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Top Ten Ways to  
Succeed in Classes that  
Use Active Learning
By Marilla Svinicki, Ph.D., former Director of the  
University of Texas Center for Teaching Effectiveness

 1. Make the switch from an authority-based 
conception of learning to a self-regulated 
conception of learning. Recognize and accept 
your own responsibility for learning.

 2. Be willing to take risks and go beyond what is 
presented in class or the text.

 3. Be able to tolerate ambiguity and frustration  
in the interest of understanding.

 4. See errors as opportunities to learn rather than 
failures. Be willing to make mistakes in class or in 
study groups so that you can learn from them.

 5. Engage in active listening to what’s happening in 
class.

 6. Trust the instructor’s experience in designing  
class activities and participate willingly if not 
enthusiastically.

 7. Be willing to express an opinion or hazard a  
guess.

 8. Accept feedback in the spirit of learning rather 
than as a reflection of you as a person.

 9. Prepare for class physically, mentally, and 
materially (do the reading, work the problems, 
etc.).

 10. Provide support for your classmate’s attempts to 
learn. The best way to learn something well is to 
teach it to someone who doesn’t understand.

Dr. Dee’s Eleventh Rule:
DON’T PANIC! Pushing yourself beyond the comfort 
zone is scary, but you have to do it in order to 
improve.

Word Roots for Physiology
 Simplify physiology and medicine by learning Latin and 
Greek word roots. The list below has some of the most 
common ones.
 Using the list, can you figure out what hyperkalemia 
means?*

Strategies for Success

* Hyper = excess, kali = potassium, -emia = in the 
blood, or elevated blood potassium

a- or an- without, absence

anti- against

-ase signifies an enzyme

auto self

bi- two

brady- slow

cardio- heart

cephalo- head

cerebro- brain

contra- against

-crine a secretion

crypt- hidden

cutan- skin

-cyte or cyto- cell

de- without, lacking

di- two

dys- difficult, faulty

-elle small

-emia in the blood

endo- inside or within

epi- over

erythro- red

exo- outside

extra- outside

gastro- stomach

-gen, -genie produce

gluco-, glyco- sugar or sweet

hemi- half

hemo- blood

hepato- liver

homo- same

hydro- water

hyper- above or excess

hypo- beneath or deficient

inter- between

intra- within

-itis inflammation of

kali- potassium

leuko- white

lipo- fat

lumen inside of a hollow tube

-lysis split apart or rupture

macro- large

micro- small

mono- one

multi- many

myo- muscle

oligo- little, few

para- near, close

 patho-, -pathy related to 
disease

peri- around

poly- many

post- after

pre- before

pro- before

pseudo- false

re- again

retro- backward or behind

semi- half

sub- below

super- above, beyond

supra- above, on top of

tachy- rapid

trans- across, through
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Owner’s Manual

Pattern recognition is important for all healthcare 
professionals, so you can begin to develop this skill by 
learning the key concepts of physiology that repeat 
over and over as you study different organ systems. 
Chapter 1 includes two special Focus On features: one 
on concept mapping, a study strategy that is also used 
for decision-making in the  clinics, and one on construct-
ing and interpreting graphs. The  Running Problem 
in Chapter 1 introduces you to effective ways to find 
 information on the Internet.

Be sure to look for the Essentials and Review fig-
ures throughout the book. These figures distill the 
 basics about a topic onto one or two pages, much as 
the Anatomy Summaries do. My students tell me they 
find them particularly useful for review when there 
isn’t time to go back and read all the text.

We have also retained the four approaches to 
learning physiology that proved so popular since this 
book was first published in 1998.

1. Cellular and Molecular Physiology
Most physiological research today is being done at 
the cellular and molecular level, and there have been 
many exciting developments in molecular medicine and 
physiology in the 10 years since the first edition. For ex-
ample, now scientists are paying more attention to pri-

mary cilia, the single cilium that 
occurs on most cells of the body. 
Primary cilia are thought to play 
a role in some kidney and other 
diseases. Look for similar links 
between molecular and cellular 
biology, physiology, and medi-
cine throughout the book.

2. Physiology as a Dynamic Field
Physiology is a dynamic discipline, with numerous 
 unanswered questions that merit further investigation 
and research. Many of the “facts” presented in this text 
are really only our current theories, so you should be 
prepared to change your mental models as new infor-
mation emerges from scientific research.

Welcome to Human 
Physiology! As you 
begin your study of 
the human body, one 
of your main tasks 
will be to construct 
for yourself a global 
view of the body, its 
systems, and the many 
processes that keep the systems working. This “big 
picture” is what physiologists call the integration of 
systems, and it is a key theme in this book. To integrate 
information, however, you must do more than simply 
memorize it. You need to truly understand it and be 
able to use it to solve problems that you have never 
encountered before. If you are headed for a career in 
the health professions, you will do this in the clinics. If 
you plan a career in biology, you will solve problems in 
the laboratory, field, or classroom. Analyzing, synthe-
sizing, and evaluating information are skills you need 
to develop while you are in school, and I hope that the 
features of this book will help you with this goal.

One of my aims is to provide you not only with in-
formation about how the human body functions but 
also with tips for studying and problem solving. Many 
of these study aids have been developed with the input 
of my students, so I think you may find them particu-
larly helpful.

On the following pages, I have put together a brief 
tour of the special features of the book, especially those 
that you may not have encountered previously in text-
books. Please take a few minutes to read about them so 
that you can make optimum use of the book as you study.

Each chapter begins with a list of Learning Out-
comes to guide you as you read the chapter. Within the 
chapters look for the Running Problem, Phys in Action, 
and Try It! activities. Phys in  Action are online video clips 
that I created with the assistance of some of my stu-

dents. Look for 
the references to 
Mastering A&P 
in the figures 

with associated Phys in Action clips, and watch Kevin 
and Michael as they demonstrate physiology in action.

EMERGING CONCEPTS 

CHAPTER

3

 3.3 Intracellular Compartments 69 

5. Movement. The cytoskeleton helps cells move. For example, 
the cytoskeleton helps white blood cells squeeze out of  blood 
vessels and helps growing nerve cells send out long extensions as 
they elongate. Cilia and flagella on the cell membrane are able to 
move because of  their microtubule cytoskeleton. Special motor 
proteins facilitate movement and intracellular transport by using 
energy from ATP to slide or step along cytoskeletal fibers.

Motor Proteins Create Movement
Motor proteins are proteins that convert stored energy into 
directed movement. Three groups of  motor proteins are associ-
ated with the cytoskeleton: myosins, kinesins, and dyneins. All three 
groups use energy stored in ATP to propel themselves along cyto-
skeleton fibers.

Myosins bind to actin fibers and are best known for their 
role in muscle contraction (Chapter 12). Kinesins and dyneins 
assist the movement of  vesicles along microtubules. Dyneins also 
associate with the microtubule bundles of  cilia and flagella to help 
create their whiplike motion.

The cytoskeleton has at least five important functions.

1. Cell shape. The protein scaffolding of  the cytoskeleton pro-
vides mechanical strength to the cell and in some cells plays an 
important role in determining the shape of  the cell. Figure 3.4b 
shows how cytoskeletal fibers help support microvilli {micro-, 
small + villus, tuft of  hair}, fingerlike extensions of  the cell mem-
brane that increase the surface area for absorption of  materials.

2. Internal organization. Cytoskeletal fibers stabilize the 
positions of  organelles. Figure 3.4b illustrates organelles held 
in place by the cytoskeleton. Note, however, that this figure is 
only a snapshot of  one moment in the cell’s life. The interior 
arrangement and composition of  a cell are dynamic, changing 
from minute to minute in response to the needs of  the cell, 
just as the inside of  the walled city is always in motion. One 
disadvantage of  the static illustrations in textbooks is that they 
are unable to represent movement and the dynamic nature of  
many physiological processes.

3. Intracellular transport. The cytoskeleton helps transport 
materials into the cell and within the cytoplasm by serving as 
an intracellular “railroad track” for moving organelles. This 
function is particularly important in cells of  the nervous sys-
tem, where material must be transported over intracellular 
distances as long as a meter.

4. Assembly of  cells into tissues. Protein fibers of  the cyto-
skeleton connect with protein fibers in the extracellular space, 
linking cells to one another and to supporting material outside 
the cells. In addition to providing mechanical strength to the 
tissue, these linkages allow the transfer of  information from 
one cell to another.

FIG. 3.5  Cilia and flagella

Flagellum

Cilia

Cilium

(a) Cilia on surface of respiratory epithelium (b) Cilia and flagella have 9 pairs of 
microtubules surrounding a central pair.

(c) The beating of cilia and flagella 
creates fluid movement.

