofilaments did not overlap at all, then no cross-bridges would form and the muscle could not contract.

2. During treppe, there is not enough time between successive contractions to reabsorb all the calcium ions that were released during the prior contraction event. As a result, calcium ions accumulate in the sarcoplasm at higher than normal levels, allowing more cross-bridges to form and tension to increase.

3. Yes. Contraction occurs as thick and thin filaments interact. The entire muscle can shorten (isotonic, concentric), elongate (isotonic, eccentric), or remain the same length (isometric), depending on the relationship between the resistance and the tension produced by actin and myosin interactions.

Page 316

1. A sprinter requires large amounts of energy for a short burst of activity. To supply this demand for energy, the sprinter’s muscles switch to anaerobic metabolism. Anaerobic metabolism is not as efficient in producing energy as aerobic metabolism is, and the process also produces acidic waste products; this combination contributes to fatigue. Conversely, marathon runners derive most of their energy from aerobic metabolism, which is more efficient and does not produce the amount of waste products that anaerobic metabolism does.

2. Activities that require short periods of strenuous activity produce a greater oxygen debt, because this type of activity relies heavily on energy production by anaerobic metabolism. Because lifting weights is more strenuous over the short term than swimming is, weight lifting would likely produce a greater oxygen debt than would swimming laps, which is an aerobic activity.

3. Individuals who excel at endurance activities have a higher than normal percentage of slow fibers. Those fibers are physiologically better adapted to this type of activity than are fast fibers, which are less vascular and fatigue faster.

Page 320

1. Cardiac muscle cells are joined by gap junctions, which allow ions and small molecules to flow directly from one cell to another. This type of junction allows for action potentials that are generated in one cell to spread rapidly to adjacent cells. Thus all the cells contract simultaneously as if they were a single unit (a syncytium).

2. Cardiac and smooth muscle contractions are more affected by changes in the concentration of Ca2+ in the extracellular fluid than are skeletal muscle contractions because in cardiac and smooth muscles, most of the calcium ions that trigger a contraction come from the extracellular fluid. In skeletal muscle, most of the calcium ions come from the sarcoplasmic reticulum.

3. The actin and myosin filaments of smooth muscle are not as rigidly organized as those of skeletal muscle. This loose organization allows smooth muscle to contract over a wider range of resting lengths.

Page 323 Level 1 Reviewing Facts and Terms

d 2. c 3. b 4. c 5. d 6. d 7. d

8. (1) skeletal muscle; (2) cardiac muscle; and (3) smooth muscle

9. (1) epimysium: surrounds entire muscle; (2) perimysium: surrounds muscle bundles (fascicles); and (3) endomysium: surrounds skeletal muscle fibers

10. a

11. transverse (T) tubules

12. (1) exposure of active sites; (2) attachment of cross-bridges; (3) pivoting of myosin head (power stroke); (4) detachment of cross-bridges; and (5) activation of myosin heads (cocking)

13. (1) the frequency of motor unit stimulation and (2) the number of motor units involved

14. ATP, creatine phosphate, and glycogen

15. (1) aerobic metabolism and (2) glycolysis

16. calmodulin

Level 2 Reviewing Concepts

17. d 18. b 19. a 20. e

21. In an initial latent period (after the stimulus arrives and before the tension begins to increase), the action potential in the muscle is generated and triggers the release of calcium ions from the SR. In the contraction phase, the calcium binds to troponin (cross-bridges form) and the tension begins to increase. In the relaxation phase, tension drops because cross-bridges have detached and because calcium levels have fallen; the active sites are once again covered by the troponin–tropomyosin complex.

22. (1) O2 for aerobic respiration is consumed by liver cells, which need to make a great deal of ATP to convert lactic acid to glucose. (2) O2 for aerobic respiration is consumed by skeletal muscle fibers as they restore ATP, creatine phosphate, and glycogen concentrations to their former levels. (3) The normal O2 concentration in blood and peripheral tissues is replenished.

23. Cardiac muscle tissue has the property of automaticity. The contractions are timed by pacemaker cells, specialized cardiac muscle fibers.

24. At the motor end plates of neuromuscular junctions, the blocking of the binding process by atracurium would inhibit the ability of the muscle to contract. Thus the muscle would remain relaxed. Atracurium could be useful if administered before surgery.

25. In rigor mortis, the membranes of the dead cells are no longer selectively permeable; the SR is no longer able to retain calcium ions. As calcium ions enter the sarcoplasm, a sustained contraction develops. The muscles lock in the contracted position, making the body extremely stiff. Contraction persists because the dead muscle cells can no longer make ATP, which is necessary for cross-bridge detachment from the active sites. Rigor mortis begins a few hours after death and lasts 15–25 hours, until the lysosomal enzymes released by autolysis break down the myofilaments.

26. c

Level 3 Critical Thinking and Clinical Applications

27. Because organophosphates block the action of acetylcholinesterase, the acetylcholine released into the synaptic cleft would not be removed. It would continue to stimulate the motor end plate, causing a state of persistent contraction (spastic paralysis). If the muscles of respiration were affected (which is likely), Ivan would die of suffocation. Prior to death, the most obvious symptoms would be uncontrolled tetanic contractions of the skeletal muscles.

28. The enzyme CPK (creatine phosphokinase) functions in the reaction that transfers phosphate from creatine phosphate to ADP in muscle cells. This reaction occurs primarily during anaerobic activity. The enzyme LDH (lactate dehydrogenase) is responsible for converting pyruvic acid to lactic acid, a reaction that also occurs under anaerobic conditions. Elevations of these two enzymes would indicate that muscle tissue was working hard under anaerobic conditions, and since enzymes from different tissues have slightly different amino acid sequences (isozymes), it would be possible to verify that the CPK and LDH were released from damaged heart muscle. The presence of cardiac troponin, a form found only in cardiac muscle cells, provides direct evidence that cardiac muscle cells have been severely damaged.

29. If a muscle is not stimulated by a motor neuron on a regular basis, the muscle will lose tone and mass and become weak (atrophy). During the time that his leg was immobilized, it did not receive sufficient stimulation to maintain proper tone. It will take a while for the muscle to build back up to support Bill’s weight.

Chapter 11

Page 330

1. A pennate muscle contains more muscle fibers than does a parallel muscle of the same size. A muscle that has more muscle fibers has more myofibrils and sarcomeres. As a result, the contraction of a pennate muscle generates more tension than would the contraction of a parallel muscle of the same size.

2. The opening between the stomach and the small intestine would be guarded by a circular muscle, or sphincter. The concentric circles of muscle fibers found in sphincters are ideally suited for opening and closing passageways and for acting as valves in the body.

3. The joint between the occipital bone and the first cervical vertebra is part of a first-class lever system. The joint between the two bones, the fulcrum, lies between the skull, which provides the resistance, and the neck muscles, which provide the applied force.

Page 333

1. The origin of a muscle is the end that remains stationary during an action. Because the gracilis muscle moves the tibia, the origin of this muscle must be on the pelvis (pubis and ischium).

2. Muscles A and B are antagonists, because they perform opposite actions.

3. The name flexor carpi radialis longus tells you that this muscle is a long muscle that lies next to the radius and flexes the wrist. Page 343

1. Contraction of the masseter muscle elevates the mandible; relaxation of this muscle depresses the mandible. You would probably be chewing something.

2. You would expect the buccinator muscle, which positions the mouth for blowing, to be well developed in a trumpet player.

3. Swallowing involves contractions of the palatal muscles, which elevate the soft palate as well as portions of the superior pharyngeal wall. Elevation of the superior portion of the pharynx enlarges the opening to the auditory tube, permitting airflow to the middle ear and the inside of the eardrum. Making this opening larger by swallowing facilitates airflow into or out of the middle ear cavity.

Page 348

1. Damage to the external intercostal muscles would interfere with breathing.

2. A blow to the rectus abdominis muscle would cause that muscle to contract forcefully, resulting in flexion of the vertebral column. In other words, you would “double over.”

3. The sore muscles are most likely the erector spinae muscles, especially the longissimus and the iliocostalis muscles of the lumbar region. These muscles would have to contract harder to counterbalance the increased anterior weight you would bear when carrying heavy boxes.

Page 363

1. When you shrug your shoulders, you are contracting your levator scapulae muscles.

2. The rotator cuff muscles include the supraspinatus, infraspinatus, subscapularis, and teres minor muscles. The tendons of these muscles help enclose and stabilize the shoulder joint.

3. Injury to the flexor carpi ulnaris muscle would impair the ability to perform flexion and adduction at the wrist.

Page 370

1. Injury to the obturator muscle would impair your ability to perform lateral rotation at the hip.

2. “Hamstring” refers to a group of muscles that collectively flex the knee. These muscles are the biceps femoris, semimembranosus, and semitendinosus muscles.

3. The calcaneal tendon attaches the soleus and gastrocnemius muscles to the calcaneus (heel bone). When these muscles contract, they produce extension (plantar flexion) at the ankle. A torn calcaneal tendon would make ankle extension difficult.

Page 375 Level 1 Reviewing Facts and Terms

b 2. a 3. a 4. a 5. b 6. c 7. b 8. a 9. b 10. d 11. a

12. (1) parallel; (2) convergent; (3) pennate; and (4) circular

13. An aponeurosis is a collagenous sheet connecting two muscles. The epicranial aponeurosis and the linea alba are examples.

14. (1) muscles of the head and neck, (2) muscles of the vertebral column, (3) oblique and rectus muscles, and (4) muscles of the pelvic floor

15. (1) supporting the organs of the pelvic cavity; (2) flexion at joints of the sacrum and coccyx; and (3) controlling movement of materials through the urethra and anus

16. (1) supraspinatus; (2) infraspinatus; (3) subscapularis; and (4) teres minor muscles

17. (1) muscles thet move the thigh, (2) muscles that move the leg, and (3) muscles that move the foot and toes

Level 2 Reviewing Concepts

18. b 19. a 20. hernia 21. tendon sheaths

22. The vertebral column does not need a massive series of flexors, because many of the large trunk muscles flex the vertebral column when they contract. In addition, most of the body weight lies anterior to the vertebral column and gravity tends to flex the intervertebral joints.

23. In a convergent muscle, the direction of pull can be changed by stimulating only one group of muscle cells at any one time. When all the fibers contract at once, they do not pull as hard on the tendon as would a parallel muscle of the same size. The reason is that the muscle fibers on opposite sides of the tendon are pulling in different directions rather than working together.

24. A pennate muscle contains more muscle fibers than does a parallel muscle of the same size. A muscle that has more muscle fibers also has more myofibrils and sarcomeres, resulting in a contraction that generates more tension.

25. Lifting heavy objects becomes easier as the elbow approaches a 90° angle. As you decrease the angle at or near full flexion, tension production declines, so movement becomes more difficult.

26. flexion at the knee and extension at the hip

Level 3 Critical Thinking and Clinical Applications

27. Contraction of the frontalis muscle would wrinkle Mary’s brow; contraction of the procerus muscle would flare her nostrils. Contraction of the levator labii muscle on the right side would raise the right side of her lip, as in sneering. Mary is not happy to see Jill.

28. b

29. Although the pectoralis muscle is located across the chest, it inserts on the greater tubercle of the humerus, the bone of the arm. When the muscle contracts, it contributes to flexion, adduction, and medial rotation of the humerus. All of these arm movements would be impaired if the muscle were damaged.

Chapter 12

Page 389

1. The afferent division of the PNS is composed of nerves that carry sensory information to the brain and spinal cord. Damage to this division would interfere with a person’s ability to experience a variety of sensory stimuli.

2. Most sensory neurons of the PNS are unipolar. Thus these neurons are most likely sensory neurons.

3. Microglial cells are small phagocytic cells that occur in increased number in damaged and diseased areas of the CNS.

Page 404

1. The depolarization of the neuron cell membrane involves the opening of gated sodium channels and the rapid influx of sodium ions into the cell. If the sodium channels were blocked, a neuron would not be able to depolarize.

2. If the extracellular concentration of potassium ions were to decrease, more potassium ions would leave the cell; hence the electrical gradient across the membrane (transmembrane potential) would increase. This condition is called hyperpolarization.

3. Action potentials are propagated along myelinated axons by saltatory propagation at speeds much higher than those along unmyelinated axons. The axon with a propagation speed of 50 meters per second must be the myelinated axon.

Page 412

1. When an action potential reaches the presynaptic terminal of a cholinergic synapse, voltage-regulated calcium ion channels open and the

influx of Ca2+ triggers the release of ACh into the synapse to stimulate the next neuron. If these calcium channels were blocked, the ACh would not be released and transmission across the synapse would cease.

2. Because of synaptic delay, the pathway with fewer neurons (three) will transmit impulses more rapidly.

Page 416

No 2. Yes 3. Spatial summation

Page 419 Level 1 Reviewing Facts and Terms

1. c 2. a 3. a 4. d 5. c 6. d 7. b 8. a 9. b

10. a

11. (a) brain and spinal cord (b) all other nerve fibers, divided between the efferent division (which consists of the somatic nervous system and the autonomic nervous system) and the afferent division (which consists of receptors and sensory neurons)

12. (1) satellite cells and (2) Schwann cells

13. (1) sensory neurons: transmit impulses from the PNS to the CNS; (2) motor neurons: transmit impulses from the CNS to peripheral effectors; and (3) interneurons: analyze sensory inputs and coordination of motor outputs

Level 2 Reviewing Concepts

14. b 15. d 16. b 17. a

18. Neurons lack centrioles and therefore cannot divide and replace themselves.

19. Axoplasmic transport is the movement of products that are synthesized in the cell body out to the synaptic knobs. Retrograde flow is the movement of materials toward the cell body.

20. Voltage-regulated channels open or close in response to changes in the transmembrane potential. Chemically regulated channels open or close when they bind specific extracellular chemicals. Mechanically regulated channels open or close in response to physical distortion of the membrane surface.

21. The all-or-none principle of action potentials states that if a depolarization event is sufficient to reach threshold, it will cause an action potential in the cell. This action potential will be of the same strength regardless of the degree of stimulation above threshold.

22. The membrane depolarizes to threshold. Next, voltage-regulated sodium channels are activated, and the membrane rapidly depolarizes. These sodium channels are then inactivated, and potassium channels are activated. Finally, normal permeability returns. The voltage-regu-lated sodium channels become activated once the repolarization is complete; the voltage-regulated potassium channels begin closing as the transmembrane potential reaches the normal resting potential.

23. In saltatory conduction, which occurs in myelinated axons, only the nodes along the axon can respond to a depolarizing stimulus. In continuous conduction, which occurs in unmyelinated axons, an action potential appears to move across the membrane surface in a series of tiny steps.

24. Type A fibers are myelinated and carry action potentials very quickly (140 m > sec). Type B are also myelinated, but carry action potentials more slowly due to their smaller diameter. Type C fibers are extremely slow due to small diameter and lack of myelination.

25. (1) The action potential arrives at the synaptic knob, depolarizing it; (2) extracellular calcium enters the synaptic knob triggering the exocytosis of ACh: (3) ACh binds to the postsynaptic membrane and depolarizes the next neuron in the chain; (4) ACh is removed by AChE.

26. Temporal summation is the addition of stimuli that arrive in rapid succession. It occurs at a single synapse and is active repeatedly. Spatial summation occurs when simultaneous stimuli have a cumulative effect on the transmembrane potential. It involves multiple synapses that are active simultaneously.

Level 3 Critical Thinking and Clinical Applications

27. The kidney condition is causing Harry to retain potassium ions. As a result, the K+ concentration of the extracellular fluid is higher than normal. Under these conditions, less potassium diffuses from heart muscle cells than normal, resulting in a resting potential that is less negative (more positive). This change in resting potential moves the transmembrane potential closer to threshold, so it is easier to stimulate the muscle. The ease of stimulation accounts for the increased number of contractions that produces the rapid heart rate.

28. To reach threshold, the postsynaptic membrane must receive enough neurotransmitter to produce an EPSP of + 20 mV ( + 10 mV to reach threshold and + 10 mV to cancel the IPSPs produced by the inhibitory neurons). Each neuron releases enough neurotransmitter to produce a change of + 2 mV, so 10 of the 15 excitatory neurons must be stimulated to produce this effect by spatial summation.

29. Action potentials travel faster along fibers that are myelinated than fibers that are nonmyelinated. Destruction of the myelin sheath slows the time it takes for motor neurons to communicate with their effector muscles. This delay in response results in varying degrees of uncoordinated muscle activity. The situation is very similar to a newborn where the infant cannot control its arms and legs very well because the myelin sheaths are still being laid down for the first year. Since not all motor neurons to the same muscle may be demyelinated to the same degree, there would be some fibers that are slow to respond while others are responding normally producing contractions that are erratic and poorly controlled.

30. The absolute refractory period sets a limit to the number of action potentials that can travel along an axon in a particular unit of time. During the absolute refractory period, the membrane is not able to conduct an action potential. Thus a new depolarization event could not occur until after the absolute refractory period had passed. If the absolute refractory period for a particular axon was 0.001 second, the maximum frequency of action potentials conducted by this axon would be 1000 > sec.

Chapter 13

Page 427

1. The ventral root of a spinal nerve is composed of both visceral and somatic motor fibers. Damage to this root would interfere with motor function.

2. The cerebrospinal fluid that surrounds the spinal cord is located in the subarachnoid space, which lies beneath the epithelium of the arachnoid mater and superficial to the pia mater.

Page 429

1. Because the virus that causes polio would be located in somatic motor neurons, it would be in the anterior gray horns of the spinal cord, where the cell bodies of these neurons are located.

2. A disease that damages myelin sheaths would affect the columns of the spinal cord, because that part of the cord is composed of bundles of myelinated axons.

Page 437

1. The dorsal rami of spinal nerves innervate the skin and muscles of the back. The skin and muscles of the back of the neck and of the shoulders will be affected by such an anesthetic.

2. The phrenic nerves that innervate the diaphragm originate in the cervical plexus. Damage to this plexus, or more specifically to the phrenic nerves, would greatly interfere with the ability to breathe and might result in death.

