Saladin—Anatomy & Physiology, 3/e

Answer Key

“Before You Go On” questions don’t have an answer key and usually call only for simple recall of information given in the previous few pages. This key includes “Think About It” questions and all chapter review questions. These answers will be distributed between a textbook appendix, instructor’s manual, and web site. Page numbers for TAI questions are from first proofs of the 3/e, and some may change.

Chapter 1, The Study of Human Anatomy

Think About It

p. 3—Aristotle’s concept was that a great variety of complex entities in nature are made from various rearrangements of a smaller variety of simple components, like a vast body of literature composed with a limited alphabet. This holds true for the human body, a very complex entity that is composed of a limited variety of cells and molecules.

p. 7—It would be impossible to falsify the idea that gods or invisible demons cause epilepsy, because gods could just as well conceal their involvement from human detection, and invisible demons would be undetectable. Thus, such explanations of epilepsy would be unscientific. The theory that it is caused by abnormal neurological activity is falsifiable, however, because one can record brain waves during a seizure and see the abnormal activity.

p. 9—The cell theory was arrived at by the inductive method, because it is a generalization drawn from observations of a vast array of organisms, all of which exhibit cellular structure. The cell theory was not arrived at by the experimental testing of hypotheses.

p. 14—Situs inversus could affect emergency diagnosis (for example, the locations of pain from appendicitis) or surgical treatment, so it is advantageous for an emergency medical team to know of this condition before they begin treatment. (It also affects the electrocardiogram, although students would not have a basis for knowing this at this point in their study.)

 p. 22—Sullivan meant that a building should be constructed around the uses to which the occupants will put it, so that it can efficiently serve those purposes. Human anatomy evolves in a way to maximize the efficiency of physiological function. This chapter gives the example of the length of the nephron loop not being the same in all mammals, but being correlated with the animal’s habitat and need for water conservation. Of course, both evolution and embryonic development are imperfect, so we have instances in which human form does not correlate well with function, such as vestigial organs (the auricularis muscles cited in this chapter) and dextrocardia.

Testing Your Recall


1.
a
3.
d
5.
c
7.
a
9.
d


2.
e
4.
a
6.
c
8.
c
10.
b


11.
dissection
16.
set point



12.
Hooke
17.
negative feedback


13.
deduction
18.
organ


14.
psychosomatic
19.
stereoscopic


15.
homeostasis
20.
prehensile, opposable

True or False?

Only the following statements are false, for the reasons given:


3.
Auscultation means listening to body sounds, not inspecting its appearance.


6.
Leeuwenhoek was a textile merchant who built microscopes to examine fabric.


7.
A scientific theory is founded on a large body of evidence, summarizing what is already known.


8.
Both the treatment and control groups consist of volunteer patients.


10.
Negative feedback is a self-corrective process with a beneficial effect on the body.

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

Think About It (None in Atlas A)

Testing Your Recall


1.
a
3.
e
5.
d
7.
a
9.
b


2.
c
4.
d
6.
a
8.
d
10.
d


11.
supine
16.
meninges


12.
parietal
17.
retroperitoneal


13.
mediastinum
18.
medial


14.
nuchal
19.
inferior


15.
hand, foot
20.
cubital, popliteal

True or False?

Only the following statements are false, for the reasons given:


4.
The diaphragm is inferior to the lungs.


5.
The esophagus is in the ventral body cavity.


6.
The liver is in the hypochondriac region, superior to the lateral abdominal region.


9.
The peritoneum lines the outside of the stomach and intestines.


10.
The sigmoid colon is in the lower left quadrant.

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, The Chemistry of Life

Think About It

p. 62—Ionic bonds are not common in the body because the body is mostly water, and ionic compounds quickly dissociate in water.

p. 65—Temperature is a measure of heat energy, not its equivalent. A given amount of heat raises the temperature of some substances more than it does others, showing that the two are not equivalent. For example, 1 calorie raises the temperature of liquid nitrogen four times as much as it does the same amount of water. 

p. 68—A blood pH of 7.20 is called acidosis because it is on the acidic side of normal (7.40).

p. 73—The general formula of carbohydrates is essentially carbon plus water: (CH2O)n—hence the name carbo- (carbon) + -hydr (water).

p. 83—Enzymes are very sensitive to pH and temperature disturbances, so it is important for the body to homeostatically maintain pH and temperature close to the set point.

Testing Your Recall


1.
a
3.
a
5.
a
7.
b
9.
b


2.
c
4.
c
6.
e
8.
c
10.
d


11.
cation
16.
-ose, -ase



12.
free radicals
17.
phospholipids


13.
catalyst, enzymes
18.
cyclic adenosine monophosphate


14.
anabolism
19.
anaerobic fermentation


15.
dehydration synthesis
20.
substrate

True or False?

Only the following statements are false, for the reasons given:


1.
The monomers of a polysaccharide are monosaccharides (simple sugars).


3.
Such molecules are called isomers, not isotopes.


6.
A saturated fat is one to which no more hydrogen can be added.


8.
Above a certain temperature, enzymes denature and cease working.


9.
These solutes have different molecular weights, so 2% solutions would not contain the same amount of solute.

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, Cells

Think About It

p. 96— For one thing, this ensures that damage to one cell, or even to many, destroys a smaller portion of the organ and is less detrimental to organ function. For another, it ensures a large pool of cells that can specialize for different functions within that organ. Another reason is that the plasma membrane and especially the cytoskeleton are unable to physically support cells of excessive size. A large cell, like an extremely full water balloon, will rupture more easily.

p. 99—If the plasma membrane were made of a hydrophilic substance, it would dissolve in the fluids within and around a cell. The membrane would fall apart and the cell would disintegrate. This demonstrates, at a molecular level, the unity of form and function because the hydrophobic structure of the plasma membrane serves the function of containment of the cytoplasm. 

p. 103—Each cilium would push the mucus a short distance forward on the power stroke, but it would fail to “let go” and would pull the mucus back to the starting position on the recovery stroke. Thus the mucus would merely oscillate back and forth rather than moving steadily along the mucous membrane.

p. 107—The fluid would rise to a lower level than before because of a lower osmotic pressure on side A. With more water on side A, more water molecules would move from A to B than in the original experiment, so there would be less net accumulation of water on side A.

p. 111—In order to transfer a ligand to the other side of the plasma membrane, the carrier protein must change shape. This is induced by the binding of the solute to the carrier. Then, in order to pick up a new ligand particle, the protein must change back to its original shape. This is induced by the dissociation of the previous ligand from it. If a protein did not change shape as a result of ligand binding and dissociation, it would be unable to pick up a particle on one side of the membrane and release it on the other. 

Testing Your Recall


1.
e
3.
d
5.
e
7.
a
9.
d


2.
b
4.
b
6.
e
8.
c
10.
b


11.
micrometers
16.
exocytosis



12.
second messenger
17.
nucleus, mitochondria


13.
voltage-regulated
18.
smooth ER, peroxisomes


14.
hydrostatic pressure
19.
ligand-regulated gate


15.
hypertonic
20.
cisterna

True or False?

Only the following statements are false, for the reasons given:


1.
Osmosis does not require ATP. 


3.
Second messengers activate enzymes in the cell; they are not transport proteins.


5.
A channel could not move material from the outside of a cell to the inside unless it extended all the way across the membrane; it must be an integral protein.