Cell membrane 

Fluid movement

Fluid movement

Microtubules

SEM × 1500

This image was taken with a scanning electron 
microscope (SEM) and then color enhanced. The 
specimens prepared for scanning electron micros-
copy are not sectioned. The whole specimen is 
coated with an electron-dense material, and then 
bombarded with electron beams. Because some 
of the electrons are reflected back, a three-
dimensional image of the specimen is created. 

Concept Check

5. Name the three sizes of cytoplasmic protein fibers.
6. How would the absence of a flagellum affect a sperm cell?
7. What is the difference between cytoplasm and cytosol?
8. What is the difference between a cilium and a flagellum?
9. What is the function of motor proteins?
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How to Use this Book

3. An Emphasis on Integration
The organ systems 
of the body do not 
work in isolation, 
although we study 
them one at a time. 
To emphasize the 
integrative nature 
of physiology, three 
chapters (Chapters 
13, 20, and 25) focus 
on how the physi-
ological processes of 
multiple organ sys-
tems coordinate with 

each other, especially when homeostasis is challenged.

4. A Focus on Problem Solving
One of the most valuable life skills students should 
acquire is the ability to think critically and use informa-
tion to solve problems. As you study physiology, you 
should be prepared to practice these skills. You will find 
a number of features in this book, such as the Concept 
Check questions and  Figure and Graph Questions. These 
“test yourself” questions are designed to challenge 
your critical thinking and analysis skills. In each chapter, 
read the Running Problem as you work through the 
text and see if you can apply what you’re reading to 
the clinical scenario described in the problem.

Also, be sure to look at the back of the text, where 
we have combined the index and glossary to save time 
when you are looking up unfamiliar words. The appen-
dices have the answers to the Concept Check questions, 
Figure and Graph Questions, and end-of-chapter ques-

tions, as well as 
reviews of physics, 
logarithms, and 
basic genetics. The 
back end papers 
include a periodic 
table of the ele-
ments, diagrams 
of anatomical 
positions of the 
body, and tables 

with conversions and normal values of blood compo-
nents. Take a few minutes to look at all these features 
so that you can make optimum use of them.

It is my hope that by reading this book, you will de-
velop an integrated view of physiology that allows you 
to enter your chosen profession with respect for the 
complexity of the human body and a clear vision of the 
potential of physiological and biomedical research. May 
you find physiology as fun and exciting I do. Good luck 
with your studies!

Warmest regards,
Dr. Dee (as my students call me)

silverthorn@utexas.edu

Phys in Action Video Topics:

pp. 130–131 Fig. 5.4 Osmolarity & Tonicity
pp. 154–155 Fig. 5.23 Membrane Potential
pp. 458–459 Fig.14.15 Electrocardiogram 
p. 494 Fig. 15.14 Cardiovascular Control
p. 545 Fig. 17.7 The Spirometer
p. 549 Fig. 17.10 Respiratory Pressure
p. 557 Fig. 17.13 Alveolar Gases
p. 573 Fig. 18.7 Hemoglobin-Oxygen Transport
p. 610 Fig. 19.13 Renal Clearance
p. 793 Fig. 25.8 Blood Pressure & Exercise

Try It Activities:

p. 21 Graphing
p. 135 Membrane Models (Lipid bylayer)
p. 251 Action Potentials
p. 325 Salty-Sweet Taste Experiment
p. 468 Frank-Starling Law of the Heart
p. 605 Insulin
p. 682 Oral Rehydration Therapy

4 CHAPTER 1 Introduction to Physiology

These process maps are also called flow charts, and they are frequently 
used in health care. You will be able to practice mapping with spe-
cial end-of-chapter questions throughout the book.

1.2 Function and Mechanism
We define physiology as the normal functioning of  the body, but 
physiologists are careful to distinguish between function and mecha-
nism. The function of  a physiological system or event is the “why” 
of  the system or event: Why does a certain response help an animal 
survive in a particular situation? In other words, what is the adaptive 
significance of  this event for this animal?

For example, humans are large, mobile, terrestrial animals, 
and our bodies maintain relatively constant water content despite 
living in a dry, highly variable external environment. Dehydration 
is a constant threat to our well-being. What processes have evolved 
in our anatomy and physiology that allow us to survive in this hos-
tile environment? One is the production of  highly concentrated 
urine by the kidney, which allows the body to conserve water. This 
statement tells us why we produce concentrated urine but does not 
tell us how the kidney accomplishes that task.

or through a break in the skin. In addition, immune tissues are 
closely associated with the circulatory system.

Traditionally, physiology courses and books are organized by 
organ system. Students study cardiovascular physiology and regu-
lation of  blood pressure in one chapter, and then study the kidneys 
and control of  body fluid volume in a different chapter. In the 
functioning human, however, the cardiovascular and renal systems 
communicate with each other, so that a change in one is likely to 
cause a reaction in the other. For example, body fluid volume influ-
ences blood pressure, while changes in blood pressure alter kidney 
function because the kidneys regulate fluid volume. In this book, 
you will find several integrative physiology chapters that highlight 
the coordination of  function across multiple organ systems.

Understanding how different organ systems work together is 
just as important as memorizing facts, but the complexity of  inter-
actions can be challenging. One way physiologists simplify and 
integrate information is by using visual representations of  physi-
ological processes called maps. The Focus on Mapping feature in 
this chapter will help you learn how to make maps. The first type 
of  map, shown in FIGURE 1.3A, is a schematic representation of  
structure or function. The second type of  map, shown in Figure 
1.3b, diagrams a physiological process as it proceeds through time. 

FIG. 1.2 Organ systems of the human body and their integration

FIG. 1.2 Organ Systems of the Human Body and their Integration

System Name Includes Representative Functions The Integration between Systems of the Body

Circulatory Heart, blood
vessels, blood

Transport of materials between all
cells of the body

Digestive Stomach,
intestine, liver,
pancreas

Conversion of food into particles
that can be transported into the
body; elimination of some wastes

Endocrine Thyroid gland,
adrenal gland

Coordination of body function
through synthesis and release of
regulatory molecules

Immune Thymus, spleen,
lymph nodes

Defense against foreign
invaders

Integumentary Skin Protection from external
environment

Musculoskeletal Skeletal mus-
cles, bone

Support and movement

Nervous Brain, spinal
cord

Coordination of body function
through electrical signals and
release of regulatory molecules

Reproductive Ovaries and 
uterus, testes

Perpetuation of the species 

Respiratory Lungs, airways Exchange of oxygen and carbon
dioxide between the internal and
external environments

Urinary Kidneys, bladder Maintenance of water and
solutes in the internal
environment; waste removal

This schematic figure indicates relationships between
systems of the human body. The interiors of some
hollow organs (shown in white) are part of the
external environment.

Integumentary System

Nervous
system

Endocrine
system

Musculoskeletal
system

Respiratory
system

Digestive
system

Circulatory
system

Reproductive
system

Urinary
system
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by a University of  Texas faculty 

member. Dee was the president of  the Human Anatomy and 
Physiology Society in 2012–2013, has served as editor-in-chief  of  
Advances in Physiology Education, and is currently chair of  the 
American Physiological Society Book Committee. She works with 
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improve physiology education in developing countries, and this 
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country with her husband, Andy, and their dogs.
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school at Mary Baldwin 
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 vii 

The Eighth Edition of  Human Physiology: An Integrated Approach builds 
upon the thorough coverage of  integrative and molecular physiology 
topics that have always been the foundation of  this book. The big-
gest change is a completely revised Chapter 24 on immunology. This 
field has expanded dramatically since the First Edition published 
in 1997, and it was time to step back and re-think the presentation 
of  this complicated and complex subject. Neurophysiology is also 
changing rapidly, requiring multiple updates in Chapters 8 through 
11. In nearly every chapter the latest developments in research and 
medicine meant changes to the presentation of  information.

Continuing the revision of  the art introduced in the Seventh 
Edition, we created additional Review and Essentials figures that 
students can use for quick review as well as new Anatomy Sum-
maries and concept maps. Figures from previous editions that were 
significantly modified or eliminated are still available to instructors 
on the Instructor’s DVD and in the Instructor Resources area of  
Mastering A&P.

In addition to the online Phys in Action videos that are ref-
erenced in related figures, we have new Try It! activities through-
out the book. These activities present data, usually from classic 
experiments, and ask the students to interpret the results. Topics 
include Benjamin Franklin’s little-known experiment that helped 
development of  the phospholipid bilayer model of  the membrane, 
and the experiments that resulted in oral rehydration therapy for 
treating cholera.

HIGHLIGHTS OF CONTENT UPDATES
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Challenge Yourself:  
Apply What You Learn

Learning physiology requires that you use information rather than simply memorizing what you think will be on 
the test. The Eighth Edition text and Mastering™ A&P program provide multiple opportunities for you to practice 
answering the more challenging types of questions that you are likely to see on a test or exam.

