This International Student Edition is for use outside of the U.S.

'Anatg)m y
Physiology

TENTH EDITION

— '%:»s
o

- ¥ T -

I

B,  VANPUTTE | REGAN.| RUSSO



TENTH EDITION

- w—
~  Andre

v

i — ” - - . x | A.-_
.M’rhWes’rern Illinois R University.of e Uniyers;t)g.o Iowa |

- College Southern Mississippi

Y,

Mc
Graw
Hill

Education



Education

SEELEY’S ESSENTIALS OF ANATOMY & PHYSIOLOGY, TENTH EDITION

Published by McGraw-Hill Education, 2 Penn Plaza, New York, NY 10121. Copyright © 2019 by McGraw-Hill Education. All rights
reserved. Printed in the United States of America. No part of this publication may be reproduced or distributed in any form or by any means,
or stored in a database or retrieval system, without the prior written consent of McGraw-Hill Education, including, but not limited to, in any
network or other electronic storage or transmission, or broadcast for distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside the United States.

This book is printed on acid-free paper.

123456789LWI212019 18

ISBN 978-1-260-09286-8
MHID 1-260-09286-0

Cover Image: ©Philippe Marion/Moment/Getty Images

All credits appearing on page or at the end of the book are considered to be an extension of the copyright page.
The Internet addresses listed in the text were accurate at the time of publication. The inclusion of a website does not indicate an endorse-
ment by the authors or McGraw-Hill Education, and McGraw-Hill Education does not guarantee the accuracy of the information presented

at these sites.

mheducation.com/highered



DEDICATION

This text is dedicated to our families. Without their uncompromising
support and love, this effort would not have been possible. Our spouses
and children have been more than patient while we’ve spent many
nights at the computer surrounded by mountains of books. We also
want to acknowledge and dedicate this edition to the previous authors
as we continue the standard of excellence that they have set for so
many years. For each of us, authoring this text is a culmination of our
passion for teaching and represents an opportunity to pass knowledge
on to students beyond our own classrooms; this has all been made
possible by the support and mentorship we in turn have
received from our teachers, colleagues, friends, and family.



Courtesy of Leanna Rolla

Cinnamon L. VanPutte
Professor of Biology
Southwestern Illinois College

Cinnamon has been teaching biology and
human anatomy and physiology for almost
two decades. At Southwestern Illinois
College she is a full-time faculty member
and the coordinator for the anatomy and
physiology courses. Cinnamon is an active
member of several professional societies,
including the Human Anatomy & Physiology
Society (HAPS). Her Ph.D. in zoology, with
an emphasis in endocrinology, is from

Texas A&M University. She worked in

Dr. Duncan MacKenzie’s lab, where she
was indoctrinated in the major principles

of physiology and the importance of critical
thinking. The critical thinking component

of Seeley’s Essentials of Human Anatomy &
Physiology epitomizes Cinnamon’s passion for
the field of human anatomy and physiology;
she is committed to maintaining this
tradition of excellence. Cinnamon and her
husband, Robb (also a biology professor),
have two children: a daughter, Savannah,
and a son, Ethan. Savannah is pursuing her
undergraduate education and hopes to

one day become a pediatric occupational
therapist. Ethan is involved in 4-H and shows
steers and lambs. He is also a talented runner
for both cross country and track.

Courtesy of Bridget Reeves

Jennifer L. Regan
Assistant Teaching Professor
University of Southern Mississippi

For over fifteen years, Jennifer has taught
infroductory biology, human anatomy and
physiology, and genetics at the university
and community college level. She has
received the Instructor of the Year Award
at both the departmental and college level
while teaching at USM. In addition, she has
been recognized for her dedication to
teaching by student organizations such as
the Alliance for Graduate Education in
Mississippi and Increasing Minority Access
to Graduate Education. Jennifer has
dedicated much of her career to improving
lecture and laboratory instruction at her
institutions. Critical thinking and lifelong
learning are two characteristics Jennifer
hopes to instill in her students. She
appreciates the Seeley approach to
learning and is excited about contributing
to further development of the textbook. She
received her Ph.D. in biology at the
University of Houston, under the direction
of Edwin H. Bryant and Lisa M. Meffert. She
is an active member of several professional
organizations, including the Human
Anatomy and Physiology Society. During her
free time, Jennifer enjoys spending time
with her husband, Hobbie, and two sons,
Patrick and Nicholas.

