Appendix V

100 Keys

1. All physiological functions are performed by anatomical structures. These functions follow the same physical and mechanical principles that can be seen in the world at large.

2. The body can be divided into 11 organ systems, but all work together and the boundaries between them aren’t absolute.

3. Physiological systems work together to maintain a stable internal environment—the condition of homeostasis. In doing so, they monitor and adjust the volume and composition of body fluids and keep body temperature within normal limits.

4. A state of equilibrium exists when opposing processes or forces are in balance. When homeostasis is threatened, physiological systems attempt to restore a state of equilibrium within normal homeostatic limits. If they cannot do so, internal conditions become increasingly abnormal and survival becomes uncertain.

5. Anatomical descriptions refer to an individual in the anatomical position: standing, with the hands at the sides, palms facing forward, and feet together.

6. All matter is composed of atoms in various combinations. The chemical rules governing the interactions among atoms, both alone and in combination, establish the foundations of physiology at the cellular level.

7. When energy is exchanged, heat is produced. Heat raises local temperatures, but cells cannot capture it or use it to perform work.

8. Things tend to even out, unless something prevents this from happening. Most reversible reactions quickly reach equilibrium, in which opposing reaction rates are balanced. If reactants are added or removed, reaction rates change until a new equilibrium is established.

9. Most of the chemical reactions that sustain life cannot occur unless appropriate enzymes are present.

10. Water accounts for most of your body weight; proteins, the key structural and functional components of cells, and nucleic acids, which control cell structure and function, work only in solution.

11. The pH of body fluids is an indication of how many free hydrogen ions are in solution. Hydrogen ions in excess (a low pH) can damage cell and tissues, change the shapes and functions of proteins, and interfere with normal physiological systems. A high pH also has adverse effects, but problems due to low pH are much more common.

12. Carbohydrates are important as a quick source of energy and as integral components of membranes. Lipids form membranes within and between cells that prevent the diffusion of solutes. Fats are large lipids important as energy reserves.

13. Proteins are the most abundant organic components of the body, and they are the key to both anatomical structure and physiological function. Proteins determine cell shape and tissue properties, and almost all cell functions are performed by proteins and by interactions between proteins and their immediate environment.

14. The DNA in the nucleus contains the information needed to construct all of the proteins in the body.

15. Everything falls apart eventually, but some things last longer than others. Your survival depends on preventive maintenance; your body must recycle and renew all of its chemical components at intervals ranging from minutes to years. Although it has a relatively high energy cost, metabolic turnover lets your body grow and change, adapting to new conditions and activities.

16. A cell is the basic structural and functional unit of life. Cells respond directly to their environment and help maintain homeostasis at the cellular level. They can also change their internal structure and physiological functions over time.

17. Mitochondria provide most of the energy needed to keep your cells (and you) alive. They require oxygen and organic substrates and they generate carbon dioxide and ATP.

18. The nucleus contains the genetic instructions needed to synthesize the proteins that determine cell structure and function. This information is stored in chromosomes, which consist of DNA and various proteins involved in controlling and accessing the genetic information.

19. Genes are the functional units of DNA that contain the instructions for making one or more proteins. The creation of specific proteins involves multiple enzymes and three types of RNA.

20. A mutation is a change in the nucleotide sequence of a gene. Mutations can occur at any time, due to chemical or radiation exposure, but they can also occur during DNA replication. Mistakes in copying are usually detected and corrected, but any that persist may alter or disrupt gene function.

21. Things tend to even out, unless something—such as a cell membrane—prevents this from happening. In the absence of a cell membrane, or across a freely permeable membrane, diffusion will quickly eliminate concentration gradients. Osmosis acts to eliminate concentration gradients across membranes permeable to water but not permeable to the solutes involved.

22. Mitosis is the duplication of the chromosomes in the nucleus in preparation for cell division.

23. Cancer results from mutations that disrupt the control mechanism that regulates cell growth and division. Cancers most often begin where stem cells are dividing rapidly, because the more chromosomes are copied, the greater the chance of error.

24. All cells in your body except sex cells (which form sperm or oocytes) contain the same 46 chromosomes. What makes one cell different from another is which genes are active, and which are inactive.