Running Problems explore a real-world disease or disorder 
that unfolds in short segments throughout the chapter. You 
can check your understanding by comparing your answers 
with those in Problem Conclusion at the end of each chapter. 
Related Coaching Activities can be assigned in Mastering A&P.

see pp. 84–85

Additional Practice Questions include Concept Check 
Questions, which are placed at intervals throughout the 
chapter, and Review Questions, which are provided at the end 
of the chapter and organized into four levels of difficulty. An 
answer key is in Appendix A.

See p. 217

CHAPTER

7

 7.6 Hormone Evolution 217 

7.6 Hormone Evolution
Chemical signaling is an ancient method for communication 
and the maintenance of  homeostasis. As scientists sequence 
the genomes of  diverse species, they are discovering that in 
many cases hormone structure and function have changed 
amazingly little from the most primitive vertebrates through 
the mammals. In fact, hormone signaling pathways that were 
once considered exclusive to vertebrates, such as those for 
thyroid hormones and insulin, have now been shown to play 
physiological or developmental roles in invertebrates such 
as  echinoderms and insects. This evolutionary conservation of  
 hormone function is also demonstrated by the fact that some 
hormones from other organisms have biological activity when 
administered to humans. By studying which portions of  a hor-
mone molecule do not change from species to species, scientists 
have acquired important clues to aid in the design of  agonist 
and antagonist drugs.

The ability of  nonhuman hormones to work in humans was 
a critical factor in the birth of  endocrinology. When Best and 
Banting discovered insulin in 1921 and the first diabetic patients 
were treated with the hormone, the insulin was extracted from 
cow, pig, or sheep pancreases. Before the mid-1980s, slaugh-
terhouses were the major source of  insulin for the medical 

profession. Now, with genetic engineering, the human gene for 
insulin has been inserted into bacteria, which then synthesize 
the hormone, providing us with a plentiful source of  human 
insulin.

Although many hormones have the same function in most 
vertebrates, a few hormones that play a significant role in the 
physiology of  lower vertebrates seem to be evolutionarily “on 
their way out” in humans. Calcitonin is a good example of  
such a hormone. It plays a role in calcium metabolism in fish 
but apparently has no significant influence on daily calcium 
balance in adult humans. Neither calcitonin deficiency nor cal-
citonin excess is associated with any pathological condition or 
symptom.

Although calcitonin is not a significant hormone in humans, 
the calcitonin gene does code for a biologically active protein. In 
the brain, cells process mRNA from the calcitonin gene to make 
a peptide known as calcitonin gene-related peptide (CGRP), which acts 
as a neurotransmitter. The ability of  one gene to produce multiple 
peptides is one reason research is shifting from genomics to physiol-
ogy and proteomics (the study of  the role of  proteins in physiological 
function).

Some endocrine structures that are important in lower ver-
tebrates are vestigial {vestigium, trace} in humans, meaning that 
in humans these structures are present as minimally functional 
glands. For example, melanocyte-stimulating hormone (MSH) from the 
intermediate lobe of  the pituitary controls pigmentation in rep-
tiles and amphibians. However, adult humans have only a vestigial 
intermediate lobe and normally do not have measurable levels of  
MSH in their blood.

In the research arena, comparative endocrinology—the study 
of  endocrinology in nonhuman organisms—has made signifi-
cant contributions to our quest to understand the human body. 
Many of  our models of  human physiology are based on research 

FIG. 7.15 Hypocortisolism

Cortisol

Symptoms
of 

deficiency

Symptoms
of 

deficiency

Cortisol

ACTH ACTH

CRH CRH

Anterior pituitary Anterior pituitary

Adrenal cortex Adrenal cortex

For each condition, use arrows to indicate whether 
levels of the three hormones in the pathway will be 
increased, decreased, or unchanged. Draw in 
negative feedback loops where functional.

(a) Hyposecretion from 
Damage to the Pituitary

(b) Hyposecretion from Atrophy
of the Adrenal Cortex

HypothalamusHypothalamus

FIGURE QUESTION

RUNNING PROBLEM 
Researchers have learned that Graves’ disease is an autoimmune 
disorder in which the body fails to recognize its own tissue. In 
this condition, the body produces antibodies that mimic TSH and 
bind to the TSH receptor, turning it on. This false signal “fools” the 
thyroid gland into overproducing thyroid hormone. More women 
than men are diagnosed with Graves’ disease, perhaps because 
of the influence of female hormones on thyroid function. Stress 
and other environmental factors have also been implicated in 
hyperthyroidism.

Q7: Antibodies are proteins that bind to the TSH receptor. From 
that information, what can you conclude about the cellular loca-
tion of the TSH receptor?

Q8: In Graves’ disease, why doesn’t negative feedback shut off 
thyroid hormone production before it becomes excessive?

195 204 212 214 216 217 219
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Figure Questions challenge you to apply visual literacy 
skills as you read an illustration or photo. Answers to these 
questions appear at the end of the text, in Appendix A.
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NEW! “Try it” boxes present a real-world research 
problem or classic experiment and guide you through 
the process of analyzing the data and thinking like a 
scientist.

NEW! Additional questions for each “Try it” 
activity are available in Mastering A&P. Topics include 
Graphing (Chapter 1), Cell Membranes (Chapter 5), Action 
Potentials (Chapter 8), Salty-Sweet Taste Experiment 
(Chapter 10), Frank-Starling Law of the Heart (Chapter 14),  
Insulin (Chapter 19) and Oral Rehydration Therapy 
(Chapter 21).

Practice Solving  
Real-World Problems

See p. 251

Graph Questions encourage you  
to interpret real data presented in graphs. 
Answers to these questions appear at the end 
of the text, in Appendix A.
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Study More Efficiently  
Using the Figures

Eye-tracking research has shown that learning and comprehension levels are higher for students who study both 
the figures and the text together than for students who only read the text. This book offers dozens of illustrations 
designed to help you learn physiology more efficiently, and make the best use of your study time.

Essentials Figures distill the basics of a topic into one or two pages, helping 
you to see the big picture of human physiology. Instructors can assign related 
Mastering A&P coaching activities that explore these topics in greater depth.

See p. 154
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FIG. 5.23 ESSENTIALS Membrane Potential

Sodium ion

Potassium ion

Chloride ion

Large anion

KEY

1. If the cell in (e) was made freely permeable to only Na+, 
    which way would the Na+ move? Would the membrane 
    potential become positive or negative?

2. If it became freely permeable to only Cl–, which way 
    would Cl– move? Would the membrane potential 
    become positive or negative?

3. Calculate the equilibrium potential for Na+ (ENa).

4. Calculate the ECl.

ICF ECF

150

15

5

145

K+

Na+

10 108Cl–

Approximate Values for Mammalian Cells

The electrical disequilibrium that exists 
between the extracellular fluid (ECF) and 
intracellular fluid (ICF) of living cells is called 
the membrane potential difference (Vm), or 
membrane potential for short. The membrane 
potential results from the uneven distribution 
of electrical charge (i.e., ions) between the 
ECF and ICF.

For any given concentration gradient [Ion]out – [Ion]in 
across a cell membrane, there is a membrane 
potential difference (i.e., electrical gradient) that 
exactly opposes ion movement down the 
concentration gradient. At this membrane potential, 
the cell is at electrochemical equilibrium: There is no 
net movement of ion across the cell membrane.

For any ion, the membrane potential that exactly opposes a 
given concentration gradient is known as the equilibrium 
potential (Eion). To calculate the equilibrium potential for any 
concentration gradient, we use the Nernst equation:

The Nernst equation is used for a cell that is freely  permeable 
to only one ion at a time. Living cells, however, have limited 
permeability to several ions. To calculate the actual membrane 
potential of cells, we use a multi-ion equation called the 
Goldman-Hodgkin-Katz equation [discussed in Chapter 8].

What creates the membrane potential?

How much K+ will leave the cell?

To show how a membrane potential difference can arise from ion concentration gradients 
and a selectively permeable membrane, we will use an artificial cell system where we can 
control the membrane’s permeability to ions and the composition of the ECF and ICF.

If K+ was uncharged, like glucose, it would diffuse out 
of the cell until the concentration outside [K]out equaled 
the concentration inside [K]in. But K+ is an ion, so we 
must consider its electrical gradient. Remember the 
rule for movement along electrical gradients: Opposite 
charges attract, like charges repel.

The ECF has a slight 
excess of cations (+).

We insert a leak channel for K+.

K+ starts to move out of the cell 
down its concentration gradient.