6.
The plasma membrane consists primarily of phospholipid molecules.


7.
The brush border is composed of microvilli.

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, Genetics

Think About It

p. 132—The base sequence complementary to ATTGACTCG would be TAACTGAGC.  The DNA described would be 30% cytosine. Since DNA is equal parts adenine and thymine, and we know it is 20% adenine, the total adenine + thymine is 40%. This leaves 60% of the molecule divided equally between cytosine and guanine, at 30% each.

p. 144—A cell has 92 molecules of DNA from the end of the S phase until telophase. This is because it has 46 chromosomes; after the S phase each chromosome has two chromatids; and each chromatid contains one molecule of DNA.

p. 148—At interphase, a cell’s chromatin is too thinly dispersed to be visible with the light microscope. At metaphase, the chromatin is maximally condensed into compact, easily viewed chromosomes.

p. 149—Yes, she could, provided the father had genotype DD or Dd (D = detached, d = attached). To illustrate, change the top row of the Punnett square in figure 4.16 to show d and d in both eggs but leave the sperm the same (representing a heterozygous father). The top two cells of the 2 x 2 square will then show genotypes Dd in the offspring—both of which would show detached earlobes like their father.

p. 149— A person only has two parents, and can only get one of these alleles from each parent. So even if there are three or more alleles for one gene locus in the population as a whole, any one individual can only inherit two of those.

Testing Your Recall


1.
a
3.
c
5.
e
7.
a
9.
d


2.
e
4.
c
6.
b
8.
d
10.
a


11.
cytokinesis
16.
chaperones



12.
alleles
17.
46, 92, 92


13.
genetic code
18.
ribosome


14.
polyribosome
19.
growth factors


15.
RNA polymerase
20.
autosomes

True or False?

Only the following statements are false, for the reasons given:


1.
There are no ribosomes on the Golgi complex; they are on the rough ER.


2.
There are no genes for steroids, carbohydrates, or phospholipids, but only for proteins.


6.
This law describes the pairing of bases between the two strands of DNA, not between mRNA and tRNA.


9.
Males have only one X chromosome, but have two sex chromosomes (the X and Y).


10.
Several RNA polymerase molecules at once can transcribe a gene.

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, Histology

Think About It

p. 169—Since smaller bodies have more relative surface area, they lose heat more rapidly. Brown fat is a heat-producing tissue that helps to compensate for this by releasing heat.

p. 177—In the term muscle fiber, the fiber is an entire cell. In nerve fiber, it is only part of a cell, the axon. In connective tissue fiber, it is not a cell or part of a cell at all, but a nonliving extracellular fiber made by a cell

p. 179—A desmosome links two cells together only at a small spot; it does not form a continuous seal around a cell. Therefore, the digestive enzymes and acid of the stomach could easily pass between cells and digest the underlying connective tissue if the cells were held together only by desmosomes.

p. 183—Stratified squamous epithelia do not secrete mucus or have cilia. Therefore, if significant areas of a smoker’s bronchi had stratified squamous epithelia, the bronchi would be less effective in trapping inhaled dust and other debris and there would be no cilia to drive this debris out of the respiratory tract.  

Testing Your Recall


1.
a
3.
c
5.
c
7.
b
9.
b


2.
b
4.
e
6.
a
8.
e
10.
b


11.
necrosis
16.
skeletal muscle



12.
mesothelium
17.
basement membrane


13.
lacunae
18.
matrix (extracellular material)


14.
fibers
19.
proteoglycans


15.
collagen
20.
simple

True or False?

Only the following statements are false, for the reasons given:


1.
The esophageal epithelium is nonkeratinized.


5.
Adipose tissue is an exception; cells constitute most of its volume.


6.
Adipocytes are also found in areolar tissue, either singly or in small clusters.


7.
Tight junctions serve mainly to restrict the passage of material between cells.


10.
Perichondrium is lacking from fibrocartilage and from hyaline articular cartilage.

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.

Answer Key

Chapter 6, Integument

Think About It

p. 195— The palms and soles are subject to a lot of mechanical stress on the skin, so the skin here benefits by having a slip-resistant, interdigitating boundary between the epidermis and dermis. The face and abdomen are much less subject to stress and have less need of dermal papillae to lock the two layers of skin together.

p. 198— If the whites of the eyes are also yellow, it is a sign of jaundice. If the eyes look normal and only the skin is yellow, the color is probably due only to dietary carotene.

p. 208— The large amount of melanin in the skin is an effective barrier to ultraviolet radiation, largely preventing it from penetrating to the nuclei of the stratum basale and damaging the DNA of the epidermal cells there.

p. 210— A third-degree burn destroys the nerve endings that detect tissue damage and produce the sensation of pain, whereas first- and second-degree burns leave all or some of the pain receptors intact.

Testing Your Recall


1.
d
3.
d
5.
a
7.
c
9.
a


2.
c
4.
b
6.
e
8.
a
10.
d


11.
insensible perspiration
16.
earwax



12.
arrector pili
17.
sebaceous glands


13.
debridement
18.
anagen


14.
cyanosis
19.
dermal papilla


15.
dermal papillae
20.
third-degree

True or False?

Only the following statements are false, for the reasons given:


3.
Keratin is the protein of the epidermis; the dermis is composed mainly of collagen. 


4.
Vitamin D synthesis begins in the keratinocytes.


7.
The hypodermis is not considered to be a layer of the skin.


8.
Different races have about the same density of melanocytes but different amounts of melanin.


9.
A genetic lack of melanin causes albinism, not pallor. Pallor is a temporary, nonhereditary paleness of the skin.

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.

Answer Keys

Chapter 7, Bone Tissue

Think About It

p. 211
Osteoblasts produce a large amount of collagen fiber, so we would expect to see an abundance of the organelles involved in synthesizing and secreting protein. The best answer is rough endoplasmic reticulum and Golgi complex; ribosomes and Golgi vesicles would also be acceptable.

p. 228
The lamellae farthest away from the central canal (around the perimeter of the osteon) are the oldest. They were laid down when the canal was a relatively wide channel at the margin of the metaphysis. As ossification progressed, lamellae were laid down inside these, making the canal narrower and narrower. Lamellae closest to the canal are therefore the youngest.

p. 233
The primary purpose of PTH is to raise the concentration of calcium in the blood and tissue fluid. It does this by promoting the liberation of calcium from the bones and the absorption of calcium by the small intestine. By promoting the excretion of phosphate, it prevents the deposition of calcium phosphate in bone and other tissues and helps to ensure that free soluble calcium remains available for other physiological needs.  

Testing Your Recall


1.
e
3.
d
5.
d
7.
d
9.
b


2.
a
4.
c
6.
a
8.
e
10.
d


11.
hydroxyapatite
16.
osteoblasts



12.
canaliculi
17.
calcitriol [1,25(OH)2D]


13.
appositional
18.
osteoporosis


14.
solubility product
19.
metaphysis


15.
hypocalcemia
20.
osteomalacia

True or False?

Only the following statements are false, for the reasons given:


3.
The most common bone disease is osteoporosis, not fractures.


4.
Bones elongate at the epiphyseal plate, not the articular cartilage.


5.
Osteoclasts develop from stem cells in the bone marrow, not from osteoblasts.


7.
Hydroxyapatite is the major mineral of bone; the major protein is collagen.


9.
The major effect of vitamin D is bone resorption, though it also promotes deposition.

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.

