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Preface

n teaching physiology over the years, we have observed

that students at the undergraduate level differ widely in

their motivations for studying physiology. After college,
some go on to graduate study in science or health-related
professions, others obtain work in research labs or industry,
and still others pursue careers in non-scientific fields. For
all of these students, regardless of their backgrounds or as-
pirations, the study of physiology should be an immensely
rewarding and valuable experience, and we hope that this
text will help to make it that way.

We have noticed that most students eagerly approach
physiology at the start of the course, but some run into diffi-
culty with the subject and lose their motivation. Why do
some students find physiology so challenging? One reason,
perhaps, is that students are trained to memorize facts,
whereas physiology requires the understanding of concepts.
Another possibility is that physiology requires a broad back-
ground in other sciences, such as biology, chemistry, and
physics. Some students are unprepared in one or more of
these subjects, which makes their study of physiology more
difficult, and often leads to disappointment and
frustration.This text aims to make it as easy as possible for
students to learn physiology while at the same time giving
them a solid treatment of the subject. The book accomplishes
this by providing tools to facilitate un-
derstanding, providing a beautiful,
pedagogically sound art program to

lengthy explanation, causing students to lose track of where
they are and how a topic relates to physiology as a whole.
To aid students in understanding, our text employs an infor-
mal writing style with minimal jargon. In addition, we focus
on core concepts and key information that students will find
useful or interesting. Much effort has been expended to
eliminate extraneous information, which tends to distract
rather than inform.

MATH, PHYSICS, AND
CHEMISTRY TOOLBOXES

A quick glance through the text reveals the strategic use of
Toolboxes (Figure 1). We created these boxes to untangle
coverage of math, physics, and chemistry from the body of
the text, but still keep these topics available to students
who might need review in these subjects. Toolboxes give
students what they need to know when they need to know
it. To ensure clarity, concepts are explained using

real examples.

support the text, stimulating student
interest in human physiology,

EQUILIBRIUM POTENTIALS AND
Il THE NERNST EQUATION "

integrating the subject material, and
providing reinforcement of the most
important concepts.

CLEAR AND PRECISE
WRITING STYLE

Reviewers of this text tell us the one
thing they want their students to do
is grasp the central concepts of physi-
ology. Unfortunately, physiology can
be heavy on distracting jargon and
“information overload.” In addition,
complex concepts may require

With knowledge ol an ion’s charge and its intracellular
and extracellular concentrations, we can lind the equi-
librium potential of any ion using the Nernst equation:

6l C
E=——log—=2
z log G

where E is the equilibrium potential, z is the charge
(valence) ol the ion, and C, and C; are the concentra-
tions outside and inside the cell, respectively. In this
form, the equation gives the value ol the equilibrium
potential in millivolts and assumes that the temperature
is at or near the normal body temperature of 37°C.
Using typical intracellular and extracellular concen-

trations, we can find the equilibrium potential for
sodium, Ey,, by making the appropriate substitutions, as
follows:

61 145 mM

= log—

Ena = — -=60.1 mV = 60 mV
M s M '

In similar fashion, we can find the equilibrium potential
for potassium, Ey:
61 i 4 mM

L- = —
KT % a0 mm

=-942mV = —94 mV

Note that in both cases, the valence is +1, so that the
sign of the equilibrium potential depends solely on the
direction of the concentration gradient. Note also that
Eg is larger in magnitude than Ey,. This makes sense be-
cause a larger concentration gradient requires a larger
membrane potential to balance it, and the K gradient is
larger than the Na' gradient. Il a concentration gradient
is small, intracellular and extracellular ion concentra-
tions will be more nearly equal. If the concentrations
are identical, the ratio C,/C; equals 1, making the equi-
librium potential equal to zero. (Recall that the log of 1
is zero.) As the concentrations become more and more
dissimilar, the ratio becomes either much larger or much
smaller than 1, making the log term larger and more
positive, or larger and more negative, respectively.

