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OWNER'S MANUAL

HOW TO USE THIS BOOK

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 labora-
tory, field, or classroom. Analyzing, synthesizing, and evalu-
ating 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 infor-
mation 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 particularly 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 textbooks. Please
take a few minutes to read about them so that you can
make optimum use of the book as you study.

In this edition, we have added some new features
to help you study. Each chapter now begins with a list of
Learning Outcomes to guide you as you read the chapter.

We have also added Video Tutors, online video clips that

I created with the assistance of some of my students. Look
for the QR codes in the figures with associated Video Tutor
clips, and watch Kevin and Michael as they demonstrate
physiology in action.

Pattern recognition is important for all healthcare pro-
fessionals, 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 clin-
ics, and one on constructing and interpreting graphs. The
Chapter 1 Running Problem introduces you to effective
ways to find information on the Internet.

Be sure to look for the Essentials and Review figures
throughout the book. These figures distill the basics about
a topic onto one or two pages, much as the Anatomy Sum-
maries 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 cel-
lular and molecular level, and there have been many excit-
ing developments in molecular medicine and physiology in
the 10 years since the first edition. For example, now scien-
tists are paying more attention to primary 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 dis-
eases. Look for similar links between molecular and cellular

biology, physiology, and medicine throughout the book.

2. Physiology as a Dynamic Field

Physiology is a dynamic discipline, with numerous un-
answered questions that merit further investigation and
research. Many of the “facts” presented in this text are re-
ally only our current theories, so you should be prepared
to change your mental models as new information emerges

from scientific research.

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 physiological processes of
multiple organ systems coordinate with each other, espe-

cially 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 information 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, that 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 appendices have
the answers to the Concept Check questions, Figure and
Graph Questions, and end-of-chapter questions, as well as
reviews of physics, logarithms, and basic genetics. The back
end papers include a periodic table of the elements, dia-
grams of anatomical positions of the body, and tables with

conversions and normal values of blood components. 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 complex-
ity of the human body and a clear vision of the potential of
physiological and biomedical research. May you find physi-
ology as fun and exciting I do. Good luck with your studies!

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

silverthorn@utexas.edu


silverthorn@utexas.edu
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There is no good evidence
that ... life evades the second
law of thermodynamics,

but in the downward

course of the energy-flow

it interposes a barrier and
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ENERGY IN BIOLOGICAL

SYSTEMS 93

L0 4.1 Define energy. Describe three
categories of work that require energy.

L0 4.2 Distinguish between kinetic and
potential energy, and describe potential
energy in biological systems.

L0 4.3 Explain the first and second laws of
thermodynamics and how they apply to
the human body.

CHEMICAL REACTIONS 96

L0 4.4 Describe four common types of
chemical reactions.

L0 4.5 Explain the relationships between
free energy, activation energy, and
endergonic and exergonic reactions.

L0 4.6 Apply the concepts of free energy
and activation energy to reversible and
irreversible reactions.

ENZYMES 98

L0 4.7 Explain what enzymes are and how
they facilitate biological reactions.

L0 4.8 How do the terms isozyme,
coenzyme, proenzyme, zymogen, and
cofactor apply to enzymes?

L0 4.9 Name and explain the four major
categories of enzymatic reactions.

METABOLISM 102

L0 4.10 Define metabolism, anabolism, and
catabolism.

L0 4.11 List five ways cells control the flow
of molecules through r boli h b

L04.12 Explain the roles of the following
molecules in biological energy transfer and
storage: ADP, ATP, NADH, FADH,, NADPH.

L04.13 OQutline the pathways for aerobic
and anaerobic metabolism of glucose
and compare the energy yields of the two
pathways.

L0 4.14 Write two equations for aerobic
metabolism of one glucose molecule: one
using only words and a second using the
chemical formula for glucose.

L04.15 Explain how the electron transport
system creates the high-energy bond of
ATP.

L04.16 Describe how the genetic code of
DNA is transcribed and translated to create
proteins.

L0 4.17 Explain the roles of transcription
factors, alternative splicing, and
posttranslational modification in protein
synthesis.

BACKGROUND BASICS

DNA and RNA
Organelles

Lipids

Hydrogen bonds
Protein structure
Protein interactions
Covalent bonds
Carbohydrates
Graphing

ATP

<— NEW! LEARNING
OUTCOMES appear
at the beginning of every
chapter to provide a learning
framework that allows
students to easily test their
knowledge after reading.

NEW! THE DIGESTIVE SYSTEM AND REPRODUCTION AND
DEVELOPMENT CHAPTERS have been revised to include the latest

research and to better foster student understanding and application.




NEW'! OVER 40 NEW AND UPDATED PROCESS ART FIGURES

blend narrative explanations and clear visuals that better enable students to
visualize difficult concepts and physiological processes.

FIG. 17.5 WATEVA ol Gy

(a) Epithelial cells lining the airways and submucosal (b) Cilia move the mucus layer toward the pharynx, removing trapped
glands secrete saline and mucus. pathogens and particulate matter.

Dust particle ——

Mucus layer traps ———
Ciliated inhaled particles. ‘
epithelium G
Watery saline layer
allows cilia to
push mucus
toward pharynx. G

Cilia

Goblet cell
secretes mucus. a

Movement of mucus — Nucleus of
columnar
Mucus layer — Submucosal epithelial cell A {
Lumen of airway land
Y 9 Basement
membrane

Fic. 21.14 ESSENTIALS

I b
NEW! OVER 30 The Pancreas
N EW A N D U P DAT E D Anatomy of the Exocrine and Endocrine Pancreas
ESSENTIALS ART g e aescs o o
F I G U R E S ) I = that enter the blood. pancreas.
concisely

present important concepts

for students to master in - P Capilary
each chapter. : » \>

Acinar cells secrete
digestive enzymes.

Activation of Pancreatic Zymogens
Duct cells secrete

NaHCOj that enters

(b) Inactive enzymes secreted by the pancreas are the digestive tract.

activated in a cascade. Trypsinogen is activated
to trypsin by brush border enteropeptidase, and
trypsin then activates other pancreatic enzymes.

IS .
Lumen of small intestine Pancreatic duct .

Pancreatic secretions
(include inactive
zymogens) Bicarbonate Secretion

> DY (c) Bicarbonate secretion in the pancreas and duodenum
ZYMOGENS ‘ Trypsinogen i g
* Chymotrypsinogen i
3 ?:‘;:3;’: gg?g:f Lumen of Pancreatic duct cell Interstitial 9
OlFeez RS RS pancreas or or duodenal cell fluid =
* Procolipase rypsin. intestine g

* Prophospholipase Trypsin
l activates

HCO;™

ACTIVATED ENZYMES Intestinal

* Chymotrypsin (LS

* Carboxypeptidase Cr<—g
* Colipase

* Phospholipase channel




This page intentionally left blank



Top Ten Ways to
Succeed in Classes that
Use Active Learning

By Manila Svinicki, Ph.D., Director
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

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 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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