Courtesy of the University of Iowa

Andrew F. Russo
Professor of Molecular
Physiology and Biophysics
University of Iowa

Andrew has over 20 years of classroom
experience with human physiology,
neurobiology, molecular biology, and cell
biology courses at the University of Iowa. He
is a recipient of the Collegiate Teaching
Award and the J. P. Long Teaching Award in
Basic Sciences. He is currently the course
director for a new medical school course
called Mechanisms of Health and Disease
that integrates physiology, histology, and
genetics. He is a member of several
professional societies, including the Society
for Neuroscience. Andrew received his Ph.D.
in biochemistry from the University of
California at Berkeley. His research interests
are focused on the molecular basis of
migraine. His decision to join the author
team for Seeley’s Essentials of Human
Anatomy & Physiology is the culmination of a
passion for teaching that began in graduate
school. He is excited about the opportunity
to hook students’ interest in learning by
presenting cutting-edge clinical and
scientific advances. Andy is married o
Maureen, a physical therapist, and has three
daughters Erilynn, Becky, and Colleen, and
five grandchildren. He enjoys all types of
outdoor sports, especially bicycling, skiing,
running, and open water swimming.



Brigr Corrarrs

Chapter I The Human Organism |

Chapter 2 The Chemical Basis of Life 21

Chapter 3 Cell Structures and Their Functions 42
Chapter 4 Tissues 70

Chapter 5 Integumentary System 9u

Chapter 6 Skeletal System: Bones and Joints 109
Chapter 7 Muscular System 149

Chapter 8 Nervous System 191

Chapter 9 Senses 237

Chapter 10 Endocrine System 262

Chapter Il Blood 295

Chapter 12 Heart 316

Chapter 13 Blood Vessels and Circulation 347
Chapter I4 Lymphatic System and Immunity 382
Chapter I5 Respiratory System U408

Chapter 16 Digestive System U438

Chapter 17 Nutrition, Metabolism, and Body Temperature Regulation 472
Chapter I8 Urinary System and Fluid Balance U495
Chapter 19 Reproductive System 526

Chapter 20 Development, Heredity, and Aging 558

Appendices

Table of Measurements A-I

Some Reference Laboratory Values A-2
Answers to Process Figure Questions A-7
Answers to Critical Thinking Questions A-I4
Answers to Apply It Questions A-26
Selected Abbreviations A-38