FIGURE 1 Toolboxes pull math, chemistry, and physics out of the text, but keep the information available

to students who may need review.



BEAUTIFUL, PEDAGOGICALLY
SOUND ART PROGRAM

Instructors tell us that the illustrations and photos in a
book can greatly impact students” chances of understanding
and retaining material. The art that accompanies the text
was crafted specifically for this text. We carefully thought
through each figure to make the art tell the story of the text
and help students understand physiological concepts.
Beautifully drawn anatomy diagrams (Figure 2)
succinctly illustrate the structures that students need to
know to understand the physiology. Numerous flow
charts (Figure 3) visually describe processes, neatly sum-
marizing cause and effect relationships, and showing nega-
tive feedback loops where applicable. Rectangular boxes in
these charts show events such as changes in physiological
variables, and ovals represent structures such as cells,
organs, or tissues, that either cause or respond to these
events.

Arrows pointing up or down show increases or decreases.
Selected flow charts appear on the book’s web site at
www.physiologyplace.com, where students can test
their understanding of physiological processes by completing
the flowcharts online. Consistent, pedagogically sound
use of color and shapes means students understand the
art intuitively (Figure 4). For example, consistently colored
arrows denote active and passive transport throughout the
art, so students come to recognize them as they work
through the text.

Where possible, the text art matches up with the art in the
media offerings, to provide a seamless path from text to
media for students.

Primary motor cortex

FIGURE 2 Appealing anatomy
diagrams appear where students
may need review of structures.

Premotor cortex
(coordinates
voluntary
movements)

Prefrontal
association

areas (idea and

plan for voluntary
movement, thoughts,
personality)

Broca's area
(speech formation)

FIGURE 3 Easy-to-follow flow-

charts visually describe processes. Olfactory cortex

(smell)
Rectangles show events, ovals show Limbic association
o L " 5 - cortex (emotions,
structures, and arrows 5/1(7W learning, and memory)  Primary auditory
increases and decreases. Selected cortex (hearing)
charts appear as activities at
www.physiologyplace.com.
______________ Plasma ?
o glucose

Beta cells
in pancreas

Insulin f
secretion

e - - -

Negative
feedback

Liver and
muscle

Glycogen
synthesis

Glycogenolysis

Glucose uptake 4
into cells

Gluconeogenesis {

\

Mmoo Plasma
glucose ‘
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Central sulcus

(voluntary movement)

Primary somatosensory
cortex (somesthetic sensations
and proproprioception)

Sensory association
areas (integration of
sensory information)

Visual association
areas (higher vision
processing)

Primary visual cortex
(vision)

Wernicke's area

(language
comprehension)

Auditory
association
areas

FIGURE 4 Consistent illustrations.
Structures shown here, including extracellular
fluid, intracellular fluid, ion channels, and
ions, appear in the same shape and color
throughout the text.
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STIMULATING STUDENT
INTEREST

Instructors across the country have confirmed what we have
observed in our classrooms: Students are stimulated to learn
more when they understand how a subject relates to real
life. To capitalize on this interest, we discuss topics of clinical
relevance within the text where appropriate. In addition,
Discovery boxes (Figure 5) discuss clinical applications of

physiology (other than disease), new discoveries in physiol-
ogy, physiological topics relevant to everyday life, or simply
interesting facts about the system under discussion. When It
Goes Wrong boxes (Figure 6) discuss certain disorders and

treatments in more depth.

DISCOVERY

| VAULTS AND CHEMOTHERAPY

Vaults, shown in the accompanying
figure, were discovered by researchers in
the 1980s. Even though virtually every
cell in the body has thousands of vaults,
their function has still not been estab-
lished. Current hypotheses suggest that
vaults function in the transport of mole-
cules, such as mRNA, from the nucleus to
the cytoplasm, and that they may also
have a role in protein synthesis.