The A– cannot follow K+ out of 
the cell because the cell is not 
permeable to A–.

The ICF has a slight 
excess of anions (–).

Cell
(ICF)

ECF +
+

+

+

+

+
+

–
–

–
–
–

–
–––

–
–
–
–

– –

+
+

+

+

+

+
+ +

(a) In illustrations, this uneven distribution of 
charge is often shown by the charge symbols 
clustered on each side of the cell membrane. (e) In this example, the concentration gradient sending K+ 

out of the cell is exactly opposed by the electrical gradient 
pulling K+ into the cell. This is shown by the arrows that are 
equal in length but opposite in direction.

(f) In the first example, you saw that the membrane potential 
results from excess cations in the ECF and excess anions in 
the ICF. To measure this difference, we can place electrodes 
in the cell and surrounding fluid (equivalent to the ECF). 

Using these values for K+ and the Nernst equation, the EK is ]90 mV.

(b) When we begin, the cell has no membrane potential: The 
ECF (composed of Na+ and Cl– ions) and the ICF (K+ and 
large anions, A– ) are electrically neutral.

The system is in chemical disequilibrium, with 
concentration gradients for all four ions. The cell 
membrane acts as an insulator to prevent free 
movement of ions between the ICF and ECF.

The transfer of just one K+ from the cell to the 
ECF creates an electrical disequilibrium: the 
ECF has a net positive charge (+1) while the ICF 
has a net negative charge (–1). The cell now has 
a membrane potential difference, with the inside 
of the cell negative relative to the outside.

(c) Now we insert a leak channel for K+ into the 
membrane, making the cell freely permeable to K+.

(d) As additional K+ ions leave the cell, going down their 
concentration gradient, the inside of the cell becomes 
more negative and the outside becomes more positive.

Creation of a Membrane Potential in an Artificial System

Electrochemical Equilibrium

Equilibrium Potential

Measuring Membrane Potential
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Additional K+ leaves the cell.

Now the negative charge 
inside the cell begins to 
attract ECF K+ back into the 
cell: an electrical gradient in 
the opposite direction from 
the concentration gradient.
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Efflux due to 
concentration gradient

Influx due to 
electrical gradient

1. Ion concentration gradients between the 
    ECF and ICF
2. The selectively permeable cell membrane
 

K+

Na+

Cl–

A–

K+

Eion =
z [ion]in

61
where z is the charge 
on the ion. (i.e., K+ = +1)

[ion]outlog

]2 ]1 0 +1 +2

Intracellular fluid Extracellular fluid

Absolute charge scale

Intracellular fluid Extracellular fluid

]2 ]1 0 +1 +2

Relative charge scale
extracellular fluid set to 0.

In real life, we cannot measure absolute numbers 
of ions, however. Instead, we measure the 
difference between the two electrodes. By 
convention, the ECF is set at 0 mV (the ground). 
This gives the ICF a relative charge of −2.

On a number line, the ECF would be at +1 
and the ICF at −1.

(You will need the log function on a calculator.)
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Selected figures from the text are 
explored in accompanying Phys 
in Action video tutors and in 
coaching activities in Mastering 
A&P.

Play Phys in Action

@Mastering Anatomy & Physiology
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Anatomy Summary Figures provide succinct visual 
overviews of a physiological system from a macro 
to micro perspective. Whether you are learning 
the anatomy for the first time or refreshing your 
memory, these summaries show you the essential 
features of each system in a single figure.

Review Figures visually present foundational 
concepts that you may already be familiar 
with. You may find it helpful to check out 
these figures before learning new physiology 
concepts.

Selected figures from the text can be assigned 
as Art-Labeling Activities in Mastering A&P.

FIG.9.3 ANATOMY SUMMARY . . . The Central Nervous System

Cerebral
hemispheres

Cerebellum
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Cervical spinal
nerves

Cranium
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Subdural space
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space

Pia mater 

Arachnoid 
membrane

Brain

Thoracic spinal
nerves

Lumbar spinal
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Sacral spinal
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Spinal
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(b) Sectional View of the Meninges

(c) Posterior View of Spinal Cord and Vertebra

(a) Posterior View of the CNS 

Body of
vertebra

Spinal
cord

Autonomic 
ganglion

Arachnoid 
membrane

Pia mater 

Dura mater 
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Meninges

Sectioned
vertebrae

Moving from the cranium in,
name the meninges that form
the boundaries of the venous
sinus and the subdural and
subarachnoid spaces.

Venous sinus 

The meninges and extracellular fluid cushion the delicate brain tissue.

FIGURE QUESTION

276 
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See p. 276

See p. 44
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Mastering A&P provides tutorials and review questions that you can access before, during, and after class.

Get Online Coaching Through 
Mastering A&P

Phys in Action! Video Tutors and Coaching Activities 
help you visualize and master challenging physiological 
concepts by demonstrating laboratory procedures and real-
world applications. Demonstrations include pulmonary 
function test, tilt table, exercise testing, and more.

EXPANDED! Interactive Physiology 2.0  
Coaching Activities teach complex physiological 
processes using exceptionally clear animations, 
interactive tutorials, games, and quizzes. IP2 features 
new graphics, quicker navigation, and a mobile-
friendly design. New topics include Generation of 
an Action Potential and Cardiac Cycle. IP2 and IP 
animations can be assigned from the Mastering A&P 
Item Library or accessed through the Mastering A&P 
Study Area.

Mastering A&P offers thousands of tutorials, activities, and questions that can be used to test yourself, or assigned for 
homework and practice. Additional highlights include:

• Nurses Need Physiology Case Studies  
guide you through the steps of diagnosing  
and treating patients in real-world clinical scenarios.

• A&P Flix Animations use 3-D, movie-quality graphics to 
help you visualize complex physiology processes.

• Dynamic Study Modules are manageable, mobile-
friendly sets of questions with extensive feedback for 
you to test, learn, and retest yourself on basic concepts.

• PhysioEx Laboratory Simulations offer a supplement 
or substitute for wet labs due to cost, time, or safety 
concerns.
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Access the Complete Textbook Online 
or Offline with Pearson eText

You can read your textbook without having to add weight to your bookbag.

The Pearson eText mobile 
app offers offline access 
and can be downloaded 
for most iOS and Android 
phones and tablets from the 
Apple App or Google Play 
stores.

Powerful interactive 
and customization 
functions in the 
eText platform 
include instructor 
and student note-
taking, highlighting, 
bookmarking, search, 
and links to glossary 
terms.
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Additional Support for  
Students & Instructors

NEW! Ready-to-Go Teaching Modules help instructors efficiently make use of the best teaching tools 
before, during, and after class. Accessed through the Instructor Resources area of Mastering A&P, and curated by 
author Dee Silverthorn, modules include skill development applications for Human Physiology including Concept 
Mapping and Graphing.

Learning Catalytics allows students to use their smartphone, 
tablet, or laptop to respond to questions in class. Visit 
learningcatalytics.com to learn more.

The Mastering A&P Instructor Resources Area includes the following downloadable tools for instructors who adopt 
the Eighth Edition for their classes:

• Customizable PowerPoint® lecture outlines include customizable images and provide a springboard for lecture 
prep.

• All of the figures, photos, and tables from the text are available in JPEG and PowerPoint® formats, in labelled 
and unlabelled versions, and with customizable labels and leader lines.

• Test bank provides thousands of customizable questions across Bloom’s taxonomy levels. Each question is tagged to 
chapter learning outcomes that can also be tracked within Mastering Anatomy & Physiology assessments. Available 
in Microsoft® Word and TestGen® formats.

• Animations and videos bring human physiology concepts to life.

• A comprehensive Instructor Resource Manual, co-authored by Dee Silverthorn and Damian Hill, includes a 
detailed teaching outline for each chapter, along with a wealth of activities, examples, and analogies that have been 
thoroughly class-tested with thousands of students.

• Customizable Study Questions, co-authored by Dee Silverthorn and Damian Hill, help students focus their reading 
on the most important points in each chapters and are organized by chapter section headers for easy editing to reflect 
the material covered in class.
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1.1 Physiology Is an Integrative 
Science 2 

LO 1.1.1 Define physiology. 
LO 1.1.2 List the levels of organization from 

atoms to the biosphere. 
LO 1.1.3 Name the 10 physiological organ 

systems of the body and give their functions. 

1.2 Function and Mechanism 4 
LO 1.2.1 Distinguish between mechanistic 

explanations and teleological explanations. 

1.3 Themes in Physiology 5 
LO 1.3.1 List and give examples of the four 

major themes in physiology. 

1.4 Homeostasis g 

LO 1.4.1 Define homeostasis. What happens 
when homeostasis fails? 

LO 1.4.2 Name and describe the two major 
compartments of the human body. 