25. Tissues are collections of cells and extracellular material that perform a specific but limited range of functions. There are four tissue types that in varying combinations form all of the structures of the human body: epithelial, connective, muscle, and neural tissues.

26. The epidermis is a multilayered, flexible, self-repairing barrier that prevents fluid loss, provides protection from UV radiation, produces vitamin D3 , and resists damage from abrasion, chemicals, and pathogens.

27. The dermis provides mechanical strength, flexibility, and protection for underlying tissues. It is highly vascular and contains a variety of sensory receptors that provide information about the external environment.

28. The skin plays a major role in controlling body temperature. It acts as a radiator, with the heat being delivered by the dermal circulation and removed primarily by the evaporation of sensible perspiration.

29. Bone is continually remodeled, recycled, and replaced. That rate of turnover varies from bone to bone and from moment to moment. When deposition exceeds removal, bones get stronger, when removal exceeds deposition, bones get weaker.

30. What you don’t use, you lose. The stresses applied to bones during physical activity are essential to maintaining bone strength and bone mass.

31. Each day calcium and phosphate ions circulating in the blood are lost in the urine. To keep body fluid concentrations stable, those ions must be replaced; if they aren’t obtained from the diet, they will be released from the skeleton, and the bones will become weaker as a result. If you want to keep your bones strong, you must exercise and make sure your diet contains plenty of calcium—at least enough to compensate for daily excretion.

32. The axial skeleton protects the brain, spinal cord, and visceral organs of the chest. The vertebrae conduct the body weight to the lower limbs; the inferior vertebrae are larger and stronger because they bear the most weight.

33. The pectoral girdle is highly mobile and stabilized primarily by muscles; the pelvic girdle is more massive, stronger, and far less mobile.

34. A joint cannot be both-highly mobile and very strong; the greater the mobility, the weaker the joint, because mobile joints rely on muscular and ligamentous support rather than solid bone-to-bone connections.

35. Skeletal muscle fibers shorten as thin filaments interact with thick filaments and sliding occurs. The trigger for contraction is the appearance of free calcium ions in the sarcoplasm; the calcium ions are released by the sarcoplasmic reticulum when the muscle fiber is stimulated by the associated motor neuron. Contraction is an active process; relaxation and the return to resting length is entirely passive.

36. All voluntary muscle contractions and intentional movements involve the sustained, tetanic contractions of skeletal muscle fibers. The force exerted can be increased by increasing the frequency of motor neuron action potentials or the number of stimulated motor units (recruitment).

37. Skeletal muscles at rest metabolize fatty acids and store glycogen. During light activity, muscles can generate APT through the aerobic breakdown of carbohydrates, lipids, or amino acids. At peak levels of activity, most of the energy is provided by anaerobic reactions that generate lactic acid as a by-product.

38. What you don’t use, you lose. Muscle tone is an indication of the chronic background level of activity in the motor units in skeletal muscles. When inactive for days or weeks, muscles become flaccid, and the muscle fibers break down their contractile proteins and grow smaller and weaker. If inactive for long periods, muscle fibers may be replaced by fibrous tissue.

39. Most skeletal muscles can shorten to roughly 70 percent of their “ideal” resting length. The versatility in terms of power, speed, and range of body movements results from differences in the position of muscle attachments relative to the joints involved.

40. Neurons perform all of the communication, information processing, and control functions of the nervous system. Neuroglia outnumber neurons and have functions that are essential to the preservation of the physical and biochemical structure of neural tissue and the survival and functionality of neurons.

41. A transmembrane potential exists across the cell membrane. It is there because (1) the cytosol differs from extracellular fluid in its chemical and ionic composition and (2) the cell membrane is selectively permeable. The transmembrane potential can change from moment to moment, as the cell membrane changes its permeability in response to chemical or physical stimuli.

42. “Information” travels within the nervous system primarily in the form of propagated electrical signals known as action potentials. The most important information, including vision and balance sensations and the motor commands to skeletal muscles, is carried by large-diame-ter myelinated axons.