3. Compression of the sciatic nerve produces the characteristic sensation that you perceive when your leg has “fallen asleep.”

Page 443

1. The minimum number of neurons required for a reflex arc is two. One must be a sensory neuron, to bring impulses to the CNS, and the other a motor neuron, to bring about a response to the sensory input.

2. The suckling reflex is an innate reflex.

3. When stretch receptors are stimulated by gamma motor neurons, the muscle spindles become more sensitive. As a result, little if any stretching stimulus would be needed to stimulate the contraction of the quadriceps muscles in the patellar reflex. Thus the reflex response would appear more quickly.

Page 446

1. This response is the tendon reflex.

2. During a withdrawal reflex, the limb on the opposite side is extended. This response is called a crossed extensor reflex.

3. A positive Babinski reflex is abnormal for an adult; it indicates possible damage of descending tracts in the spinal cord.

Page 449 Level 1 Reviewing Facts and Terms

d 2. a 3. d 4. c 5. c 6. c 7. c 8. a 9. d 10. a 11. b 12. c 13. c

14. (a) 1 (b) 7 (c) 3 (d) 5 (e) 4 (f) 6 (g) 2 (h) 8

Level 2 Reviewing Concepts

15. The vertebral column continues to grow, extending beyond the cord. The end of the cord is visible as the conus medularis near L1 and the cauda equina extends the remainder of the column.

16. (1) arrival of stimulus and activation of receptor; (2) activation of sensory neuron; (3) information processing; (4) activation of a motor neuron; and (5) response by an effector (muscle or gland)

17. d

18. The first cervical nerve exits superior to vertebra C1 (between the skull and vertebra); the last cervical nerve exits inferior to vertebra C7 (between the last cervical vertebra and the first thoracic vertebra). There are thus 8 cervical nerves but only 7 cervical vertebrae.

19. The cell bodies of spinal motor neurons are located in the anterior gray horns, so damage to these horns would result in a loss of motor control.

20. Inside the CNS, cerebrospinal fluid fills the central canal and the ventricles. Inside the CNS meninges, cerebrospinal fluid fills the subarachnoid space. The CSF acts as a shock absorber as well as a diffusion medium for dissolved gases, nutrients, chemical messengers, and waste products.

21. (1) involvement of pools of interneurons; (2) intersegmental distribution; (3) involvement of reciprocal innervation; (4) motor response prolonged by reverberating circuits; and (5) cooperation of reflexes to produce a coordinated, controlled response

22. Transection of the spinal cord at C7 would most likely result in paralysis from the neck down. A transection at T10 would paralyze the lower half of the body only. Sensory input and motor control of the body from the waist down would be lost.

23. a 24. b 25. a

26. Stimulation will increase muscle tone.

Level 3 Critical Thinking and Clinical Applications

27. the median nerve

28. the radial nerve

29. The person would still exhibit a defecation (bowel) and micturition (bladder) reflex because the spinal reflex is processed at the level of the spinal cord. Efferent impulses from the organs would stimulate specific interneurons in the sacral region that would synapse with the motor neurons controlling the sphincters, thus brining about emptying when organs began to fill. This is the same situation that exists in a newborn infant who has not yet fully developed the descending traits necessary for conscious control. The individual with the spinal cord transection would lose voluntary control of the bowel and bladder because these functions rely on impulses carried by motor neurons in the brain that must travel down the cord and synapse with the interneurons and motor neurons that are involved in the reflex.

30. The anterior horn cells of the spinal cord are somatic motor neurons that direct the activity of skeletal muscles. The lumbar region of the spinal cord controls the skeletal muscles that are involved with the control of the muscles of the hip, leg, and foot. As a result of the injury, Karen would have poor control of most muscles of the lower limb, a problem with walking if she could walk at all, and if she could stand, problems maintaining balance.

Chapter 14

Page 455

1. The mesencephalon, the pons, and the medulla oblongata make up the brain stem.

2. The three primary brain vesicles are the prosencephalon, the mesencephalon, and the rhombencephalon. The prosencephalon gives rise to the cerebrum and diencephalon; the mesencephalon does not subdivide further; and the rhombencephalon develops into the cerebellum, the pons, and the medulla oblongata.

Page 459

1. If an interventricular foramen became blocked, cerebrospinal fluid could not flow from the lateral ventricles into the third ventricle. Cerebrospinal fluid would continue to form within that ventricle, so the blocked ventricle would swell with fluid—a condition known as hydrocephalus.

2. Diffusion across the arachnoid granulations is the means by which cerebrospinal fluid reenters the bloodstream. If this process decreased, excess fluid would accumulate in the ventricles; the volume of fluid in the ventricles would increase, damaging the brain.

3. The blood–brain barrier restricts and regulates the movement of water-soluble molecules from the blood to the extracellular fluid of the brain.

Page 464

1. The vermis and arbor vitae are part of the cerebellum.

2. Although the medulla oblongata is small, it contains many vital reflex centers, including those that control breathing and regulate the heart rate and blood pressure. Damage to the medulla oblongata can result in a cessation of breathing or in lethal changes in heart rate and blood pressure.

3. Damage to the respiratory centers of the pons could result in loss of ability to modify the rhythmicity center of the medulla oblongata during prolonged inhalation or extensive exhalation.

Page 470

1. Reflexive movements of the eyes, head, and neck are controlled by the superior colliculi of the mesencephalon.

2. The lateral geniculate nuclei are involved with processing visual information. Damage to these nuclei would interfere with the sense of sight.

3. Changes in body temperature would stimulate the preoptic area of the hypothalamus, a division of the diencephalon.

4. The amygdaloid regulates the “fight or flight” response of the sympathetic division of the autonomic nervous system.

Page 474

1. Projection fibers link the cerebral cortex to the spinal cord, passing through the diencephalon, brain stem, and cerebellum.

2. The basal nuclei are involved in the subconscious control of skeletal muscle tone and the coordination of learned movement patterns. Damage to the basal nuclei would result in loss of these functions and decreased muscle tone (see Parkinson’s disease, p. 474).

Page 479

1. The primary motor cortex is located in the precentral gyrus of the frontal lobe of the cerebrum.

2. Damage to the temporal lobes of the cerebrum would interfere with the processing of olfactory (smell) and auditory (sound) impulses.

3. The stroke has damaged Jake’s speech center, located in the frontal lobe.

4. The temporal lobe of Paul’s cerebrum is probably involved, specifically the hippocampus and the amygdaloid body. His problems may also involve other parts of the limbic system that act as a gate for loading and retrieving long-term memories.

Page 493 Level 1 Reviewing Facts and Terms

1. d 2. b 3. c 4. d 5. b 6. c 7. a 8. b 9. a

10. a 11. a

12. (1) cushioning delicate neural structures; (2) supporting the brain; and (3) transporting nutrients, chemical messengers, and waste products

13. (1) portions of the hypothalamus where the capillary endothelium is extremely permeable; (2) capillaries in the pineal gland; and

(3) capillaries at the choroid plexus

14. I: olfactory nerve; II: optic nerve; III: oculomotor nerve; IV: trochlear nerve; V: trigeminal nerve; VI: abducens nerve; VII: facial nerve;

VIII: vestibulocochlear nerve; IX: glossopharyngeal nerve; X: vagus nerve; XI: accessory nerve; and XII: hypoglossal nerve

Level 2 Reviewing Concepts

15. The brain includes many more interneurons, pathways, and connections than the tracts of the spinal cord, allowing for greater integration of impulses and versatility of response.

16. The functions of the cerebellum include adjusting voluntary and involuntary motor activities on the basis of sensory information and stored memories of previous experiences.

17. d

18. the substantia nigra, which releases the neurotransmitter dopamine at the basal nuclei

19. (1) subconscious control of skeletal muscle contractions, (2) control of autonomic functions, (3) coordination of nervous and endocrine systems, (4) secretion of hormones, (5) production of emotions and drives, (6) coordination of autonomic and voluntary functions, (7) regulation of body temperature, (8) control of circadian rhythms

20. Stimulation of the feeding and thirst centers of the hypothalamus would produce these sensations.

21. hippocampus, which is part of the limbic system

22. The left hemisphere contains the general interpretive and speech centers and is responsible for language-based skills. Reading, writing, speaking, performing analytical tasks, and logical decision making are dependent on processing done in the left hemisphere. The right hemisphere analyzes sensory information and relates the body to the sensory environment. Interpretive centers in this hemisphere permit the identification of familiar objects by touch, smell, sight, taste, or feel. It is important in understanding three-dimensional relationships and in analyzing the emotional context of a conversation.

23. d 24. c

25. The general intrepretive area (Wernicke’s area, sensory) and the speech center (Broca’s area, motor) are involved in speech. Aphasia results in the absence of or defects in speech and the inability to comprehend language. Lesions in the general interpretive area produce defective visual and auditory comprehension of language, repetition of spoken sentences, and defective naming of objects. Lesions in the speech center result in hesitant and distorted speech.

Level 3 Critical Thinking and Clinical Applications

26. The sensory innervation of the nasal mucosa is by way of the maxillary branch of the trigeminal nerve (V). Irritation of the nasal lining increases the frequency of action potentials along the maxillary branch of the trigeminal nerve through the semilunar ganglion to reach centers in the mesencephalon, which in turn excite the neurons of the reticular activating system (RAS). Increased activity by the RAS can raise the cerebrum back to consciousness.

27. The officer is testing the function of Bill’s cerebellum. Many drugs, including alcohol, have pronounced effects on the function of the cerebellum. A person who is under the influence of alcohol cannot properly anticipate the range and speed of limb movement, because processing and correction by the cerebellum are slow. As a result, Bill might have a difficult time walking a straight line or touching his finger to his nose.

28. Increasing pressure in the cranium could compress important blood vessels leading to further brain damage in areas not directly affected

by the hematoma. Pressure on the brain stem could disrupt vital respiratory, cardiovascular, and vasomotor function and possibly cause death. Pressure on the motor nuclei of the cranial nerves would lead to drooping eyelids and dilated pupils. Pressure on descending motor tracts would impair muscle function and decrease muscle tone in the affected areas of the body.

29. As in any inflamed tissue, there is edema in the area of inflammation. The accumulation of fluid in the subarachnoid space can cause damage by pressing against the neurons. If the intracranial pressure is excessive, brain damage can occur, and if the pressure involves vital autonomic reflex areas, death could occur.

30. Most of the functional problems are the result of trauma to the cerebral hemispheres due to contact between the brain and the skull. Distortion and damage to the brain stem and medulla oblongata can cause death.

Chapter 15

Page 502

1. The receptor with the smaller receptor field will provide more-precise sensory information—thus, receptor A.

2. Nociceptors are pain receptors. When they are stimulated, you perceive a painful sensation in the affected hand.

3. Proprioceptors relay information about limb position and movement to the CNS, especially to the cerebellum. If this information were blocked, your movements would be uncoordinated and you would probably not be able to walk.

Page 507

1. The fasciculus gracilis in the posterior column of the spinal cord carries information about touch and pressure from the lower limbs to the brain. It is this tract that is being compressed.

2. Nociceptors are stimulated by pain. The action potentials generated by these receptors are carried by the lateral spinothalamic tracts.

3. Impulses carried along the right fasciculus gracilis are destined for the primary sensory cortex of the left cerebral hemisphere.

Page 513

1. The anatomical basis for opposite-side motor control is crossing-over (decussation) of axons, so the motor fibers of the corticospinal pathway innervate lower motor neurons on the opposite side of the body.

2. The superior portion of the motor cortex controls the upper limb and upper portion of the lower limb. An injury to this area would affect the ability to control the muscles in those regions of the body.

3. Motor neurons of the red nucleus help control the muscle tone of skeletal muscles in the upper limbs. Increased stimulation of these neurons would increase stimulation of the skeletal muscles, producing increased muscle tone.

Page 515 Level 1 Reviewing Facts and Terms

c 2. c 3. d

4. phasic receptors

5. (1) free nerve endings: sensitive to touch and pressure; (2) root hair plexus: monitors distortions and movements across the body surface;

(3) tactile discs: detect fine touch and pressure; (4) tactile corpuscles: detect fine touch and pressure; (5) lamellated corpuscles: sensitive to pulsing or vibrating stimuli (deep pressure); and (6) Ruffini corpuscles: sensitive to pressure and distortion of the skin

6. (1) tactile receptors; (2) baroreceptors; and (3) proprioceptors

7. (1) posterior column pathway: provides conscious sensations of highly localized (“fine”) touch, pressure, vibration, and proprioception;

(2) spinothalamic pathway: provides conscious sensations of poorly localized (“crude”) touch, pressure, pain, and temperature; and (3) spinocerebellar pathway: carries proprioceptive information about the position of skeletal muscles, tendons, and joints to the cerebellum

8. (1) corticobulbar tracts; (2) lateral corticospinal tracts; and (3) anterior corticospinal tracts

9. (1) vestibulospinal pathway; (2) tectospinal pathway; and (3) reticulospinal pathway

10. (1) It integrates proprioceptive sensations with visual information from the eyes and equilibrium-related sensations from the inner ear; and (2) it adjusts the activities of the voluntary and involuntary motor centers on the basis of sensory information and the stored memories of previous experiences.

11. c

12. (1) An arriving stimulus alters the transmembrane potential of the receptor membrane. (2) The receptor potential directly or indirectly affects a sensory neuron. (3) Action potentials travel to the CNS along an afferent fiber.

13. (1) The number of neurons in the cerebral cortex continues to increase until at least age 1; (2) the brain as a whole grows in size and complexity until at least age 4; and (3) myelination of CNS neurons continues at least until puberty, reducing the delay between stimulus and response and improving motor control.

Level 2 Reviewing Concepts

14. A tonic receptor is always active, while a phasic receptor is normally inactive. Phasic receptors are active only when a change occurs in the condition being monitored.

15. A motor homunculus, a mapped-out area of the primary motor cortex, provides an indication of the degree of fine motor control available. A sensory homunculus indicates the degree of sensitivity of peripheral sensory receptors.

16. The sensory neuron that delivers the sensations to the CNS is a first-order neuron. Within the CNS, the axon of the first-order neuron synapses on a second-order neuron, an interneuron located in the spinal cord or brain stem. The second-order neuron synapses on a third-order neuron in the thalamus. The axons of third-order neurons synapse on neurons of the primary sensory cortex of the cerebral hemispheres.

17. b

18. Injury to the primary motor cortex affects the ability to exert fine control over motor units. Gross movements are still possible, however, because they are controlled by the basal nuclei that use the reticulospinal or rubrospinal tracts. Thus, walking and other voluntary and involuntary movements can be performed with difficulty, and the movements are imprecise and awkward.

19. Muscle tone is controlled by the basal nuclei, cerebellum, and red nuclei through commands distributed by the reticulospinal and rubrospinal tracts.

20. Strong pain sensations arriving at a particular segment of the spinal cord can cause stimulation of the interneurons of the spinothalamic

pathway. This stimulation is interpreted by the sensory cortex as originating in the region of the body surface associated with the origin of that same pathway.

Level 3 Critical Thinking and Clinical Applications

21. The tumor is most likely adjacent to the corticobulbar tracts. The axons of those tracts carry action potentials to motor nuclei of the cranial nerves, which control eye muscles and facial expression.

22. Injuries to the motor cortex eliminate the ability to produce fine control of motor units. However, as long as the cerebral nuclei are functional, gross movements would still be possible. Clarence should still be able to walk, maintain his balance, and perform voluntary and involuntary movements using the rubrospinal and reticulospinal tracts in place of the corticospinal tracts. Although these movements may be awkward or difficult, they will still be able to take place.

23. Phil is experiencing phantom pain. Since pain perception occurs in the sensory cortex of the brain, he can still feel pain in his fingers if the brain projects feeling to that area. When he bumps the arm at the elbow, sensory receptors are stimulated that send impulses to the sensory cortex. The brain perceives a sensation from a general area, and projects that feeling to a body part. Since more sensory information reaches the brain from the hands and fingers, it is not unusual for the brain to project to this area.

Chapter 16

Page 520

1. Two neurons are required to conduct an action potential from the spinal cord to smooth muscles in the wall of the intestine. One neuron is required to carry the action potential from the spinal cord to the autonomic ganglion, and a second to carry the action potential from the autonomic ganglion to the smooth muscle.

2. The sympathetic division of the autonomic nervous system is responsible for the physiological changes that occur in response to stress and increased activity.

3. The sympathetic division of the autonomic nervous system includes preganglionic fibers from the lumbar and thoracic portions of the spinal cord, whereas the parasympathetic division includes preganglionic fibers from the cranial and sacral portions.

Page 526

1. The nerves that synapse in collateral ganglia originate in the inferior thoracic and superior lumbar portion of the spinal cord; they pass through the chain ganglia to the collateral ganglia.

2. Acetylcholine is the neurotransmitter released by the preganglionic fibers of the sympathetic nervous system. A drug that stimulates ACh receptors would stimulate the postganglionic fibers of the sympathetic nerves, resulting in increased sympathetic activity.

3. Blocking the beta receptors on cells would decrease or prevent sympathetic stimulation of the tissues that contain those cells. The heart rate, the force of contraction of cardiac muscle, and the contraction of smooth muscle in the walls of blood vessels would decrease. These changes would contribute to a lowering of the blood pressure.

Page 530

1. The vagus nerve (X) carries preganglionic parasympathetic fibers that innervate the lungs, heart, stomach, liver, pancreas, and parts of the small and large intestines (as well as several other visceral organs).

2. Muscarinic receptors are a type of acetylcholine receptor located in postganglionic synapses of the parasympathetic nervous system. The stimulation of these receptors at the heart would cause potassium ion channels to open, resulting in hyperpolarization of the cell membrane and a decreased heart rate.

3. The parasympathetic division is sometimes referred to as the anabolic system because parasympathetic stimulation leads to a general increase in the nutrient content of the blood. Cells throughout the body respond to the increase by absorbing the nutrients and using them to support growth and other anabolic activities.