LO 1.4.3 
and ho of a 
substa 

LO 1.4.4 sing math-
emati in how it relates to 

ce and give an example. 
ish between equilibrium and 

.5 Control Systems and 
Homeostasis 13 

LO 1.5.1 List the three components of a control 
system and give an example. 

LO 1.5.2 Explain the relationship between a 
regulated variable and its setpoint. 

LO 1.5.3 Compare local control, long-distance 
control, and reflex control. 

LO 1.5.4 Explain the relationship between a 
response loop and a feedback loop. 

LO 1.5.5 Compare negative feedback, positive 
feedback, and feedforward control. Give an 
example of each. 

LO 1.5.6 Explain what happens to setpoints in 
biological rhythms and give some examples. 

1. 6 The Science of Physiology 18 
LO 1.6.1 Explain and give examples of the 

following components of scientific research: 
independent and dependent variables, 
experimental control, data, replication, 
variability. 

LO 1.6.2 Compare and contrast the following 
types of experimental study designs: blind 
study, double-blind study, crossover study, 
prospective and retrospective studies, 
cross-sectional study, longitudinal study, 
meta-analysis. 

LO 1.6.3 Define placebo and nocebo effects and 
explain how they may influence the outcome 
of experimental studies. 



2 CHAPTER 1 Introduction to Physiology

RUNNING PROBLEM What to Believe?

Jimmy had just left his first physiology class when he got the text 
from his mother: Please call. Need to ask you something. His 
mother seldom texted, so Jimmy figured it must be important. “Hi, 
Mom! What’s going on?”

“Oh, Jimmy, I don’t know what to do. I saw the doctor this 
morning and he’s telling me that I need to take insulin. But I don’t 
want to! My type of diabetes doesn’t need insulin. I think he’s just 
trying to make me see him more by putting me on insulin. Don’t 
you think I’m right?”

Jimmy paused for a moment. “I’m not sure, Mom. He’s prob-
ably just trying to do what’s best for you. Didn’t you talk to him 
about it?”

“Well, I tried but he didn’t have time to talk. You’re studying 
these things. Can’t you look it up and see if I really need insulin?”

“I guess so. Let me see what I can find out.” Jimmy hung up 
and thought. “Now what?”

 2 5 9 12 16 19 24

When the Human Genome Project (www.genome.gov) began 
in 1990, scientists thought that by identifying and sequencing all 
the genes in human DNA, they would understand how the body 
worked. However, as research advanced, scientists had to revise 
their original idea that a given segment of  DNA contained one 
gene that coded for one protein. It became clear that one gene 
may code for many proteins. The Human Genome Project ended 
in 2003, but before then researchers had moved beyond genomics 
to proteomics, the study of  proteins in living organisms.

Now scientists have realized that knowing that a protein is 
made by a particular cell does not always tell us the significance 
of  that protein to the cell, the tissue, or the functioning organism. 
The exciting new areas in biological research are called functional 
genomics, systems biology, and integrative biology, but fundamen-
tally these are all fields of  physiology. The integration of  func-
tion across many levels of  organization is a special focus of  
physiology. (To integrate means to bring varied elements together to 
create a unified whole.)

FIGURE 1.1 illustrates levels of  organization ranging from the 
molecular level all the way up to populations of  different spe-
cies living together in ecosystems and in the biosphere. The levels of  
organization are shown along with the various subdisciplines of  
chemistry and biology related to the study of  each organizational 
level. There is considerable overlap between the different fields of  
study, and these artificial divisions vary according to who is defin-
ing them. Notice, however, that physiology includes multiple levels, 
from molecular and cellular biology to the ecological physiology 
of  populations.

At all levels, physiology is closely tied to anatomy. The struc-
ture of  a cell, tissue, or organ must provide an efficient physical 
base for its function. For this reason, it is nearly impossible to study 
the physiology of  the body without understanding the underlying 
anatomy. Because of  the interrelationship of  anatomy and physi-
ology, you will find Anatomy Summaries throughout the book. 

W
elcome to the fascinating study of  the human body! For most 
of  recorded history, humans have been interested in how their 
bodies work. Early Egyptian, Indian, and Chinese  writings 

describe attempts by physicians to treat various diseases and to restore 
health. Although some ancient remedies, such as camel dung and 
powdered sheep horn, may seem bizarre, we are still using others, 
such as blood-sucking leeches and chemicals derived from medicinal 
plants. The way we use these treatments has changed through the 
centuries as we have learned more about the human body.

There has never been a more exciting time in human physiol-
ogy. Physiology is the study of  the normal functioning of  a living 
organism and its component parts, including all its chemical and 
physical processes. The term physiology literally means “knowledge 
of  nature.” Aristotle (384–322 bce) used the word in this broad 
sense to describe the functioning of  all living organisms, not just of  
the human body. However, Hippocrates (ca. 460–377 bce), consid-
ered the father of  medicine, used the word physiology to mean “the 
healing power of  nature,” and thereafter the field became closely 
associated with medicine. By the sixteenth century in Europe, 
physiology had been formalized as the study of  the vital functions 
of  the human body. Currently the term is again used to refer to 
the study of  animals and plants.

Today, we benefit from centuries of  work by physiologists who 
constructed a foundation of  knowledge about how the human 
body functions. Since the 1970s, rapid advances in the fields of  
cellular and molecular biology have supplemented this work. A few 
decades ago, we thought that we would find the key to the secret of  
life by sequencing the human genome, which is the collective term 
for all the genetic information contained in the DNA of  a species. 
However, this deconstructionist view of  biology has proved to have 
its limitations, because living organisms are much more than the 
simple sum of  their parts.

1.1  Physiology Is an Integrative 
Science

Many complex systems—including those of  the human body—
possess emergent properties, which are properties that cannot 
be predicted to exist based only on knowledge of  the system’s 
individual components. An emergent property is not a property 
of  any single component of  the system, and it is greater than the 
simple sum of  the system’s individual parts. Emergent proper-
ties result from complex, nonlinear interactions of  the different 
components.

For example, suppose someone broke down a car into its nuts 
and bolts and pieces and laid them out on a floor. Could you pre-
dict that, properly assembled, these bits of  metal and plastic would 
become a vehicle capable of  converting the energy in gasoline into 
movement? Who could predict that the right combination of  ele-
ments into molecules and assemblages of  molecules would result in 
a living organism? Among the most complex emergent properties 
in humans are emotion, intelligence, and other aspects of  brain 
function. None of  these properties can be predicted from knowing 
the individual properties of  nerve cells.
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CHAPTER

1

 1.1 Physiology Is an Integrative Science 3 

unit of  structure capable of  carrying out all life processes. A lipid 
and protein barrier called the cell membrane (also called the 
plasma membrane) separates cells from their external environment. 
Simple organisms are composed of  only one cell, but complex 
organisms have many cells with different structural and functional 
specializations.

Collections of  cells that carry out related functions are called 
tissues {texere, to weave}. Tissues form structural and functional 
units known as organs {organon, tool}, and groups of  organs inte-
grate their functions to create organ systems. Chapter 3 reviews 
the anatomy of  cells, tissues, and organs.

The 10 physiological organ systems in the human body are 
illustrated in FIGURE 1.2. Several of  the systems have alternate 
names, given in parentheses, that are based on the organs of  the 
system rather than the function of  the system. The integumen-
tary system {integumentum, covering}, composed of  the skin, 
forms a protective boundary that separates the body’s internal 
environment from the external environment (the outside world). 
The musculoskeletal system provides support and body 
movement.

Four systems exchange materials between the internal and 
external environments. The respiratory (pulmonary) sys-
tem exchanges gases; the digestive (gastrointestinal) system 
takes up nutrients and water and eliminates wastes; the urinary 
(renal) system removes excess water and waste material; and the 
reproductive system produces eggs or sperm.

The remaining four systems extend throughout the body. The 
circulatory (cardiovascular) system distributes materials by 
pumping blood through vessels. The nervous and endocrine 
systems coordinate body functions. Note that the figure shows 
them as a continuum rather than as two distinct systems. Why? 
Because the lines between these two systems have blurred as we 
have learned more about the integrative nature of  physiological 
function.

The one system not illustrated in Figure 1.2 is the diffuse 
immune system, which includes but is not limited to the ana-
tomical structures known as the lymphatic system. The specialized 
cells of  the immune system are scattered throughout the body. 
They protect the internal environment from foreign substances by 
intercepting material that enters through the intestines and lungs 

These special review features illustrate the anatomy of  the physi-
ological systems at different levels of  organization.

