Saladin—Anatomy & Physiology, 3/e

Answer Key to

Testing Your Comprehension Questions

.

Chapter 1

Testing Your Comprehension

1. Harvey hypothesized that the blood pumped out by the heart eventually returns to it and is pumped out again. From this, he predicted that there must be connections between the arteries that carry blood away from the heart and the veins that bring it back. Today, with the microscope, these connections (capillaries) can be verified.

2. If the terms defining life are defined somewhat broadly, an automobile could be described as exhibiting organization (though it does not expend energy to maintain this order), a degree of chemical (if not biochemical) unity with other automobiles, metabolism (combustion of fuel), responsiveness (to the ignition switch, accelerator, etc.), and a degree of homeostasis (in thermostatically controlled systems). This shows that life is not defined by any single criterion but by a unique combination of properties. It shares many of the individual properties with nonliving things, but does not share all of them with any nonliving thing.

3. Such congenital heart defects illustrate the complementarity of form and function, because they show that even slight-seeming structural abnormalities can cause serious, even life-threatening dysfunctions. 

4. If not for the arboreal selection pressures faced by the forerunners of humans, humans today, if they existed at all, might not exhibit such a mobile shoulder joint, opposable thumb, prehensile hand, color and stereoscopic vision, or large brain.  

5. This is an example of negative feedback. Thirst is a response to dehydration. It motivates a person or animal to seek and consume water, thus rehydrating the body and restoring water balance. This is an example of homeostasis, serving to maintain body fluids at a level close to a set point. 

Atlas A, General Orientation to Human Anatomy

Testing Your Comprehension

1. (a) Transverse, (b) sagittal, (c) frontal, (d) sagittal, (e) frontal, (f) transverse.

2. It is a misunderstanding of the word plantar, the surface where such warts commonly occur.

3. Medial–sternum or spine; lateral–shoulders or arms; superior–clavicles or head; inferior–abdomen or intestines; deep–heart or lungs; superficial–skin or pectoralis major; posterior–scapula or trapezius; anterior–sternum or breast. (Answers will vary; these are examples.)

4. (a) Pancreas or left kidney, (b) cecum or appendix, (c) urinary bladder or uterus, (d) part of liver, (e) lung. (Answers will vary; these are examples.)

5. Hypochondriac people may complain of “funny pains,” putting their hand to the hypochondriac region. 

Chapter 2

Testing Your Comprehension

1. The loss of stomach acid by profuse and prolonged vomiting raises the pH of the body fluids. When acid is lost from the body, surplus base remains and the pH rises.

2. As the carbon dioxide concentration in the body fluids drops, the carbonic acid reaction shifts in the following direction: H2CO3 ( H2O + CO2. The more CO2 that is expelled (faster than it is produced), the less carbonic acid remains in the blood. With less carbonic acid, the blood pH rises, becoming more basic.

3. This is an exergonic reaction, because it releases energy in the form of the ( ray. It is neither an anabolic nor a catabolic reaction, however. These are branches of metabolism, and metabolism is the formation and breakdown of chemical bonds. No chemical bonds are formed or broken in radioactive decay.

4. The function of an enzyme is to speed up a chemical reaction. Without enzymes, the body’s metabolic rate would therefore slow down drastically, to a point incapable of supporting life.

5. An abnormally low pH slows down enzymatic reactions and may even irreversibly denature enzymes. As enzyme conformations change, their active sites change and cannot bind their substrates. Metabolic pathways can then shut down.  

Chapter 3

Testing Your Comprehension


1.
If a saltwater fish were placed in a freshwater aquarium, its cells would rapidly absorb water and rupture. Marine fish are adapted to have body fluids isotonic to seawater. They would be hypertonic to freshwater, so water would move by osmosis into the fish’s cells. Conversely, if a freshwater fish were put in a saltwater aquarium, its cells would be hypotonic to the saltwater. They would lose water and shrivel. Either fish would soon die. 


2.
In crush injuries of this sort, blood potassium level rises. Potassium is normally more concentrated in the intracellular fluid than in the extracellular fluids, and the injury breaks up cells and releases potassium into the extracellular fluids.


3.
Because of the low level of blood albumin, such children have abnormally low blood osmolarity. The bloodstream osmotically retains less fluid than normal, so the water content and volume of the blood drop.


4.
Mitochondria do not create energy, but only transfer it from one molecule to another. What they do make is the high-energy compound ATP, but the energy content of the ATP they produce is less than the energy content of the pyruvate molecules they used to do so.


5.
Without dynein arms, cilia and flagella cannot move. If flagella are immobile, then sperm cannot move, since the sperm tail is composed mainly of a flagellum. Lacking sperm motility, a man with Kartagener’s syndrome is sterile. He also suffers severe respiratory congestion because the cilia of the respiratory tract are unable to move and propel mucus. Mucus continues to be secreted, but accumulates in the airway. 

Chapter 4

Testing Your Comprehension


1.
In the condensed form of a metaphase chromosome, genes would be tucked away, inaccessible to RNA polymerase, and therefore unable to carry out the cellular functions that occur in G1. The finely dispersed form of chromatin in G1 makes the genes accessible for transcription, but it would be unsuitable for mitosis because it would become very tangled and difficult or impossible to divide evenly between daughter cells.


2.
In order to code for anything, the uncoiling of the double helix of DNA must expose a variety of base sequences to the action of RNA polymerase. If the cross-bridges of the DNA molecule (the “rungs” from one backbone to the other) were all deoxyribose, then the RNA polymerase would read only a monotonous string of identical messages. There would be no diversity in the message—in effect, no code.  


3.
Mutation is unavoidable, mutation is genetic change, and genetic change in a population is evolution. Therefore, evolution is inevitable.


4.
Such an mRNA would have to be at least 903 bases long. It would require a 3-base codon for each of the 300 amino acids, plus a stop codon. 