Inthe late 1990s researchers discov-

called multidrug resistance, have a greater
concentration of vaults in their cells.
However, this correlation does not prove
that the increased number of vaults is
the cause ol the drug resistance; [urther
studies are needed to determine if and
how vaults influence drug resistance. In
addition, a protein found in vaults, called
major vault protein or MVP, is elevated in
these patients. In the future, MVP may be
nsed aca marker 10 identifv natients wha

FIGURE 5 Discovery
boxes reveal relationships
between concepts presented
in different chapters, and
discuss interesting topics
and emerging discoveries
in further detail.

ered tf
ance t

FIGURE 6 When It Goes Wrong
boxes focus on disease conditions

related to the topics of each chapter, and

connect the topics to the real world.

WHEN IT GOES WRONG

TREATING DEPRESSION

ost people feel a little blue

now and then, and most peo-
ple have had experiences that
made them extremely sad, such
as the death of a loved one. At
such a time, people may describe
themselves as being depressed.
But clinical depression is much
more than feeling sad, and gen-
erally it is not induced by an
event.

Depression has many symp-
toms, including lack of energy,
abnormal eating habits (too much
or too little), and/or difficulty
sleeping or sleeping too much.
often the person feels worthless
and may be preoccupied with
thoughts of suicide. A depressed
person has difficulty functioning
in society. The cause(s) of de-
pression and its symptoms are
not well understood, but depres-
sion is an illness associated with
biochemical changes in the brain.

Much evidence suggests that
depression is associated with de-
ficiencies in the biogenic amines
serotonin and norepinephrine.
Indeed, one of the side effects
associated with medications that
decrease biogenic amines—such
as the drug reserpine, used to
treat high blood pressure—is de-
pression. Therefore, pharmaco-
logical treatment strategies
often seek to increase biogenic
amine concentrations in the
brain.

one class of antidepressants
is monoamine oxidase inhibitors.
Monoamine oxidase is the enzyme

that breaks down biogenic
amines, including norepinephrine
and serotonin. Because these
antidepressants inhibit their
degradation, these neurotrans-
mitters remain in the synaptic
cleft for a longer period of time;
the effect is similar to having in-
creased the release of these
neurotransmitters. Monoamine
oxidase inhibitors, including
phenelzine (Nardil™) and isocar-
boxazid (Marplan™), have been
used successfully to treat many
cases of clinical depression.

In many neural circuits,
monoamine oxidase is located
inside the presynaptic neuron,
where it degrades neurotrans-
mitters that have been actively
transported back into the cell
that released them (reuptake).
In these cells, inhibition of
monoamine oxidase is believed to
increase the amount of neuro-
transmitter that is packaged into
synaptic vesicles. The result is
that more neurotransmitter is re-
leased in response to a given
stimulus.

A relatively new class of com-
monly used antidepressants (first
approved by the FDA in 1987) is
selective serotonin reuptake
inhibitors (SSRIs). By decreasing
the reuptake of serotonin into
the cell that released it, SSRIs
selectively increase the amount
of serotonin present at the
synaptic cleft. SSRIs are more
specific than monoamine oxidase
inhibitors because they only

affect serotonergic synapses.
SSRIs include fluoxetine
(Prozac™) and paroxetine
(Paxil™).

Another class of commonly
used antidepressants is the tri-
cyclics, named for the presence
of three carbon rings. Although
tricyclics are the oldest of the
antidepressants (first used in
the 1950s), their mechanisms of
action are the least understood.
Several hypotheses on the mech-
anisms have been proposed, most
of which involve alterations of
activity at adrenergic or seroton-
ergic synapses. Tricyclics include
imipramine (Tofranil™), amitripty-
line (Elavi™), and desipramine
(Norpramin™).