Page 536

1. Most blood vessels receive sympathetic stimulation, so a decrease in sympathetic tone would lead to a relaxation of the smooth muscles in the walls of these vessels and hence to vasodilation. Blood flow to the tissue would, in turn, increase.

2. A patient who is anxious about an impending root canal would probably exhibit some or all of the following changes: a dry mouth, an increased heart rate, an increase in blood pressure, an increased rate of breathing, cold sweats, an urge to urinate or defecate, a change in the motility of the digestive tract (that is, “butterflies in the stomach”), and dilated pupils. These changes would be the result of anxiety or stress causing an increase in sympathetic stimulation.

3. A brain tumor that interferes with hypothalamic function would interfere with autonomic function as well. Centers in the posterior and lateral hypothalamus coordinate and regulate sympathetic function, whereas centers in the anterior and medial hypothalamus control parasympathetic function.

Page 539

1. Higher order functions require the cerebral cortex, involve both conscious and unconscious information processing, and are subject to modification and adjustment over time.

2. An inability to comprehend the spoken or written word indicates a problem with the general interpretive area of the brain, which in most individuals is located in the left temporal lobe of the cerebrum.

3. You are using short term memory, although your teacher would like it if this information were transferred to long term memory. Page 542

1. The reticular activating system is responsible for rousing the cerebrum to a state of consciousness. If your RAS were suddenly stimulated, you would wake up.

2. A drug that increases the amount of serotonin released in the brain would produce a heightened perception of certain sensory stimuli, such as auditory or visual stimuli, and hallucinations.

3. Some possible reasons for slower recall and for loss of memory in the elderly include a loss of neurons (possibly those involved in specific memories), changes in synaptic organization of the brain, changes in the neurons themselves, and decreased blood flow, which would affect the metabolic rate of neurons and perhaps slow the retrieval of information from memory.

Page 547 Level 1 Reviewing Facts and Terms

d 2. a 3. b 4. d

5. preganglionic neuron T5 -L2 : collateral ganglia : postganglionic fibers : visceral effector in abdominopelvic cavity

6. (1) ciliary ganglion; (2) pterygopalatine ganglion; (3) submandibular ganglion; and (4) otic ganglion

7. receptor, sensory neuron, interneuron (may or may not be present), and two visceral motor neurons

8. increased neurotransmitter release, facilitation of synapses, and the formation of additional synaptic connections

9. During non-REM sleep, the entire body relaxes and activity at the cerebral cortex is at a minimum. The heart rate, blood pressure, respiratory rate, and energy utilization decline. During REM sleep, active dreaming occurs, accompanied by alterations in blood pressure and respiratory rates. Muscle tone decreases markedly, and there is less response to outside stimuli.

10. a reduction in brain volume and weight, a reduction in the number of neurons, a decrease in blood flow to the brain, changes in the synaptic organization, and intracellular and extracellular changes in CNS neurons

11. c 12. d

13. Sympathetic preganglionic fibers emerge from the thoracolumbar area (T1 through L2) of the spinal cord. Parasympathetic fibers emerge from the brain stem and the sacral region of the spinal cord (craniosacral).

14. (1) celiac ganglion; (2) superior mesenteric ganglion; and (3) inferior mesenteric ganglion

15. (1) the release of norepinephrine at specific locations and (2) the secretion of epinephrine (and modest amounts of norepinephrine) into the bloodstream

16. III, VII, IX, and X

17. (1) cardiac plexus: heart rate–increase (sympathetic)/ decrease (parasympathetic); heart strength–increase (sympathetic)/decrease (parasympathetic); blood pressure– increase (sympathetic)/decrease (parasympathetic);

(2) pulmonary plexus: respiratory passageways dilate/constrict; (3) esophageal plexus: respiratory rate increase/decrease; (4) celiac plexus: digestion inhibited/stimulated; (5) inferior mesenteric plexus: digestion inhibited/stimulated; and (6) hypogastric plexus: defecation inhibited/stimulated; urination inhibited/stimulated; sexual organs: stimulate secretion/ erection

18. (1) They are performed by neurons of the cerebral cortex and involve complex interactions between areas of the cortex and between the cerebral cortex and other parts of the brain; (2) they involve both conscious and unconscious information processing; and (3) their functions are subject to modification and adjustment over time.

Level 2 Reviewing Concepts

19. a 20. c

21. The preganglionic fibers innervating the cervical ganglia originate in the white rami of thoracic segments, which are undamaged.

22. c 23. b 24. d

25. Due to the stimulation of the sympathetic division, you would experience increased respiratory rate, increased peripheral vasoconstriction and elevation of blood pressure, increased heart rate and force of contraction, and an increased rate of glucose release into the bloodstream.

26. If autonomic motor neurons maintain a background level of activity at all times, they can either increase or decrease their activity, providing a range of control options.

27. Since cholinergic receptors are found in all of the ganglia of the autonomic nervous system, you would expect nicotine to stimulate both sympathetic and parasympathetic responses in the cardiovascular target tissues. In response to increased sympathetic stimulation the heart would beat faster and more forcefully. At the same time, however, increased parasympathetic stimulation would decrease the blood flow to the heart muscle. The increased heart rate and force of contraction would contribute to increased blood pressure as would vasoconstriction of peripheral blood vessels as a result of sympathetic stimulation.

28. The upsetting stimuli would be processed by the higher centers of the central nervous system and relayed to the hypothalamus. The hypothalamus could suppress the vasomotor center of the medulla, resulting in fewer sympathetic impulses to peripheral blood vessels. This would cause a decrease in sympathetic tone in the smooth muscle of the blood vessels resulting in vasodilation. The vasodilation would cause blood to pool in the limbs decreasing the amount of blood returning to the heart and producing shock.

Level 3 Critical Thinking and Clinical Applications

29. epinephrine, because it would reduce inflammation and relax the smooth muscle of the airways, making it easier for Phil to breathe

30. It is probably mimicking NE and binding to alpha-1 receptors.

Chapter 17

Page 554

1. By the end of the lab period, adaptation has occurred. In response to the constant level of stimulation, your receptor neurons have become less active, partially as the result of synaptic fatigue.

2. Your taste receptors (taste buds) are sensitive only to molecules and ions that are in solution. If you dry the surface of your tongue, the salt ions or sugar molecules have no moisture in which to dissolve, so they will not stimulate the taste receptors.

3. The difference in the taste of your grandfather’s food is the result of several age-related factors. The number of taste buds declines dramatically after age 50, and those that remain are not as sensitive as they once were. In addition, the loss of olfactory receptors contributes to the perception of less flavor in foods.

Page 556

1. The first layer of the eye that would be affected by inadequate tear production would be the conjunctiva. Drying of this layer would produce an irritated, scratchy feeling.

2. When the lens is round, you are looking at an object that is close to you.

3. Renee will probably not be able to see at all. The fovea of the eye contains cones but no rods. Rods respond to light of low intensity, but

cones need high light intensity to be stimulated. In a dimly lit room, the light would not be strong enough to stimulate these photoreceptors.

If the canal of Schlemm were blocked, the aqueous humor would not be able to drain; glaucoma would develop. As the quantity of fluid increased, the pressure within the eye would increase, distorting soft tissues and interfering with vision. If untreated, the condition would ultimately cause blindness.

Page 573

1. Even with a congenital lack of cones in your eyes, you would still be able to see—as long as you had functioning rods. But because cone cells function in color vision, you would see only black and white.

2. A deficiency of vitamin A in the diet would affect the quantity of retinal the body could produce and thus would interfere with night vision, which is more sensitive to deficiencies since it is working at the threshold of the body’s ability to respond to light.

3. A decrease in phosphodiesterase activity would lead to a higher level of intracellular cGMP. This rise would, in turn, keep the gated sodium channels open and decrease the ability of receptor neurons to respond to photons.

Page 586

1. Without the movement of the round window, the perilymph would not be moved by the vibration of the stapes at the oval window. There would be little or no perception of sound.

2. The loss of stereocilia (as a result of constant exposure to loud noises, for instance) would reduce hearing sensitivity and could lead to deafness.

3. The auditory tube allows pressure to equalize on both sides of the tympanic membrane. If this tube were blocked and external pressures then declined, the pressure on the inside of the tympanic membrane would be greater than that on the outside, forcing the membrane outward and producing pain.

Page 588 Level 1 Reviewing Facts and Terms

1. d 2. c 3. e 4. c 5. c 6. b 7. d 8. b 9. d

10. d 11. c

12. (1) filiform papillae; (2) fungiform papillae; and (3) circumvallate papillae

13. (a) the sclera and the cornea (b) It (1) provides mechanical support and some physical protection, (2) serves as an attachment site for the extrinsic eye muscles, and (3) contains structures that assist in the focusing process.

14. iris, ciliary body, and choroid

15. (1) malleus, (2) incus, and (3) stapes, which transmit a mechanical vibration (amplified along the way) from the tympanic membrane to the oval window

Level 2 Reviewing Concepts

16. Axons leaving the olfactory epithelium collect into twenty or more bundles that penetrate the cribriform plate of the ethmoid bone to reach the olfactory bulbs of the cerebrum. Axons leaving the olfactory bulb travel along the olfactory tract to reach the olfactory cortex, the hypothalamus, and portions of the limbic system.

17. Olfactory sensations are long lasting and important to memories because the sensory information they provide goes directly to the cerebral cortex via the hypothalamus and the limbic system. These sensations are not first filtered through the thalamus

18. a sty, a painful swelling

19. a 20. c 21. a

Level 3 Critical Thinking and Clinical Applications

22. Your medial rectus muscles would contract, directing your gaze more medially. In addition, your pupils would constrict and the lenses would become more spherical.

23. b

24. In removing the polyps, some of the olfactory epithelium was probably damaged or destroyed. This would decrease the area available for the solution of odor molecules and thus the intensity of the stimulus. As a result, it would take a larger stimulus to provide the same level of smell after the surgery than before the surgery.

25. The rapid descent in the elevator causes the maculae in the saccule of your vestibule to slide upward, producing the sensation of downward vertical motion. When the elevator abruptly stops, the maculae do not. It takes a few seconds for them to come to rest in the normal position. As long as the maculae are displaced, you will perceive movement.

26. When Juan closes his eyes, the visual cues are gone and his brain must rely solely on proprioceptive information and information from the static equilibrium centers (saccule and utricle). As a result of his problem with the saccules or utricles, his brain does not receive sufficient information to maintain balance. The movement of the arms toward the side of the impaired receptors is due to the deficit of information arriving from that side of the body.

Chapter 18

Page 600

1. Neural responses occur within fractions of a second and do not last long (short duration). Conversely, endocrine responses may be slow to appear but will last for minutes to days (long duration).

2. Adenylate cyclase is the enzyme that converts ATP to cAMP. A molecule that blocks this enzyme would block the action of any hormone that required cAMP as a second messenger.

3. A cell’s hormonal sensitivities are determined by the presence or absence of the necessary receptor complex for a given hormone.

Page 606

1. Dehydration increases the osmotic pressure of the blood. The increase in blood osmotic pressure would stimulate the posterior pituitary to release more ADH.

2. Somatomedins mediate the action of growth hormone. When the levels of somatomedins are elevated, the level of growth hormone would be elevated as well.

3. Elevated circulating levels of cortisol would inhibit the cells that control the release of ACTH from the pituitary gland; therefore, the level of ACTH would decrease. This is an example of a negative feedback mechanism.

Page 616

1. An individual whose diet lacks iodine would not be able to form the hormone thyroxine. As a result, we would expect to see the symptoms associated with thyroxine deficiency, such as a decreased rate of metabolism, a decreased body temperature, a poor response to physiological stress, and an increase in the size of the thyroid gland (goiter).

2. Most of the thyroid hormone in the blood is bound to proteins called thyroid-binding globulins. These compounds represent a large reservoir of the thyroid hormone thyroxine that guards against rapid fluctuations in the level of this important hormone. Because such a large amount is stored in this way, it takes several days to deplete the supply of thyroxine, even after the thyroid gland has been removed.

3. The removal of the parathyroid glands would result in a decrease in the blood concentration of calcium ions. This decrease could be counteracted by increasing the amounts of vitamin D and calcium in the diet.

4. One of the functions of cortisol is to decrease the cellular use of glucose while increasing the available glucose by promoting the breakdown of glycogen and the conversion of amino acids to carbohydrates. The net result of elevated cortisol levels would be an elevation in the level of glucose in the blood.

Page 624

1. An individual with type 1 or type 2 diabetes has such elevated levels of glucose in the blood that the kidneys cannot reabsorb all the glucose; some glucose is lost in urine. Because the urine contains high concentrations of glucose, less water can be reclaimed by osmosis; the volume of urine production increases. The water losses reduce blood volume and elevate blood osmotic pressure, promoting thirst and triggering the secretion of ADH.

2. Glucagon stimulates the conversion of glycogen to glucose in the liver. Increased levels of glucagon would lead to decreased amounts of glycogen in the liver.

3. Increased amounts of light would inhibit the production (and release) of melatonin from the pineal gland, which receives neural input from the optic tracts. The secretion of melatonin by the pineal gland is influenced by light–dark cycles.

Page 629

1. The type of hormonal interaction exemplified by the effects of insulin and glucagon is antagonism. In this type of hormonal interaction, two hormones have opposite effects on their target tissues.

2. The hormones GH, thyroid hormone, PTH, and the gonadal hormones all play a role in formation and development of the skeletal system.

3. During the resistance phase of the general adaptation syndrome, there is a high demand for glucose, especially by the nervous system. The hormones GH-RH and CRH increase the levels of GH and ACTH, respectively. Growth hormone mobilizes fat reserves and promotes the catabolism of protein; ACTH increases cortisol, which stimulates the conversion of glycogen to glucose as well as the catabolism of fat and protein.
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b 2. c 3. d 4. a 5. d 6. d 7. d 8. b

9. (1) The hypothalamus produces regulatory hormones that control secretion by endocrine cells in the anterior lobe of the pituitary gland.

(2) The hypothalamus contains autonomic centers that exert direct neural control over the endocrine cells of the adrenal medulla. (3) The hypothalamus releases ADH and oxytocin into the bloodstream at the posterior lobe of the pituitary gland. These mechanisms are adjusted through negative feedback loops involving the hormones released by peripheral endocrine tissues and organs

10. (1) thyroid-stimulating hormone (TSH); (2) adrenocorticotropic hormone (ACTH); (3) follicle-stimulating hormone (FSH); (4) luteinizing hormone (LH); (5) prolactin (PRL); (6) growth hormone (GH); and (7) melanocyte-stimulating hormone (MSH)

11. (1) growth hormone, (2) thyroid hormones, (3) insulin, (4) parathyroid hormone, (5) calcitriol, and (6) the reproductive hormones

12. (1) an increase in the rate of energy consumption and utilization in cells; (2) an acceleration in the production of sodium–potassium ATPase; (3) the activation of genes coding for the synthesis of enzymes involved in glycolysis and energy production; (4) the acceleration of ATP production by mitochondria; and (5) in growing children, the normal development of the skeletal, muscular, and nervous systems

13. calcitonin: decreases the concentration of calcium ions in body fluids; parathyroid hormone: causes an increase in the concentration of calcium ions in body fluids

14. (1) zona glomerulosa: mineralocorticoids; (2) zona fasciculata: glucocorticoids; and (3) zona reticularis: androgens

15. erythropoietin, which stimulates the production of RBCs by the bone marrow; and calcitriol, responsible for stimulating calcium and phosphate absorption along the digestive tract

16. (1) Natriuretic peptides promote the loss of sodium ions and water at the kidneys; (2) inhibit the secretion of water-conserving hormones, such as ADH and aldosterone; (3) suppress thirst; and (4) block the effects of angiotensin II and norepinephrine on arterioles. Angiotensin II opposes these actions.

17. (1) alpha cells: glucagon; (2) beta cells: insulin; (3) delta cells: somatostatin; and (4) F cells: pancreatic polypeptide

Level 2 Reviewing Concepts

18. In the nervous system, the source and destination of communication are quite specific and the effects are short lived. In endocrine communication, the effects are slow to appear and commonly persist for days. A single hormone can alter the metabolic activities of multiple tissues and organs simultaneously.

19. Hormones direct the synthesis of an enzyme (or other protein) not already present in the cytoplasm. They turn an existing enzyme “on” or “off ” and increase the rate of synthesis of a particular enzyme or other protein.

20. In endocrine reflexes—the functional counterpart of neural reflexes—a stimulus triggers the production of a hormone. Both neural and endocrine reflexes are controlled by negative feedback mechanisms in most cases.

21. Because phosphodiesterase converts cAMP to AMP, the inactivation of this enzyme would prolong the effect of the hormone.

22. The adrenal medulla is controlled by the sympathetic nervous system, whereas the cortex is stimulated by the release of ACTH from the anterior pituitary gland.

23. b 24. a 25. b

Level 3 Critical Thinking and Clinical Applications

26. Extreme thirst and frequent urination are characteristics of both diabetes insipidus and diabetes mellitus. To distinguish between the two, glucose levels in the blood and urine could be measured. A high glucose concentration would indicate diabetes mellitus.

27. Julie’s poor diet would not supply enough Ca2+ for her developing fetus, which would remove large amounts of Ca2+ from the maternal

blood. A lowering of the mother’s blood Ca2+ would lead to an increase in parathyroid hormone levels and increased mobilization of stored Ca2+ from maternal skeletal reserves.

28. Sherry’s symptoms suggest hyperthyroidism. Blood tests could be performed to assay the levels of TSH, T3 , and T4 . From these tests, the physician could make a positive diagnosis (hormone levels would be elevated in hyperthyroidism) and also determine whether the condition is primary (a problem with the thyroid gland) or secondary (a problem with hypothalamo-pituitary control of the thyroid gland).

29. One benefit of a portal system is that it ensures that the controlling hormones will be delivered directly to the target cells. Secondly, because the hormones go directly to their target cells without first passing through the general circulation, they are not diluted. The hypothalamus can control the cells of the anterior lobe of the pituitary gland with much smaller amounts of releasing and inhibiting hormones than would be necessary if the hormones had to first go through the circulatory pathway before reaching the pituitary.