At the most basic level of  organization shown in Figure 
1.1, atoms of  elements link together to form molecules. Collec-
tions of  molecules in living organisms form cells, the smallest 

EMERGING CONCEPTS
The Changing World of Omics

If you read the scientific literature, it appears that contem-
porary research has exploded into an era of “omes” and 
“omics.” What is an “ome”? The term apparently derives 
from the Latin word for a mass or tumor, and it is now used 
to refer to a collection of items that make up a whole, such 
as a genome. One of the earliest uses of the “ome” suffix in 
biology is the term biome, meaning all organisms living in 
a major ecological region, such as the marine biome or the 
desert biome. A genome, for example, is a collection of all 
the genetic material of an organism. Its physiome describes 
the organism’s coordinated molecular, cellular, and physi-
ological functioning.

The related adjective “omics” describes the research 
related to studying an “ome.” Adding “omics” to a root word 
has become the cutting-edge way to describe a research 
field. For example, pharmacogenomics (the influence of 
genetics on the body’s response to drugs) is now as impor-
tant as genomics, the sequencing of DNA (the genome). 
There is even a journal named OMICS!

New “omes” emerge every year. The human con-
nectome project (www.neuroscienceblueprint.nih.gov/
connectome/) sponsored by the American National Insti-
tutes of Health is a collaborative effort by multiple institu-
tions to map all the neural connections of the human brain. 
NIH also sponsors the human microbiome project (https://
commonfund.nih.gov/hmp/overview), whose goal is to 
study the effects of microbes that normally live on or in the 
human body. Ignored as unimportant for many years, these 
microbes are now being shown to have an influence on 
both health and disease.

FIG. 1.1 Levels of organization and the related fields of study
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4 CHAPTER 1 Introduction to Physiology

These process maps are also called flow charts, and they are frequently 
used in health care. You will be able to practice mapping with spe-
cial end-of-chapter questions throughout the book.

1.2 Function and Mechanism
We define physiology as the normal functioning of  the body, but 
physiologists are careful to distinguish between function and mecha-
nism. The function of  a physiological system or event is the “why” 
of  the system or event: Why does a certain response help an animal 
survive in a particular situation? In other words, what is the adaptive 
significance of  this event for this animal?

For example, humans are large, mobile, terrestrial animals, 
and our bodies maintain relatively constant water content despite 
living in a dry, highly variable external environment. Dehydration 
is a constant threat to our well-being. What processes have evolved 
in our anatomy and physiology that allow us to survive in this hos-
tile environment? One is the production of  highly concentrated 
urine by the kidney, which allows the body to conserve water. This 
statement tells us why we produce concentrated urine but does not 
tell us how the kidney accomplishes that task.

or through a break in the skin. In addition, immune tissues are 
closely associated with the circulatory system.

Traditionally, physiology courses and books are organized by 
organ system. Students study cardiovascular physiology and regu-
lation of  blood pressure in one chapter, and then study the kidneys 
and control of  body fluid volume in a different chapter. In the 
functioning human, however, the cardiovascular and renal systems 
communicate with each other, so that a change in one is likely to 
cause a reaction in the other. For example, body fluid volume influ-
ences blood pressure, while changes in blood pressure alter kidney 
function because the kidneys regulate fluid volume. In this book, 
you will find several integrative physiology chapters that highlight 
the coordination of  function across multiple organ systems.

Understanding how different organ systems work together is 
just as important as memorizing facts, but the complexity of  inter-
actions can be challenging. One way physiologists simplify and 
integrate information is by using visual representations of  physi-
ological processes called maps. The Focus on Mapping feature in 
this chapter will help you learn how to make maps. The first type 
of  map, shown in FIGURE 1.3a, is a schematic representation of  
structure or function. The second type of  map, shown in Figure 
1.3b, diagrams a physiological process as it proceeds through time. 

FIG. 1.2 Organ systems of the human body and their integration

FIG. 1.2 Organ Systems of the Human Body and their Integration

System Name Includes Representative Functions The Integration between Systems of the Body

Circulatory Heart, blood
vessels, blood

Transport of materials between all
cells of the body

Digestive Stomach,
intestine, liver,
pancreas

Conversion of food into particles
that can be transported into the
body; elimination of some wastes

Endocrine Thyroid gland,
adrenal gland

Coordination of body function
through synthesis and release of
regulatory molecules

Immune Thymus, spleen,
lymph nodes

Defense against foreign
invaders

Integumentary Skin Protection from external
environment

Musculoskeletal Skeletal mus-
cles, bone

Support and movement

Nervous Brain, spinal
cord

Coordination of body function
through electrical signals and
release of regulatory molecules

Reproductive Ovaries and 
uterus, testes

Perpetuation of the species 

Respiratory Lungs, airways Exchange of oxygen and carbon
dioxide between the internal and
external environments

Urinary Kidneys, bladder Maintenance of water and
solutes in the internal
environment; waste removal

This schematic figure indicates relationships between
systems of the human body. The interiors of some
hollow organs (shown in white) are part of the
external environment.
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At the systems level, we know about most of  the mechan-
ics of  body function from centuries of  research. The unanswered 
questions today mostly involve integration and control of  these 
mechanisms, particularly at the cellular and molecular levels. Nev-
ertheless, explaining what happens in test tubes or isolated cells can 
only partially answer questions about function. For this reason, 
animal and human trials are essential steps in the process of  apply-
ing basic research to treating or curing diseases.

1.3 Themes in Physiology
“Physiology is not a science or a profession but a point of  view.”3 
Physiologists pride themselves on relating the mechanisms they 
study to the functioning of  the organism as a whole. For students, 
being able to think about how multiple body systems integrate their 
function is one of  the more difficult aspects of  learning physiology. 
To develop expertise in physiology, you must do more than simply 
memorize facts and learn new terminology. Researchers have 
found that the ability to solve problems requires a conceptual 
framework, or “big picture,” of  the field.

This book will help you build a conceptual framework for 
physiology by explicitly emphasizing the basic biological concepts, 
or themes, that are common to all living organisms. These con-
cepts form patterns that repeat over and over, and you will begin 
to recognize them when you encounter them in specific contexts. 
Pattern recognition is an important skill in healthcare professions, 
and it will also simplify learning physiology.

In the past few years, three different organizations issued 
reports to encourage the teaching of  biology using these fun-
damental concepts. Although the descriptions vary in the three 
reports, five major themes emerge:

1. structure and function across all levels of  organization
2. energy transfer, storage, and use
3. information flow, storage, and use within single organisms and 

within a species of  organism

3 R. W. Gerard. Mirror to Physiology: A Self-Survey of  Physiological Science. 
 Washington, DC: American Physiology Society, 1958.

Thinking about a physiological event in terms of  its adap-
tive significance is the teleological approach to science. For 
example, the teleological answer to the question of  why red blood 
cells transport oxygen is “because cells need oxygen and red blood 
cells bring it to them.” This answer explains why red blood cells 
transport oxygen—their function—but says nothing about how the 
cells transport oxygen.

In contrast, most physiologists study physiological processes, 
or mechanisms—the “how” of  a system. The mechanistic 
approach to physiology examines process. The mechanistic 
answer to the question “How do red blood cells transport oxygen?” 
is “Oxygen binds to hemoglobin molecules in the red blood cells.” 
This very concrete answer explains exactly how oxygen transport 
occurs but says nothing about the significance of  oxygen transport 
to the animal.

Students often confuse these two approaches to thinking about 
physiology. Studies have shown that even medical students tend to 
answer questions with teleological explanations when the more 
appropriate response would be a mechanistic explanation.1 Often 
they do so because instructors ask why a physiological event occurs 
when they really want to know how it occurs. Staying aware of  the 
two approaches will help prevent confusion.

Although function and mechanism seem to be two sides of  the 
same coin, it is possible to study mechanisms, particularly at the 
cellular and subcellular level, without understanding their func-
tion in the life of  the organism. As biological knowledge becomes 
more complex, scientists sometimes become so involved in studying 
complex processes that they fail to step back and look at the sig-
nificance of  those processes to cells, organ systems, or the animal. 
Conversely, it is possible to use teleological thinking incorrectly by 
saying, “Oh, in this situation the body needs to do this.” This may 
be a good solution, but if  a mechanism for doing this doesn’t exist, 
the situation cannot be corrected.

Applying the concept of  integrated functions and mechanisms 
is the underlying principle in translational research, an 
approach sometimes described as “bench to bedside.” Transla-
tional research uses the insights and results gained from basic bio-
medical research on mechanisms to develop treatments and 
strategies for preventing human diseases. For example, researchers 
working on rats found that a chemical from the pancreas named 
amylin reduced the rats’ food intake. These findings led directly to 
a translational research study in which human volunteers injected 
a synthetic form of  amylin and recorded their subsequent food 
intake, but without intentionally modifying their lifestyle.2 The 
drug suppressed food intake in humans, and was later approved by 
the Food and Drug Administration for treatment of  diabetes 
mellitus.