5.
There are many possible answers. Some examples are: (1) The double helix of DNA and its complementary base pairing form a structure capable of replication and thus capable of transmitting genetic information from generation to generation. (2) Substitution of a single amino acid makes a hemoglobin molecule dysfunctional, resulting in sickle cell disease. (3) Mutations of tumor suppressor genes render them nonfunctional and unable to provide protection from cancer. (4) The difference between metaphase and interphase chromosomes referred to in question 1.

Chapter 5

Testing Your Comprehension


1.
No, she is not consciously contracting her uterus. The uterus is composed of smooth muscle, over which people rarely have any conscious control. When she “pushes,” she is contracting the skeletal muscles of her abdomen and thereby aiding the uterus in expelling the baby.


2.
No, this is not an exception to the cell theory. These extracellular materials are made by the cells in the tissue, so even their functions ultimately derive from cellular function.


3.
When the joint is not exercised, the cartilage cells can suffer both from an accumulation of metabolic wastes and from poor oxygen and nutrient delivery. The delivery of these metabolic requirements and the removal of wastes are both aided by water being periodically soaked up by the cartilage and squeezed out of it. Without this action, cartilage cells die and the tissue degenerates.


4.
The simple squamous epithelium of the alveoli is thinner than the pseudostratified epithelium in the larger divisions of the respiratory tract, so it is less of a barrier to the diffusion of gases between the air and blood.


5.
Bone would heal faster than cartilage because it is permeated with blood vessels, whereas cartilage is devoid of blood vessels. Thus, bone receives a better supply of oxygen, organic nutrients, growth factors, and other necessities than cartilage does. Simple columnar epithelium heals faster than stratified squamous epithelium because in the former type, every cell is close to the subepithelial connective tissue, where the nearest blood vessels are located.

Chapter 6

Testing Your Comprehension


1.
Every blood vessel, nerve, cutaneous gland, and hair is an organ, as are such sensory receptors as lamellated corpuscles and tactile corpuscles. Since the skin (an organ in itself) contains all of these other, smaller organs, it serves as a good example of the point. 


2.
Without an evolutionary perspective on the human body and comparison to other species of mammals, it is difficult to make any sense out of such facts as the patchy distribution of human hair (thick in the scalp, eyebrows, beard, axillary, and pubic regions and sparse elsewhere), the reason for two types of sweat glands, and the reason apocrine glands don’t develop until puberty and then grow and regress in phase with the menstrual cycle. We get considerably more insight into integumentary structure and function when we compare humans to other species of mammals and consider the evolutionary history of the human body. 


3.
The upper layer of dermis, the papillary layer, is composed of loosely organized areolar tissue well suited to the quick mobilization of immune cells against pathogens that break through the epidermal barrier. The lower layer of dermis, the reticular layer, is composed of densely interwoven collagen bundles well suited to lending strength and resilience to the skin. Thus, the dermis plays two roles (defense and providing a durable body covering) served by two different types of fibrous connective tissue.


4.
In cold weather, the arteries of the dermis constrict so that blood is diverted away from the body surface and we lose less heat. With blood trickling slowly through the skin, oxygen is removed from it faster than fresh blood flows in to replace it. The deoxygenated blood shows through the epidermis with the bluish color of cyanosis.


5.
UV radiation can mutate DNA and cause cancer, so it is important to protect the deep tissues of the body from excessive UV exposure. However, UV radiation also plays a role in the first step of synthesizing vitamin D, which is essential for bone development and maintenance. People who get too little exposure to UV radiation are subject to such degenerative bone disorders as rickets, osteomalacia, and osteoporosis unless they get supplemental vitamin D orally.

Chapter 7

Testing Your Comprehension

1. Osteocytes adjacent to a central canal communicate by way of their cytoplasmic processes with osteocytes farther away, and transfer nutrients to those other osteocytes by way of these processes. 

2. The first hydroxyapatite crystals that form in the bone matrix act as “seed crystals” that attract more calcium and phosphate ions from solution. The more hydroxyapatite that forms, the more calcium phosphate crystallizes out of solution. Thus, bone mineralization is a self-amplifying process.

3. Blood calcium concentration is hormonally regulated within a narrow range of a homeostatic set point (9.2–10.4 mg/dL). If the calcium concentration drops below this range, parathyroid hormone (PTH) secretion rises and restores the concentration to normal. If the concentration rises above this range, PTH secretion falls and calcitonin secretion rises. The latter hormone lowers the calcium level, especially in children. Thus, in typical negative feedback fashion, the body has a way of sensing variations in blood calcium concentration and activating effectors (glands) whose hormones correct the imbalance. 

4. The trabeculae of spongy bone are not arranged randomly like the fibers of a kitchen sponge, but rather, are aligned along lines of stress in the bone so they can bear the greatest amount of stress for the least amount of bone mass. Thus, the structural arrangement of spongy bone trabeculae reflects their load-bearing function.

5. If the epidermis blocked all UV radiation from reaching the blood vessels in the dermis, there would be no conversion of 7-dehydrocholesterol to previtamin D3, the first step in calcitriol synthesis. If no vitamin D were taken orally to compensate for this, then we would expect to see rickets in children or osteomalacia in adults. Both of these diseases result from inadequate bone deposition in the absence or insufficiency of vitamin D.

Chapter 8

Testing Your Comprehension


1.
The condyloid process of her mandible was driven into the mandibular fossa and fractured her temporal bone, creating an opening from the auditory canal to the throat.


2.
High-heeled shoes raise the human foot into a position comparable to that of a cat or dog, with the body weight being supported on the heads of the metatarsal bones. In a human, however, much of the weight is still supported through the calcaneus and the heel of the shoe.