30. Anabolic steroids are derivatives of testosterone. The natural effects of this are to increase muscle mass, increase endurance, and enhance the “competitive spirit.” Additional side effects in women include hirsutism, enlargement of the laryngeal cartilages, premature closure of the epiphyseal cartilages, and liver dysfunction.

Chapter 19

Page 643

1. Venipuncture is a common sampling technique because (1) superficial veins are easy to locate; (2) the walls of veins are thinner than those of arteries; and (3) blood pressure in veins is relatively low, so the puncture wound seals quickly.

2. A decrease in the amount of plasma proteins in the blood would cause a decrease in (1) plasma osmotic pressure; (2) the ability to fight infection; and (3) the transport and binding of some ions, hormones, and other molecules.

3. During a viral infection, you would expect the level of immunoglobulins (antibodies) in the blood to be elevated.

Page 649

1. The hematocrit measures the amount of formed elements (mostly red blood cells) as a percentage of the total blood. In hemorrhage, the loss of blood, especially of red blood cells, would lower the hematocrit.

2. A decreased blood flow to the kidneys will trigger the release of erythropoietin. The elevated erythropoietin will lead to an increase in erythropoiesis (red blood cell formation). Thus, Dave’s hematocrit will increase.

3. The liver processes bilirubin prior to excretion in the bile. Diseases that cause damage to the liver, such as hepatitis or cirrhosis, would impair the liver’s ability to perform this function. As a result, bilirubin would accumulate in the blood, producing jaundice.

Page 654

1. Surface antigens on RBCs are glycolipids in the cell membrane.

2. A person with Type O blood can accept only Type O blood.

3. If a person with Type A blood receives a transfusion of Type B blood, the red blood cells will clump, or agglutinate, potentially blocking blood flow to various organs and tissues.

Page 660

1. In an infected cut, we would find a large number of neutrophils, phagocytic white blood cells that are generally the first to arrive at the site of an injury. They specialize in dealing with infectious bacteria.

2. The cells that produce circulating antibodies are B lymphocytes; these white blood cells would be found in elevated numbers.

3. During inflammation, basophils release a variety of chemicals, such as histamine and heparin, that exaggerate the inflammation and attract other types of white blood cells.

Page 664

1. Megakaryocytes are the precursors of platelets, which play an important role in hemostasis and the clotting process. A decreased number of megakaryocytes would result in fewer platelets, which in turn would interfere with the blood’s ability to clot properly.

2. Fruit juice and water do not contain fats, which are required for vitamin K absorption, leading to a vitamin K deficiency. This would lead to a decrease in the production of several clotting factors—most notably, prothrombin. As a result, clotting time would increase.

3. The activation of Factor XII initiates the intrinsic pathway.
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9. (1) the transportation of dissolved gases, nutrients, hormones, and metabolic wastes; (2) the regulation of pH and electrolyte composition of interstitial fluids throughout the body; (3) the restriction of fluid losses through damaged vessels or at other injury sites; (4) defense against toxins and pathogens; and (5) the stabilization of body temperature

10. albumins, which maintain the osmotic pressure of plasma and are important in the transport of fatty acids; globulins, which bind small ions, hormones, or compounds that might otherwise be filtered out of the blood at the kidneys or have very low solubility in water (transport globulins) or attack foreign proteins and pathogens (immunoglobulins); and fibrinogen, which functions in blood clotting

11. (a) anti-B antibodies (b) anti-A antibodies (c) neither anti-A nor anti-B antibodies (d) anti-A and anti-B antibodies

12. (1) ameboid movement, the extension of a cellular process; (2) emigration, squeezing between adjacent endothelial cells in the capillary wall; (3) positive chemotaxis, the attraction to specific chemical stimuli, and (4) neutrophils, eosinophils, and monocytes are capable of phagocytosis

13. neutrophils, eosinophils, basophils, and monocytes

14. (1) T cells, which are responsible for cell-mediated immunity; (2) B cells, which are responsible for humoral immunity; and (3) NK cells, which are responsible for immune surveillance

15. (1) the transport of chemicals important to clotting; (2) the formation of a temporary patch in the walls of damaged blood vessels; and

(3) active contraction after the clot has formed

16. Erythropoeitin is released (1) during anemia, (2) when blood flow to the kidneys declines, (3) when oxygen content of the air in the lungs declines, and (4) when the respiratory surfaces of the lungs are damaged.

17. The common pathway begins when thromboplastin from either the extrinsic or intrinsic pathway appears in the plasma.

Level 2 Reviewing Concepts

18. a 19. d 20. c 21. c

22. Red blood cells are biconcave discs that lack mitochondria, ribosomes, and nuclei, and they contain a large amount of hemoglobin. RBCs transport oxygen, while WBCs are involved in immunity.

23. White blood cells defend against toxins and pathogens. Neutrophils, eosinophils, and monocytes engulf and digest bacteria, protozoa, fungi, viruses, and cellular debris. Lymphocytes specialize to attack and destroy specific foreign cells, proteins, and cancerous cells, directly or through the production of antibodies.

24. Blood stabilizes and maintains body temperature by absorbing and redistributing the heat of the body. Heat is absorbed from active skeletal muscles. Dermal capillaries dilate when body temperature rises, thereby increasing blood flow to the skin and dissipating the excess heat to the air. Dermal capillaries constrict when body temperature falls, thereby decreasing blood flow to the skin and thus conserving heat for organs that are more temperature sensitive.

25. Hemoglobin is a protein that demonstrates quaternary structure. An iron is found in the center of each of the four proteins that make up one molecule of hemoglobin. This central iron atom is what actually picks up and releases the oxygen molecules.

26. Aspirin inactivates platelet enzymes involved in the production of thromboxanes and prostaglandins, and it inhibits endothelial cell production of prostacyclin. Thus, aspirin inhibits clotting.

Level 3 Critical Thinking and Clinical Applications

27. A prolonged prothrombin time and a normal partial thromboplastin time indicate a deficiency in the extrinsic system but not in the intrinsic system or common pathway. Factor VII would be deficient.

28. A major function of the spleen is to destroy old, defective, and worn out red blood cells. As the spleen increases in size, so does its capacity to eliminate red blood cells and this produces anemia. The decreased number of red blood cells decreases the body’s ability to deliver oxygen to the tissues and thus their metabolism is slowed down. This would account for the tired feeling and lack of energy. Because there are fewer red blood cells than normal, the blood circulating through the skin is not as red and so the person has a pale or white skin coloration.

29. Broad spectrum antibiotics act to kill a wide range of bacteria, both pathogenic and nonpathogenic. When an individual takes such an antibiotic, it kills a large number of the normal flora of the intestine. Decreasing the normal flora in this way substantially decreases the amount of vitamin K that is available to the liver for the production of prothrombin, a procoagulant that is vital to the functioning of the common pathway. With decreased amounts of prothrombin in the blood, normal daily injuries such as breaks in the vessels in the nasal passageways (which are normally sealed off quickly by coagulation) do not seal off as quickly, producing the effect of nosebleeds.

30. Intrinsic factor, an essential part of the transport system for the absorption of vitamin B12 by the intestinal cells, is produced by specialized stomach cells. When most of the stomach was removed, intrinsic factor was no longer available to facilitate the absorption of vitamin B12, so injection directly into the bloodstream was necessary. (If Randy did not take the B12 shots, he would develop pernicious anemia.)

Chapter 20
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1. The semilunar valves on the right side of the heart guard the opening to the pulmonary artery. Damage to these valves would interfere with the blood flow to this vessel.

2. When the ventricles begin to contract, they force the AV valves to close, tensing the chordae tendineae. The chordae tendineae are attached to the papillary muscles, which begin contracting just before the rest of the ventricular myocardium does. Their contraction prevents the AV valves from opening back into the atria.

3. The left ventricle is more muscular than the right ventricle because the left ventricle must generate enough force to propel blood throughout all the body except the alveoli of the lungs. The right ventricle must generate only enough force to propel blood a few centimeters to the lungs.

Page 690

1. If these cells failed to function, the heart would still continue to beat but at a slower rate; the AV node would act as pacemaker.

2. If the impulses from the atria were not delayed at the AV node, they would be conducted through the ventricles so quickly by the bundle branches and Purkinje cells that the ventricles would begin contracting immediately, before the atria had finished their contraction. As a result, the ventricles would not be as full of blood as they could be, and the pumping of the heart would not be as efficient, especially during activity.

Page 695

1. No. When pressure in the left ventricle first rises, the heart is contracting but no blood is leaving the heart. During this initial phase of contraction, both the AV valves and the semilunar valves are closed. The increase in pressure is the result of increased tension as the cardiac muscle contracts. When the pressure in the ventricle exceeds the pressure in the aorta, the aortic semilunar valves are forced open and blood is rapidly ejected from the ventricle.

2. An increase in the size of the QRS complex indicates a larger-than-normal amount of electrical activity during ventricular depolarization. One possible cause is an increase in the size of the heart. Because more cardiac muscle is depolarizing, the magnitude of the electrical event would be greater.

Page 699

1. Caffeine acts directly on the conducting system and contractile cells of the heart, increasing the rate at which they depolarize. Drinking large amounts of caffeinated coffee would increase the heart rate.

2. The cardioinhibitory center of the medulla oblongata is part of the parasympathetic division of the autonomic nervous system. Damage to

this center would result in fewer parasympathetic action potentials to the heart and an increase in heart rate due to sympathetic dominance.

A drug that increases the length of time required for the repolarization of pacemaker cells would decrease the heart rate, because the pacemaker cells would generate fewer action potentials per minute.

Page 702

1. If the heart beats too rapidly, it does not have sufficient time to fill completely between beats. The heart pumps in proportion to the amount of blood that enters: The less blood that enters, the less the heart can pump. If it beats too fast, very little blood will enter the bloodstream; tissues will suffer damage from the lack of blood supply.

2. Stimulating the acetylcholine receptors of the heart would cause the heart to slow down. Since the cardiac output is the product of stroke volume and heart rate, if the heart rate decreases, so will the cardiac output (assuming that the stroke volume doesn’t change).

3. The venous return fills the heart with blood, stretching the heart muscle. According to the Frank–Starling principle, the more the heart muscle is stretched, the more forcefully it will contract (to a point). The more forceful the contraction, the more blood the heart will eject with each beat (stroke volume). Therefore, increased venous return would increase the stroke volume (if all other factors are constant).

4. An increase in sympathetic stimulation of the heart would result in an increased heart rate and increased force of contraction. The end-sys-tolic volume (ESV) is the amount of blood that remains in a ventricle after a contraction (systole). The more forcefully the heart contracts, the more blood it ejects and the lower the ESV is. Therefore, increased sympathetic stimulation should result in a lower ESV.

5. SV = EDV -ESV, so SV = 125 ml -40 ml = 85 ml
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10. During ventricular contraction, tension in the papillary muscles pulls against the chordae tendineae, which keep the cusps of the AV valve from swinging into the atrium. This action prevents the backflow, or regurgitation, of blood into the atrium as the ventricle contracts.

11. (1) The epicardium is the visceral pericardium, which covers the outer surface of the heart. (2) The myocardium is the muscular wall of the heart, which forms both atria and ventricles. It contains cardiac muscle tissue and associated connective tissues, blood vessels, and nerves. (3) The endocardium is a squamous epithelium that covers the inner surfaces of the heart, including the valves.

12. The atrioventricular (AV) valves prevent the backflow of blood from the ventricles into the atria. The right AV valve is the tricuspid valve; the left AV valve is the bicuspid valve. The pulmonary and aortic semilunar valves prevent the backflow of blood from the pulmonary trunk and aorta into the right and left ventricles.

13. SA node : AV node : AV bundle : right and left bundle branches : Purkinje fibers (into the mass of ventricular muscle tissue)

14. The cardiac cycle is a complete heartbeat, including a contraction/relaxation period for both atria and ventricles. The cycle begins with atrial systole as the atria contract and push blood into the relaxed ventricles. As the atria relax (atrial diastole), the ventricles contract (ventricular systole), forcing blood through the semilunar valves into the pulmonary trunk and aorta. The ventricles then relax (ventricular diastole). For the rest of the cardiac cycle, both the atria and ventricles are in diastole; passive filling occurs.

15. (1) preload, the stretch on the heart before it contracts; (2) contractility, the forcefulness of contraction of individual ventricular muscle fibers; and (3) afterload, the pressure that must be exceeded before blood can be ejected from the ventricles

Level 2 Reviewing Concepts

16. c 17. a 18. d 19. a

20. The SA node is the pacemaker of the heart, composed of cells that exhibit rapid prepotential. The AV nodal cells are smaller than those of the conduction pathway and the impulse that signals contraction is slowed.

21. The first sound (“lubb”), which marks the start of ventricular contraction, is produced as the AV valves close and the semilunar valves open. The second sound (“dupp”) occurs when the semilunar valves close, marking the start of ventricular diastole. The third heart sound is associated with blood flow into the atria, and the fourth with atrial contraction. Listening to the heart sounds (auscultation) is a simple, effective method of cardiac diagnosis.

22. Stroke volume (SV) is the volume of blood ejected by a ventricle in a single contraction. Cardiac output (CO) is the amount of blood pumped by a ventricle in 1 minute. CO (in ml min) = SV (in ml) * HR (in beats min)

>>

23. stroke volume and heart rate

24. Sympathetic activation causes the release of NE by postganglionic fibers and the secretion of NE and E by the adrenal medullae. These hormones stimulate the metabolism of cardiac muscle cells and increase the force and degree of contraction. They also depolarize nodal cells toward threshold, which in turn increases the heart rate. Parasympathetic stimulation causes the release of ACh at membrane surfaces, where it produces hyperpolarization and inhibition. The result is a decrease in the heart rate and the force of cardiac contractions.

25. All these hormones have positive inotropic effects, which means that they increase the strength of contraction of the heart.

Level 3 Critical Thinking and Clinical Applications

26. During tachycardia, the heart beats at an abnormally fast rate. The faster the heart beats, the less time there is in between contractions for it to fill with blood again. As a result, over a period of time the heart fills with less and less blood and thus pumps less blood out. The stroke volume decreases, as does the cardiac output. When the cardiac output decreases to the point where not enough blood reaches the central nervous system, loss of consciousness occurs.

27. It would appear that Harvey has a regurgitating mitral valve. When an AV valve fails to close properly, the blood flowing back into the atrium produces the abnormal heart sound or murmur. If the sound is heard at the beginning of the systole, this would indicate the AV valve because this is the period when the valve is just closed and the blood in the ventricle is under increasing pressure; thus the likelihood of backflow is the greatest. If the sound were heard at the end of systole or the beginning of diastole, it would indicate a regurgitating semilunar valve—in this case, the aortic semilunar valve.

28. Person 1 has a cardiac output of 4500 ml (CO = HR * SV). Person 2 has a cardiac output of 8550 ml. According to Starling’s law, in a normal heart the cardiac output is directly proportional to the venous return. Thus, person 2 has the greater venous return. Ventricular filling decreases with increased heart rate; person 1 has the lower heart rate and therefore the longer ventricular filling time.

29. It will decrease the force of cardiac contraction, which directly affects stroke volume. Verpamil should lower Karen’s stroke volume.

Chapter 21

Page 718

1. These blood vessels are veins. Arteries and arterioles have a large amount of smooth muscle tissue in a thick, well-developed tunica media.

2. Blood pressure in the arterial system pushes blood into the capillaries. Blood pressure in the venous system is very low, and other forces help keep the blood moving. Valves in veins prevent blood from flowing backward whenever the venous pressure drops; this is not a problem in arteries.

3. You would find fenestrated capillaries in organs and tissues where small peptides move freely into and out of the blood—for instance, endocrine glands, the choroid plexus of the brain, absorptive areas of the intestine, and filtration areas of the kidneys.

Page 725

1. In a healthy individual, the blood pressure should be greater at the aorta than at the inferior vena cava. Blood, like other fluids, moves along a pressure gradient from areas of high pressure to areas of low pressure. If the pressure were higher in the inferior vena cava, the blood would flow backward.

2. While a person stands for periods of time, blood pools in the lower limbs. This pooling decreases the venous return to the heart. In turn, the cardiac output decreases, sending less blood to the brain, causing light-headedness and fainting. A hot day adds to this effect, because body water is lost and blood volume is reduced, through sweating.

3. 70 + 125> 3 = approx. 112 mm Hg.

Page 736

During exercise, blood pressure increases despite the increased blood flow to skeletal muscles because (1) cardiac output increases and

(2) resistance in visceral tissues increases.

2. Pressure at this site would decrease blood pressure at the carotid sinus, where the carotid baroreceptors are located. This decrease would cause a decreased frequency of action potentials along the glossopharyngeal nerve (IX) to the medulla oblongata, and more sympathetic impulses would be sent to the heart. The net result would be an increase in the heart rate.

3. Vasoconstriction of the renal artery would decrease both blood flow and blood pressure at the kidney. In response, the kidney would increase the amount of renin it releases, which in turn would lead to an increase in the level of angiotensin II. The angiotensin II would bring about increased blood pressure and increased blood volume.

Page 745

1. The left subclavian artery is the branch of the aorta that delivers blood to the left arm.

2. The common carotid arteries carry blood to the head. A compression of the common carotid arteries would result in decreased blood pressure at the carotid sinus and a rapid fall in blood flow to the brain, resulting in unconsciousness. An immediate reflexive increase in heart rate and blood pressure would follow.

3. Organs served by the celiac trunk include the stomach, spleen, liver, and pancreas.

Page 756

1. The vein that is bulging is the external jugular vein.

2. A blockage of the popliteal vein would interfere with blood flow in the tibial and peroneal veins (which form the popliteal vein) and the small saphenous vein (which joins the popliteal vein).

3. This blood sample must have come from the umbilical vein, which carries oxygenated, nutrient-rich blood from the placenta to the fetus.
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15. (a) Capillary hydrostatic pressure forces fluid out of the capillary at the arteriole end. (b) The blood colloid osmotic pressure causes the movement of fluid back into the capillary at its venous end.