Does it surprise you that even
though a drug has been around
for about 50 years, the mecha-
nism of its action is unknown?
This is actually a fairly common
occurrence, as drugs are often
used with little knowledge of
their mechanism of action. Even
the therapeutic benefits of
monoamine oxidase inhibitors and
SSRIs for depression are not fully
understood, for even though
these drugs immediately decrease
monoamine oxidase activity or
serotonin reuptake, respec-
tively, they do not affect the
depression until they have been
taken for several weeks. Much
research remains to be done on
the mechanisms of action of
antidepressants and other
medications.
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INTEGRATING SUBJECT
MATERIAL

One of the challenges and rewards of studying physiology is
understanding how concepts tie together. To help students un-
derstand the overall function of individual systems, we
summarize topics in Orientation Charts (Figure 7A). These
charts show how the topics presented in a chapter, or series of
chapters, fit together. They clarify how organ systems work as
a whole to perform a function, such as delivering oxygen to
and removing carbon dioxide from tissues. Where applicable,
partial orientation charts (Figure 7B) summarize chunks
of information in the chapters. The large orientation charts
pull together all of the pieces from the smaller charts.

Single organ systems do not function alone; therefore,
at the end of each system chapter, or series of chapters,
Systems Integration charts (Figure 8) show how each
organ system influences the others.

Finally, to present physiology as an integrated whole, the
text concludes with a chapter on the body’s physiological
response to exercise. Exercise affects virtually all aspects of
body function and is a topic of interest for many students
making it an ideal “capstone” for the entire book. Chapter 1
concludes with a story that follows two fictional characters,
Bill and Jane, as they run a marathon race from beginning
to end. In each chapter, Exercise Links (Figure 9) discuss
the relevance of specific topics to exercise in the context of
the marathon story. Thus, the marathon story serves as a
thread that wends its way through the entire book, guiding
the students toward the story’s culmination in the final
chapter.

Organ blood flow

O, DELIVERY TO TISSUES AND CO> REMOVAL FROM TISSUES

!

I Po, / Pco, in systemic arterial blood l

I Perfusion of individual alveoli ]

FIGURE 7R Orientation Charts

I Partial pressure gradient across respiratory membrane I | Vascular resistance l

tie concepts within systems together. J

t t

I Mixed venous P, / Pco, ] l

Alveolar Pg, / Po, | L Vascular radius |

t

f f t

Rates of O,
consumption,
CO, production

vascular smooth muscle

Atmospheric l Minute alveolar ventilation | Contractile activity of pulmonary
PO, / PCO:

l Lung volume | T
T T Metabolic
activity of
Lung compliance Transpulmonary pressure tissues

Surface tension Elastic

t t i
I

Intrapleural pressure |

!

Local factors
PO;. / PCO;

I Minute ventilation |
T T Epinephrine

Dead space

volume

of fluid lining tissue in s theti
Iveoli [ I i irati ympathetic
alveoli ung wal t T T l Tidal volume ] [ Respiration rate I nérves to blood
Elastic recoil Elastic recoil Contractile activity vessels
of lungs of chestwall of breathing muscles
I Air flow —l
I Motor neurons to diaphragm and intercostals I T
I Pressure gradient across airways |
FIGURE 7B Partial Orientation Charts T T
tie manageable chunks of information | Atmospheric pressu;l | Intra-alveolar pressure }—
together, which are then pulled into a larger T T
orientation chart. | Quantity of air in alveoli l Volume of alveoli l I Contractile activity of airway smooth muscle
| Lung volume —I Local factors
T T Po, ! Pco,

I Lung compliance I

| Transpulmonary pressure |<— | Epinephrine |

t i

Surface tension Elastic
of fluid lining tissue in
alveoli lung wall

T Parasympathetic
| Intrapleural pressure | nerves to airway

Elastic recoil Contractile activity
of chestwall

Elastic recoil

of lungs of breathing muscles

| Motor neurons to diaphragm and intercostals I
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SYSTEMS INTEGRATION