3.
In both the carpal and the tarsal group, the distal row is composed of four bones, although there are no similarities in their names: the hamate, capitate, trapezoid, and trapezium in the wrist, and the first to third cuneiforms and the cuboid in the foot. In the proximal row, the wrist has four bones and the ankle has three: the scaphoid, lunate, triquetral, and pisiform in the wrist, and the navicular, talus, and calcaneus in the ankle. (Note that the scaphoid of the wrist is also called the navicular, so under this nomenclature, there is a navicular bone in both places.) The three proximal tarsal bones do not form a transverse row like the proximal bones of the wrist. 


4.
In children and adolescents, the femoral head is attached to the neck by a cartilaginous epiphyseal plate; this joint has not ossified yet. Cartilage is not as strong as bone, and trauma to the femur can cause the head and neck to separate along this line. Such a fracture in any long bone is called an epiphyseal fracture (table 7.3, p. 236). Adolescents are especially at risk of epiphyseal fractures because their greater body weight (compared to younger children) puts more stress on the femur and their participation in sports and rough play, and their relatively high frequency of vehicular accidents, subject them to more trauma.

5. Andy could have fractured the tibiae or the femoral shafts, but since the EMT said he had broken his hips, the most likely site would be the necks of the femurs. (A fractured acetabulum is also possible.)  Andy was able to jump from such heights as a child without injury because a child’s bones are more resilient and because a child, being lighter in weight, hits the ground with less momentum (force) than an adult, so the landing produces less stress on the bones.

Chapter 9

Testing Your Comprehension

1. Mechanical advantage is the ratio of the length of the effort arm, LE, to the length of the resistance arm, LR. In a second-class lever, the components are in the order fulcrum-resistance-effort (FRE), so the effort arm is always longer than the resistance arm and LE/LR is always greater than 1. In a third-class lever, the components are in the order FER, so the effort arm is always shorter than the resistance arm and LE/LR is always less than 1.

2. (a) MA = 17 cm/11 cm = 1.55. (b) Such a lever would exert more force against the resistance than the force applied to the lever. This is the meaning of any MA > 1. (c) A third-class lever could never have such measurements because, as explained in answer 1, all third-class levers have an LE < LR.

3. (a) Flexion of the hip, knee, and elbow as you sit; (b) pronation of the forearm, extension of the elbow, and flexion of the shoulder as you reach for the apple; (c) depression and protraction followed by elevation of the mandible as you take a bite; and (d) retraction of the mandible and cyclic elevation, depression, and lateral and medial excursion as you chew it.

4. You would not find a saddle joint in these animals. For lack of a saddle joint (among other reasons), opposition of the first digit is impossible for them.

5. (1) Ball-and socket: shoulder (humeroscapular) and hip (coxal) joints. (2) Hinge: elbow (humeroulnar), knee joints, and interphalangeal joints. (3) Saddle: trapeziometacarpal joint I of the upper limb, with no example in the lower limb. (4) Pivot: Proximal radioulnar joint of the upper limb, with no example in the lower limb. (5) Gliding: intercarpal and intertarsal joints. (6) Condyloid: radiocarpal, metacarpophalangeal, and metatarsophalangeal joints.

Chapter 10

Testing Your Comprehension


1.
Because the pectoralis major flexes the shoulder, adducts and rotates the humerus, and depresses the pectoral girdle, its absence would make such actions as climbing, pushing, throwing, and adducting the arm (as in reaching across to the other side of the chest) difficult. Some synergists that could partially take over these functions include the latissimus dorsi, teres major and minor, coracobrachialis, subscapularis, and anterior portion of the deltoid (see tables 10.10 and 10.11).


2.
If the left sternocleidomastoid were removed, for example, it would make it more difficult to bow the head and look downward toward the right.


3.
Tick paralysis presents a threat of suffocation if it affects the respiratory muscles of the chest. (Entire herds of cattle have been killed by tick-induced respiratory paralysis.)


4.
The gastrocnemius and soleus muscles and the calcaneal tendon are affected because they are more stretched when a person walks flat-footed than when one walks in high heels.


5.
In heavy lifting of this sort, the quadriceps femoris and gluteus maximus produce most of the force in extending the knee and hip, respectively.

Chapter 11

Testing Your Comprehension


1.
ATP is required for both contraction and relaxation of muscle. In contraction, it must activate the myosin ATPase before myosin can bind to the active sites of actin. One ATP is needed for each cycle of cross-bridge formation and detachment. In relaxation, ATP is needed for the active transport pumps that remove Ca2+ from the cytosol and return it to the sarcoplasmic reticulum, and for the detachment of myosin from actin. In addition, muscle could not be stimulated to contract if not for its resting membrane potential, which is maintained by the ATP-consuming Na+-K+ pump.


2.
The accumulation of lactic acid in muscle fibers lowers the pH of the sarcoplasm. This pH change may alter the myosin ATPase, actin, or other muscle proteins and thus inhibit such processes as calcium-troponin binding, tropomyosin movement, myosin-actin cross-bridge formation, and the sliding filament process.


3.
Filling and distension of the bladder would stretch the sarcomeres of skeletal muscle so much that there would be little overlap between the thick and thin filaments. In accordance with the length-tension relationship, when the bladder was stimulated, such overstretched skeletal muscle would contract only weakly. Smooth muscle is less dependent on the length-tension relationship because (1) the lack of Z discs imposes less limitation on its contraction, (2) the presence of myosin heads throughout the length of the thick filament enables cross-bridges to form anywhere along the filament, and (3) smooth muscle myofilaments have varying degrees of overlap, so even when smooth muscle is highly stretched, some myofilaments overlap enough to start the contraction process. Thus, the molecular organization of smooth muscle is the key to understanding why it is more functionally effective in organs subject to stretch, such as the urinary bladder and stomach.