Mmoo Ow >




Co

About the Authors iv Chapter 5 8.3 Cells of the Nervous System 192
Preface viii Integumentary System 9u 8.4 Electrical Signals and
Chapter-by-Chapter Changes xv 51 Funci £ th 1 Neural Pathways 194
List of Clinical Impact Essays xvii ' qunc lons c; € L = 8.5 Central and Peripheral Nervous
Acknowledgments  xxi ntegumentary GlmagslSources Systems 20U
System 9y Getty Images RF o ¢ Spinal Cord 204
Chapter | 52 Skin 95 . 8.7 Spinal Nerves 208
. 5.3 Subcutaneous Tissue 98 8.8 Brain 208
The Human Organism | 5.4 Accessory Skin Structures 99 8.9 Sensory Functions 213
I.I  Anatomy | 5.5 Physiology of the Integumentary 8 iO Somo’riyc Motor Functions 215
.2 Physiology 2 Oinur/ System 10| 8.l Other Brain Functions 217
1.3 Structural and Shutterstock RF 5.6 Integumentary System 8 i2 Meninaes. Ventricles. and
Functional Organization as a Diagnostic Aid 103 ) Cereblg)s ,inal Fluid ’22|
of the Human Body 2 57 Burns 103 813 Croinl Noros 295
I.4 Characteristics of Life 3 5.8 Skin Cancer 106 ’ .
. . 8.14  Autonomic Nervous System 226
1.5 Homeostasis Y 5.9 Effects of Aging on the 8.5 Enteric Nervous Svstem 232
1.6 Terminology and the Integumentary System 106 8-I6 Effects of Aging oyn the Nervous
Body Plan I )
Chapter 6 System 232
Chapter 2 Skeletal System: Chapter 9
The Chemical Basis of Life 2I Bones and Joints 109 Senses 237
2.1 Basic Chemistry 2l 6.1 Functions of the Skeletal ' 9.1 Sensation 237 o
2.2 Chemical Reactions 27 ggoigen pixels System 109 _ ©Creatas/ 9.2 Sensory Receptors 237 ©Squaredpixels/
2.3 Acids and Bases 30 LLC/Alamy 6.2 Extracellular Matrix 110 PunchStock RF g 5 = 01 Senses 238  Gefty Images RF
2.4 Inorganic Molecules 3l 6.3 General Features of Bone 110 9.4 Special Senses 2U40
2.5 Organic Molecules 32 6.4 Bone and Calcium Homeostasis 117 9.5 Olfaction 2u0
6.5 General Considerations 9.6 Taste 2ul
of Bone Anatomy 119 .
Chapter 3 6.6 Axial Skeleton 121 9.7 vision 242
Cell Structures and Their 6-7 A dicular Skelet 129 9.8 Hearing and Balance 25l
. : ppendicufar Skeleton 9.9 Effects of Aging on the Senses 258
Functions 42 6.8 Joints 137
3.1 Cell Structure 42 6.9 Effects of Aging on the Skeletal Chapter 10
3.2 Functions of the Cell System and Joints 43 Endocrine System 262
3.3 Cell Membrane U4Yu Getty Images RF — -
0.1 P | f Ch |
3.4 Movement Through the Chapter 7 Crlnup es of ~nemicd
ommunication 262 oongRo Image
Cell Membrane uu Muscular System 149 10.2 Functions of the Stock/Alamy
3.5 Organelles 52 7.1  Functions of the Muscular Endocrine System 263
3.6 Whole-Cell Activity 59 System 149 ©In Green/ 10.3 Characteristics of the Endocrine
3.7 Cellular Aspects of 7.2 General Properties of  shutterstock RF System 264
Aging 66 Muscle Tissue 150 I0.4 Hormones 264
7.3 Characteristics of Skeletal 10.5 Control of Hormone Secretion 265
Chapter 4 Muscle 150 10.6 Hormone Receptors and
Tissues 70 7.4 Smooth Muscle and Cardiac Mechanisms of Action 267
LI Tissues and Histology 70 I 10.7  Endocrine Glands and
4.2 Epithelial Tissue 70 ODiego Cervor 7.5 Skeletal MusS:Ie Anatomy 64 Their Hormones 272
4.3 Connective Tissue 77 shutterstockre  2-6  Effects of Aging on Skeletal 10.8 Other Hormones 289
U4 Muscle Tissue 83 Muscle 185 10.9 Effects of Aging on the Endocrine
4.5 Nervous Tissue 86 System 289
: Chapter 8 b
4.6 Tissue Membranes 86 Chapter Il
4.7 Tissue Damage and Nervous System 191 apter
Inflammation 88 8.1 Functions of the Nervous Blood 295
4.8 Tissue Repair 89 System 9] ©Goran Matijevicy 11 Functions of Blood 295 ‘
4.9 Effects of Aging 8.2 Divisions of the Shutterstock RF 1.2 Composition ©DigitalVision/