Answer Key

Chapter 8, Skeletal System

Think About It

p. 257
If the teeth had been lost from the skull after death, the alveoli in the mandible and maxilla should be deep and there should be obvious alveolar processes between the alveoli. If the person lived for some time after the tooth loss, the alveoli would fill in and the alveolar processes would be resorbed, leaving a relatively smooth area where the tooth had been.

p. 264
The lower on the vertebral column a vertebra is, the more of the body’s weight it supports. Cervical vertebrae don’t have to be very strong because they support the weight of only the head and neck. Lumbar vertebrae must be relatively strong because they support almost all of the body’s weight except for the lower limbs. Thus the lumbar vertebrae have heavier centrums, and the intervertebral discs in this region are larger, than in the cervical region, and we see a steady trend in heaviness from the cervical through the thoracic and into the lumbar spine.

p. 266
Vertebrae from C3 down allow very little rotation of one bone on the next, so side-to-side movements of the head would be very restricted if C1 and C2 were structured like C3. Also, if C1 and C2 had spinous processes like the others, these processes would also interfere with one’s ability to tilt the head back and look upward. The occipital bone would strike the spinous process and be unable to tilt back as far as it does now.

p. 271
Primates evolved primarily as arboreal mammals. They were able to move about freely in this habitat because of the progressive evolution of an ability to reach out in all directions—straight ahead, out to the side, overhead, behind the body—and to grasp or hang from the branches.  The selection for this ability gave primates, in time, a shoulder joint that is much more mobile than the shoulders of other mammals (think of the limited range of motion of a dog or horse foreleg, for example). Humans are the heirs to this trait that evolved in the treetops. 

Testing Your Recall


1.
b
3.
a
5.
a
7.
c
9.
e


2.
e
4.
d
6.
e
8.
b
10.
b


11.
fontanels
16.
dens


12.
temporal
17.
auricular


13.
sutures
18.
styloid


14.
sphenoid
19.
pollex, hallux


15.
annulus fibrosus
20.
medial longitudinal

True or False?

Only the following statements are false, for the reasons given:


2.
Each hand and foot has 14 phalanges.



3.
The female pelvis is wider and shallower than the male’s.


7.
The lumbar vertebrae have transverse processes but no transverse costal facets.


8.
The most frequently broken bone is the clavicle.


9.
Arm refers to the region containing only the humerus; leg refers to the region containing the tibia and fibula.

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.

Answer Key

Chapter 9, Joints

Think About It

p. 297
In the sacrum and coccyx, the vertebrae fuse together by adulthood, thus becoming synostoses.

p. 303
Some relatively obvious examples of synovial joints that cannot be hyperextended are the interphalangeal joints, metacarpophalangeal joints, elbow, and knee.

p. 307
It would flex the shoulder and extend the elbow as it reached forward, and would probably pronate the forearm to turn the fingers downward toward the object on the ground, and extend the fingers to open the hand. In picking up the object, it would flex the fingers and oppose the thumb to the other fingers in order to grasp the object, then probably supinate the forearm to turn it over, and flex the elbow and extend the shoulder to draw the object closer to its face.

Testing Your Recall


1.
c
3.
a
5.
c
7.
a
9.
b


2.
b
4.
e
6.
c
8.
d
10.
d


11.
synovial fluid
16.
serrate


12.
bursa
17.
extension


13.
pivot
18.
range of motion


14.
kinesiology
19.
labrum


15.
gomphosis
20.
menisci

True or False?

Only the following statements are false, for the reasons given:


1.
Osteoarthritis occurs in almost everyone after a certain age; rheumatoid arthritis is less common.


2.
A kinesiologist studies joint movements; a rheumatologist treats arthritis.


3.
Synovial joints are diarthroses and amphiarthroses but never synarthroses.


7.
The round ligament is somewhat slack and probably does not secure the femoral head.


9.
Synovial fluid is secreted by the synovial membrane of the joint capsule and fills the bursae.

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.

Answer Key

Atlas B, Surface Anatomy

1. f

2. b

3. k

4. p

5. h

6. z

7. o

8. x

9. c

10. a

11. y

12. m

13. n

14. e

15. g

16. v

17. f

18. c

19. y

20. x

21. k

22. d

23. f

24. b

25. a

26. u

27. j

28. i

29. g

30. q

Answer Key

Chapter 10, Muscular System

Think About It

p. 345
There are many possible answers for this. The three listed as intrinsic muscles must be muscles that have their origins and insertions within the head, for example any of the muscles in table 10.2 and several of those in 10.3. Extrinsic muscles have their origins outside the head; examples could include any of the muscles in table 10.4.

p. 346
The muscles are the internal and external intercostal muscles. The membrane is periosteum.

p. 357
Different fibers of the deltoid muscle pull in different directions. Thus, it can flex the shoulder joint by contraction of the anterior fibers and extend the joint by the action of the posterior fibers. 

p. 366
The prime movers would either be too bulky to fit in the hand, or if they fit, they would be too small to produce actions (such as a powerful grip) as strong as those produced by muscles in the forearm. 

p. 369
The downstroke is produced mainly by the gluteus maximus. Leaning forward stretches this muscle to an optimum length for producing a powerful contraction. (Students who have already read chapter 12 may be able to relate this to the length-tension relationship.)

p. 380
Not everyone has a palmaris longus (see table 10.14) or plantaris (see table 10.19).

Testing Your Recall


1.
b
3.
a
5.
e
7.
b
9.
d


2.
e
4.
c
6.
e
8.
a
10.
c


11.
origin
16.
urogenital triangle


12.
fascicle
17.
linea alba


13.
prime mover (agonist)
18.
synergist


14.
hamstring
19.
bipennate


15.
flexor retinacula
20.
sphincter

True or False?

Only the following statements are false, for the reasons given:


3.
The mastoid process is its insertion.


7.
The trapezius is superficial to the scalenes.


8.
Normal exhalation does not employ these muscles.


9.
They result from rapid extension of the knee, not flexion.


10.
They are on opposite sides of the tibia and act as antagonists.

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.

Answer Key

Chapter 11, Muscle Physiology

Think About It

p. 417
The answer is 0.01 sec (10 msec). If the impulse begins in the middle of the fiber, it must travel 50 mm to reach either end of the fiber. (5 x 10-2 m)/(5 m/sec) = 10-2 sec.

p. 429
Stimulate the muscle directly. If it still contracts, then the site of fatigue must be at the synapse (the muscle was still capable of responding but the nerve was not capable of stimulating it). If it does not contract, the muscle itself must be fatigued.

p. 431
Hypertrophy. Muscle cells are not capable of mitosis, and except for a possible minor role of nonmitotic longitudinal splitting of large muscle fibers, increased muscle mass is not thought to result from an increase in cell number, but an increase in cell size.

p. 435
Calcium channel blockers inhibit smooth muscle contraction. Smooth muscle contraction depends on calcium entering the cell from the ECF, and calcium channel blockers prevent this.

Testing Your Recall


1.
a
3.
b
5.
a
7.
e
9.
e


2.
d
4.
d
6.
c
8.
c
10.
b


11.
threshold
16.
myoglobin



12.
tetanus
17.
Z discs


13.
terminal cisternae
18.
varicosities


14.
myosin
19.
tonus


15.
acetylcholine
20.
lactic acid

True or False?