4.
 The A bands remain the same width because they are defined by the length of the thick filaments, and myofilaments do not shorten during muscle contraction. The H and I bands become narrower and may disappear. These are the regions in which actin and myosin do not overlap in relaxed muscle. During contraction, they are obliterated by the increasing myofilament overlap.


5.
Early symptoms of botulism include muscular weakness and depressed somatic reflexes resulting from the inability of the somatic motor neurons to stimulate the skeletal muscles. Suffocation is a common cause of death in botulism, resulting from inability of the intercostal and phrenic nerves to stimulate contraction of the respiratory muscles.

Chapter 12

Testing Your Comprehension


1.
Dopamine is an inhibitory neurotransmitter found especially in the basal nuclei. It suppresses unwanted muscle contractions and contributes to smoother, more coordinated muscular action. Parkinson disease involves a dopamine deficiency. Chlorpromazine, used to treat schizophrenia, blocks dopamine receptors, thus preventing dopamine from acting and sometimes producing the effects of a dopamine deficiency.


2.
Such a change in the K+ gradient across the plasma membrane results in less net diffusion of K+ out of neurons. The K+ concentration in the cytoplasm increases, partially depolarizing the membrane and making neurons more excitable. (Paradoxically, hyperkalemia can also make them less excitable, depending on how rapidly the hyperkalemia develops, but this is not discussed until chapter 24 and would not normally be known to students studying chapter 13.)


3.
Because the Na+-K+ pump removes three positive charges from the cell for every two it brings in, it contributes to the negative membrane potential. If the activity of the Na+-K+ pumps was reduced, ion leakage would make the plasma membrane less polarized and more excitable. 


4.
One reason for unidirectional transmission across synapses is that only the presynaptic neuron has synaptic vesicles and releases neurotransmitters, and another is that only the postsynaptic neuron has neurotransmitter receptors that can produce cellular excitation (discounting receptors in the presynaptic cell for neurotransmitter reuptake). If these structural differences did not exist and signals traveled in both directions, as happens in some simple animals such as hydras, the behavioral responses to stimuli would be much less specific or precise. Signals would spread randomly through the nervous system and effectors everywhere would respond to a sufficiently strong stimulus anywhere.


5.
The production of action potentials involves Na+ inflow into a neuron through these voltage-regulated gates. If the gates were inhibited, then no action potentials and no nerve signals could be generated, so tissue damage would not trigger the transmission of pain signals in a nerve.

Chapter 13

Testing Your Comprehension

1. The injury at C1 probably caused so much spinal cord damage there as to interrupt signals to the phrenic nerves of the diaphragm, thus causing respiratory paralysis. 

2. Signals for deep touch and limb position below that level ascend the ipsilateral side of the spinal cord in the gracile fasciculus and do not decussate until they get to the medulla oblongata. Therefore, an injury to the left gracile fasciculus would block the transmission of these types of signals from the left (ipsilateral) side of the body below the injury. Signals for pain and heat, however, decussate in the spinal cord near the point of entry and travel up the contralateral side of the cord in the spinothalamic tract. An injury to the left spinothalamic tract would thus block the transmission of these signals from the right (contralateral) side of the body.
3. Knife and gunshot wounds in this area often damage the sciatic nerve, which passes through this region and provides motor innervation to the hamstring, gastrocnemius, and other major muscles of hip, knee, ankle, and foot movements (see table 13.6).

4. It is virtually impossible to raise the left foot without losing contact with the wall. Keeping the hip and shoulder against the wall thwarts the crossed extensor reflex and the normal tendency of the body to shift its weight over the right leg.
5. Accidental removal of a part of the median nerve denervates flexor muscles of the forearm, thenar muscles, and the first and second lumbrical muscles (see table 13.4). The results include inability to flex the wrist and fingers (inability to grip objects), loss of many thumb functions (abduction, flexion, and opposition; see table 10.14), and extension of the interphalangeal joints (see table 10.16).
Chapter 14 

Testing Your Comprehension

1. (a) The trigeminal nerve; (b) the glossopharyngeal nerve; and (c) the vagus nerve.

2. A lesion in the cerebellum causes uncoordinated voluntary muscle contractions. That is, when one wants to perform a certain action, it is difficult or impossible to coordinate the muscles well enough to carry it out. A lesion in the basal nuclei, by contrast, causes tremors and other unwanted (involuntary) contractions.

3. Experiment 1 would result in paralysis of muscles inferior to the neck. Experiment 2 would result in a loss of some sensations from the same part of the body.

4. The cerebral functions essential for survival are duplicated in the right and left hemispheres, so the loss of even an entire hemisphere is not fatal. It will, however, result in such things as visual, motor, language, and cognitive deficits. The hypothalamus, however, is involved in so many basic homeostatic functions that its loss or destruction is not survivable.

5. (a) Anterograde amnesia, the inability to form new memories; (b) an abnormal lack of fear; (c) aphasia, the inability to speak; (d) blindness; (e) inability to move the tongue normally in speech, food manipulation, and swallowing.

Chapter 15

Testing Your Comprehension

1. Vapors from the onion irritate nerve endings at the surface of the eye. Signals are conducted through the ophthalmic division of the trigeminal nerve to the pons, then back through the facial nerve to the tear glands.

2. Assuming that the growling dog instilled fear in you, this would act through the limbic system and hypothalamus to activate the sympathetic fight-or-flight response. The sympathetic nervous system would 

3. Vagal (parasympathetic) tone would predominate and the heart would beat more slowly than normal, a condition called bradycardia. In emergency situations, the heart would not speed up as it normally does, and the lack of increased circulation would compromise one’s tolerance of physical exertion and reaction to stress. 

4. In a fight or flight situation, such as a disagreement with another wolf in the pack, the sympathetic nervous system would cause the hair to fluff up and make the wolf look larger and more intimidating to its adversaries. In cold weather, the sympathetic piloerection response would also help to retain warm air near the skin. In humans, the response causes limited piloerection (as when the hair on the back of your neck stands up or your scalp tingles), but mostly this just causes goosebumps.