43. At a chemical synapse a synaptic terminal releases a neurotransmitter that binds to the postsynaptic cell membrane. The result is a temporary, localized change in the permeability or function of the postsynaptic cell. This change may have broader effects on the postsynaptic cell, depending on the nature and number of the stimulated receptors. Many drugs affect the nervous system by stimulating receptors that otherwise respond only to neurotransmitters. These drugs can have complex effects on perception, motor control, and emotional states.

44. In the nervous system, the changes in transmembrane potential that determine whether action potentials are generated represent the simplest form of information processing.

45. The spinal cord has a narrow central canal surrounded by gray matter containing sensory and motor nuclei. Sensory nuclei are dorsal; motor nuclei are ventral. The gray matter is covered by a thick layer of white matter consisting of ascending and descending axons. These axons are organized in columns that contain axon bundles with specific functions. Because the spinal cord is so highly organized, it is often possible to predict the results of injuries to localized areas.

46. Each peripheral nerve provides sensory and/or motor innervation to specific structures.

47. Reflexes are rapid, automatic responses to stimuli that “buy time” for the planning and execution of more complex responses that are often consciously directed. The fastest reflexes are somatic motor reflexes that (1) involve myelinated axons, (2) involve only one segment of the spinal cord or one nucleus of the brain, and (3) are monosynaptic.

48. The brain is a large, delicate mass of neural tissue that contains internal passageways and chambers filled with cerebrospinal fluid. Each of the five major regions of the brain has specific functions. As you ascend from the medulla oblongata, which connects to the spinal cord, to the cerebrum, those functions become more complex and variable. Conscious thought and intelligence are provided by the neural cortex of the cerebral hemispheres.

49. The meninges stabilize the position of the brain within the cranial cavity, and cerebrospinal fluid provides protection against sudden jolts and shocks. CSF also provides nutrients and removes wastes generated by active neural tissues. The blood-brain barrier and the blood–CSF barrier selectively isolate the neurons of the CNS from chemicals in blood that might disrupt neural function.

50. There are 12 pairs of cranial nerves. They are responsible for the special senses of smell, sight, and hearing/balance, and for control over the muscles of the eye, jaw, face, and tongue and the superficial muscles of the neck, back, and shoulders. The cranial nerves also provide sensory information from the face, neck, and upper chest and autonomic innervation (parasympathetic) to organs in the thoracic and abdominopelvic cavities.

51. Stimulation of a receptor produces action potentials along the axon of a sensory neuron. The frequency or pattern of action potentials contains information about the strength, duration, and variation of the stimulus. Your perception of the nature of that stimulus depends on the path it takes inside the CNS and the region of the cerebral cortex it stimulates.

52. Most somatic sensory information is relayed to the thalamus for processing. A small fraction of the arriving information is projected to the cerebral cortex and reaches our conscious awareness.

53. The neurons of the primary motor cortex innervate motor neurons in the brain and spinal cord responsible for stimulating skeletal muscles. Higher centers in the brain can suppress or facilitate reflex responses; reflexes can complement or increase the complexity of voluntary movements.

54. The automatic nervous system operates largely outside our awareness. It includes a sympathetic division concerned with increasing alertness, metabolic rate, and muscular abilities, and a parasympathetic division concerned with reducing metabolic rate and promoting visceral activities such as digestion.

55. The preganglionic neurons of the autonomic nervous system release acetylcholine (ACh) as a neurotransmitter. The ganglionic neurons of the sympathetic division primarily release norepinephrine as a neurotransmitter (and both NE and E as hormones at the adrenal medulla). The ganglionic neurons of the parasympathetic division release ACh as a neurotransmitter.

56. Memory storage involves anatomical as well as physiological changes in neurons. The hippocampus is involved in the conversion of temporary, short-term memories into durable long-term memories.

57. The state of consciousness is variable and complex, ranging from energized and “hyper” to unconscious and comatose. During deep sleep, all metabolic functions are significantly reduced; during REM sleep, muscular activities are inhibited while cerebral activity is similar to that seen in awake individuals. Sleep disorders result in abnormal reaction times and behaviors, as well as mood swings. Awakening occurs when the reticular activating system becomes active; the greater the level of activity, the more alert the individual.