Only the following statements are false, for the reasons given:


1.
A motor neuron may supply 1,000 or more muscle fibers; a motor unit consists of one motor neuron and all the muscle fibers it innervates.


2.
Calcium binds to troponin, not to myosin.


6.
Thick and thin filaments are present but not arranged in a way that produces striations.


7.
Under natural conditions, a muscle seldom or never attains complete tetanus.


9.
A muscle produces most of its ATP during this time by anaerobic fermentation, which generates lactic acid; it does not consume lactic acid.

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.

Answer Key

Chapter 12, Nervous Tissue 

Think About It

p. 445
Nerve cells and muscle fibers share the properties of excitability and conductivity, but neurons also carry out secretion and muscle fibers undergo contraction. 

p. 455
Regeneration of nerve fibers requires a neurilemma and endoneurium, which form the regeneration tube. These structures are absent from the CNS.

p. 463
No, if all Loewi had done was what the question describes, the result would not have been conclusive. It would remain possible that saline alone slows down the heart, or that the saline taken from the first frog had picked up a chemical unrelated to the vagus nerves, and this other chemical slowed down the second frog’s heart. This could be ruled out by removing saline from a frog whose vagus nerves had not been stimulated, bathing a second frog’s heart with this saline, and watching for an effect. (Even this is not conclusive, but is at least a starting point for ruling out alternative explanations of the effect Loewi observed.)

p. 465
The peptide-synthesizing organelles of a neuron are limited to the soma, so neuropeptides can only be synthesized there.

p. 472
In neuronal recruitment, additional neurons are activated as stimulus intensity increases. In motor nerves, this is the basis for multiple motor unit (MMU) summation. When a stronger muscle contraction is needed, more motor nerve fibers fire (neuronal recruitment), thus activating more motor units in the muscle. 

Testing Your Recall


1.
e
3.
d
5.
c
7.
d
9.
d


2.
c
4.
a
6.
e
8.
a
10.
b


11.
afferent
16.
nodes of Ranvier


12.
conductivity
17.
axon hillock, initial segment


13.
absolute refractory period
18.
norepinephrine


14.
dendrites
19.
facilitated zone


15.
oligodendrocytes
20.
neuromodulators

True or False?

Only the following statements are false, for the reasons given:


4.
The Na+ outflow depolarizes the neuron and the K+ inflow repolarizes it.


5.
The threshold stays the same but an EPSP brings the membrane potential closer to the threshold.


7.
The effect of a neurotransmitter varies from place to place depending on the type of receptor present.


8.
The signals travel rapidly through the internodes and slow down at each node of Ranvier.


9.
Synaptic contacts are remodeled, added, and removed throughout life.

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.

Answer Key

Chapter 13, Spinal Cord and Spinal Nerves

Think About It

p. 482
The mobility of the neck, relative smallness of the cervical vertebrae, and frequency of accidents involving violent movements or blows to the head make spinal cord injuries in the cervical region common. Spinal cord injuries do not occur at the L3 to L5 level because the cord does not extend into those vertebrae. 

p. 490
The differences in your perception of the two balls would be their weight (amount of pressure on your hand, amount of tension needed to keep your elbow flexed and hold the object up), texture (smooth or fuzzy), and temperature (iron conducts heat away from the skin faster and so feels cooler). The spinothalamic tract carries signals that would be involved in the perception of the object’s temperature, texture, and pressure on the skin; the cuneate fasciculus also contributes signals concerned with deep touch (pressure) and movement of the joint associated with the weight of the object. 

p. 492
Individual nerve fibers are enclosed in an endoneurium, while muscle fibers are enclosed in an endomysium. Both nerve and muscle fibers are grouped in fascicles. Nerve fascicles are enclosed in perineurium and muscle fascicles in perimysium. Finally, a nerve as a whole is enclosed in epineurium and a muscle in epimysium.

p. 493
The meningeal branch is sensory. There are no muscles or glands (motor elements) in the structures that it innervates.

Testing Your Recall
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e
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c
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b


11.
ganglia
16.
phrenic


12.
ramus
17.
decussation


13.
spinocerebellar
18.
proprioception


14.
crossed extensor
19.
dorsal root


15.
intrafusal fibers
20.
tibial, common fibular

True or False?

Only the following statements are false, for the reasons given:


1.
The gracile fasciculus is an ascending (sensory) tract.


4.
All spinal nerves are mixed nerves; none are purely sensory or motor.


5.
The dura is separated from the bone by a fat-filled epidural space.


8.
Dermatomes overlap each other by as much as 50%.


9.
Some somatic reflexes are mediated primarily through the brainstem and cerebellum.

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).
Answer Key

Chapter 14, Brain and Cranial Nerves 

Think About It

Msp. 14.20— Figure 14.9 is a sagittal section of the brainstem and thus shows structures that are inferior or superior to each other, including the superior and inferior colliculi. Figure 14.10 is a cross section that passes superior to the plane of the inferior colliculi, and thus does not include the inferior colliculi.

Testing Your Recall


1.
c
3.
e
5.
b
7.
a
9.
e


2.
a
4.
a
6.
c
8.
d
10.
e


11.
corpus callosum
16.
precentral


12.
ventricles, cerebrospinal
17.
frontal


13.
arbor vitae
18.
association areas


14.
hydrocephalus
19.
categorical


15.
choroid plexus
20.
Broca’s area

True or False?

Only the following statements are false, for the reasons given:


1.
This fissure separates the cerebral hemispheres, not the cerebellar hemispheres.


2.
The cerebral hemispheres do not develop from neural crest tissue.


5.
The choroid plexuses produce only 30% of the CSF.


6.
Hearing is a temporal lobe function; vision resides in the occipital lobe.


10.
Eye movements are controlled by the oculomotor, trochlear, and abducens nerves; the optic nerve serves only to carry visual information.

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.

Answer Key

Chapter 15, Autonomic Nervous System

Think About It

Msp. 15.9
Slower, because they are unmyelinated fibers.

Msp. 15.16
No, they would be unaffected, because no autonomic nerve fibers exit the spinal cord in the cervical region.

Msp. 15.22
The sympathetic nervous system can influence platelets through the action of blood-borne norepinephrine and epinephrine. A direct neural connection is unnecessary.

Testing Your Recall


1.
b
3.
e
5.
a
7.
d
9.
a


2.
c
4.
e
6.
e
8.
d
10.
c


11.
adrenergic
16.
norepinephrine


12.
dual innervation
17.
sympathetic


13.
autonomic tone
18.
preganglionic, postganglionic


14.
vagus
19.
cAMP


15.
enteric
20.
vasomotor tone

True or False?

Only the following statements are false, for the reasons given:


1.
Both systems are always simultaneously active.


3.
In biofeedback and other circumstances, limited voluntary control of the ANS is possible.


4.
The sympathetic division inhibits digestion.


6.
Waste elimination can occur by autonomic spinal reflexes without necessarily involving the brain.


7.
All parasympathetic fibers are cholinergic.

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 INCOMPLETE; add: tend to stimulate epinephrine secretion, dilate your pupils and respiratory passages, dilate your coronary arteries and speed up your heart, cause your hair to stand on end, cause a dry mouth, increase blood flow to your skeletal muscles, promote glycogen breakdown and glucose mobilization, and inhibit digestive and urinary function.
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. 