5. High levels of atropine can cause paralysis of organs that depend on cholinergic stimulation by blocking the muscarinic receptors for ACh. Thus it would strongly inhibit intestinal motility and tend to cause constipation rather than the reverse situation, diarrhea. Some effects of ACh are to constrict the pupils, promote sweating, depress the heart rate, and cause contraction and emptying of the bladder. Since atropine blocks these cholinergic effects, atropine poisoning is marked by pupillary dilation, dry skin, an elevated heart rate, and urine retention. Physostigmine does not remove atropine from the synapses, but it does prolong the effect of ACh by inhibiting its breakdown by acetylcholinesterase. Thus, those muscarinic receptors that are not blocked by atropine are more strongly stimulated by ACh. 

Chapter 16

Testing Your Comprehension


1.
Referred pain results from the fact that cutaneous and visceral sensory pathways converge on the same spinal interneurons, so the brain cannot distinguish the original sources of pain from each other. Scotopic vision is characterized by high light sensitivity, which results from the fact that multiple rods converge on the same bipolar neurons and multiple bipolar neurons converge on the same ganglion cells, thus allowing for spatial summation in the rod pathways.


2.
An insect crawling in one’s hair would trigger the hair receptors (peritrichial endings); the throb of a patient’s pulse is sensed by lamellated (pacinian) corpuscles in one’s fingertips; and reading braille presumably stimulates tactile (Merkel) discs and tactile (Meissner) corpuscles. 


3.
When the ciliary muscle contracts, the diameter of the ciliary body decreases. Thus, the ciliary body as a whole puts less tension on the suspensory ligament on the lens, allowing the lens to relax into a more strongly convex shape.


4.
The anterolateral system contains the spinothalamic tract, which carries pain signals up the spinal cord. Severing this tract above the source of pain would thus block pain signals from reaching the brain. However, it would also deaden many other sensations below that level, including touch, tickle, itch, temperature, and pressure. For a terminally ill patient, such sensory losses may be an acceptable cost of relieving pain.


5.
A drug that blocked the receptors for substance P might serve as a powerful analgesic because it would block pain signals from reaching the brain.

Chapter 17

Testing Your Comprehension


1.
One steroid hormone molecule activates gene transcription and the synthesis of multiple molecules of mRNA mirroring that gene locus. Each mRNA is translated by many ribosomes and therefore results in the synthesis of many enzyme molecules. Each enzyme molecule may catalyze the same chemical reaction millions of times. Therefore, millions of molecules of a metabolic product may be produced in response to a single molecule of a steroid hormone. The diagrammatic answer to this question should resemble figure 17.21 with the levels, from top down, labeled something like steroid, mRNA, enzyme, enzyme (or metabolic) product.


2.
First of all, of course, the claim would be almost certainly false. But even if it were true, the whole principle behind it would be misguided. Cholesterol is the precursor of all our steroid hormones, so if the body were totally purged of cholesterol, we also would have no sex steroids, aldosterone, or glucocorticoids, and one’s metabolism would be seriously and fatally deranged. Not that this would matter much, because one would probably die even more quickly of widespread hemorrhaging and other cellular and tissue breakdown as a result of weakened plasma membranes, which depend on cholesterol as a structural entity.


3.
Toxic goiter is characterized by thyroid hormone hypersecretion. The calorigenic effect of thyroid hormone elevates the body temperature, and the hypothalamus attempts to compensate for this and thermoregulate by inducing sweating.


4.
Neither the peptide hormones nor the metabotropic neurotransmitters (such as the catecholamines) can enter their target cells. They bind to surface receptors, which then activate second-messenger systems in the cell.


5.
Overstimulated cells sometimes down-regulate their hormone receptors in order to maintain homeostasis. Anabolic steroid abuse can thus cause cells to down-regulate their steroid receptors and thus become less sensitive to the naturally occurring steroids in the body. Along with hyposecretion of GnRH and pituitary gonadotropins, this may contribute to such effects as infertility and testicular atrophy. 

Chapter 18

Testing Your Comprehension


1.
Lung cancer destroys pulmonary alveoli and reduces, sometimes drastically, the amount of respiratory membrane available for gas exchange. Even if the RBC count is increased, those RBCs cannot load more oxygen if the respiratory membrane simply isn’t available.


2.
The kidneys secrete erythropoietin (EPO), which is the stimulus for erythropoiesis. Therefore, degenerative kidney diseases result in EPO hyposecretion, leading in turn to reduced erythropoiesis and low RBC counts.


3.
The contributing factors may include hemorrhage as a result of the accident and a low level of erythropoiesis resulting from a combination of her age, probable sedentary habits, poverty and concomitant poor nutrition, and her apparent alcoholism.


4.
Erythrocytes become clumped in both coagulation and agglutination, but in coagulation it is because they adhere to the fibrin mesh of the clot, whereas in agglutination it is because they are held together by antibodies.


5.
Fibrinogen is consumed by the clotting process, so it is needed in larger quantity. Thrombin (derived from prothrombin) is an enzyme, so it is not consumed by clotting and is needed only in very small quantity.

Chapter 19

Testing Your Comprehension


1.
Verapimil has a negative inotropic effect because it reduces calcium inflow into the cardiac muscle cells, and with less calcium, there is less myosin-actin cross-bridging and a weaker contraction of the myocardium.


2.
Massaging the carotid artery at this point compresses the baroreceptors located here and results in inhibitory (vagal) signals to the heart that reduce the heart rate.


3.
This condition (cardiac tamponade) interferes with the expansion and filling of the heart. Therefore, the EDV is reduced and this, in turn, leads to a reduced stroke volume, since there is less blood in the ventricle to be expelled.