16. When an infant takes its first breath, the lungs expand and pulmonary vessels dilate. The smooth muscles in the ductus arteriosus contract, due to increased venous return from the lungs, isolating the pulmonary and aortic trunks, and blood begins flowing through the pulmonary circuit. As pressure rises in the left atrium, the valvular flap closes the foramen ovale, completing the circulatory remodeling.

Level 2 Reviewing Concepts

17. b 18. b 19. a

20. Artery walls are generally thicker, and they contain more smooth muscle and elastic fibers, enabling them to resist and adjust to the pressure generated by the heart. Venous walls are thinner; the pressure in veins is less than that in arteries. Arteries constrict more than veins do when not expanded by blood pressure, due to a greater degree of elastic tissue. Finally, the endothelial lining of an artery has a pleated appearance because it cannot contract and so forms folds. The lining of a vein looks like a typical endothelial layer.

21. Capillary walls are thin, so distances for diffusion are small. Continuous capillaries have small gaps between adjacent endothelial cells that permit the diffusion of water and small solutes into the surrounding interstitial fluid but prevent the loss of blood cells and plasma proteins. Fenestrated capillaries contain pores that permit very rapid exchange of fluids and solutes between interstitial fluid and plasma. The walls of arteries and veins are several cell layers thick and are not specialized for diffusion.

22. Movement in the surrounding skeletal muscles squeezes venous blood toward the heart. This mechanism, the muscular pump, is assisted by the presence of valves in the veins, which prevent backflow of the blood. The respiratory pump results from the increase in internal pressure of the thoracic cavity on exhalation, which pushes venous blood into the right atrium.

23. Cardiac output and peripheral blood flow are directly proportional to blood pressure. Blood pressure is closely regulated by a combination of neural and hormonal mechanisms. The resistance of the circulatory system opposes the movement of blood, so blood flow is inversely proportional to the resistance. Sources of peripheral resistance include vascular resistance, viscosity, and turbulence.

24. The brain receives arterial blood via four arteries that form anastomoses within the cranium. An interruption of any one vessel will not compromise the circulatory supply to the brain.

25. The cardioacceleratory and vasomotor centers are stimulated when a general sympathetic activation occurs. The result is an increase in cardiac output and blood pressure. When the parasympathetic division is activated, the cardioinhibitory center is stimulated, reducing cardiac output.

Level 3 Critical Thinking and Clinical Applications

26. Three factors are contributing to Bob’s elevated blood pressure: (1) The loss of water by sweating increases blood viscosity. The number of red blood cells remains about the same, but because there is less plasma volume, the concentration of red cells is increased, thus increasing the blood viscosity. Increased viscosity increases peripheral resistance and contributes to increased blood pressure. (2) To cool Bob’s body, there is increased blood flow to the skin. This in turn increases venous return, which increases stroke volume and cardiac output (Starling’s law of the heart). The increased cardiac output can also contribute to increased blood pressure. (3) The heat stress that Bob is experiencing leads to increased sympathetic stimulation (the reason for the sweating). Increased sympathetic stimulation of the heart will increase heart rate and stroke volume, thus increasing cardiac output and blood pressure.

27. In response to the high temperature of the water, Tom’s body shunted more blood to the superficial veins to decrease body temperature. The dilation of the superficial veins caused a shift in blood to the arms and legs and resulted in a decreased venous return. Because of the decreased venous return, the cardiac output decreased and less blood with oxygen was delivered to the brain. This caused Tom to feel light headed and faint nearly causing his demise.

28. When Jolene rapidly moved from a lying position to a standing position, gravity caused her blood volume to move to the lower parts of her body away from the heart, decreasing venous return. The decreased venous return resulted in a decreased EDV, leading to a decreased stroke volume and cardiac output. In turn, blood flow to the brain decreased, so the diminished oxygen supply caused her to be light-headed and feel faint. This reaction doesn’t happen all the time because as soon as the pressure drops due to inferior movement of blood, the baroreceptor reflex should be triggered. Normally, a rapid change in blood pressure is sensed by baroreceptors in the aortic arch and carotid sinus. Action potentials from these areas are carried to the medulla oblongata, where appropriate responses are integrated. In this case, we would expect an increase in peripheral resistance to compensate for the decreased blood pressure. If this doesn’t compensate enough for the drop, then an increase in heart rate and force of contraction would occur. Normally, these responses occur so quickly that changes in pressure following changes in body position go unnoticed.

Chapter 22
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1. The thoracic duct drains lymph from the area beneath the diaphragm and from the left side of the head and thorax. Most of the lymph enters the venous blood by way of this duct. A blockage of this duct would impair the circulation of lymph through most of the body and would promote the accumulation of fluid in the limbs (lymphedema).

2. The thymic hormones play a role in the differentiation of lymphoid stem cells into T lymphocytes. A lack of these hormones would result in an absence of T lymphocytes.

3. During an infection, the lymphocytes and phagocytes in the lymph nodes in the affected region undergo cell division to deal with the infectious agent more effectively. This increase in the number of cells in the node causes the node to become enlarged or swollen.

Page 782

1. A decrease in the number of monocyte-forming cells in the bone marrow would result in a decreased number of macrophages in the body, because all types of macrophages are derived from monocytes. These include the Kupffer’s cells of the liver, Langerhans cells in the skin and digestive tract, and alveolar macrophages.

2. A rise in the level of interferon would suggest a viral infection. Interferon is released from cells that are infected with viruses. It does not help an infected cell but “interferes” with the virus’s ability to infect other cells.

3. Pyrogens stimulate the temperature control area of the preoptic nucleus of the hypothalamus. The result is an increase in body temperature, or fever.

Page 793

1. Abnormal peptides in the cytoplasm of a cell can become attached to MHC (major histocompatibility complex) proteins and are then displayed on the surface of the cell’s membrane. Peptides presented in this manner are then recognized by T cells, which can initiate an immune response.

2. Cytotoxic T cells function in cell-mediated immunity. A decrease in the number of cytotoxic T cells would interfere with the ability to kill foreign cells and tissues as well as cells infected by viruses.

3. Helper T cells promote B cell division, the maturation of plasma cells, and the production of antibodies by the plasma cells. Without helper T cells, the antibody-mediated immune response would probably not occur.

4. Plasma cells produce and secrete antibodies. In a sample containing an elevated number of plasma cells, we would expect the amount of antibodies in the blood to increase.

Page 802

1. The secondary response would be more affected by the lack of memory B cells for a particular antigen. The ability to produce a secondary response depends on the presence of memory B cells and T cells that are formed during the primary response to an antigen. These cells are not involved in the primary response but are held in reserve against future contact with the same antigen.

2. The developing fetus is protected primarily by natural passive immunity, the product of IgG antibodies that cross the placenta from the mother’s bloodstream.

3. Stress can interfere with the immune response by depressing the inflammatory response, reducing the number and activity of phagocytes, and inhibiting interleukin secretion.

Page 809 Level 1 Reviewing Facts and Terms

1. b 2. d 3. c 4. c 5. c 6. a 7. c 8. d 9. d

10. c

11. lymph nodes: filtration of lymph, detection of pathogens, initiation of immune response; tonsils, lymphoid nodules, and aggregated lymphoid nodules: defense of entrance and passageways of digestive tract against pathogens and foreign proteins or toxins; spleen: filtration of blood, recycling of red blood cells, detection of blood-borne pathogens or toxins; thymus: production of mature T cells and hormones that promote immune function; lymphatics: movement of lymph from interstitial spaces to the venous system

12. (a) lymphocytes responsible for cell-mediated immunity (b) stimulate the activation and function of T cells and B cells (c) inhibit the activation and function of both T cells and B cells (d) produce and secrete antibodies (e) recognize and destroy abnormal cells (f) produce in-terleukin-7, which promotes the differentiation of B cells (g) maintain the blood–thymus barrier and secrete the thymic hormones that stimu

late stem cell division and T cell differentiation (h) interfere with viral replication inside the cell and stimulate the activities of macrophages and NK cells (i) reset the body’s thermostat, causing a rise in body temperature (fever) (j) provide cell-mediated immunity, which defends against abnormal cells and pathogens inside cells (k) provide humoral immunity, which defends against antigens and pathogens in the body (but not inside cells) (l) enhance nonspecific defenses and increase T cell sensitivity and stimulate B cell activity (m) slow tumor growth and kill sensitive tumor cells (n) stimulate the production of blood cells in the bone marrow and lymphocytes in lymphoid tissues and organs

13. (1) T cells, derived from the thymus; (2) B cells, derived from bone marrow; and (3) NK cells, derived from bone marrow

14. (1) physical barriers; (2) phagocytic cells; (3) immunological surveillance; (4) interferons; (5) complement; (6) inflammation; and

(7) fever

Level 2 Reviewing Concepts

15. c 16. c 17. b 18. b

19. Complement may rupture the cell membrane through the release of perforin, kill the target cell by secreting a poisonous lymphotoxin, or activate genes within the nucleus of the cell that tell the cell to die. Interferon interferes with viral replication inside infected cells by triggering the production of antiviral proteins.

20. by rupturing the antigenic cell membrane, by killing the target cell through lymphotoxin secretions, or by activating genes in the nucleus that program cell death

21. by neutralization, agglutination and precipitation, the activation of complement, the attraction of phagocytes, opsonization, the stimulation of inflammation, or the prevention of bacterial and viral adhesion

22. innate immunity = genetically programmed immunity; naturally acquired immunity = immunity that develops after birth, due to contact with pathogens. Exposure to chicken pox in grade school is an example of naturally acquired immunity; induced active immunity is immunity that develops after purposeful contact with a pathogen, such as vaccinations; induced passive immunity is temporary immunity provided by injection with antibodies produced in another organism; natural passive immunity is immunity gained through acquiring antibodies from either mother’s milk or placental exchange.

23. The injections are timed to trigger the primary and secondary responses of the immune system. When the technician is first exposed to the hepatitis antigens, B cells produce daughter cells that differentiate into plasma cells and memory B cells. The plasma cells begin producing antibodies, which represent the primary response to exposure. However, the primary response does not maintain elevated antibody levels for long periods, so the second and third injections are necessary to trigger the secondary (anamnestic) response, when memory B cells differentiate into plasma cells and produce antibody concentrations that remain high much longer.

Level 3 Critical Thinking and Clinical Applications

24. IgA antibodies are found in body secretions such as tears, saliva, semen, and vaginal secretions, but not in blood plasma. Plasma contains IgM, IgG, IgD, and IgE antibodies. By testing for the presence or absence of IgA and IgG, the lab could determine whether the sample is blood plasma or semen.

25. On initial contact with a virus, the immune system first produces IgM antibodies. The response is fairly rapid but short-lived. About the time that IgM peaks, IgG levels are beginning to rise. IgG plays the more important role in eventually controlling the disease. The fact that Ted’s blood sample has an elevated level of IgM antibodies indicates that he is in the early stages of a primary response to the measles virus. He has been exposed; he will not develop the disease unless his immune response proves unable to control and then eliminate the virus.

26. In a radical mastectomy, the neighboring lymph glands in the axilla and surrounding region are removed along with the cancerous breast. (The lymph nodes are removed as a precautionary measure to try to prevent the spread of cancer cells spread by way of the lymphatic system.) The lymphatic vessels from the limb on the affected side are tied off, because there is no place for the lymph to drain to. Over time, lymphedema occurs, causing swelling of the limb.

27. A key characteristic of cancer cells is their ability to break free from a tumor and migrate to other tissues of the body forming new tumors. This process is called metastasis. The primary route for the spread of cancer cells is the lymphatic system, and cancer cells may remain in a lymph node for a period of time before moving on to other tissues. Examination of regional lymph nodes for the presence of cancer cells can help the physician determine if the cancer was caught in an early stage or whether it has started to spread to other tissues. It can also give the physician an idea of what other tissues may be affected by the cancer, which would help him to decide on the proper treatment.

28. Allergies occur when antigens called allergens bind to specific IgE antibodies that are bound to the surface of mast cells and basophils. A person becomes allergic when they develop IgE antibodies for a specific allergen. Theoretically, at least, a molecule that would bind to the specific IgE for ragweed allergen and prevent the allergen from binding should help to relieve the allergy.

Chapter 23

Page 821

1. The rich blood supply to the nose delivers body heat to the nasal cavity, so the inhaled air is warmed before it leaves the nasal cavity. The heat also evaporates moisture from the epithelium to humidify the incoming air. The moisture is derived from the blood supply as well. The blood supply also brings nutrients and water to the secretory cells of the nasal mucosa.

2. The nasopharynx receives only air from the nasal cavity. The oropharynx and laryngopharynx receive both air from the nasal cavity and food from the oral cavity. Ingested solids and liquids can damage delicate cells; thus, the areas that are in contact with food have a highly protective stratified squamous epithelium, like that of the exterior skin. The lining of the nasopharynx is the same as that of the nasal cavity, a pseudostratified ciliated columnar epithelium.

3. Increased tension in the vocal folds will raise the pitch of your voice.

Page 829

1. The tracheal cartilages are C-shaped to allow room for esophageal expansion when large pieces of food or volumes of liquid are swallowed.

2. Without surfactant, the alveoli would collapse as a result of surface tension in the thin layer of water that moistens the alveolar surfaces.

3. Air that passes through the glottis flows into the larynx and through the trachea. From there, the air flows into a primary bronchus, which supplies the lungs. In the lungs, the air passes to bronchi, bronchioles, a terminal bronchiole, a respiratory bronchiole, an alveolar duct, an alveolar sac, an alveolus, and ultimately to the respiratory membrane.

Page 829

The pulmonary arteries supply the exchange surfaces; the external carotid arteries, the thyrocervical trunks, and the bronchial arteries supply the conducting portions of the respiratory system.

The pleura is a serous membrane. Pleural surfaces secrete pleural fluid, which lubricates the opposing parietal and visceral surfaces to prevent friction during breathing.

Page 839

1. Because the rib penetrates Mark’s chest wall, atmospheric air will enter his thoracic cavity. This condition is pneumothorax. Pressure within the pleural cavity is normally lower than atmospheric pressure, but when air enters the pleural cavity, the natural elasticity of the lung may cause the lung to collapse. The resulting condition is atelectasis, or a collapsed lung.

2. Because the fluid produced in pneumonia takes up space that would normally be occupied by air, the vital capacity would decrease.

Page 847

1. As skeletal muscles become more active, they generate more heat and more acidic waste products, which lower the pH of the surrounding fluid. The combination of increased temperature and reduced pH causes the hemoglobin to release more oxygen than it would otherwise.

2. Blockage of the trachea would interfere with the body’s ability to gain oxygen and to eliminate carbon dioxide. Because most carbon dioxide is carried in blood as bicarbonate ion that is formed from the dissociation of carbonic acid, an inability to eliminate carbon dioxide would result in an excess of hydrogen ions, thus lowering the body’s pH.

Page 854

1. The pneumotaxic centers inhibit the inspiratory center and the apneustic center. Exciting the pneumotaxic centers would result in shorter breaths and a more rapid rate of breathing.

2. Peripheral chemoreceptors are more sensitive to carbon dioxide levels than to oxygen levels. When carbon dioxide dissolves, it produces hydrogen ions, thereby lowering pH and altering cell or tissue activity.

3. Johnny’s mother shouldn’t worry. When Johnny holds his breath, the level of carbon dioxide in his blood will increase. This increase will in turn lead to increased stimulation of the inspiratory center, forcing Johnny to breathe again.

Page 860 Level 1 Reviewing Facts and Terms

d 2. c 3. a 4. c 5. c

6. Since the air that Brad is breathing is not humidified (thus dry), large amounts of moisture are leaving the mucus to humidify the air that is being respired. This makes the mucus tacky and difficult for the cilia to move. As more mucus is produced, it builds up forming the nasal congestion in the morning. As Brad showers and drinks fluid, the moisture is replaced and the mucus loosens up and is moved along the proper route as usual. The reason this happens mostly at night is because Brad is probably not getting up frequently to drink water to replace what is being lost to humidify the air.

7. The upper respiratory system consists of the nose, nasal cavity, paranasal sinuses, and pharynx. The lower respiratory system consists of the larynx, trachea, bronchi, bronchioles, and alveoli of the lungs.

8. (1) nasopharynx, the superior portion, where the nasal cavity opens into the pharynx; (2) oropharynx, the middle portion, posterior to the oral cavity; and (3) laryngopharynx, the inferior portion that is posterior to the hyoid bone and glottis

9. Thyroid cartilage forms the anterior walls of the larynx; the cricoid cartilage protects the glottis and the entrance to the trachea; the epiglottis forms a lid over the glottis; the arytenoid cartilages and the corniculate cartilages are involved in the formation of sound; the cuneiform cartilages are found in the folds of the larynx.

10. (1) pulmonary ventilation (breathing); (2) gas diffusion across the respiratory membrane; (3) the storage and transport of oxygen and carbon dioxide; and (4) the exchange of dissolved gases between blood and interstitial fluids

11. Fetal hemoglobin has a higher affinity for oxygen, enabling it to “steal” oxygen from the maternal hemoglobin. Fetal hemoglobin also binds more oxygen than adult hemoglobin.

12. (1) conversion to carbonic acid; (2) binding to the hemoglobin of red blood cells; and (3) dissolution in plasma

Level 2 Reviewing Concepts

13. c 14. d 15. c 16. b

17. The nasal cavity is designed to cleanse, moisten, and warm inhaled air, whereas the mouth is not. Air that has entered through the mouth is drier than air that has entered through the nose and as a result can irritate the trachea, causing soreness of the throat.

18. The walls of bronchioles, like the walls of arterioles, are dominated by smooth muscle tissue. Varying the diameter of the bronchioles (bronchodilation or bronchoconstriction) provides control over the amount of resistance to airflow and the distribution of air within the lungs, just as vasodilation and vasoconstriction of the arterioles regulate blood flow and blood distribution.

19. Septal cells produce surfactant, which reduces surface tension in the fluid coating the alveolar surface. The alveolar walls are so delicate that without surfactant, the surface tension would be so high that the alveoli would collapse.