on Tissues 9l

vi

Nervous System 192

of Blood 296 SuperStock RF



1.3 Plasma 296 I4.8 Immunotherapy HOu 18.2 Anatomy of the Kidneys U496
L4 Formed Elements 297 4.9 Effects of Aging on the Lymphatic 18.3 Urine Production 502
1.5 Preventing Blood Loss 304 System and Immunity 40U I18.4 Regulation of Urine Concentration
1.6 Blood Grouping 306 v and Volume 508
I.7 Diagnostic Blood Tests 310 Chapter 15 I I8.5 Urine Movement 510
Respiratory System 408 18.6 Body Fluid Compartments 514
Chapter 12 I5. Functions of the 18.7 Regulation of Extracellular Fluid
Heart 316 , Respiratory ©BSIP/UIG/Getty Composition 515
12.1 Functions of the il System 408 Images 18.8 Regulation of Acid-Base
Heart 316 ©Caicimage/Sam Edwards/ 15.2  Anatomy of the Respiratory Balance 518
12.2 Size, Form, and  Getty Images RF System 409
Location of the Heart 317 I5.3 Ventilation and Respiratory Chapter 19
12.3 Anatomy of the Heart 318 Volumes 418 Reproductive System 526
12.4  Histology of the Heart 325 I5.4 Gas Exchange U423 19.1 Functions of the
125 Electrical Activity of the Heart 327 I5.5 Gas Transport in the Blood 425 Reproductive ©Thierry Berrod,
12.6 Cardiac Cycle 333 15.6 Rhythmic Breathing 425 System 526 :;’rlggﬁcl;:f;,
12.7 Heart Sounds 333 I5.7 Respiratory Adaptations 19.2 Formation of Science Source
12.8 Regulation of Heart Function 335 to Exercise 43l Gametes 527
12.9 Effects of Aging on the 15.8 Effects of Aging on the 19.3 Male Reproductive System 529
Heart 34l Respiratory System U3l 19.4  Physiology of Male
Reproduction 534
Chapter 13 Chapter 16 19.5 Female Reproductive System 538
Blood Vessels and Digestive System U38 19.6 Physiology of Female
Circulation 347 16.1 Functions of the Reproduction 545
13.1 Functions of the Digestive System 438 s productions/ 19.7 Effects of Agin_g on
Circulatory System 347 cgiyiq ottesTaxis 16.2  Anatomy and Photodisc/Getty the Reproductive System 55l
13.2 General Features of Getty Images Histology of the Images RF
Blood Vessel Structure 348 Digestive System 439 Chupfer 20 .
13.3 Blood Vessels of the Pulmonary 16.3 Oral Cavity, Pharynx, Development, Heredity,
Circulation 350 and Esophogus 4yuyo and Aging 558 ‘
13.4 Blood Vessels of the Systemic 16.4 Stomach uuy7 201 Prenatal » o
Circulation: Arteries 35l 16.5 Small Intestine U5I Development 558 ©Getty Images RF
13.5 Blood Vessels of the Systemic 16.6 Liver and Pancreas U454 20.2 Parturition 570
Circulation: Veins 359 16.7 Large Intestine U458 20.3 The Newborn 57I
13.6 Physiology of Circulation 364 16.8 Digestion, Absorption, 20.4 Lactation 573
13.7  Control of Blood Flow in and Transport 460 20.5 First Year Following Birth 575
Tissues 368 16.9 Effects of Aging on the Digestive 20.6 Life Stages 575
I13.8 Regulation of Arterial Pressure 370 System U468 20.7 Genetics 577
13.9 Effects of Aging on
the Blood Vessels 376 Chapter 17 Appendices

Chapter 14
Lymphatic System and
Immunity 382

Il Functions of the
Lymphatic System 382  omceraw-Hill

I+.2 Anatomy of the Education/Jill
Lymphatic System 383 Braaten

I4.3 Immunity 388

It4 Innate Immunity 388

I4.5 Adaptive Immunity 39l

I4.6 Acquired Immunity 397

I4.7 Overview of Immune

Interactions 400

Nutrition, Metabolism,
and Body Temperature
Regulation U472

A Table of Measurements
B Some Reference Laboratory

A-l

— Values A-2

7.1 Nutrition 472 C Answers to Process Figure

17.2 Metabolism U8I Source: Keith Weller/ Questions A-7

7.3 Body Temperature  USDA-ARS D Answers to Critical Thinking

Regulation U489 Questions A-I4
E Answers to Apply It Questions A-26

Chapter 18 _ F Selected Abbreviations A-38
Urinary System and Fluid

18.1 Functions of the Index I-I

©Blend Images/

Urinary System 495
Alamy RF

vii



Preface

Seeley’s Essentials of Anatomy & Physiology is designed to help
students develop a solid, basic understanding of essential concepts
in anatomy and physiology without an encyclopedic presentation
of detail. Our goal as authors is to offer a textbook that provides
enough information to allow students to understand basic con-
cepts, and from that knowledge, make reasonable predictions and
analyses. We have taken great care to select critically important
information and present it in a way that maximizes understanding.