4.
The afterload in the pulmonary trunk is much lower than the afterload in the aorta, so the pulmonary valve does not have to overcome as much resistance as the aortic valve. This is why the pulmonary valve opens first and blood is expelled from the right ventricle a little earlier than from the left ventricle.


5.
The sketches should resemble figures 19.14 (cardiac action potential) and 12.11 (neuron action potential). The major difference is the long plateau in the cardiac action potential. This results from the delayed opening of the potassium channels (thus delaying the outflow of K+) and the prolonged inflow of extracellular calcium ions through the slow calcium channels, two phenomena not seen in neurons.

Chapter 20

Testing Your Comprehension


1.
For one thing, the “age + 100” estimate does not take into account male-female differences in normal blood pressure. It also does not compare very well with the healthy values given in table 20.1.  For example, it predicts that an 80-year-old should have a systolic blood pressure of 180, whereas the actual healthy systolic pressure should be 145 for men and 157 for women.


2.
At this point the capillary would have a net filtration pressure of (28 + 2 + 4 mmHg)out – 25 mmHgin  = 9 mmHgout.


3.
There is no direct route to the nearby kidney. The aldosterone would have to travel “the scenic route”: adrenal cortex ( suprarenal vein ( inferior vena cava ( heart ( pulmonary trunk and arteries ( lungs ( pulmonary veins ( heart ( aorta ( renal artery ( kidney.


4.
The reduced perfusion of the skin accounts for its paleness and coolness. The drop in blood pressure stimulates the baroreceptors and, in turn, the cardiac center of the medulla oblongata, which sends cardioacceleratory signals to the heart and increases the heart rate. The pulse is weak because the blood pressure is low.


5.
An adequate or even high blood pressure in the common iliac arteries or some other lower point would not necessarily mean that there was adequate pressure higher in the body, because gravity draws blood downward. If the blood pressure above the heart is adequate, however, it is almost certain to be adequate in the lower limbs and it is likely that the brain is also being adequately perfused.

Chapter 21

Testing Your Comprehension


1.
Anti-B (and anti-A) are in the IgM class of antibodies. These are pentamers, which are too large to pass through the placental barrier. Anti-D, however, is in the IgG class, and therefore a much smaller monomer. IgGs easily cross the placenta.


2.
Removal of the axillary lymph nodes removes at least some of the pathway of lymphatic drainage from the upper limb, thus resulting in the accumulation of tissue fluid in that limb.


3.
The antilymphocyte serum was given to inhibit the tendency of the girl’s T lymphocytes to attack the donor heart, which they would recognize as foreign tissue. With suppressed immunity, however, the body may also fail to respond strongly to other foreign cells such as infectious microorganisms. The patient is thus very vulnerable to opportunistic infections, as happened in this case. 


4.
Even though B cells do not develop in the thymus, they depend upon activation by helper T cells, which are thymus-dependent. Therefore, a loss of thymic function impairs both cellular and humoral immunity.


5.
A plasma cell is heavily loaded with rough endoplasmic reticulum, which is lacking from a B cell. This is related to the fact that the plasma cell is so heavily engaged in protein (antibody) synthesis.

Chapter 22

Testing Your Comprehension


1.
The conducting division of the respiratory tract is lined with thicker, less permeable epithelial types such as pseudostratified columnar, simple cuboidal, and (in more limited areas) stratified squamous epithelia. Moreover, in most areas these epithelia (of the first two types) are ciliated because of their role in transporting mucus. In the respiratory division, the epithelia range from cuboidal to (mostly) simple squamous. The simple squamous epithelium of alveolar ducts, alveolar sacs, and alveoli creates a minimal barrier to gas diffusion.


2.
Hyperventilation will raise the blood Po2 only marginally, since the hemoglobin becomes about 97% saturated even with normal ventilation (eupnea). Hyperventilation does, however, expel CO2 more rapidly than the body generates it, so it significantly lowers the blood Pco2. Reduced Pco2 raises the blood pH; thus, hyperventilation produces alkalosis.  




Emphysema entails a loss of alveolar surface area for gas exchange, so it interferes with oxygen loading and carbon dioxide unloading. Therefore, it lowers the blood Po2, raises the Pco2, and because of the latter, lowers the blood pH (producing acidosis).


3.
As explained in the previous answer, the logic behind this practice is fallacious because one cannot load a significantly greater than normal amount of oxygen by hyperventilating. The reason a swimmer can hold his or her breath longer is that hyperventilation expels CO2. Therefore, it takes longer for the blood Pco2 to build up to the point where it stimulates the chemoreceptors that demand one to resume breathing. By that time, the Po2 can drop so low that a person can faint and possibly drown.


4.
His minute respiratory volume is (650 mL/breath)(11 breaths/min) = 7,150 mL/min (7.15 L/min). With an anatomic dead space of 185 mL, his alveolar ventilation rate is (650 – 185 mL/breath)(11 breaths/min) = 5.12 L/min.


5.
In this incident (from Morbidity and Mortality Weekly Reports), the nasoenteric tube was misdirected down the woman’s trachea and bronchus instead of her esophagus. It pierced the lung surface and admitted air into the pleural cavity. The patient exhibited pneumothorax and atelectasis, and soon died.

Chapter 23

Testing Your Comprehension


1.
In kwashiorkor, the concentration of protein in the blood plasma is greatly reduced. This reduces capillary reabsorption, one of the forces opposing glomerular filtration. The GFR would therefore rise.


2.
(a) Using the formula C = UV/P, her rate of renal clearance is C = (8.6 mg/mL)(55 mL/hr)/(0.25 mg/mL = 1,892 mL/hr = 31.5 mL/min.  (b) Her rate of urea excretion is (8.6 mg/mL)(55 mL/hr)(24 hr/day) = 11,352 mg/day = 11.35 g/day. This is slightly below normal.