58. Olfactory information is routed directly to the cerebrum, and olfactory stimuli have powerful effects on mood and behavior. Gustatory sensations are strongest and clearest when integrated with olfactory sensations.

59. Light passes through the conjunctiva and cornea, crosses the anterior cavity to reach the lens, transits the lens, crosses the posterior chamber, and then penetrates the neural tissue of the retina before reaching and stimulating the photoreceptors. Cones are most abundant at the fovea and macula lutea, and they provide high-resolution color vision in brightly lit environments. Rods dominate the peripheral areas of the retina, and they provide relatively low-resolution black-and-white vision in dimly lit environments.

60. Balance and hearing rely on the same basic types of sensory receptors (hair cells). The anatomical structure of the associated sense organ determines what stimuli affect the hair cells. In the semicircular ducts, the stimulus is fluid movement caused by head rotation in the horizontal, sagittal, or frontal planes. In the utricle and saccule, the stimulus is gravity-induced shifts in the position of attached otoliths. In the cochlea, the stimulus is movement of the tectorial membrane as pressure waves distort the basilar membrane.

61. Hormones coordinate cell, tissue, and organ activities on a sustained basis. They circulate in the extracellular fluid and bind to specific receptors on or in target cells. They then modify cellular activities by altering membrane permeability, activating or inactivating key enzymes, or changing genetic activity.

62. The hypothalamus produces regulatory factors that adjust the activities of the anterior lobe of the pituitary gland, which produces seven hormones. Most of these hormones control other endocrine organs, including the thyroid gland, adrenal gland, and gonads. The anterior lobe also produces growth hormone, which stimulates cell growth and protein synthesis. The posterior lobe of the pituitary gland releases two hormones produced in the hypothalamus; ADH restricts water loss and promotes thirst, and oxytocin stimulates smooth muscle contractions in the mammary glands and uterus (in females) and the prostate gland (in males).

63. The thyroid gland produces (1) hormones that adjust tissue metabolic rates and (2) a hormone that usually plays a minor role in calcium ion homeostasis by opposing the action of parathyroid hormone.

64. The adrenal glands produce hormones that adjust metabolic activities at specific sites, affecting either the pattern of nutrient utilization, mineral ion balance, or the rate of energy consumption by active tissues.

65. The pancreatic islets release insulin and glucagon. Insulin is released when blood glucose levels rise, and it stimulates glucose transport into, and utilization by, peripheral tissues. Glucagon is released when blood glucose levels decline, and it stimulates glycogen breakdown, glucose synthesis, and fatty acid release.

66. Your total blood volume, in liters, is roughly equal to seven percent of your body weight in kilograms. Approximately half of the volume of whole blood consists of cells and cell products. Plasma resembles interstitial fluid, but it contains a unique mixture of proteins not found in other extracellular fluids.

67. Red blood cells (RBCs) are the most numerous cells in the body. They remain in circulation for approximately four months before being recycled; several million are produced each second. The hemoglobin inside RBCs transports oxygen from the lungs to peripheral tissues; it also carries carbon dioxide from those tissues to the lungs.

68. White blood cells (WBCs) are usually outnumbered by RBCs by a ratio 1000:1. WBCs are responsible for defending the body against infection, foreign cells, or toxins, and for assisting in the cleanup and repair of damaged tissues. The most numerous are neutrophils, which engulf bacteria, and lymphocytes, which are responsible for the specific defenses of the immune response.

69. Platelets are involved in the coordination of homeostasis (blood clotting). When platelets are activated by abnormal changes in their local environment, they release clotting factors and other chemicals. Hemostasis is a complex cascade that establishes a fibrous patch that can subsequently be remodeled and then removed as the damaged area is repaired.

70. The heart has four chambers, two associated with the pulmonary circuit (right atrium and right ventricle) and two with the systemic circuit (left atrium and left ventricle). The left ventricle has a greater workload and is much more massive than the right ventricle, but the two chambers pump equal amounts of blood. AV valves prevent backflow from the ventricles into the atria, and semilunar valves prevent back-flow from the aortic and pulmonary trunks into the ventricles.