1 D. R. Richardson. A survey of  students’ notions of  body function as teleo-
logic or mechanistic. Advan Physiol Educ 258: 8–10, Jun 1990. Access free at 
http://advan.physiology.org.
2 S. R. Smith et al. Pramlintide treatment reduces 24-h caloric intake and 
meal sizes and improves control of  eating in obese subjects: a 6-wk transla-
tional research study. Am J Physiol Endocrinol Metab 293: E620–E627, 2007.

RUNNING PROBLEM 
When Jimmy got back to his room, he sat down at his computer 
and went to the Internet. He typed diabetes in his search box—
and came up with 267 million results. “That’s not going to work. 
What about insulin?” Nearly 48 million results. “How in the world 
am I going to get any answers?” He clicked on the first sponsored 
ad that advertised “Information for type 2 diabetes.” That might be 
good. His mother had type 2 diabetes. But it was for a pharma-
ceutical company trying to sell him a drug. “Maybe my physiology 
prof can help me with this search. I’ll ask tomorrow.” 

Q1: What search terms could Jimmy have used to get fewer 
results?

 2 5 9 12 16 19 24
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Why use maps to study physiology?  The answer is 
simple: maps will help you organize information you are learning 
in a way that makes sense to you and they will make that informa-
tion easier to recall on a test. Creating a map requires higher-level 
thinking about the relationships among items on the map. 

What is a map?  Mapping is a nonlinear way of organizing material. A 
map can take a variety of forms but usually consists of terms (words or short 
phrases) linked by arrows to indicate associations. You can label the 
connecting arrows to describe the type of linkage between the terms 
(structure/function, cause/effect) or with explanatory phrases.

Practice making maps.  Many maps appear in this textbook, and they can 
serve as the starting point for your own maps. However, the real benefit of 
mapping comes from preparing maps yourself rather than memorizing someone 
else’s maps. Your instructor can help you get started.

Electronic mapping.  Some people do not like the messiness of hand-drawn maps. There are 
several electronic ways of making maps, including PowerPoint or free and commercial software 
programs. Free concept mapping software is available from IHMC CmapTools at http://cmap.ihmc.us. 
Or search for the term free concept map to find other resources on the Web. A popular commercial 
program for mapping is Inspiration (www.inspiration.com).

•  To help you get started, the end-of-chapter questions in this book include at 
least one list of terms to map for each chapter.

•  Write your terms on individual slips of paper or small sticky notes so that you 
can rearrange the map more easily.

•  Some terms may seem to belong to more than one group. Do not duplicate 
the item but make a note of it, as this term will probably have several arrows 
pointing to it or leading away from it.

•  If arrows crisscross, try rearranging the terms on the map.
•  Use color to indicate similar items.
•  Add pictures and graphs that are associated with specific terms in your map.

Here are two typical maps used in physiology. 

The next page walks you through the process of creating a structure-function map.

Mapping is not just a study technique. Scientists map out 
the steps in their experiments. Healthcare professionals 
create maps to guide them while diagnosing and treating 
patients. You can use mapping for almost every subject 
you study.

Science is a collaborative field. A useful way to study with a 
map is to trade maps with a classmate and try to under-
stand each other’s maps. Your maps will almost certainly 
not look the same! It’s OK if they are different. Remember 
that your map reflects the way you think about the subject, 
which may be different from the way someone else thinks 
about it. Did one of you put in something the other forgot? 
Did one of you have an incorrect link between two items?

SANDWICHES

Outside components Fillings

Breads Tortillas Wraps Vegetables

Put your key term on the top.

Then put your terms in groups that are similar.

results in

consists of

containscontains

can be found in

Makes proteins such as

These are the 3 main 
parts of a cell.

Studying Better grades

Cheeses Meats Dressings 
and sauces

Person working 
outside on a hot, 

dry day

Loses body water
by evaporation

Body fluids become
more concentrated

Thirst pathways
stimulated

Person seeks out
and drinks water

Internal receptors
sense change in

internal concentration

Water added
to body fluids

decreases their
concentration

Process maps or flow charts 
follow normal homeostatic control 
pathways or the body’s responses 
to abnormal (pathophysiological) 
events as they unfold over time.

Structure/function maps focus on the relationships 
between anatomical structures and their functions.

HINTS

STEP 1: Write out the terms to map.
If you need help generating ideas for topics to 
map, the end-of-chapter mapping questions in 
each chapter have lists of terms to help you get 
started.

STEP 2: Organize the terms.

STEP 3: Link the terms.

Once you have created your map, sit back and think 
about it. Are all the items in the right place? You may 
want to move them around once you see the big 
picture. Add new concepts or correct wrong links. 
Review by recalling the main concept and then moving 
to the more specific details. Ask yourself questions like, 
What is the cause and what is the effect? What parts 
are involved? What are the main characteristics?

These are all found inside the cell. Parts in 
the left column do not have membranes. 

Parts in the right column have membranes.

You may think of 
additional terms to 

add as you work.

Labeling arrows 
can help explain 

linkages.

Cytoplasm

Cytoplasm

Cytoplasm

Protein fibers Inclusions

Smooth ER

Cytoskeleton

Rough ER

Membranous organelles

Nucleus

Nucleus

Nucleus

Nucleolus

Nucleolus

Nucleolus

The Cell

The Cell

The Cell

Cell membrane

Cell membrane

Cell membrane

Ribosomes

Ribosomes

Ribosomes

Mitochondria

Mitochondria

Mitochondria

Golgi

Golgi

Golgi

Endoplasmic
reticulum

Endoplasmic
reticulum

Endoplasmic reticulum

FIG. 1.3 Focus on . . . Mapping
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tion easier to recall on a test. Creating a map requires higher-level 
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connecting arrows to describe the type of linkage between the terms 
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serve as the starting point for your own maps. However, the real benefit of 
mapping comes from preparing maps yourself rather than memorizing someone 
else’s maps. Your instructor can help you get started.

Electronic mapping.  Some people do not like the messiness of hand-drawn maps. There are 
several electronic ways of making maps, including PowerPoint or free and commercial software 
programs. Free concept mapping software is available from IHMC CmapTools at http://cmap.ihmc.us. 
Or search for the term free concept map to find other resources on the Web. A popular commercial 
program for mapping is Inspiration (www.inspiration.com).

•  To help you get started, the end-of-chapter questions in this book include at 
least one list of terms to map for each chapter.

•  Write your terms on individual slips of paper or small sticky notes so that you 
can rearrange the map more easily.

•  Some terms may seem to belong to more than one group. Do not duplicate 
the item but make a note of it, as this term will probably have several arrows 
pointing to it or leading away from it.

•  If arrows crisscross, try rearranging the terms on the map.
•  Use color to indicate similar items.
•  Add pictures and graphs that are associated with specific terms in your map.
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The next page walks you through the process of creating a structure-function map.

Mapping is not just a study technique. Scientists map out 
the steps in their experiments. Healthcare professionals 
create maps to guide them while diagnosing and treating 
patients. You can use mapping for almost every subject 
you study.

Science is a collaborative field. A useful way to study with a 
map is to trade maps with a classmate and try to under-
stand each other’s maps. Your maps will almost certainly 
not look the same! It’s OK if they are different. Remember 
that your map reflects the way you think about the subject, 
which may be different from the way someone else thinks 
about it. Did one of you put in something the other forgot? 
Did one of you have an incorrect link between two items?
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If you need help generating ideas for topics to 
map, the end-of-chapter mapping questions in 
each chapter have lists of terms to help you get 
started.

STEP 2: Organize the terms.
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Once you have created your map, sit back and think 
about it. Are all the items in the right place? You may 
want to move them around once you see the big 
picture. Add new concepts or correct wrong links. 
Review by recalling the main concept and then moving 
to the more specific details. Ask yourself questions like, 
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4. homeostasis and the control systems that maintain it
5. evolution

In addition, all three reports emphasize the importance of  under-
standing how science is done and of  the quantitative nature of  
biology. TABLE 1.1 lists the core concepts in biology from the three 
reports.

In this book, we focus on the four themes most related to 
physiology: structure-function relationships, biological energy use, 
information flow within an organism, and homeostasis and the 
control systems that maintain it. The first six chapters introduce 
the fundamentals of  these themes, which you may already be 
familiar with from earlier biology or chemistry classes. The themes 
and their associated concepts, with variations, then re-appear over 
and over in subsequent chapters of  this book. Look for them in the 
summary material at the end of  the chapters and in the end-of-
chapter questions as well.