3.
ACE inhibitors cause vasodilation and thus reduce blood pressure. This patient was showing poor renal perfusion already, and this condition would become even worse if the blood pressure dropped significantly. This would explain the renal failure (drop in renal clearance) brought on by the drug.


4.
As the bladder filled and expanded superiorly, the ureters could become kinked like a garden hose. Urine would back up in the ureters and kidneys, causing hydronephrosis.


5.
The PCT is much longer and has a prominent brush border on its epithelial cells, whereas the DCT is much shorter and its epithelial cells are almost smooth-surfaced. Both differences suggest that the PCT has a much greater absorptive function than the DCT. In fact, the PCT reabsorbs about 65% of the glomerular filtrate, whereas the DCT reabsorbs an average of only 14%.

Chapter 24

Testing Your Comprehension


1.
Blood loss results in a drop in blood volume and pressure. The drop in blood pressure stimulates the production of angiotensin II, which stimulates the thirst center.


2.
In this case from Morbidity and Mortality Weekly Reports (9 September 1994), the baby was suffering from hypotonic hydration and hyponatremia because it was losing sodium and other electrolytes in the ordinary course of urination, while the mother was replacing this with sodium-free water. The situation is complicated by the fact that an infant’s kidneys also are less able to conserve sodium than adult kidneys are. Volume excess resulted in the infant’s edema, and the seizures from cerebral edema in particular. The volume excess also produced a state of acidosis, because with less Na+ reabsorption by the renal tubules, less H+ is secreted and more H+ is retained in the body (these are linked by the Na+-H+ antiport). 


3.
At the pH of the extracellular fluid, the carbonic acid reaction HCO3– + H+ ( H2CO3 ( H2O + CO2 would not proceed very far to the right in vitro, and would not buffer very much acid. In vivo, however, the respiratory and urinary systems continually eliminate CO2. By the law of mass action, this keeps the reaction moving to the right and neutralizing more acid.


4.*

Cause
Effect
Reason


a.
( H2O
( Na+
Water dilutes the ECF, causing relative hyponatremia.


b.
( Na+
( Cl–
Cl– passively follows Na+ when Na+ is reabsorbed or retained in the ECF.


c.
( K+
( H+
Hypokalemia causes excess K+ to diffuse out of cells into the ECF. This alters the electrical gradient across the plasma membrane and induces H+ to diffuse into the cells. Thus, the H+ concentration of the ECF drops.


d.
( H+
( K+
In acidosis, H+ diffuses into cells and displaces K+.  The K+ diffuses out of the cells into the ECF, thus causing hyperkalemia.


e.
( Ca2+
( PO43–
Hypocalcemia stimulates parathyroid hormone (PTH) secretion. PTH induces increased calcium reabsorption by the kidneys, while promoting phosphate excretion, ensuring that the calcium remains dissolved in the ECF rather than combining with phosphate and being deposited in the bones.

5.
Chronic diarrhea caused by pathogens in contaminated drinking water (in cholera, for example) can result in hypovolemia and hypotension, which in turn can lead to cardiac arrest. Hypokalemia also develops as diarrhea flushes potassium from the body, especially if there is an inadequate dietary intake of potassium to compensate for it. Hypokalemia can also be a contributing factor in heart failure.

*Caution: Up and down arrow symbols sometimes change during electronic transmission of a manuscript. In case that happens in question 4 here, the symbols in front of the water, sodium, and other symbols above should be up or down arrows as follows (under cause and effect, respectively): 1 up, down; 2, up, up; 3, down, down; 4, up, up; 5, down, down. There are also several superscripts and subscripts in this answer, but those usually survive transmission since they are not in a different font from the rest.

Chapter 25

Testing Your Comprehension


1.
Most alcohol is absorbed by the small intestine, so anything that delays gastric emptying also slows down the process of alcohol absorption and intoxication. The fat in cream, in this case, delays gastric emptying.


2.
Removal of the pancreas would have the most severe (indeed fatal) effect. The stomach is dispensible as long as its absence is compensated for by injections of vitamin B12 or intrinsic factor.  Bile is secreted even when the gallbladder has been removed, and digestion can proceed (although not as well) without bile, anyway. But the pancreas produces most of the digestive enzymes as well as the important hormones insulin and glucagon; we cannot live without it.


3.
The commonalities between carboxypeptidase and aminopeptidase are: (1) They are both brush border enzymes, and (2) they both work by removing one amino acid at a time from oligopeptides. The differences between them are: (1) Aminopeptidase is limited to the brush border, whereas carboxypeptidase is found not only there, but also in the pancreatic juice, and (2) aminopeptidase removes amino acids from the –NH2 end of an oligopeptide, whereas carboxypeptidase removes them from the –COOH end.


4.
Both micelles and chylomicrons are small droplets of lipid with hydrophilic coatings. However, the differences are: (1) Micelles are smaller; (2) micelles are produced and found in the lumen of the small intestine, whereas chylomicrons are produced within the intestinal epithelial cells and are found mainly in the lymph and blood; and (3) micelles are coated with bile acids and lecithin, whereas chylomicrons are coated with protein.


5.
Most dietary lipid is absorbed in the form of chylomicrons, a necessary adaptation for distributing hydrophobic lipids in the aqueous medium of the lymph and blood. Chylomicrons are much too big to pass between or through the endothelial cells of the blood capillaries, but the endothelial cells of a lacteal have large spaces between them through which the chylomicrons and even larger objects (such as bacteria) can pass. 

Chapter 26

Testing Your Comprehension


1.
By blocking electron transfer at this point, cyanide blocks most of the body’s ATP synthesis. The body contains enough ATP to support only a few minutes of life. It would be ineffective to give supplemental oxygen because, if the mitochondria are poisoned by cyanide, they still cannot transfer electrons to it.