71. The heart rate is normally established by the cells of the SA node, but that rate can be modified by autonomic activity, hormones, and other factors. From the SA node the stimulus is conducted to the AV node, the AV bundle, the bundle branches, and Purkinje fibers before reaching the ventricular muscle cells. The electrical events associated with the heart beat can be monitored in an electrocardiogram (ECG).

72. Cardiac output is the amount of blood pumped by the left ventricle each minute. It is adjusted on a moment-to-moment basis by the ANS, and in response to circulating hormones, changes in blood volume, and alterations in venous return. Most healthy people can increase cardiac output by 300–500 percent.

73. It is blood flow that’s the goal, and total peripheral blood flow is equal to cardiac output. Blood pressure is needed to overcome friction

and elastic forces and sustain blood flow. If blood pressure is too low, vessels collapse, blood flow stops, and tissues die; if blood pressure is too high, vessel walls stiffen and capillary beds may rupture.

74. Cardiac output cannot increase indefinitely, and blood flow to active versus inactive tissues must be differentially controlled. This is accomplished by a combination of autoregulation, neural regulation, and hormone release.

75. Cell-mediated immunity involves close physical contact between activated TC cells and foreign, abnormal, or infected cells. T cell activation usually involves (1) antigen presentation by a phagocytic cell and (2) costimulation by cytokines released by active phagocytes. TC cells may destroy target cells through the local release of cytokines, lymphotoxins, or perform.

76. Antibody-mediated immunity involves the production of specific antibodies by plasma cells derived from activated B cells. B cell activation usually involves (1) antigen recognition, through binding to surface antibodies, and (2) costimulation by a TH cell. The antibodies produced by active plasma cells bind to the target antigen and either inhibit its activity, destroy it, remove it from solution, or promote its phagocytosis by other defense cells.

77. Immunization produces a primary response to a specific antigen under controlled conditions. If the same antigen is encountered at a later date, it triggers a powerful secondary response that is usually sufficient to prevent infection and disease.

78. Viruses replicate inside cells, whereas bacteria may live independently. Antibodies (and administered antibiotics) work outside cells, so they are primarily effective against bacteria rather than viruses. (That’s why antibiotics can’t fight the common cold or flu.) T dells, NK cells, and interferons are the primary defenses against viral infection.

79. Hemoglobin within RCBs carries most of the oxygen in the bloodstream, and it releases it in response to changes in the oxygen partial pressure in the surrounding plasma. If the PO2 increases, hemoglobin binds oxygen; if the PO2 decreases, hemoglobin releases oxygen. At a

given PO2 hemoglobin will release additional oxygen if the pH decreases or the temperature increases.

80. Carbon dioxide travels in the bloodstream primarily as bicarbonate ions, which form through dissociation of the carbonic acid produced by carbonic anydrase inside RBCs. Lesser amounts of CO2 are bound to hemoglobin or dissolved in plasma.

81. A basic pace of respiration is established by the interplay between respiratory centers in the pons and medulla oblongata. That pace is modified in response to input from chemoreceptors, baroreceptors, and stretch receptors. In general, carbon dioxide levels, rather than oxygen levels, are the primary drivers of respiratory activity. Respiratory activity can also be interrupted by protective reflexes and adjusted by the conscious control of respiratory muscles.

82. The stomach is a storage site that provides time for the physical breakdown of food that must precede chemical digestion. Protein digestion begins in the acid environment of the stomach through the action of pepsin. Carbohydrate digestion, which began with the release of salivary amylase by the salivary glands before swallowing, continues for a variable period after food arrives in the stomach.

83. The small intestine receives and raises the pH of materials from the stomach. It then absorbs water, ions, vitamins, and the chemical products released by the action of digestive enzymes produced by intestinal glands and the exocrine glands of the pancreas.

84. The exocrine pancreas produces a mixture of buffers and enzymes essential for normal digestion. Pancreatic secretion occurs in response to the release of regulatory hormones (CCK and secretin) by the duodenum.