20. Pulmonary ventilation is the physical movement of air into and out of the respiratory tract. Its primary function is to maintain adequate alveolar ventilation. Alveolar ventilation is air movement into and out of the alveoli. This process prevents the buildup of carbon dioxide in the alveoli and ensures a continuous supply of oxygen that keeps pace with absorption by the bloodstream.

21. (a) Boyle’s law describes the inverse relationship between pressure and volume: If volume decreases, pressure rises; if volume increases, pressure falls. (b) Dalton’s law states that each of the gases that make up a mixture of gases contributes to the total pressure in proportion to its relative abundance; that is, all the partial pressures added together equal the total pressure exerted by the gas mixture. (c) Henry’s law states that, at a given temperature, the amount of a particular gas that dissolves in a liquid is directly proportional to the partial pressure of that gas.

22. Both sneezing and coughing involve a temporary cessation of respiration (apnea).

23. Pulmonary volumes include resting tidal volume (averaging 500 ml), expiratory reserve volume (approximately 1200 ml), residual volume (averaging 1200 ml), minimal volume (30–120 ml), and inspiratory reserve volume (approximately 3600 ml). These values are determined experimentally. Respiratory capacities include inspiratory capacity, functional residual capacity, vital capacity, and total lung capacity. Respiratory capacities are determined by adding the values of various volumes.

24. The DRG is the inspiratory center that contains neurons that control lower motor neurons innervating the external intercostal muscles and the diaphragm. The DRG functions in every respiratory cycle, whether quiet or forced. The VRG functions only during forced respira

tion—active exhalation and maximal inhalation. The neurons involved with active exhalation are sometimes said to form an expiratory center.

Level 3 Critical Thinking and Clinical Applications

25. AVR = respiratory rate * (tidal volume -dead space). In this case, the dead air space is 200 ml (the anatomical dead air space plus the volume of the snorkel); therefore, AVR = respiratory rate * (500 -200). To maintain an AVR of 6 l > min, or 6000 ml > minute, the respiratory rate must be 6,000 (500-200), or 20 breaths per minute.

>

26. A person with chronic emphysema has constantly elevated levels of PCO2 in the blood, due to an inability to eliminate CO2 efficiently as a result of the physical damage to the lungs. Over time, the brain ignores the stimulatory signals produced by the increased CO2 and begins to rely on information from the peripheral chemoreceptors to set the pace of breathing (in other words, accommodation has occurred). The peripheral chemoreceptors also accommodate to the elevated CO2 and respond primarily to the level of O2 in the blood, increasing breathing when O2 levels are low and decreasing breathing when O2 levels are high. When pure O2 was administered, chemoreceptors responded with fewer action potentials to the medulla oblongata, so Mr. B. stopped breathing.

27. Hyperventilation causes a decrease in the alveolar PCO2 and more carbon dioxide is eliminated from the body. The elimination of large amounts of carbon dioxide upsets the body’s acid-base balance by shifting the pH to be more alkaline (carbon dioxide in solution forms hydrogen ions and contributes to the body’s acid reserves). The increase in pH causes dilation of peripheral blood vessels and a decreased venous return to the heart. This results in a decreased cardiac output and insufficient amounts of oxygen reaching the brain, causing Cary to lose consciousness.

28. In anemia, the decreased ability of blood to carry oxygen is due to the lack of functional hemoglobin, red blood cells, or both. The disease does not interfere with the exchange of carbon dioxide within the alveoli nor with the amount of oxygen that will dissolve in the plasma. Because the chemoreceptors respond to dissolved gases and pH, as long as the concentrations of dissolved carbon dioxide, oxygen, and pH are normal, ventilation patterns should not change significantly.

29. The obstruction in Doris’s right lung would not allow for gas exchange. Thus, the blood moving through the right lung would not oxygenate and would retain carbon dioxide. The retention of carbon dioxide in the blood would lead to a lower pH than the blood leaving the left lung. The lower pH would shift the oxygen–hemoglobin saturation curve to the left (the Bohr effect) for the right lung, compared with that for the left lung.

Chapter 24

Page 870

1. The mesenteries are double layers of serous membrane that support and stabilize the positions of organs in the abdominopelvic cavity and provide a route for the associated blood vessels, nerves, and lymphatic vessels.

2. Peristalsis is more efficient in propelling intestinal contents. Segmentation is essentially a churning action that mixes intestinal contents with digestive fluids. Peristalsis consists of waves of contractions that not only mix the contents but also propel them along the digestive tract.

3. Parasympathetic stimulation increases muscle tone and activity in the digestive tract. A drug that blocks this activity would decrease the rate of peristalsis.

Page 875

1. The oral cavity is lined by a stratified squamous epithelium. This type of lining is very protective and so is located in areas of the body that receive a great deal of friction or abrasion.

2. Because the parotid salivary glands secrete salivary amylase, an enzyme that digests complex carbohydrates, damage to these glands would interfere with the digestion of carbohydrates.

3. The incisors are the type of tooth best suited for chopping (or cutting or shearing) pieces of relatively rigid food, such as raw vegetables.

Page 877

1. The muscularis externa of the esophagus is unusual because (1) it contains skeletal muscle cells along most of the length of the esophagus and (2) it is surrounded by an adventitia rather than a serosa.

2. The fauces is the opening between the oral cavity and the pharynx.

3. Swallowing (deglutition) is occurring.

Page 884

1. The larger the meal (especially in terms of protein), the more stomach acid is secreted. The hydrogen ions for the acid come from the blood that enters the stomach; therefore, the blood leaving the stomach will have fewer than normal hydrogen ions and will be decidedly al-kaline—that is, have a higher pH. This phenomenon is referred to as the alkaline tide.

2. The vagus nerve contains parasympathetic motor fibers that can stimulate gastric secretions. This stimulation can occur even if food is not present in the stomach (the cephalic phase of gastric digestion). Cutting the branches of the vagus that supply the stomach would prevent this type of secretion from occurring and thereby decrease the likelihood of ulcer formation.

Page 896

1. The small intestine has several adaptations that increase surface area to increase its absorptive capacity. The walls of the small intestine are thrown into folds, the plicae circulares. The tissue that covers the plicae forms fingerlike projections, the villi. The cells that cover the villi have an exposed surface covered by small fingerlike projections, the microvilli. In addition, the small intestine has a very rich supply of blood vessels and lymphatic vessels, which transport the nutrients that are absorbed.

2. The cholecystokinin level in the blood would increase.

3. The hormone secretin, among other things, stimulates the pancreas to release fluid high in buffers to neutralize the chyme that enters the duodenum from the stomach. If the small intestine did not secrete secretin, the pH of the intestinal contents would be lower than normal.

4. Damage to the exocrine pancreas would most affect the digestion of fats (lipids). Enzymes for carbohydrate digestion are produced by salivary glands and the small intestine, as well as by the pancreas. Enzymes for protein digestion are produced by the stomach and the small intestine, as well as by the pancreas. Even though the digestion of carbohydrates and proteins would not be as complete as it is when the pan

creas is functioning, some digestion would still take place. Because the pancreas is the primary source of lipases, lipid digestion would be most impaired.

Page 908

1. Chylomicrons are formed from the fats digested in a meal. A meal that is high in fat would increase the number of chylomicrons in the lacteals.

2. The removal of the stomach would interfere with the absorption of vitamin B12 . This vitamin requires intrinsic factor, which is produced by the parietal cells of the stomach.

3. A person can lose fluid and electrolytes faster than these substances can be replaced. This loss would result in dehydration and possibly death. Although it can be quite uncomfortable, constipation is not potentially life-threatening, because it does not interfere with any major body process that supports life. The few toxic waste products that are normally eliminated by way of the digestive system can move into the blood and can ultimately be eliminated by the kidneys.

Page 913 Level 1 Reviewing Facts and Terms
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11. (1) ingestion; (2) mechanical processing; (3) secretion; (4) digestion; (5) absorption; and (6) excretion

12. mucosa: the epithelial layer that performs chemical digestion and absorption of nutrients; submucosa: the connective tissue layer containing lymphatic and blood vessels and the submucosal nerve plexus; muscularis externa: the smooth muscle layer containing the myenteric nerve plexus; and serosa: the outermost layer, epithelium and connective tissue that forms the visceral peritoneum (or connective tissue that forms the adventitia)

13. (1) neural mechanisms; (2) hormonal mechanisms; and (3) local mechanisms

14. (1) buccal phase; (2) pharyngeal phase; and (3) esophageal phase. Swallowing is controlled by the swallowing center of the medulla oblongata via the trigeminal and glossopharyngeal nerves. The motor commands originating at the swallowing center are distributed by cranial nerves V, IX, X, and XII. Along the esophagus, primary peristaltic contractions are coordinated by afferent and efferent fibers within the glossopharyngeal and vagus nerves, but secondary peristaltic contractions occur in the absence of CNS instructions.

15. The pancreas provides digestive enzymes as well as buffers that assist in the neutralization of chyme. The liver and gallbladder provide bile, which contains additional buffers and bile salts that facilitate the digestion and absorption of lipids. The liver is responsible for metabolic regulation, hematological regulation, and bile production. It is the primary organ involved with regulating the composition of circulating blood.

16. enterocrinin, which stimulates the submucosal glands of the duodenum; secretin, which stimulates the pancreas and liver to increase the secretion of water and buffers; cholecystokinin (CCK), which causes an increase in the release of pancreatic secretions and bile into the duodenum, inhibits gastric activity, and appears to have CNS effects that reduce the sensation of hunger; gastric inhibitory peptide (GIP), which stimulates insulin release at pancreatic islets and the activity of the duodenal submucosal glands; vasoactive intestinal peptide (VIP), which stimulates the secretion of intestinal glands, dilates regional capillaries, and inhibits acid production in the stomach; gastrin, which is secreted by G cells in the duodenum when they are exposed to large quantities of incompletely digested proteins; and, in small quantities, motilin, which stimulates intestinal contractions, villikinin, which promotes the movement of villi and associated lymph flow, and somatostatin, which inhibits gastric secretion

17. (1) resorption of water and compaction of the intestinal contents into feces; (2) absorption of important vitamins liberated by bacterial action; and (3) storage of fecal material prior to defecation

18. (1) Stretch receptors in the rectal walls promote a series of peristaltic contractions in the colon and rectum, moving feces toward the anus; and (2) the sacral parasympathetic system, also activated by the stretch receptors, stimulates peristalsis via motor commands distributed by the pelvic nerves.

Level 2 Reviewing Concepts

19. d 20. e 21. a

22. through the enamel and the dentin

23. The stomach is protected by mucous secretions of its epithelial lining and by neural and hormonal control over the times and rates of acid secretion.

24. (1) The cephalic phase begins with the sight or thought of food. Directed by the CNS, this phase prepares the stomach to receive food.

(2) The gastric phase begins with the arrival of food in the stomach; this phase is initiated by distension of the stomach, an increase in the pH of the gastric contents, and the presence of undigested materials in the stomach. (3) The intestinal phase begins when chyme starts to enter the small intestine. This phase controls the rate of gastric emptying and ensures that the secretory, digestive, and absorptive functions of the small intestine can proceed at reasonable efficiency.

25. After a heavy meal, bicarbonate ions pass from the parietal cells of the stomach into the extracellular fluid, causing the pH of the extracellular fluid to rise. As the extracellular fluid exchanges ions with the blood, the blood pH also increases.

Level 3 Critical Thinking and Clinical Applications

26. If a gallstone is small enough, it can pass through the common bile duct and block the pancreatic duct. Enzymes from the pancreas then cannot reach the small intestine. As they accumulate, the enzymes irritate the duct and ultimately the exocrine pancreas, producing pancreatitis.

27. The darker color of his urine is probably due to increased amounts of the pigment urobilin which gives the normal yellow color to urine. Urobilin is derived from urobilinogen, which is formed in the large intestine by the action of intestinal bacteria on bile pigments. In an intestinal obstruction, the bile pigments cannot be eliminated by their normal route, so a larger than normal amount diffuses into the blood where it is eliminated by the kidneys.

28. If an individual cannot digest lactose, then the sugar will pass through to the large intestine in an undigested form. The presence of the extra sugar in the chyme increases the osmolarity of the chyme, resulting in less water being reabsorbed by the intestinal mucosa. The bacteria that inhabit the large intestine can metabolize the lactose and in the process they produce large amounts of carbon dioxide. The gas overstretches the intestine, which stimulates local reflexes that increase peristalsis. The combination of more fluid contents and increased peristalsis produces the symptom of diarrhea. The overexpansion of the intestine by gas causes the severe pain and abdominal cramping, and of course, the increase in intestinal gas release is directly related to increased gas production by the bacteria.

29. The primary impact would be a reduction in the volume consumed because the person feels full after eating a small amount. This can result in significant weight loss.

Chapter 25

Page 926

1. The primary role of the TCA cycle in ATP production is to transfer electrons from substrates to coenzymes. These electrons carry energy that can then be used as an energy source for the production of ATP by the electron transport system.

2. The NADH produced by glycolysis cannot enter the mitochondria, where the enzymes of the electron transport chain are located. An intermediary in the mitochondrial membrane can, however, transfer the electrons from the NADH to a coenzyme within the mitochondria. In skeletal muscle cells, the intermediary transfers the electrons to FAD, whereas in cardiac muscle cells, a different intermediary is used that transfers the electrons to another NAD. In mitochondria, each NADH yields 3 molecules of ATP, whereas each FADH2 yields just 2 molecules

of ATP. The different intermediaries account for the difference in ATP yield.

3. A decrease in the level of cytoplasmic NAD would lead to a decrease in the amount of ATP production in mitochondria. The mitochondria depend on a supply of pyruvic acid from glycolysis. Glycolysis, in turn, requires NAD. A decrease in NAD would decrease the available pyruvic acid for the TCA cycle and thus would decrease overall ATP production.

Page 933

1. Pyridoxine (vitamin B6) is an important coenzyme in deamination and transamination, the first steps in processing amino acids in the cell. A diet deficient in this vitamin would interfere with the ability to metabolize proteins.

2. Uric acid is the product of purine degradation in the body. The macromolecules that contain purines are the nucleic acids. Elevated levels of uric acid can indicate increased breakdown of nucleic acids.

3. High-density lipoproteins are considered to be beneficial because they reduce the amount of fat (including cholesterol) in the bloodstream by transporting fat back to the liver for storage or excretion in the bile.

Page 935

1. After you have eaten a high-carbohydrate meal, you would expect increased glycogenesis (the formation of glycogen) to occur in the liver.

2. Urea is formed from by-products of protein metabolism. During the postabsorptive state, many amino acids are being metabolized and the ammonia produced by deamination is converted to urea in the liver. Thus, the amount of urea in the blood increases.

3. Excess acetyl-CoA is likely converted into ketone bodies.

Page 940

1. An athlete in extensive training—adding muscle mass—would try to maintain a positive nitrogen balance.

2. Bile salts are necessary for the digestion and absorption of fats and fat-soluble vitamins. Vitamin A is a fat-soluble vitamin. A decrease in the amount of bile salts in the bile would result in a decreased ability to absorb vitamin A from food and over time could result in symptoms of a vitamin A deficiency.

Page 946

1. The BMR of a pregnant woman would be higher than her own BMR when she is not pregnant, due to the increased metabolism associated with support of the fetus as well as the added effect of fetal metabolism.

2. The vasoconstriction of peripheral vessels would decrease both blood flow to the skin and the amount of heat that the body can lose. As a result, the body temperature would increase.

3. Infants have higher surface-to-volume ratios than do adults, and the temperature-regulating mechanisms of the body are not fully functional at birth. As a result, infants must expend more energy to maintain body temperature, and they get cold more easily than do healthy adults.

Page 949 Level 1 Reviewing Facts and Terms
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10. a

11. Metabolism is all of the chemical reactions occurring in the cells of the body. Anabolism is those chemical reactions that result in the synthesis of complex molecules from simpler reactants; products of anabolism are used for maintenance/repair, growth, and secretion. Catabolism is the breakdown of complex molecules into their building block molecules, resulting in the release of energy for the synthesis of ATP and related molecules.

12. C6H12O6 + 6 O2 ¡ 6 CO2 + 6 H2O

13. Lipoproteins are lipid–protein complexes that contain large insoluble glycerides and cholesterol, with a superficial coating of phospholipids and proteins. The major groups are chylomicrons, which consist of 95 percent triglyceride, are the largest lipoproteins, and carry absorbed lipids from the intestinal tract to the bloodstream; very low-density lipoproteins (VLDLs), which consist of triglyceride, phospholipid, and cholesterol and transport triglycerides to peripheral tissues; intermediate-density lipoproteins (IDLs), which are intermediate in size and composition between VLDLs and LDLs; low-density lipoproteins (LDLs, or “bad cholesterols”), which are mostly cholesterol and deliver cholesterol to peripheral tissues; and high-density lipoproteins (HDLs, or “good cholesterols”), which are equal parts protein and lipid (cholesterol and phospholipids) and transport excess cholesterol back to the liver for storage or excretion in bile.

Level 2 Reviewing Concepts

14. b

15. Oxidative phosphorylation is the generation of ATP within mitochondria, through a reaction sequence that requires coenzymes and consumes oxygen. The electron transport system consists of a sequence of metalloproteins called cytochromes, which pass electrons (from H atoms) along in small steps, gradually releasing energy for the formation of ATP and producing water as a by-product.

16. A triglyceride is hydrolyzed, yielding glycerol and fatty acids. Glycerol is converted to pyruvic acid and enters the TCA cycle. Fatty acids are broken into two-carbon fragments by beta-oxidation inside mitochondria. The two-carbon compounds then enter the TCA cycle.

17. The primary hormone of the absorptive state is insulin, which prevents a large surge in blood glucose after a meal. Insulin causes the liver to remove glucose from the hepatic portal circulation. During the postabsorptive state, blood glucose begins to decline, triggering the liver to release glucose via glycogenolysis and gluconeogenesis.