2.
Glucagon, epinephrine, and growth hormone act synergistically to promote glycogenolysis and lipolysis, releasing glucose and fatty acids into circulation. While mobilizing glucose, growth hormone antagonizes the effect of insulin, which would otherwise promote glucose storage by means of glycogenesis.


3.
Even if Mrs. Jones is correct that she eats less than her husband and son, women in general have lower average metabolic rates than men and gain more weight for the same caloric intake. Moreover, her son is younger than she is and would also have a higher metabolic rate than she does for that reason.


4.
Vitamins are not a significant source of energy. The energy in one’s diet comes mainly from carbohydrates and fats and to some extent from proteins, but not from vitamins or minerals.


5.
The liver disposes of bilirubin and thyroid hormone, so any degenerative liver disease such as hepatitis interferes with this function and allows those substances to accumulate in the body fluids.

Chapter 27

Testing Your Comprehension


1.
Testosterone acts as a hormone (endocrine secretion) insofar as it is secreted into the bloodstream and affects organs throughout the body. It also acts as a paracrine secretion insofar as it diffuses from the interstitial cells to the nearby seminiferous tubules and stimulates spermatogenesis.


2.
Erection and ejaculation are controlled by autonomic and somatic reflexes mediated by lumbar and sacral segments of the spinal cord, and remain possible even in cases of cervical spinal cord injury. Sexual responses to nongenital stimuli and psychological factors, however, are typically abolished.


3.
Hemoglobin unloads less oxygen at lower temperatures than at higher ones, as shown by the oxyhemoglobin dissociation curve. Thus, it unloads less oxygen to the testes than elsewhere, and the sperm develop in a hypoxic environment. According to one theory, this hypoxia induces sperm to develop their unusually large mitochondria and preconditions them for vigor in the hypoxic environment of the female reproductive tract.


4.
Spermatogonia have the same diploid genome as the somatic cells of the body and therefore do not stimulate an immune response. Primary spermatocytes, however, must migrate to the other side of the blood-testis barrier before they undergo meiosis I, because meiosis I renders the cells genetically different from the somatic cells and thus capable of stimulating an immune attack if they are exposed to the blood. 


5.
Erection is brought about by high blood pressure in the erectile tissues of the penis. Drugs that lower the blood pressure (antihypertensive medications) can thus reduce engorgement of the penis with blood.

Chapter 28

Testing Your Comprehension


1.
Children in puberty exhibit positive nitrogen balance. They are growing rapidly, thus synthesizing new protein. Consequently, their rate of protein (nitrogen) intake exceeds the rate of excretion.


2.
Prostaglandins are one of the stimuli that induce labor contractions. Aspirin and ibuprofen inhibit cyclooxygenase and thus inhibit prostaglandin synthesis.


3.
A loss of the vascular connection between the hypothalamus and pituitary gland should not affect milk production, because lactation results (in part) from the absence of prolactin-inhibiting hormone (PIH). Severance of the hypothalamo-hypophyseal portal system merely ensures that PIH will not be able to exert its inhibitory effect. However, the accident will affect her future ovarian cycles because gonadotropin-releasing hormone (GnRH) will be unable to reach the anterior pituitary. In both cases, the regulatory effect of the hypothalamus on pituitary function is disrupted, but the difference in effect arises because of the difference between the inhibitory and stimulatory effects of PIH and GnRH, respectively.


4.
In the first 6 weeks, the corpus luteum is the major source of progesterone, which is needed to maintain the pregnancy. Therefore, if the ovaries are removed within that time, the pregnancy is aborted. After 6 weeks, the placenta produces the necessary progesterone and the pregnancy is no longer dependent on the corpus luteum. Furthermore, the corpus luteum has degenerated by then and the ovaries are dormant.


5.
Hearing the cry of an infant can lead to stimulation of the hypothalamus, which in turn can stimulate the posterior pituitary gland to release oxytocin, triggering milk ejection. Thus, milk ejection does not absolutely require physical stimulation of the areola or nipple. 

Chapter 29

Testing Your Comprehension


1.
It would likely make her infertile because the blastocyst would be unable to implant on the uterine wall and the embryoblast would have no room for growth.


2.
In principle, and discounting conceivably undesirable side effects, such a drug might slow the progress of atherosclerosis, presbyopia, hearing loss, reduced cardiac stroke volume, restrictive respiratory disease, and joint stiffness.


3.
SOD, like any other enzyme, is a protein and would almost certainly be digested if it were swallowed. Therefore it is unlikely to have any enzymatic activity in the body.


4.
A patent ductus arteriosus allows blood to flow from the aorta, where blood pressure is high, into the pulmonary trunk, where it is lower. Thus, some of the systemic blood is misdirected into the pulmonary circuit, raising pulmonary blood pressure (a). Systemic diastolic pressure is reduced because of the blood diverted from the systemic to the pulmonary circuit (b). The diversion of blood to the pulmonary circuit raises the afterload in the pulmonary trunk, thus putting a stress on the right ventricle that can eventually lead to right ventricular hypertrophy and right-sided congestive heart failure (c). 


5.
Most sperm never reach the vicinity of the egg. They drain out of the vagina, die during migration, or migrate into the wrong uterine tube. Of those that do reach the egg, hundreds may be needed to digest a path for the one sperm that fertilizes it. If 300 million sperm are normally ejaculated and only 3,000 of them reach the egg, then the chance of reaching the egg is about 1 in 100,000. With these odds, if a man ejaculated only 10 million sperm, approximately 100 of them would reach the egg. Even in the unlikely event that they all attacked the same point on the egg (or on the corona radiata), this might not be enough to create a path for a sperm to fertilize the egg.

* Note: Up and down arrows sometimes do not transmit electronically or show up on one computer the same as on another. Therefore, in case there is any question, the left and right arrows, respectively, should be as follows:  (a) up, down; (b) up, up; (c) down, down; (d) up, up; (e) down, down.