85. The liver is the center for metabolic regulation in the body. It also produces bile that is stored in the gallbladder and ejected into the duodenum under the stimulation of CCK. Bile is essential for the efficient digestion of lipids; it breaks down large lipid droplets so that individual lipid molecules can be attacked by digestive enzymes.

86. The large intestine stores digestive wastes ans reabsorbs water. Bacterial residents of the large intestine are an important source of vitamins, especially vitamin K, biotin, and vitamin B5 .

87. There is an energy cost to staying alive, even at rest. All cells must expend ATP to perform routine maintenance, removing and replacing intracellular and extracellular structures and components. In addition, cells must spend additional energy performing other vital functions, such as growth, secretion, and contraction.

88. In the absorption state that follows a meal, cells absorb nutrients that are used to support growth and maintenance, and stored as energy reserves. Hours later, in the postabsorptive state, blood glucose levels are maintained by gluconeogenesis within the liver, but most cells begin conserving energy and shifting from glucose to lipid metabolism and, if necessary, ketone bodies become the preferred energy source. This metabolic shift reserves the circulating glucose for use by neurons.

89. A balanced diet contains all the ingredients needed to maintain homeostasis, including adequate substrates for energy generation, essential amino acids and fatty acids, minerals, vitamins, and water.

90. The kidneys remove waste products from the blood; they also assist in the regulation of blood volume and blood pressure, ion levels, and blood pH. Nephrons are the primary functional units of the kidneys.

91. Roughly 180 L of filtrate is produced at the glomeruli each day, and that represents 70 times the total plasma volume. Almost all of that fluid volume must be reabsorbed to avoid fatal dehydration.

92. Reabsorption involves a combination of diffusion, osmosis, channel-mediated diffusion, and active transport. Many of these processes are independently regulated by local or hormonal mechanisms. The primary mechanism governing water reabsorption can be described as “water follows salt.” Secretion is a selective, carrier-mediated process.

93. Fluid balance and electrolyte balance are interrelated. Small water gains or losses affect electrolyte concentrations only temporarily. The impacts are reduced by fluid shifts between the ECF and ICF and by hormonal responses that adjust the rates of water intake and excretion. Similarly, electrolyte gains or losses produce only temporary changes in solute concentration. These changes are opposed by fluid shifts, adjustments in the rates of ion absorption and secretion, and adjustments to the rates of water gain and loss.

94. The most common and acute acid–base disorder is respiratory acidosis, which develops when respiratory activity cannot keep pace with the rate of carbon dioxide generation in peripheral tissues.

95. Meiosis produces gametes that contain half of the number of chromosomes found in somatic cells. For each cell entering meiosis, the testes produce four spermatozoa, whereas the ovaries produce a single ovum.

96. Spermatogenesis begins at puberty and continues until relatively late in life (past age 70). It is a continuous process, and all stages of meiosis can be observed within the seminiferous tubules.

97. Oogenesis begins during embryonic development, and primary oocyte production is completed before birth. Each month after puberty, the ovarian cycle produces one or more secondary oocytes from the existing population of primary oocytes. The number of viable and responsive primary oocytes declines markedly over time, until ovarian cycles end at age 45–55.

98. Cyclic changes in FSH and LH levels are responsible for the maintenance of the ovarian cycle; the hormones produced by the ovaries in turn regulate the uterine cycle. Inadequate hormone levels, inappropriate or inadequate responses to circulating hormones, and poor coordination and timing of hormone production or secondary oocyte release will reduce or eliminate the chances of pregnancy.

99. Sexual hormones have widespread effects on the body. They affect brain development and behavioral drives, muscle mass, bone mass and density, body proportions, and the patterns of hair and body fat distribution. As aging occurs, reduction in sexual hormone levels affect appearance, strength, and a variety of physiological functions.

100. The basic body plan, the foundations of all of the organ systems, and the four extraembryonic membranes appear during the first trimester. These are complex and delicate processes; not every zygote starts cleavage, and fewer than half of the zygotes that do being cleavage survive until the end of the first trimester. The second trimester is a period of rapid growth, accompanied by the development of fetal organs that will then become fully functional by the end of the third trimester.
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