Theme 1: Structure and Function 
Are Closely Related
The integration of  structure and function extends across all levels 
of  organization, from the molecular level to the intact body. This 
theme subdivides into two major ideas: molecular interactions and 
compartmentation.

Molecular Interactions The ability of  individual molecules to 
bind to or react with other molecules is essential for biologi-
cal function. A molecule’s function depends on its structure 
and shape, and even a small change to the structure or shape 
may have significant effects on the function. The classic exam-
ple of  this phenomenon is the change in one amino acid of  
the  hemoglobin protein. (Hemoglobin is the oxygen-carrying 
pigment of  the blood.) This one small change in the protein 

converts normal hemoglobin to the form associated with sickle 
cell disease.

Many physiologically significant molecular interactions that 
you will learn about in this book involve the class of  biological mol-
ecules called proteins. Functional groups of  proteins include enzymes 
that speed up chemical reactions, signal molecules and the receptor pro-
teins that bind signal molecules, and specialized proteins that func-
tion as biological pumps, filters, motors, or transporters. Chapter 2 
describes molecular interactions involving proteins in more detail.

Interactions between proteins, water, and other molecules 
influence cell structure and the mechanical properties of  cells and 
tissues. Mechanical properties you will encounter in your study of  
physiology include compliance (ability to stretch), elastance (stiffness or 
the ability to return to the unstretched state), strength, flexibility, 
and fluidity (viscosity).

Compartmentation Compartmentation is the division of  space 
into separate compartments. Compartments allow a cell, a tissue, 
or an organ to specialize and isolate functions. Each level of  orga-
nization is associated with different types of  compartments. At the 
macroscopic level, the tissues and organs of  the body form discrete 
functional compartments, such as body cavities or the insides of  
hollow organs. At the microscopic level, cell membranes separate 
cells from the fluid surrounding them and also create tiny compart-
ments within the cell called organelles. Compartmentation is the 
theme of  Chapter 3.

Theme 2: Living Organisms Need Energy
Growth, reproduction, movement, homeostasis—these and all 
other processes that take place in an organism require the continu-
ous input of  energy. Where does this energy come from, and how 
is it stored? We will answer those questions and describe some of  

TABLE 1.1 Biology Concepts

Scientific Foundations for Future 
 Physicians (HHMI and AAMC)1 Vision and Change (NSF and AAAS)2

The 2010 Advanced Placement Biology 
Curriculum (College Board)3

Structure/function from molecules to 
organisms

Structure and function (anatomy and 
physiology)

Relationship of structure to function

Physical principles applied to living systems
Chemical principles applied to living 
systems

Pathways and transformations of energy 
and matter

Energy transfer

Biomolecules and their functions Information flow, exchange, and storage Continuity and change

Organisms sense and control their inter-
nal environment and respond to external 
change

Systems Regulation (“a state of dynamic balance”)

Evolution as an organizing principle Evolution Evolution

1Scientific Foundations for Future Physicians. Howard Hughes Medical Institute (HHMI) and the Association of American Medical Colleges (AAMC), 2009. www.aamc.org/
scientificfoundations
2Vision and Change: A Call to Action. National Science Foundation (NSF) and American Association for the Advancement of Science (AAAS). 2011. http://visionandchange 
.org/finalreport. The report mentioned the integration of science and society as well.
3College Board AP Biology Course Description, The College Board, 2010. http://apcentral.collegeboard.com/apc/public/repository/ap-biology-course-description.pdf.  
The AP report also included “Interdependence in Nature” and “Science, Technology and Society” as two of their eight themes.

M01_SILV5197_08_SE_C01.indd   8 11/30/17   11:16 PM

http://apcentral.collegeboard.com/apc/public/repository/ap%E2%80%90biology%E2%80%90course%E2%80%90description.pdf
http://visionandchange.org/finalreport
http://visionandchange.org/finalreport
http://www.aamc.org/scientificfoundations
http://www.aamc.org/scientificfoundations


CHAPTER

1

 1.4 Homeostasis 9 

In 1929, an American physiologist named Walter B. Cannon 
wrote a review for the American Physiological Society.5 Using 
observations made by numerous physiologists and physicians dur-
ing the nineteenth and early twentieth centuries, Cannon proposed 
a list of  variables that are under homeostatic control. We now 
know that his list was both accurate and complete. Cannon divided 
his variables into what he described as environmental factors that 
affect cells (osmolarity, temperature, and pH) and “materials for 
cell needs” (nutrients, water, sodium, calcium, other inorganic ions, 
oxygen, as well as “internal secretions having general and continu-
ous effects”). Cannon’s “internal secretions” are the hormones and 
other chemicals that our cells use to communicate with one 
another.

In his essay, Cannon created the word homeostasis to describe 
the regulation of  the body’s internal environment. He explained 
that he selected the prefix homeo- (meaning like or similar) rather 
than the prefix homo- (meaning same) because the internal environ-
ment is maintained within a range of  values rather than at an 
exact fixed value. He also pointed out that the suffix -stasis in this 
instance means a condition, not a state that is static and unchang-
ing. Cannon’s homeostasis, therefore, is a state of  maintaining “a 
similar condition,” similar to Claude Bernard’s relatively constant 
internal environment.

Some physiologists contend that a literal interpretation of  
stasis {a state of  standing} in the word homeostasis implies a static, 
unchanging state. They argue that we should use the word homeody-
namics instead, to reflect the small changes constantly taking place 
in our internal environment {dynamikos, force or power}. Whether 
the process is called homeostasis or homeodynamics, the important 
concept to remember is that the body monitors its internal state 
and takes action to correct disruptions that threaten its normal 
function.

5 W. B. Cannon. Organization for physiological homeostasis. Physiol Rev 9: 
399–443, 1929.

the ways that energy in the body is used for building and breaking 
down molecules in Chapter 4. In subsequent chapters, you will 
learn how energy is used to transport molecules across cell mem-
branes and to create movement.

Theme 3: Information Flow Coordinates 
Body Functions
Information flow in living systems ranges from the transfer of  infor-
mation stored in DNA from generation to generation (genetics) to 
the flow of  information within the body of  a single organism. At 
the organismal level, information flow includes translation of  DNA’s 
genetic code into proteins responsible for cell structure and function.

In the human body, information flow between cells coordinates 
function. Cell-to-cell communication uses chemical signals, electrical 
signals, or a combination of  both. Information may go from one 
cell to its neighbors (local communication) or from one part of  
the body to another (long-distance communication). Chapter 6 
discusses chemical communication in the body.

When chemical signals reach their target cells, they must get 
their information into the cell. Some molecules are able to pass 
through the barrier of  the cell membrane, but signal molecules 
that cannot enter the cell must pass their message across the cell 
membrane. How molecules cross biological membranes is the topic 
of  Chapter 5.

Theme 4: Homeostasis Maintains Internal Stability
Organisms that survive in challenging habitats cope with external 
variability by keeping their internal environment relatively sta-
ble, an ability known as homeostasis {homeo-, similar + @stasis, 
condition}. Homeostasis and regulation of  the internal environ-
ment are key principles of  physiology and underlying themes in 
each chapter of  this book. The next section looks in detail at 
the key   elements 
of  this important 
theme.

1.4 Homeostasis
The concept of  a relatively stable internal environment is attrib-
uted to the French physician Claude Bernard in the mid-1800s. 
During his studies of  experimental medicine, Bernard noted the 
stability of  various physiological functions, such as body tempera-
ture, heart rate, and blood pressure. As the chair of  physiology at 
the University of  Paris, he wrote “La fixité du milieu intérieur est 
la condition de la vie libre, indépendante.” (The constancy of  the 
internal environment is the condition for a free and independent 
life.)4 This idea was applied to many of  the experimental observa-
tions of  his day, and it became the subject of  discussion among 
physiologists and physicians.

4 C. Bernard. Leçons sur les phénomènes de la vie communs aux animaux et aux végé-
taux (Vol. 1, p. 113), Paris: J.-B. Baillière, 1885. (http://obvil.paris-sorbonne.fr/
corpus/critique/bernard_lecons-phenomenes-vie-I/body-2)

RUNNING PROBLEM 
After his second physiology class, Jimmy introduced himself to 
his professor and explained his problem. The professor’s first 
suggestion was simple: try to narrow the search. “One of the best 
ways to search is to combine terms using the connector AND. 
If you remember set theory from your math class, the connec-
tor AND will give you the intersection of the sets. In other words, 
you’ll get only the results that occur in both sets.”

Seemed simple enough. Jimmy went back to the Internet and 
tried diabetes and insulin. That search still had 46 million results 
but on the first page was a link to the American Diabetes Asso-
ciation, diabetes.org. Now he was getting somewhere. 

Q2: What kinds of websites should Jimmy be looking for in his 
results list, and how can he recognize them?
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