NERVOUS SYSTEM

Urinary System Digestive System
Autonomic and somatic ‘Autonomic neurons regulate
neurons regulate urination .smooth muscle and glands of
Autonomic neurons regulate Vlg‘astroin,testinarl‘ tract
glomerular filtration rate . Autonomic neurons regulate
enteric nervous system

Somatic neurons regulate skeletal
muscles of esophagus and
sphincters

Nervous System

Reproductive System

Autonomic neurons control
arousal, erection and ejaculation

Afferent neurons provide input to
endocrine cells controlling parturition

Afferent neurons provide input to
endocrine cells controlling milk
production and ejection from breasts

medulla

Immune System Muscles

Hypothalamus induces fever in / g ; : \

immune response

Autonomic neurons regulate Cardiovascular System

Respiratory System

Respiratory centers in brainstem
regulate rate and depth of ventilation

Endocrine System

Neural input affects secretion of
hormones by hypothalamic
neurosecretory cells

Neural input determines secretion
of vasopressin and oxytocin from
posterior pituitary

Autonomic neurons regulate
hormone secretion from adrenal

Somatic neurons stimulate skeletal
response to chemical mediators of / A8 muscle contraction

b Autonomic neurons stimulate/
inhibit smooth muscle contraction

ymphoid organs Cardiovascular centers in Autonom
Stress stimulates CRH secretion brainstem regulate heart beat decreasg
(and thus, cortisol secretion) and blood veé’seg\radius through cardiac n|

through neural pathways autonomic neurons

FIGURE 8 Systems Integration charts at the end of each set of system
chapters reinforce how each body system connects to the others.

FIGURE 9 Exercise Links tie each chapter
to a marathon story introduced in Chapter 1
and discussed in detail in Chapter 23.

M Exercise Link

Although a person does not con-
sciously sense blood pH or the other
individual inputs from visceral re-
ceptors, there may be times when
we are able to sense the overall
message being sent by these recep-
| tors. In the later stages of the
marathon, Jane and especially Bill
experienced two sensations that we
call fatigue. One was a reduction in the responsive-
ness of their leg muscles because metabolic fuels
were running low and waste products were building
up in ways that hampered normal function. The
other sensation is variously called “central” or
“psychological” fatigue. Although physiologists do
not fully understand this second type of fatigue,
itis suspected that visceral receptor inputs, along
with influences of body temperature and blood
glucose levels, feed back on the motor cortex,
reducing the drive to exercise. In addition, these
inputs touch on the edge of our consciousness

to produce those hard-to-describe feelings we
associate with fatigue.

Preface  xi



MEDIA

Benjamin Cummings has long been a leader in technology
with fun, innovative software programs that truly teach
conceptual material. We developed the text with this in
mind. You’'ll find that the media offerings described here
will help students take their learning a step beyond what is
in the book. Animations and tutorials bring the concepts in
the book to life and help students with different learning

styles. The following illustrations show, for example, how
glomerular filtration is covered in multiple ways: in a fig-
ure in the text (Figure 10) in a case study at The Physiology
Place (Figure 11), in a tutorial in InterActive Physiology®
(Figure 12) and in an experiment on PhysioEx™ (Figure
13). Quizzes allow students to test their knowledge as they
work through the material online or on CD-ROM.

Glomerular filtration. (a) Glomerular filtration pressure is the result of four Starling forces: (1) hydrostatic
pressure in the glomerular capillaries (P...), (2) hydrostatic pressure in Bowman's capsule (P,.), (3) oncotic
pressure in the glomerular capillaries (w..), and (4) oncotic pressure in Bowman's capsule (t,.). The net fil-
tration pressure is 16 mm Hg. (b) The filtration fraction is the proportion of renal plasma that is filtered into

Bowman's capsule. The normal filtration fraction

18 20%.

If proteins leaked out of the glomerular capillaries (which would decrease T and increase ), what
would happen to the glomerular filtration pressure and to the glomerular filtration rate?