Answer Key

Chapter 16, Sense Organs

Think About It

Msp. 16.3
Cold and warm receptors are phasic receptors, since they soon adapt to a sustained change in temperature.

Msp. 16.9
The descending analgesic fiber synapses with the first-order pain fiber and inhibits its release of neurotransmitter. This is a case of presynaptic inhibition, since it blocks transmission across the synapse between the first- and second-order fibers in the pain pathway.

Msp. 16.13
The facial nerve innervates the anterior two-thirds of the tongue, so facial nerve damage could cause a loss of sensitivity to sweet, salty, and sour tastes. The glossopharyngeal nerve innervates the posterior one-third of the tongue, so glossopharyngeal nerve damage could result in a loss of the bitter taste. Fracture of the ethmoid bone can injure the olfactory nerve tracts and cause a loss of smell (anosmia).

Msp. 16.18
The stapedius and tensor tympani muscles are fast glycolytic muscles. The ability to respond quickly to loud noises is more important in these muscles than fatigue resistance, a characteristic of slow oxidative muscles.

Msp. 16.22
When the head or body begins to turn—that is, when it is accelerating—the endolymph briefly lags behind the movement of the semicircular duct wall. Thus, it pushes against the cupula and stimulates the hair cells of the crista ampullaris. If rotary movement of the head is sustained, the duct and endolymph move at the same speed. There is no relative motion between them, so the endolymph does not push against the cupula or stimulate the hair cells. Thus, the crista ampullaris responds only to acceleration, a change in the rate of motion, not to motion per se.

Msp. 16.31
The prime movers in convergence of the eyes are the medial rectus muscles.

Msp. 16.36
When we look directly at a star, we focus this point of light on the fovea centralis. The fovea contains only cone cells, which are not very sensitive to dim light. Therefore, a dim star may not stimulate the receptor cells of the fovea enough to produce an image. When we look slightly away from the star, its image falls on one side of the fovea, in a region with some rod cells. Rods are more sensitive than cones and may therefore respond to the starlight.

Testing Your Recall


1.
a
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c
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e
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b


11.
fovea centralis
16.
stapes


12.
ganglion
17.
inferior colliculi


13.
Na+
18.
taste hairs


14.
otoliths
19.
olfactory bulb


15.
hair cells
20.
referred pain

True or False?

Only the following statements are false, for the reasons given:


1.
These fibers end in the medulla oblongata.


3.
Because of hemidecussation, the right hemisphere receives signals from both eyes.


5.
The posterior chamber, the space between iris and lens, is filled with aqueous humor.


6.
Descending analgesic fibers block signals that have reached the dorsal horn of the spinal cord.


10.
The trochlear and abducens nerves control the superior oblique and lateral rectus, respectively.

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.

Answer Key

Chapter 17, The Endocrine System

Think About It

Msp. 17.20
The neuroendocrine reflex in ADH secretion is an example of homeostasis. Dehydration triggers a reflex that ultimately promotes water conservation by the kidneys, thus helping to maintain a homeostatic state of water balance.

Msp. 17.22
If the thyroid gland is removed, TSH level rises because the hypothalamus and pituitary gland no longer receive negative feedback inhibition from the thyroid.

Msp. 17.30
Loss of the adrenal cortex would be more critical than loss of the adrenal medulla. The adrenal medulla secretes epinephrine and norepinephrine, merely supplementing the effects of the sympathetic nervous system. The adrenal cortex, however, secretes mineralocorticoids and glucocorticoids that are vital to electrolyte balance and metabolism and are secreted by no other organ in the body. Serious disturbances of homeostasis would result from the loss of the adrenal cortex. 

Msp. 17.43
The carbohydrate moiety of a glycoprotein hormone is added by the Golgi complex.

Msp. 17.48–49
Insulin has a quicker effect than estrogen. Insulin binds to a surface receptor, tyrosine kinase, which phosphorylates preexisting cytoplasmic enzymes and immediately causes metabolic changes in the target cell. Estrogen, however, binds to a nuclear receptor and activates genetic transcription, leading to the synthesis of new enzyme molecules. Except for transcription and translation, no metabolic changes will be seen in the target cell until the necessary enzymes are synthesized. Estrogen therefore has a relatively delayed effect.

Testing Your Recall


1.
b
3.
a
5.
c
7.
d
9.
e


2.
d
4.
c
6.
c
8.
c
10.
e


11.
adenohypophysis
16.
granulosa, interstitial


12.
tyrosine
17.
negative feedback inhibition


13.
acromegaly
18.
hypothalamo-hypophyseal portal system


14.
parathyroid
19.
permissive


15.
glucocorticoids
20.
up-regulation

True or False?

Only the following statements are false, for the reasons given:


5.
Hormones are also secreted by the heart, liver, kidneys,  and other organs not generally regarded as glands.



7.
The pineal gland and thymus undergo involution with age.


8.
Without iodine, there is no thyroid hormone (TH); without TH, there can be no negative feedback inhibition.


9.
The tissue at the center is the adrenal medulla.


10.
There are also two testes, two ovaries, and four parathyroid glands.

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. 

Answer Key

Chapter 18, Blood

Think About It

Msp. 18.6
Albumin raises the osmolarity of the blood and thus promotes the osmotic uptake and retention of water by the blood. In doing so, it helps to increase and maintain blood volume.

Msp. 18.15
In dehydration, the water content of the blood is reduced, so the relative amount of all solid matter is increased, including hemoglobin. The resulting high hemoglobin concentration, however, does not necessarily mean the patient has enough total hemoglobin in the blood to meet his or her metabolic needs.

Msp. 18.21
Removing the N-acetylgalactosamine from type A erythrocytes would give their agglutinogens the same antigenic structure as type O cells and render them transfusable into a recipient of any ABO blood type, substantially increasing the availability of safe donor blood for recipients who are not type O. (This question is based on just such an effort reported in Science News, 11 January 1997, 151:24–25.)

Msp. 18.23
If 22% of Japanese Americans have type B blood and 1% are Rh–, then (0.22)(0.01) = 0.22% should be type B–.

Msp. 18.24
In hemolytic disease of the newborn, RBCs break down and release hemoglobin, and the hemoglobin is degraded to bilirubin at such a fast rate that the liver cannot dispose of the bilirubin. It accumulates in the blood and produces jaundice. Splenomegaly, enlargement of the spleen, occurs because the spleen is one of the sites of the accelerated erythropoiesis that occurs in HDN.

Map. 18.35
Aspirin inhibits the enzyme cyclooxygenase and therefore interferes with the synthesis of thromboxanes. Thromboxanes are among the factors that promote platelet aggregation; thus aspirin slightly inhibits hemostasis.

Testing Your Recall


1.
b
3.
c
5.
b
7.
d
9.
d


2.
c
4.
a
6.
d
8.
c
10.
c


11.
hemopoiesis
16.
hemostasis


12.
hematocrit
17.
sickle-cell disease


13.
thromboplastin
18.
polycythemia


14.
agglutinogens
19.
vitamin B12


15.
hemophilia
20.
erythropoietin

True or False?