18. Liver cells can break down or synthesize most carbohydrates, lipids, and amino acids. The liver has an extensive blood supply and thus can easily monitor blood composition of these nutrients and regulate accordingly. The liver also stores energy in the form of glycogen.

19. The food pyramid indicates how much of each food group an individual should consume per day to ensure adequate intake of nutrients and calories. The placement of fats, oils, and sugars at the top of the food pyramid indicates that such foods are to be consumed very sparingly, whereas carbohydrates, placed at the bottom of the pyramid, are to be consumed in largest relative quantities.

20. The body cannot synthesize most of its required vitamins and minerals.

21. These terms refer to the high-density lipoproteins (HDL) and low-density lipoproteins (LDL), lipoproteins in the blood that transport cholesterol. HDL (“good cholesterol”) transports excess cholesterol to the liver for storage or breakdown, whereas LDL (“bad cholesterol”) transports cholesterol to peripheral tissues, which unfortunately may include the arteries. The buildup of cholesterol in the arteries is linked to cardiovascular disease.

Level 3 Critical Thinking and Clinical Applications

22. c

23. Based just on the information given, Charlie would appear to be in good health, at least relative to his diet and probably exercise. Problems are associated with elevated levels of LDLs, which carry cholesterol to peripheral tissues and make it available for the formation of atherosclerotic plaques in blood vessels. High levels of HDLs indicate that a considerable amount of cholesterol is being removed from the peripheral tissues and carried to the liver for disposal. You would encourage Charlie not to change, and keep up the good work.

24. It appears that Jill is suffering from ketoacidosis as a consequence of her anorexia. Because she is literally starving herself, her body is metabolizing large amounts of fatty acids and amino acids to provide energy and in the process is producing large quantities of ketone bodies (normal metabolites from these catabolic processes). One of the ketones that is formed is acetone, which can be eliminated through the lungs. This accounts for the smell of aromatic hydrocarbons on Jill’s breath. The ketones are also converted into keto acids such as acetic acid. In large amounts this lowers the body’s pH and begins to exhaust the alkaline reserves of the buffer system. This is probably the cause of her arrhythmias.

Chapter 26

Page 961

1. The renal corpuscle, proximal convoluted tubule, distal convoluted tubule, and the proximal portions of the loop of Henle and collecting duct are all in the renal cortex. (In cortical nephrons most of the loops of Henle are in the cortex; in juxtamedullary nephrons, most of the loops of Henle are in the medulla.)

2. The pores of the glomerular capillaries will not allow substances the size of plasma proteins to pass into the capsular space, but the filtration slits of the podocyte will allow only the smallest plasma proteins to pass.

3. Damage to the juxtaglomerular apparatus of the nephron would interfere with the hormonal control of blood pressure.

Page 970

1. The primary components involved in filtration are the glomerular capillaries, the lamina densa, and the filtration slits of the podocytes.

2. When the plasma concentration of a substance exceeds its tubular maximum, the excess is not reabsorbed but is excreted in urine.

3. A decrease in blood pressure would reduce the blood hydrostatic pressure within the glomerulus and hence decrease the GFR.

Page 982

1. Aldosterone promotes Na+ retention and K+ secretion at the kidneys. In response to increased amounts of aldosterone, the K+ concentration of urine would increase.

2. The secretion of H+ by the nephron involves a countertransport mechanism with Na+ . If the concentration of Na+ in the filtrate decreased, fewer hydrogen ions could be secreted. The result would be a tubular fluid with a higher pH.

3. With no juxtamedullary nephrons, there would not be a large osmotic gradient in the medulla. The kidneys would not be able to form concentrated urine.

4. When the amount of Na+ in the tubular fluid passing through the distal convoluted tubule decreases, the cells of the macula densa are stimulated to release renin. Renin activates angiotensin, and this activation brings about an increase in blood pressure.

Page 987

1. Urea, a nitrogenous waste, is formed during the metabolism of amino acids, which are obtained by the breakdown of proteins. Thus, a high-protein diet would lead to increased urea production and an increased amount of urea in the urine. Fluid volume might also increase as a result of the need to flush the excess urea.

2. An obstruction of a ureter would interfere with the passage of urine between the renal pelvis and the urinary bladder.

3. To control the micturition reflex, you must be able to control the external urinary sphincter, a ring of skeletal muscle formed by the urogenital diaphragm, that acts as a valve.

Page 992 Level 1 Reviewing Facts and Terms

a 2. e 3. c 4. d 5. d

6. The urinary system performs vital excretory functions and eliminates the organic waste products generated by cells throughout the body. It also regulates the volume and solute concentration of body fluids.

7. the kidneys, ureters, urinary bladder, and urethra

8. renal corpuscle (glomerulus/Bowman’s capsule) : proximal convoluted tubule : loop of Henle : distal convoluted tubule : collecting duct : papillary duct : renal pelvis

9. proximal convoluted tubule: reabsorbs all the useful organic substrates from the filtrate; loop of Henle: reabsorbs over 90 percent of the water in the filtrate; and distal convoluted tubule: secretes into the filtrate waste products that were missed by filtration

10. The juxtaglomerular apparatus secretes the enzyme renin and the hormone erythropoietin.

11. renal artery : segmental arteries : interlobar arteries : arcuate arteries : interlobular arteries : afferent arterioles : nephrons : interlobular veins : arcuate veins : interlobar veins : renal vein

12. (1) filtration: the selective removal of large solutes and suspended materials from a solution on the basis of size; requires a filtration membrane and hydrostatic pressure, as provided by gravity or by blood pressure; (2) reabsorption: the removal of water and solute molecules from the filtrate after it enters the renal tubules; and (3) secretion: the transport of solutes from the peritubular fluid, across the tubular epithelium, and into the tubular fluid

13. In peripheral capillary beds, angiotensin II causes powerful vasoconstriction of precapillary sphinchters, elevating pressures in the renal arteries and their tributaries. At the nephron, angiotensin II causes the efferent arteriole to constrict, elevating glomerular pressures and filtration rates. At the PCT, it stimulates the reabsorption of sodium ions and water. In the CNS, angiotensin II triggers the release of ADH, stimulating the reabsorption of water in the distal portion of the DCT and the collecting system, and it causes the sensation of thirst. At the adrenal gland, angiotensin II stimulates the secretion of aldosterone by the cortex and epinephrine by the medulla oblongata. The aldosterone accelerates sodium reabsorption in the DCT and the cortical portion of the collection system. Epinephrine causes the heart rate and force of contraction to increase, elevating renal blood pressure.

14. ureters, urinary bladder, and urethra

Level 2 Reviewing Concepts

15. d 16. d 17. c 18. a 19. a

20. Proteins are too large to fit through the slit pores. Maintaining proteins in the plasma ensures the blood colloid osmotic pressure will oppose filtration and return water to the plasma.

21. autoregulation at the local level; hormonal regulation initiated by the kidneys; and autonomic regulation (sympathetic division of the ANS)

22. As a result of facilitated diffusion and cotransport mechanisms, 99 percent of the glucose, amino acids, and other nutrients are reabsorbed before the filtrate leaves the PCT. A reduction of the solute concentration of the tubular fluid occurs due to active ion reabsorption of sodium, potassium, calcium, magnesium bicarbonate, phosphate, and sulfate ions. The passive diffusion of urea, chloride ions, and lipid-soluble materials further reduces the solute concentration of the tubular fluid and promotes additional water reabsorption.

23. (1) It is an efficient way to reabsorb solutes and water before the tubular fluid reaches the DCT and collecting system; and (2) it establishes a concentration gradient that will permit the passive reabsorption of water from urine in the collecting system.

24. The urge to urinate usually appears when the urinary bladder contains about 200 ml of urine. The micturition reflex begins to function when the stretch receptors have provided adequate stimulation to the parasympathetic motor neurons. The activity in the motor neurons generates action potentials that reach the smooth muscle in the wall of the urinary bladder. These efferent impulses travel over the pelvic nerves, producing a sustained contraction of the urinary bladder.

Level 3 Critical Thinking and Clinical Applications
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27. Increasing the volume of urine produced would decrease the total blood volume of the body. This in turn would lead to a decreased blood hydrostatic pressure. Edema is frequently the result of hydrostatic pressure of the blood exceeding the opposing forces at the capillaries in the affected area. Depending on the actual cause of the edema, decreasing the blood hydrostatic pressure would decrease edema formation and possibly cause some of the fluid to move from the interstitial spaces back to the blood.

28. Renal hypertension restricts blood flow to the kidneys and produces renal ischemia. Decreased blood flow and ischemia triggers the juxtaglomerular apparatus to produce more rennin, which leads to elevated levels of angiotensin II and aldosterone. Angiotensin II causes vasoconstriction, increased peripheral resistance and thus increased blood pressure. The aldosterone promotes sodium retention. This leads to more water retained by the body and an increase in blood volume. This too contributes to a higher blood pressure. Another factor to consider is the release of more erythropoietin in response to tissue hypoxia. The erythropoietin stimulates the formation of red blood cells, which leads to increased blood viscosity and again contributes to the hypertenion.

29. Because mannitol is filtered but not reabsorbed, drinking a mannitol solution would lead to an increase in the osmolarity of the filtrate. Less water would be reabsorbed, and an increased volume of urine would be produced.

30. Carbonic anhydrase catalyzes the reaction that forms carbonic acid, a source of hydrogen ions that are excreted by the kidneys. Hydrogen ion excretion is accomplished by an antiport system in which sodium ions are exchanged for hydrogen ions. Fewer hydrogen ions would be available, so less sodium would be reabsorbed, contributing to an increased osmolarity of the filtrate. In turn, an increased volume of urine and more-frequent urination would result.

Chapter 27

Page 1002

1. Drinking a pitcher of distilled water would temporarily lower your blood osmolarity (osmotic concentration). Because ADH release is triggered by increases in osmolarity, a decrease in osmolarity would lead to a decrease in the level of ADH in your blood.

2. Being in the desert without water, you would lose fluid through perspiration, urine formation, and respiration. As a result, the osmotic concentration of your plasma (and other body fluids) would increase.

Page 1007

1. Sweat is a hypotonic solution with lower sodium concentration than the ECF. Sweating causes a greater loss of water than sodium, increasing plasma sodium ion levels.

2. Disturbances in sodium balance are followed by dehydration or edema of tissues. Potassium ion imbalances, on the other hand, can lead to extensive muscle weakness or even paralysis when plasma concentrations are too low, and cardiac arrhythmias when the levels are too high. Potassium ion imblances are therefore more dangerous than sodium ion imbalances.

Page 1019

A decrease in the pH of body fluids would stimulate the respiratory centers of the medulla oblongata. The result would be an increase in the respiratory rate.

-

2. The kidney tubules modify the pH of the filtrate by secreting H+ or reabsorbing HCO3 . The pH of the tubular fluid must be kept above

about 4.5, because H+ secretion cannot continue against a large concentration gradient. The buffers allow the filtrate to take more  without decreasing the pH below the critical level.

3. In a prolonged fast, fatty acids are mobilized and large numbers of ketone bodies are formed. These molecules are acids that lower the body’s pH. (The lowered pH would eventually lead to ketoacidosis.)

4. In vomiting, large amounts of stomach acid are lost from the body. This acid is formed by the parietal cells of the stomach by taking H+

from blood. Prolonged vomiting would lead to the excessive removal of H+ from the blood to produce the acid, thus raising the body’s pH and leading to metabolic alkalosis.
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9. (1) antidiuretic hormone (ADH): stimulates water conservation at the kidneys and stimulates the thirst center; (2) aldosterone: determines the rate of sodium reabsorption and potassium secretion along the DCT and collecting system of the kidney; and (3) and (4) thenatriuretic peptides, ANP and BNP; reduce thirst and blocks the release of ADH and aldosterone

Level 2 Reviewing Concepts
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14. Fluid balance is a state in which the amount of water gained each day is equal to the amount lost to the environment. It is vital that the water content of the body remain stable, because water is an essential ingredient of cytoplasm and accounts for about 99 percent of the volume of extracellular fluid. Electrolyte balance exists when there is neither a net gain nor a net loss of any ion in body fluids. It is important that the ionic concentrations in body water remain within normal limits; if levels of calcium or potassium become too high, for instance, cardiac arrhythmias can develop. Acid–base balance exists when the production of hydrogen ions precisely offsets their loss. The pH of body fluids must remain within a relatively narrow range; variations outside this range can be life threatening.

15. Fluid shifts are rapid water movements between the ECF and the ICF, reaching equilibrium in a matter of minutes. They occur in response to osmotic changes in the ECF. They are caused by increasing or decreasing osmotic concentration of the ECF.

16. The temperature rise accompanying a fever can increase water losses. For each degree the temperature rises above normal, the daily water loss increases by 200 ml.

17. (a) A volatile acid is an acid that can leave solution and enter the atmosphere, such as carbonic acid. (b) Sulfuric acid is an example of a fixed acid. These are acids that do not leave solution. (c) Aerobic metabolism produces organic acids, such as lactic acid.

18. (1) protein buffer systems: These depend on the ability of amino acids to respond to changes in pH by accepting or releasing hydrogen

ions. If the pH rises, the carboxyl group of the amino acid dissociates to release a hydrogen ion. If the pH drops, the amino group accepts an additional hydrogen ion to form an NH4 + group. The plasma proteins contribute to the buffering capabilities of the blood; inside cells, protein buffer systems stabilize the pH of the ECF by absorbing extracellular hydrogen ions or exchanging intracellular hydrogen ions for extracellular potassium. (2) carbonic acid–bicarbonate system: Most carbon dioxide generated in tissues is converted to carbonic acid, which dissociates into a hydrogen ion and a bicarbonate ion. Hydrogen ions released by dissociation of organic or fixed acids combine with bicarbonate ions, elevating the PCO2 ; additional CO2 is lost at the lungs. (3) phosphate buffer systems: This buffer system consists of H2PO4 , a weak acid

2

that, in solution, reversibly dissociates into a hydrogen ion and HPO4 . The phosphate buffer system plays a relatively small role in regulating the pH of the ECF, because the ECF contains far higher concentrations of bicarbonate ions than phosphate ions; however, it is important in buffering the pH of the ICF.

19. Respiratory and renal mechanisms support buffer systems by secreting or absorbing hydrogen ions, controlling the excretion of acids and bases, and generating additional buffers.

20. Respiratory compensation is a change in the respiratory rate that helps stabilize the pH of the ECF. Increasing or decreasing the rate of respiration alters pH by lowering or raising the PCO2 .

When the PCO2 goes down, the pH rises; when the PCO2 increases, the pH decreases. Renal compensation is a change in the rates of hydrogen and bicarbonate ion secretion or reabsorption in response to changes in plasma pH. Tubular hydrogen ion secretion results in the diffusion of bicarbonate ions into the ECF.

21. Respiratory disorders result from abnormal carbon dioxide levels in the ECF. An imbalance exists between the rate of CO2 removal at the lungs and its generation in other tissues. Metabolic disorders are caused by the generation of organic or fixed acids or by conditions affecting the concentration of bicarbonate ions in the ECF.

22. Acidosis is a decline in the pH of body fluids. Respiratory acidosis (hypercapnia) results from an abnormally high level of carbon dioxide,

usually caused by hypoventilation. Metabolic acidosis occurs when bicarbonate ion levels fall, reducing the effectiveness of this buffer system. It can result from over-production of fixed or organic acids, impaired ability to secrete H+ ions at the kidney, or during severe bicarbonate loss.

23. (a) Excessive salt and water intake causes an increase in total blood volume and blood pressure. Increased blood pressure results in decreased ADH secretion and reduced renin secretion from the kidneys. Decreased renin results in a decreased production of angiotensin II, which reduces the rate at which aldosterone is secreted. Increased sodium ions and increased blood pressure cause the secretion of natriuretic peptides, inhibiting ADH secretion and sodium ion reabsorption in the DCT. These changes cause increased loss of sodium in the urine and an increase in the volume of urine produced. (b) If the amount of salt ingested is excessive, the urine volume will rise and the concentration of salt in the urine will be high. If the amount of water is excessive, the urine volume will increase and the concentration of sodium ions in the urine will decrease. (c) If the amount of salt and water ingested in food exceeds the amount needed to maintain a constant ECF composition, the total blood volume and the blood pressure will increase.

24. Since sweat is usually hypotonic, the loss of a large volume of sweat causes hypertonicity in body fluids. The loss of fluid volume is primarily from the interstitial space, which leads to a reduction in plasma volume and an increase in the hematocrit. Severe dehydration can cause the blood viscosity to increase substantially, resulting in an increased work load on the heart, ultimately increasing the probability of heart failure.

Level 3 Critical Thinking and Clinical Applications

25. The young boy has metabolic and respiratory acidosis. Sustained hypoventilation during drowning leads to decreased arterial and oxy-gen-starved tissues generate large quantities of lactic acid. Prompt emergency treatment is essential; the usual procedure involves some form of artificial or mechanical respiratory assistance coupled with the intravenous infusion of an isotonic solution containing sodium lactate, sodium gluconate, or sodium bicarbonate.

26. a

27. When tissues are burned, cells are destroyed and the contents of their cytoplasm leak into the interstitial fluid and then move into the plasma. Since potassium ions are normally found within the cell, damage to a large number of cells would release relatively large amounts of potassium ions into the blood. The elevated potassium level would stimulate the cells of the adrenal cortex to produce aldosterone and the cells of the juxtaglomerular apparatus to produce rennin. The rennin would activate the angiotensin mechanism. Ultimately angiotensin II would stimulate more aldosterone secretion. The elevated levels of aldosterone would promote sodium retention and potassium secretion by the kidneys, thus accounting for the elevated levels of potassium in the patient’s urine.

28. Digestive secretions contain high levels of bicarbonate, so persons with diarrhea can lose significant amounts of this important ion, leading to acidosis. We would expect Milly’s blood pH to be lower than 7.4 and the pH of her urine to be low (due to increased renal excretion of hydrogen ion). We would also expect an increase in the rate and depth of breathing as the respiratory system tries to compensate by eliminating carbon dioxide.