Efferent
arteriole

—

[
L

Afferent

Glomerular filtration pressure =

(Pgc + ) — (Pac + Tae) =
(60 mm Hg + 0 mm Hg) — (15 mm Hg + 29 mm Hg) =

16 mm Hg

arteriole

(a) Glomerular filtration pressure

500 ml/min plasma

Efferent —
arteriole

arteriole

Afferent ——é‘

| Plasma flow rate = 625 ml/min
Glomerular filtration rate = 125 ml/min

Filtration fraction =
125 mi/min
625 ml/min

=0.20 = 20%

625 ml/min plasma

(b) Filtration fraction

"ISEAIDUI PINOM 1304

FIGURE 10 A figure from the discussion on glomerular filtration illustrates the concept in the text. Note
the figure question, which challenges students to take their studying one step further.

xii  Preface
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Physical exam:
® Temperature: 37C

® Blood pressure: 160/110

© Eyes: Revealed some ratinal
hemorrhages consistent with
retinopathy (a disorder of retinal
circulation)

® Lungs: Clear

@ Heart: Normal cardiac sounds

® Extremities: Dorsalis padis and
posterior pulses were normal
There was moderate pitting
pretibial and pedal edema (when
pinched, Mary's skin did not bounce
back quickly)

— Panatal kayer
of glomenuar capsuie

Proxunal convolutd
tubule

Which part of the r2nal corpuscle is
damaged in diabetic naphropathy?

To find the answer, click on th [absls in
the illustration

==, =) l"

T AP a -

FIGURE 11 With challenging
activities, flow chart exercises,
and case studics, The
Physiology Place is the per-
fect site for online learning. In
this case, students apply what
they have learned about renal
physiology to the real world. Visit
www.physiologyplace.com for
a demo. A subscription to The
Physiology Place comes free
with the purchase of a new copy
of Principles of Human
Physiology.

FIGURE 12 InterActive Physiology®
(IPweb™) has already helped thousands of students
understand and visualize complex physiological
processes and thus succeed in this challenging course.
Animations, tutorials, and quizzing help students mas-
ter difficult concepts. IP brings the topic of glomerular
filtration alive with animations that clarify processes.
Here the animation shows autorequlation of GFR dur-
ing different states of activity. References to IP are found
in the book’s chapter summaries. Every new copy of
Principles of Human Physiology includes an
IP Sampler CD-ROM. The full InterActive
Physiology® program can be packaged with the text
for an additional charge.

AUTOREGULATION OF GFR
Normal conditions

© Systemuc pressure normal: 120 mm Hg © Glomerular hydrostatic pressure normal

© Afferent artenole diameter normal © Net filtration rate normal: CFR = 125 ml/ min

Afferent arteriole
(normal)

L

Click the Exerasing button to
increase the cartoon character’s
activity level o 0 B

e
© 2000 Benjamin Cummings and adam com®

it Tools  He lar Filtration

Glomerular Pressure Gilomerular Filt. Rate

Afferen! Radius

=1

Efferent Radius

I

o]

1
|
,

Afferent

(o}l ada pota s |
gy I

Afferent Radius Efferent Hadius  Beaker Press. Glomerular Press. Glom. Flilt. Rate  Urine Volume

FIGURE 13 PhysioEx™ offers an al-
ternative lab environment in which to
master difficult concepts. Computerized
simulations allow students to repeat lab
experiments as needed to achieve a sound
understanding of physiological processes.
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STUDY TOOLS REINFORCE
KEY CONCEPTS LEARNED

To learn effectively, students need to know they are on

the right track as they are studying. Five study tools help
students test their knowledge and go back to review mate-
rial when necessary: Study Hints, Quick Tests, Chapter
Summaries, End-of-Chapter Exercises, and Figure
Questions. Each chapter opens with Study Hints (Figure
14), a short list of topics discussed in previous chapters that
students should know in order to get the most out of the
chapter at hand. Quick Tests (Figure 15), short sets of re-
view questions at the ends of chapter sections, let students
check their understanding of material before tackling