Only the following statements are false, for the reasons given:


3.
Oxygen deficiency is the result of anemia, not its cause.


4.
Clotting is one mechanism of hemostasis, but hemostasis includes others. Agglutination is unrelated to either of these.


6.
The most abundant WBCs are neutrophils.


9.
The heme is excreted; the globin is broken down into amino acids that can be reused.


10.
In leukemia, there is an excess of WBCs. A WBC deficiency is leukopenia.


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.

Answer Key

Chapter 19, Heart

Think About It

Msp. 19.5
Valvular stenosis reduces cardiac output because the valvular orifice is narrowed and less blood flows through the orifice during systole. Because of reduced cardiac output, the lungs, muscles, and other organs receive less perfusion. A person’s physical stamina (endurance) is compromised because the muscles are not as well supplied with oxygen.

Msp. 19.7
The left ventricle receives more perfusion than the right, corresponding with the fact that it has a heavier workload and more muscular tissue than the right. The left ventricle is supplied by the anterior interventricular, circumflex, and posterior interventricular arteries.

Msp. 19.14
In a neuron, the falling phase of the action potential is caused by K+ outflow and occurs abruptly. In a cardiac myocyte, there is a plateau in the action potential that results from an inflow of Ca2+ and temporary impermeability to K+.

Msp. 19.26
In the initial state, the cardiac output is (70 mL/beat)(70 beats/min) = 4,900 mL/min.  To maintain this output with a stroke volume of 50 mL would require a heart rate of (4,900 mL/min)/(50 mL/beat) = 98 beats/min. 

Testing Your Recall


1.
d
3.
d
5.
e
7.
d
9.
a


2.
b
4.
a
6.
c
8.
e
10.
e


11.
systole, diastole
16.
T wave


12.
systemic
17.
semilunar


13.
atrioventricular (coronary) sulcus
18.
auscultation


14.
Na+
19.
preload


15.
gap junctions
20.
cardiac output

True or False?

Only the following statements are false, for the reasons given:


1.
The coronary circulation is part of the systemic circuit; the other division is the pulmonary circuit.


3.
The first two-thirds of ventricular filling occurs before the atria contract. The atria add only about 31% of the blood that fills the ventricles.


6.
The first heart sound occurs at the time of the QRS complex.


7.
The heart has its own internal pacemaker and would continue beating; the nerves only alter the heart rate.


10.
The ECG is a composite record of the electrical activity of the entire myocardium, not a record from a single myocyte. It looks much different from an action potential.

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.

Answer Key

Chapter 20, Blood Vessels and Circulation

Think About It

Msp. 20.9
The large arteries have an abundance of elastic sheets and fibers in the tunica media; the elastic sheets are not seen in vessels of any other type. These sheets and fibers give the large arteries their ability to stretch and recoil.

Msp. 20.11
The flow will increase by a factor of r4 (r = radius). If the flow were 5 mm/sec at r = 1 mm, then at r = 5 mm the flow would be (5 mm/sec)(54) = 3,125 mm/sec = 3.1 m/sec.

Msp. 20.21
Venous pooling results from gravity (the weight of the blood) drawing blood to the lower regions of the body, especially the lower limbs. The skeletal muscle pump serves to counteract the influence of gravity. But when one is sleeping (assuming one sleeps lying down), gravity does not pull the blood into the lower limbs. The heart is on the same level as the limbs, and gravity and venous pooling are not significant factors. 

Msp. 20.24
Cyanosis.

Testing Your Recall


1.
c
3.
a
5.
b
7.
e
9.
e


2.
b
4.
e
6.
c
8.
a
10.
d


11.
systolic, diastolic
16.
transcytosis


12.
continuous capillaries
 17.
sympathetic


13.
anaphylactic
18.
baroreceptors


14.
thoracic pump
19.
arterial circle


15.
oncotic pressure
20.
basilic, cephalic

True or False?

Only the following statements are false, for the reasons given:


4.
Some veins have valves, but arteries do not.


5.
By the formula F ( r4, the flow increases 16-fold.


8.
The capillaries normally reabsorb about 85% of the fluid they filter; the rest is absorbed by the lymphatic system.


9.
An aneurysm is a weak, bulging vessel which may rupture.


10.
Anaphylactic shock is a form of venous pooling shock.

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.

Answer Key

Chapter 21, Lymphatic and Immune Systems

Think About It

Msp. 21.5
Both lymphatic and blood capillaries are composed of a simple squamous epithelium called the endothelium. In a continuous blood capillary, however, the endothelial cells are closely joined together, with only narrow intercellular clefts between them (and sometimes even those are sealed by tight junctions, as in the blood-brain barrier). In a lymphatic capillary, there are gaps between the endothelial cells large enough to let even bacteria and metastatic cancer cells pass; the endothelial cells are anchored by filaments to neighboring tissue cells; and the gaps between the cells can be opened and closed by valvelike flaps of the endothelium. These structural differences are important to the functions of the respective systems. The blood circulatory system must retain erythrocytes, platelets, and blood proteins in the bloodstream, but the lymphatic system must be able to pick up protein, pathogens, and contaminants from the tissues, returning the protein to circulation and directing pathogens to the lymph nodes where they can be detected and activate an immune response.

Msp. 21.23
The pain of inflammation results partly from prostaglandins. Aspirin blocks the action of cyclooxygenase and thus inhibits prostaglandin synthesis.

Msp. 21.35
Clonal deletion is a case of apoptosis, the normal death of cells that have no further purpose to serve.

Msp. 21.41
Cytotoxic (killer) T cells and natural killer (NK) cells both attack host cells that have become cancerous or infected with viruses, but NK cells do not depend on specific recognition and are thus part of the nonspecific defense system.

Msp. 21.47
IgM is a pentamer with 10 antigen-binding sites, whereas the others are monomers with 2 or dimers with 4. Thus, IgM can bind more antigen molecules together than the other classes of immunoglobulins can.

Testing Your Recall


1.
b
3.
a
5.
d
7.
e
9.
a


2.
c
4.
a
6.
b
8.
d
10.
c


11.
pathogen
16.
pyrogen


12.
lysozyme
17.
interleukins


13.
lymphadenitis
18.
antigen-binding site, epitope


14.
diapedesis (emigration)
19.
clonal deletion


15.
opsonization
20.
autoimmune

True or False?

Only the following statements are false, for the reasons given:


1.
Lysozyme is a bacteria-killing enzyme.


3.
Interferons promote inflammation.


4.
Helper T cells are also necessary to humoral immunity.


9.
Anergy is a loss of lymphocyte activity, whereas autoimmune diseases result from misdirected activity.


10.
Interferons inhibit viral replication; perforins lyse bacteria.

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.

Answer Key

Chapter 22, Respiratory System

Think About It

Msp. 22.8
Both the pleurae and the pericardium are double-layered serous membranes that enclose one of the thoracic viscera, are lubricated by a serous fluid, and allow for the expansion and contraction of the enclosed organ with minimal friction.

Msp. 22.11
The lungs inflate because the chest expands. The inflowing air does not inflate the lungs like air blown into a balloon. Rather, the driving force in inhalation is contraction of the diaphragm and external intercostal muscles, which enlarges the thoracic cavity, creating a drop in pressure that causes an inward flow of air. 

Msp. 22.19
The fibers from the pneumotaxic center inhibit the inspiratory center so that each inspiration is shorter than it would be without this influence. Thus, they produce IPSPs on the inspiratory center neurons.