29. The hypertonic solution will cause fluid to move from the ICF to the ECF, further aggravating Yuka’s dehydration. The slight increase in pressure and osmolarity of the blood should lead to an increase in ADH, although ADH levels are probably quite high already. Urine volume would probably increase, because much of the glucose would not be reabsorbed. The osmolarity of the tubular filtrate would increase, decreasing water reabsorption and increasing urine volume.

30. Patient 1 has compensated respiratory alkalosis. Patient 2 has acute metabolic acidosis due to generation or retention of organic or fixed acids. Patient 3 has acute respiratory acidosis. Patient 4 has metabolic alkalosis.

Chapter 28

Page 1046

1. On a warm day, the cremaster muscle (as well as the dartos muscle) would be relaxed so that the scrotal sac could descend away from the warmth of the body and cool the testes.

2. The dilation of the arteries within the penis allows blood flow to increase and the vascular chambers to become engorged with blood, resulting in erection.

3. FSH is required for the production of ABP, a protein that binds testosterone and keeps a high level of that hormone available to support spermatogenesis. Low levels of FSH would lead to low levels of testosterone in the seminiferous tubules and thus a lower rate of sperm production and a low sperm count.

Page 1061

1. The blockage of both uterine tubes would cause sterility.

2. The acidic pH of the vagina helps prevent bacterial, fungal, and parasitic infections in this area.

3. The functional layer of the endometrium sloughs off during menstruation.

4. The blockage of a single lactiferous sinus would not interfere with the delivery of milk to the nipple, because each breast generally has 15–20 lactiferous sinuses.

Page 1065

1. If the LH surge did not occur during an ovarian cycle, ovulation and corpus luteum formation would not occur.

2. Progesterone is responsible for the functional maturation and secretion of the endometrium. A blockage of progesterone receptors would inhibit the development of the endometrium (and would make the uterus unprepared for pregnancy).

3. A decline in the levels of estrogens and progesterone signals the beginning of the menses, the end of the uterine cycle.

Page 1067

1. An inability to contract the ischiocavernosus and bulbospongiosus muscles would interfere with a male’s ability to ejaculate and to experience orgasm.

2. As the result of parasympathetic stimulation in females during sexual arousal, the erectile tissues of the clitoris engorge with blood, the secretion of cervical and vaginal glands increases, blood flow to the walls of the vagina increases, and the blood vessels in the nipples engorge.

3. At menopause, circulating estrogen levels begin to drop. Estrogen has an inhibitory effect on FSH (and on GnRH). As the level of estrogen declines, the levels of FSH rise and remain high.
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6. seminiferous tubules : rete testis : efferent ducts : epididymis : ductus deferens : ejaculatory duct : urethra

7. The accessory organs/glands include the seminal vesicles, prostate gland, and the bulbourethral glands. The major functions of these glands are activating the spermatozoa, providing the nutrients sperm need for motility, propelling sperm and fluids along the reproductive tract, and producing buffers that counteract the acidity of the urethral and vaginal contents.

8. interstitial cells (cells of Leydig): produce male sex hormones (androgens), the most important one being testosterone; sustentacular cells: maintain the blood–testis barrier, support spermatogenesis and spermiogenesis, and secrete inhibin, androgen-binding protein, and Müller-ian-inhibiting factor

9. (1) prostatic urethra; (2) membranous urethra; and (3) spongy urethra

10. stimulating spermatogenesis and promoting the functional maturation of spermatozoa; maintaining the male accessory reproductive organs; determining male secondary sex characteristics; stimulating metabolic operations, especially those concerned with protein synthesis and muscle growth; and influencing brain development by stimulating sexual behaviors and sexual drive

11. (1) the formation of primary follicles; (2) the formation of secondary follicles; (3) the formation of a tertiary follicle; (4) ovulation; and

(5) the formation and degeneration of the corpus luteum

12. The myometrium is the outer muscular layer; the endometrium is the inner glandular layer; and the perimetrium is an incomplete serosal layer.

13. The clitoris is a structural component of the external genitalia of the female. It is the female equivalent of the penis; they are derived from the same embryonic structures. Internally, the clitoris contains erectile tissue comparable to the corpus spongiosum of the penis. The clitoris becomes engorged with blood during sexual arousal and provides pleasurable sensations.

14. secretory lobules of glandular tissue (lobes) : ducts : lactiferous duct : lactiferous sinus : open onto the surface of each nipple

Level 2 Reviewing Concepts
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17. Males produce gametes from puberty until death; females produce gametes only from menarche to menopause. Males produce many gametes at a time, females produce one to two per 28-day cycle. Males release mature gametes that have completed meiosis; females release secondary oocytes held in metaphase of meiosis II.

18. The corpora cavernosa extend along the length of the penis as far as the neck of the penis, and the erectile tissue within each corpus cavernosum surrounds a central artery. The slender corpus spongiosum surrounds the urethra. This erectile body extends from the superficial fascia of the urogenital diaphragm to the tip of the penis, where it expands to form the glans. The sheath surrounding the corpus spongiosum contains more elastic fibers than do the corpora cavernosa, and the erectile tissue contains a pair of arteries. Erection occurs when the parasympathetic neurons of the penile arteries release nitric oxide, causing the smooth muscles in the arterial walls to relax. The vessels dilate, blood flow increases, the vascular channels become engorged with blood, and erection of the penis occurs.

19. (1) menses: the interval marked by the degeneration and loss of the functional zone of the endometrium; lasts from 1–7 days, and 35–50 ml of blood is lost; (2) proliferative phase: growth and vascularization result in the complete restoration of the functional zone; lasts from the end of menses until the beginning of ovulation, around day 14; (3) secretory phase: the endometrial glands enlarge, accelerating their rates of secretion and the arteries elongate and spiral through the tissues of the functional zone; occurs under the combined stimulatory effects of progestins and estrogens from the corpus luteum; begins at ovulation and persists as long as the corpus luteum remains intact

20. As follicular development proceeds, the concentration of circulating estrogen rises. Secondary follicles contain increased numbers of granulosa cells, and the level of circulating inhibin rises. The rising estrogen and inhibin levels inhibit hypothalamic secretion of GnRH and pituitary production and release of FSH. As the follicles develop and estrogen levels rise, the pituitary output of LH gradually increases. Estrogens, FSH, and LH continue to support follicular development and maturation despite a gradual decline in FSH levels. In the second week of the ovarian cycle, estrogen levels sharply increase—and the tertiary follicle enlarges in preparation for ovulation. By day 14, estrogen levels peak, triggering a massive outpouring of LH from the anterior pituitary. The rupture of the follicular wall results in ovulation. Next, LH stimulates the formation of the corpus luteum, which secretes moderate amounts of estrogens but large amounts of progesterone, the principal hormone of the postovulatory period. About 12 days after ovulation, declining progesterone and estrogen levels stimulate hypothalamic receptors and GnRH production increases, leading to increased FSH and LH production in the anterior pituitary; the cycle begins again.

21. The corpus luteum degenerates and progesterone and estrogen levels drop, resulting in the endometrial breakdown of menses. Next, rising levels of FSH, LH, and estrogen stimulate the repair and regeneration of the functional zone of the endometrium. During the postovulatory phase, the combination of estrogen and progesterone cause the enlargement of the endometrial glands and an increase in their secretory activity.

22. During sexual arousal, erotic thoughts or physical stimulation of sensory nerves in the genital region increases the parasympathetic outflow over the pelvic nerve, leading to erection of the clitoris or penis. Orgasm is the intensely pleasurable sensation associated with perineal muscle contraction and ejaculation in males, and with uterine and vaginal contractions and perineal muscle contraction in females. These processes are comparable in males and females.

23. Women age 45–55 undergo menopause, the time that ovulation and menstruation cease, accompanied by a sharp and sustained rise in the production of GnRH, FSH, and LH and a drop in the concentrations of circulating estrogen and progesterone. The decline in estrogen levels leads to reductions in the size of the uterus and breasts, accompanied by a thinning of the urethral and vaginal walls. In addition to neural and cardiovascular effects, reduced estrogen concentrations have been linked to the development of osteoporosis, presumably because bone deposition proceeds at a slower rate. Men age 50 -60+ undergo the male climacteric, a time when circulating testosterone levels begin to decline and circulating levels of FSH and LH rise. Although sperm production continues, there is a gradual reduction in sexual activity in older men.

Level 3 Critical Thinking and Clinical Applications

24. There is no direct entry into the abdominopelvic cavity in males as there is in females. In females, the urethral opening is in close proximity to the vaginal orifice, so infectious organisms can exit from the urethral orifice and enter the vagina. They can then proceed through the vagina to the uterus, into the uterine tubes, and finally into the peritoneal cavity.

25. The endometrial cells have receptors for the hormones estrogen and progesterone and respond to these hormones the same as they would if they were in the body of the uterus. Under the influence of estrogen, they proliferate at the beginning of the menstrual cycle and begin to develop glands and blood vessels, which then further develop under the control of progesterone. This dramatic change in tissue size and characteristics interferes with neighboring tissues by pressing on them or interrupting function in other ways. It is this interference that causes the periodic painful sensations.

26. Slightly elevated levels of estradiol and progesterone inhibit both GnRH at the hypothalamus and the release of FSH and LH from the pituitary. Without FSH primordial follicles do not initiate development and the endogenous levels of estrogen remain low. An LH surge is necessary for ovulation to occur and the LH surge is triggered by the peaking of estradiol. If the level of estradiol is not allowed to rise above the critical level, the LH surge will not occur and ovulation will no occur, even if a follicle managed to develop to a stage that it could ovulate. Any mature follicles would ultimately degenerate and no new follicles would mature to take their place. Although the ovarian cycle is interrupted, the level of hormones is still adequate to regulate a normal menstrual cycle.

27. It suggests that a certain amount of body fat is necessary for menstrual cycles to occur. The nervous system appears to respond to circulating levels of the hormone leptin; when leptin levels fall below a certain set point, menstruation ceases. Without proper fat reserves, a woman might not be able to have a successful pregnancy. To avoid harm to the mother and the death of a fetus, the body prevents pregnancy by shutting down the ovarian cycle and, thus, the menstrual cycle. When appropriate energy reserves are available, the cycles begin again.

Chapter 29
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1. The inner cell mass of the blastocyst eventually develops into the embryo.

2. Cells of the mesoderm migrate to form the yolk sac, in which blood vessels appear. The yolk sac becomes an important site of blood cell formation. Improper development of this extraembryonic membrane would thus affect the development and function of the cardiovascular system.

3. After fertilization, the developing trophoblasts and, later, the placenta produce and release the hormone hCG. Sue is pregnant.

4. Placental functions include (1) supplying the developing fetus with a route for gas exchange, nutrient transfer, and waste product elimination; and (2) producing hormones that affect maternal systems.

Page 1098

1. During pregnancy, blood flow through the placenta reduces the volume of blood in the mother’s systemic circuit. This reduction stimulates an increase in maternal blood volume to compensate.

2. Progesterone reduces uterine contractions. A decrease in progesterone at any time during the pregnancy could lead to uterine contractions and, in late pregnancy, labor.

3. An increase in the levels of GnRH, FSH, LH, and sex hormones in blood mark the onset of puberty.

Page 1104

1. A person who is heterozygous for curly hair would have one dominant allele and one recessive allele for that trait. The person’s phenotype would be “curly hair.”

2. One reason that children are not identical copies of their parents is that during meiosis, parental chromosomes are randomly distributed such that each gamete has a unique set of chromosomes. Also, mutations and the crossing-over that occurs during meiosis introduce new variations.

Page 1108 Level 1 Reviewing Facts and Terms

d 2. c 3. b 4. b 5. a 6. b 7. b

8. When a sperm contacts the secondary oocyte, their cell membranes fuse. The oocyte is then activated: Its metabolic rate rises; it completes meiosis II; and a cortical reaction occurs that prevents additional sperm from entering. (Vesicles beneath the oocyte surface fuse with the cell membrane and discharge their contents.) The male and female pronuclei fuse (amphimixis), and the zygote begins preparing for the first cleavage division.

9. (a) (1) yolk sac; (2) amnion; (3) allantois; and (4) chorion (b) The yolk sac forms from endoderm and mesoderm; it is an important site of blood cell formation. The amnion forms from ectoderm and mesoderm; it encloses the fluid that surrounds and cushions the developing embryo and fetus. The allantois forms from endoderm and mesoderm; its base gives rise to the urinary bladder. The chorion forms from mesoderm and trophoblast; circulation through chorionic vessels provides a “rapid transit system” for blood and nutrients.

10. (1) dilation stage: It begins with the onset of true labor, as the cervix dilates and the fetus begins to move toward the cervical canal; late in this stage, the amniochorionic membrane ruptures. (2) expulsion stage: It begins as the cervix dilates completely and continues until the fetus has completely emerged from the vagina (delivery). (3) placental stage: The uterus gradually contracts, tearing the connections between the endometrium and the placenta and ejecting the placenta.

11. Relaxin produced by the placenta softens the pubic symphysis, and the weight of the fetus then deforms the cervical os. Deformation of the cervix and the rising estrogen levels promote the release of oxytocin, and the already stretched muscles become even more excitable.

12. (1) neonatal period (birth to 1 month): The newborn becomes relatively self-sufficient and begins performing respiration, digestion, and excretion on its own. Heart rates and fluid requirements are higher than those of adults. Neonates have little ability to thermoregulate. (2) infancy (1 month to 2 years): Major organ systems (other than those related to reproduction) become fully operational. (3) Childhood (2 years to puberty): Growth continues; body proportions change significantly.

13. Three events interact to promote increased hormone production and sexual maturation at puberty: (1) The hypothalamus increases its production of GnRH; (2) the anterior pituitary becomes more sensitive to the presence of GnRH and the circulating levels of FSH and LH rise rapidly; and (3) ovarian or testicular cells become more sensitive to FSH and LH. Puberty initiates adolescence, which includes gametogenesis and the production of male or female sex hormones that stimulate the appearance of secondary sexual characteristics and behaviors.

Level 2 Reviewing Concepts

14. b 15. b 16. c

17. The post-implantation embryo obtains nutrients through the chorionic villi and later the placenta. The placenta develops during placentation.

18. The placenta produces human chorionic gonadotropin, which maintains the integrity of the corpus luteum and promotes the continued secretion of progesterone (keeping the endometrial lining functional); human placental lactogen and placental prolactin, which help prepare the mammary glands for milk production; and relaxin, which increases the flexibility of the pubic symphysis, causes dilation of the cervix, and suppresses the release of oxytocin by the hypothalamus, delaying the onset of labor contractions.

19. The respiratory rate and tidal volume increase, allowing the lungs to obtain the extra oxygen and remove the excess carbon dioxide generated by the fetus. Maternal blood volume increases, compensating for blood that will be lost during delivery. Requirements for nutrients and vitamins climb 10–30 percent, reflecting the fact that some of the mother’s nutrients go to nourish the fetus. The glomerular filtration rate increases by about 50 percent, which corresponds to the increased blood volume and accelerates the excretion of metabolic wastes generated by the fetus.

20. Positive feedback mechanisms ensure that labor contractions continue until delivery has been completed.

21. The neonate must fill its lungs (which are collapsed and filled with fluid at birth) with air, changing the pattern of cardiovascular circulation due to changes in blood pressure and flow rates. It must excrete the mixture of debris that has collected in the fetal digestive system. The neonate must obtain nourishment from a new source—the mother’s mammary glands. Neonatal fluid requirements are high, because the infant cannot concentrate its urine significantly. The infant also has little ability to thermoregulate, although as it grows its insulating adipose tissue increases and its metabolic rate also rises.

22. (a) Genotype refers to all the chromosomes and their genes of the individual. Phenotype refers to the physical and physiological charac

teristics of the individual. The genotype is a primary determinant of the phenotype, although other factors (injury, disease, environment) can also play a role. (b) If both chromosomes of a homologous pair carry the same allele of a particular gene, the individual is homozygous for that trait. If the two chromosomes carry different alleles for that gene, the individual is heterozygous for that trait. (c) In simple inheritance, phenotypes are determined by interactions between a single pair of alleles. In polygenic inheritance, interactions occur among multiple genes.

23. (a) dominant (b) recessive (c) X-linked (d) autosomal

24. The Human Genome Project has transcribed the entire human genome. The project has already helped to identify the genes that are responsible for inherited disorders and will localize the specific chromosomes involved.

Level 3 Critical Thinking and Clinical Applications

25. The probability that this couple’s daughters will have hemophilia is 0, because each daughter will receive a normal allele from her father. There is a 50 percent chance that a son will have hemophilia, because each son has a 50 percent chance of receiving the mother’s normal allele and a 50 percent chance of receiving the father’s recessive allele.

26. Excess calcium could cause tetanic contractions of the smooth muscle of the uterus. These contractions would cut off the blood supply to the placenta and deprive the fetus of oxygen.

27. Although technically what Joe says is true, it only takes one sperm to fertilize an egg, the probability of this occurring if not enough sperm are deposited are very slim. Of the millions of sperm that enter the female reproductive tract, most are killed or disabled before they reach the uterus. Many of the sperm reaching the uterus are incapable of reaching the secondary oocyte, which is in a uterine tube. Once at the oocyte, the sperm must penetrate the coronar radiata, and this requires the combined acrosomal enzymes of one hundred or more sperm. If too few sperm arrive in the vagina, the number reaching the uterine tube is too small to disrupt the corona radiata and fertilize the oocyte.

28. The most obvious possibility is that there is a problem with the cardiovascular supply to the lungs. A good guess would be a patent ductus arteriosus (the ductus arteriosus has failed to complete close off). When the baby is not being stressed (bathing creates heat loss and thermal stress) or eating (less air is entering the lungs), the infant appears normal. Because some of the blood flow to the lungs is being shunted over to the aorta during stress and eating, there is not enough blood being oxygenated and the infant becomes cyanotic.

29. It is very unlikely that the baby’s condition is the result of a viral infection contracted during the third trimester. The development of organ systems occurs during the first trimester. By the end of the second trimester, most organ systems are fully formed. During the third trimester, the fetus undergoes tremendous growth but very little new organ formation.
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