STUDY HINTS
1. Lipid bilayer structure, p. 35
2. Membrane proteins, p. 36

3. ATP, p. 77

FIGURE 14 Study Hints reference topics in previous chapters that students
need to understand fully in order to get the most out of the current chapter.

new material. Each chapter closes with a detailed but con-
cise Chapter Summary (Figure 16) and a complete bank
of End-of-Chapter Exercises (Figure 17), which include
multiple-choice, objective, and essay questions. Multiple
choice and objective questions help students to test their
knowledge. Essay questions require students to synthesize
material or to explain involved concepts. Figure Questions
(Figure 10) appear with selected figures throughout the
text. Long a hallmark of Benjamin Cummings texts, these
questions ask students to take their studying one step
further. Answers are provided at the bottom of the page.

Quick Test 3.4

1. Is the oxidation of glucose catabolic or anabolic? Does
it release energy or require it?

2. Where does the energy for ATP synthesis come [rom?
When ATP is broken down, what is the released
energy used for?

3. When energy from glucose oxidation is used to make
ATP, only a certain fraction of the released energy is
used for this purpose. What happens to the rest of the
released energy?

FIGURE 15 Quick Tests provide strategic checkpoints in the text to help
students test their comprehension of the material and reread the previous sec-
tion if necessary before moving forward. Answers to the Quick Tests are avail-
able online at www.physiologyplace.com.

CHAPTER SUMMARY

FIGURE 16 Chapter
Summaries pull together the

main points of each chapter. 1P
(InterActive Physiology®)

The Autonomic Nervous System,
p.312

There are two main branches of the
clferent nervous system: the auto-
nomic nervous system and the so-
matic nervous system. Table 10.4 (p.
312)compares the properties of the
two branches ol the autonomic ner-
vous system with those ol the somatic
nervous system. The autonomic ner-

adrenal medulla, stimulating the re-
lease of the hormone epinephrine. All
preganglionic neurons contain the
neurotransmitter acetylcholine. The
parasympathetic postganglionic neu-
rons also contain the neurotransmit-
ter acetylcholine, but most sympa-
thetic postganglionic neurons contain
the neurotransmitter norepinephrine.
The receptors for acetylcholine on
postganglionic neurons are nicotinic

activity include the brainstem, hypo-
thalamus, and limbic system.

m Nervous 11, Synaptic Transmission,
pages 3-11

m Nervous 11, Ton Channels: pages 4-5,
7

m Nervous I, The Membrane Potential,
pages 3-6;: 11

The Somatic Nervous System, p.323

The somatic division ol the efferent

references point students to
relevant pages in this award-
winning software, where
students can find lively anima-
tion and interactive quizzing to
help them review topics further.

vous system includes the parasympa
thetic and sympathetic nervous

FIGURE 17
End-of-Chapter
Exercises allow students
to self-test on the material
covered in the chapter.

EXERCISES

Multiple-Choice Questions

Suppose that the electrochemical force
for anion X (X ) acts to move the
anion out of the cell. If a neurotrans-
mitter binding to its receptor opened
channels for X on the postsynaptic
cell, then the response would

a) be an EPSP.

b) be an IPSP.

¢) be stabilization ol the membrane.
d) not occur.

Suppose that all the calcium could be

Vg — L L L IR

. Afast EPSP is produced by

a) the opening of sodium-selective
channels.
b) the opening of potassium-selective

channels.
Vi L L] L 11| ¢) the opening of channels selective
lor both sodium and potassium.
Vina 1 l ] ”|““H”|||H | | f d) the opening of calcium-selective

3. From this voltage tracing, one can
conclude that
a) the stimulation depolarizes the cell
membrane.

channels.

. The enzyme that catalyzes the

synthesis of acetylcholine is

a) adenylate cyclase.
L

" ol L
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