Msp. 22.22
During expiration, alveolar air mixes with dead air in the trachea and other parts of the conducting division. Since this dead air has not released oxygen to the blood or picked up carbon dioxide from it, it adds oxygen to the expired air and dilutes the expired CO2.

Msp. 22.24
Oxygen loading is one example of a beneficial positive feedback loop. Each oxygen molecule than binds to hemoglobin increases the probability that that hemoglobin molecule will bind another one (up to the maximum of four), so oxygen loading has a self-accelerating quality reflected in the rapid rise of the midportion of the oxyhemoglobin dissociation curve.

Msp. 22.31
A person with emphysema tends to develop a barrel-like chest in which the intercostal muscles are very stretched. According to the length-tension relationship, highly stretched skeletal muscles do not contract very forcefully when stimulated.  Respiration thus becomes weak and shallow.

Testing Your Recall


1.
c
3.
a
5.
e
7.
b
9.
d


2.
c
4.
e
6.
c
8.
a
10.
a


11.
glottis
16.
anatomic dead space


12.
bronchial tree
17.
compliance, elasticity


13.
pulmonary surfactant
18.
inspiratory center


14.
intrapleural, atmospheric
19.
ventilation-perfusion coupling


15.
obstructive
20.
alkalosis, hypocapnia

True or False?

Only the following statements are false, for the reasons given:


1.
The glottis is the superior opening into the larynx, not its inferior exit.



4.
When volume increases, pressure decreases.


5.
Atelectasis can have other causes such as airway obstruction.


8.
In an average 500 mL tidal volume, 350 mL reaches the alveoli.


10.
Most CO2 is transported as bicarbonate ion.

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.

Answer Key

Chapter 23, Urinary System

Think About It

Msp. 23.7
The pathway from afferent arteriole to glomerulus to efferent arteriole to peritubular capillaries is a portal system, since the blood flows through two capillary beds in series before returning to the heart.

Msp. 23.10
Drop in blood pressure ( reduced GFR ( slower flow of tubular fluid ( increased reabsorption ( reduced NaCl concentration in DCT detected by macula densa ( dilation of afferent arteriole or constriction of efferent arteriole ( increased GFR.

Msp. 23.11
An ACE inhibitor would reduce the production of angiotensin II, inhibiting constriction of the efferent arteriole. Consequently, the blood pressure in the peritubular capillaries would be higher than it is in the presence of angiotensin II, and this blood pressure would oppose and reduce tubular reabsorption.

Msp. 23.23
The renal clearance of glucose is normally zero. Although glucose is filtered by the glomerulus, normally all of it is reabsorbed by the PCT and none remains in the urine. 

Testing Your Recall


1.
a
3.
b
5.
b
7.
d
9.
c


2.
d
4.
c
6.
b
8.
e
10.
a


11.
micturition
16.
transport maximum


12.
renal autoregulation
17.
antidiuretic hormone


13.
trigone
18.
internal urethral


14.
macula densa
19.
protein


15.
podocytes
20.
arcuate

True or False?

Only the following statements are false, for the reasons given:


1.
Parathyroid hormone regulates calcium absorption by the PCT.


2.
There is more urea and chloride ion than sodium ion in the urine.



4.
A substantial amount of tubular fluid is reabsorbed by the paracellular route, passing through leaky tight junctions.


5.
Glycosuria does not occur in diabetes insipidus.


8.
Urine can be as dilute as 50 mOsm/L.

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%.

Answer Key

Chapter 24, Water, Electrolyte, and Acid-Base Balance

Think About It

Msp. 24.7
The excessive level of ADH produced by such tumors causes the kidneys to retain water even though they continue to excrete sodium. This leads to hypotonic hydration.

Msp. 24.13
Excess aldosterone secretion promotes sodium retention and potassium depletion, potentially leading to hypokalemia. Hypernatremia does not occur because proportionate amounts of water are retained with the sodium. However, the retention of both sodium and water can lead to the fluid imbalance called volume excess. Hypokalemia can lead to paralysis because it induces greater diffusion of K+ from the ICF to the ECF, causing nerve and muscle cells to become hyperpolarized and less excitable than normal.

Msp. 24.16
By the time blood passes through the systemic capillaries and enters the veins, it has picked up CO2 from respiring tissues. The CO2 lowers its pH.

Msp. 24.17
The most important protein buffer in the blood plasma is albumin and the most important protein buffer in the erythrocytes is hemoglobin.

Msp. 24.21
A person with emphysema can be expected to show a lower urine pH and higher ammonium chloride concentration than a healthy individual. This is because emphysema produces respiratory acidosis, the kidneys secrete more acid into the tubular fluid, and they produce more ammonia to buffer the acid.

Testing Your Recall


1.
c
3.
a
5.
d
7.
e
9.
d


2.
a
4.
a
6.
c
8.
b
10.
b


11.
Na+
16.
hyperkalemia


12.
K+
17.
hyponatremia


13.
metabolic water
18.
respiratory acidosis


14.
cutaneous transpiration
19.
limiting pH


15.
fluid sequestration
20.
osmolarity

True or False?

Only the following statements are false, for the reasons given:


2.
Aldosterone has only a small influence on blood pressure.


5.
PTH promotes calcium absorption but phosphate excretion. 


6.
Protein buffers more acid than bicarbonate or phosphates.


9.
More water than salt is lost, so the body fluids become hypertonic.


10.
Aquaporins are found in the distal tubule and collecting duct.

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.

Answer Key

Chapter 25, Digestive System

Think About It

Msp. 25.9
To keep from biting the tongue any more than we already do, it is important that the neuromuscular system coordinate tongue and chewing movements. To do this, it must be “aware” at all times of the contraction of the lingual and jaw muscles, and it is the proprioceptors that provide the brain with this information.

Msp. 25.17
The esophagus has a stratified squamous epithelium, a type that is well adapted to resist abrasion by the food passing down it. The stomach has a simple columnar epithelium. It is less subject to abrasion, and the apical portion of the tall columnar cells reflects their secretory function; it is filled with secretory vesicles containing mucin.

Msp. 25.26
If the liver cannot reclaim the bile acids it secretes, it must make more bile acids to replace them. Bile acids are synthesized from cholesterol. Thus, the more we block the recycling of bile acids, the more we consume cholesterol to make new, replacement bile acids.

Msp. 25.27
High duodenal pH ( secretin secretion ( increased bicarbonate secretion by the pancreas and liver ( buffering of stomach acid by bicarbonate ( reduced duodenal pH.

Msp. 25.29
Both the small intestine and proximal convoluted tubule are characterized (especially in comparison to the large intestine and distal convoluted tubule) by relatively great length and prominent brush borders. This is because both of these organs are highly engaged in absorption. Length and microvilli both contribute to absorptive surface area. Thus, in keeping with the form and function theme, we see that the structure of these two passages (large surface area) reflects their absorptive function.

Msp. 25.36
The right lymphatic duct drains the head, neck, and right upper limb. It does not drain the intestines, so it has no opportunity to absorb dietary fat.

Msp. 25.37
Women of reproductive age lose iron by periodic menstruation. The relative abundance of iron transport proteins in the intestine helps to compensate for this.

Msp. 25.37
Because it is poorly absorbed, magnesium sulfate remains in the intestinal lumen, where it raises the osmolarity and promotes the retention of water in the lumen. The retained water softens the stool and thus accounts for the laxative effect.

Testing Your Recall


1.
b
3.
c
5.
a
7.
a
9.
a


2.
d
4.
e
6.
c
8.
a
10.
a


11.
occlusal
16.
gastrin


12.
amylase, lipase
17.
sinusoids


13.
parotid
18.
maltase, maltose


14.
enteric
19.
chylomicrons


15.
vagus
20.
iron

True or False?

Only the following statements are false, for the reasons given:


1.
Fat digestion begins in the stomach.


2.
Most of the tooth is dentin.


3.
Hepatocytes secrete bile into the bile canaliculi.


7.
Intrinsic factor is involved in the absorption of vitamin B12.


10.
Water, glucose, and other nutrients pass between cells, through the tight junctions.

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. 

Answer Key

Chapter 26, Metabolism

Think About It

Msp. 26.3
CCK is a protein, so if taken orally, it would probably be digested and would have no pharmacological effect.

Msp. 26.7
By the time blood passes through the capillaries and into the veins, it has given up some of its glucose to the tissues. Thus, less glucose is found in the venous blood than in the arterial blood (exceptions being in the hepatic portal system during the absorptive state, and from the hepatic veins to the left ventricle in the postabsorptive state). 

Msp. 26.13
Such a person will be in a state of positive nitrogen balance, because the individual is using amino acids to synthesize protein and rebuild damaged tissue. Nitrogen intake thus exceeds nitrogen excretion in such circumstances.

Msp. 26.20
Lactic acid has more free energy than pyruvic acid. The fermentation step that converts pyruvic acid to lactic acid is a reduction reaction. Reduction reactions increase the free energy content of the product.

Testing Your Recall


1.
a
3.
b
5.
b
7.
c
9.
d


2.
c
4.
e
6.
e
8.
a
10.
d


11.
incomplete
16.
insulin


12.
glycogenolysis
17.
core temperature


13.
gluconeogenesis
18.
hypothalamus


14.
urea
19.
cytochromes


15.
liver
20.
ATP synthase, ATP

True or False?

Only the following statements are false, for the reasons given:


1.
Leptin suppresses the appetite.


4.
Most of the cholesterol is endogenous, not dietary.


5.
Excessive protein intake can cause renal damage.


8.
Gluconeogenesis is a postabsorptive phenomenon.


9.
Brown fat does not generate ATP.

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.

Answer Key

Chapter 27, Male Reproductive System

Think About It

Msp. 27.7
No, because the whole idea of the blood-testis barrier is to isolate the germ cells from the circulatory system. If there were blood capillaries in the tubule wall, T cells or antibodies would attack the germ cells and cause sterility. This trait (vascularization of the seminiferous tubules) would not persist for long in the gene pool!

Msp. 27.13
Castration is followed by a rise in FSH and LH levels because of the sudden absence of negative feedback inhibition of the pituitary by the gonads.

Msp. 27.20
If the corpus spongiosum engorged as much as the corpora cavernosa, it would compress the urethra and interfere with ejaculation.

Testing Your Recall


1.
a
3.
a
5.
a
7.
e
9.
d


2.
a
4.
c
6.
d
8.
c
10.
d


11.
mesonephric
16.
seminal vesicles


12.
fructose
17.
sustentacular


13.
pampiniform plexus
18.
secondary spermatocyte


14.
secondary spermatocytes
19.
deep


15.
tunica albuginea
20.
acrosome

True or False?

Only the following statements are false, for the reasons given:


4.
Only the testes are primary sex organs.



5.
Female development results from a low testosterone level, not from estrogen.


7.
The pampiniform plexus prevents the testes from overheating.


8.
Sperm are stored in the epididymis.


9.
There is no such phenomenon as male menopause.

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.

Answer Key

Chapter 28, Female Reproductive System

Think About It

Msp. 28.5
The conversion of the vaginal mucosa to stratified squamous epithelium preadapts the vagina to the abrasive forces of intercourse and childbirth. No other epithelium is as abrasion-resistant as stratified squamous epithelium.

Msp. 28.10
During climacteric, the ovaries become less and less functional as follicles are depleted. Thus, the levels of ovarian hormones (estrogen and progesterone) decline and with this, there is less negative feedback inhibition of the pituitary. Without this inhibition, the pituitary secretes more FSH and LH than normally.

Msp. 28.15
Up-regulation, the synthesis of increased numbers of hormone receptors, resulting in increased hormone sensitivity of the target cell, is exemplified by the way that estrogen stimulates follicles to produce more FSH receptors and thus become more sensitive to FSH. The permissive effect, in which one hormone enables target cells to respond to another hormone to come later, is exemplified by the way the estrogen of the first half of the cycle induces the synthesis of progesterone receptors in the uterus, so the uterus responds to the progesterone secretion that follows ovulation.

Msp. 28.30
Both breasts will eject milk, because milk ejection is not a direct response to suckling at one nipple, but a response to oxytocin in the bloodstream. Oxytocin cannot be selectively directed to just one breast. 

Testing Your Recall


1.
a
3.
c
5.
e
7.
b
9.
c


2.
d
4.
a
6.
b
8.
b
10.
c


11.
follicle
16.
antrum


12.
endometrium
17.
climacteric


13.
menarche
18.
conceptus


14.
corpus luteum
19.
infundibulum, fimbriae


15.
corona radiata
20.
lochia

True or False?

Only the following statements are false, for the reasons given:


1.
Only the ovum and corona radiata cells enter the uterine tube, not the whole follicle.


2.
HCG is secreted by the placenta.


5.
Many eggs and follicles undergo atresia during childhood, so their number is reduced by the age of puberty.


6.
Prolactin is secreted during pregnancy but does not induce lactation then.


10.
Only the superficial layer (functionalis) is shed.

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. 

Answer Key

Chapter 29, Human Development

Think About It

Msp. 29.3
Both the slow block to polyspermy and acetylcholine release by a neuron are processes of exocytosis triggered by an inflow of calcium ions.

Msp. 29.9
(a) Epithelial tissue is derived from ectoderm and endoderm; (b) connective tissue is derived  from mesoderm; (c) Muscular tissue is derived from mesoderm; and (d) nervous tissue is derived from ectoderm.

Msp. 29.23
Anemia ( renal hypoxia ( death of nephrons ( reduced erythropoietin secretion ( depressed erythropoiesis ( anemia. The feedback loop could start at any point in this sequence, as long as it is completed by coming back to the starting point.

Testing Your Recall


1.
b
3.
c
5.
a
7.
c
9.
d


2.
b
4.
c
6.
e
8.
a
10.
d


11.
teratogens
16.
acrosome


12.
nondisjunction
17.
collagen


13.
life span
18.
Down syndrome


14.
life expectancy
19.
foramen ovale


15.
chorionic villi
20.
embryo

True or False?

Only the following statements are false, for the reasons given:


1.
Sperm require about 10 hours to become capacitated and able to fertilize an egg.


2.
Fertilization occurs in the uterine tube.


3.
Several early-arriving sperm clear a path for the one that fertilizes the egg.


8.
Blood bypasses the lungs via the foramen ovale.


10.
Exercise improves the quality of life in old age, but has not been shown to increase life expectancy significantly.

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.