EMPHASIS ON CRITICAL THINKING

Critical thinking skills help students build a knowledge base for
solving problems. An emphasis on critical thinking is integrated
throughout this textbook. This approach is found in questions at
the beginning of each chapter, and embedded within the narrative;
in clinical material that is designed to bridge concepts explained
in the text with real-life applications and scenarios; in Process

—'\j\/’ CRITICAL THINKING

Figure questions that apply physiological processes to practical
situations, to promote applied understanding; in end-of-chapter
questions that go beyond rote memorization; and in a visual pro-
gram that presents material in understandable, relevant images.

* Pedagogy builds student comprehension from knowledge
to application (Apply It questions, Critical Thinking
questions, and Learn to Apply It Answers)

Apply It 4

Why does your nose run when you cry?

Apply It Questions challenge students to use their
understanding of new concepts to solve a problem. Answers

to the questions are provided at the end of the book, allowing
students to evaluate their responses and to understand the logic
used fo arrive at the correct answer.

Critical Thinking These innovative
exercises encourage students to apply

1. Given two series of neurons, explain why action potentials could be
propagated along one series more rapidly than along the other series.

2. The left lung of a cancer patient was removed. To reduce the empty
space left in the thorax after the lung was removed, the diaphragm
on the left side was paralyzed so that the abdominal viscera would
push the diaphragm upward into the space. What nerve should be
cut to paralyze the left half of the diaphragm?

3. Name the nerve that, if damaged, produces the following symptoms:
a. The elbow and wrist on one side are held in a flexed position
and cannot be extended.
b. The patient is unable to flex the right hip and extend the knee
(as in kicking a ball).

4. A patient suffered brain damage in an automobile accident.
Physicians suspected that the cerebellum was affected. On the
basis of what you know about cerebellar function, how could you
determine that the cerebellum was involved? What symptoms would
you expect to see?

Clinical Emphasis—Case Studies “
Bring Relevance fo the Reader

When problems in structure and/or function of the human
body occur, this is often the best time to comprehend how
the two are related. Clinical Impact boxes provide a thorough
clinical education that fully supports the surrounding textual
material. Systems Pathology boxes provide a modern and

5. Landon was accidentally struck in the head with a baseball bat.
He fell to the ground, unconscious. Later, when he had regained
consciousness, he was unable to remember any of the events that
happened during the 10 minutes before the accident. Explain.

6. Name the cranial nerve that, if damaged, produces the following
symptoms:
a. The patient is unable to move the tongue.
b. The patient is unable to see out of one eye.
c. The patient is unable to feel one side of the face.
d. The patient is unable to move the facial muscles on one side.
e. The pupil of one eye is dilated and does not constrict.

7. Why doesn’t injury to the spinal cord at the level of C6 significantly
interfere with nervous system control of the digestive system?

Answers in Appendix D

Color  blindness is the
absence of perception of one or more
colors (figure 9.16). Color perception may
be decreased or completely lost. The loss
may involve perception of all three colors
or of one or two colors. Most forms of
color blindness occur more frequently in
males and are X-linked genetic traits (see
chapter 20). In Western Europe, about
8% of all males have some form of color
blindness, whereas only about 1% of the
females are color blind.

systems interaction approach to clinical study of the materi-

als presented.

e Clinical Impact essays (placed at key points in the text)
* Chapter-opening clinical scenarios/vignettes

e Learn to Apply It and chapter Apply It questions with

unique Learn to Apply It Answers
e Systems Pathology Boxes

viii

chapter concepts to solve a problem.
Answering these questions helps students
build a working knowledge of anatomy and
physiology while developing reasoning skills.
Answers are provided in Appendix D.

CEINICAEINPAC T R - TILIES

Figure 9.16

These color blindness charts the dif in color with some
forms of color blindness. (@) A person with normal vision can see the number 74, whereas a person
with red-green color blindness sees the number 21. (b) A person with normal vision can see the
number 5. A person with red-green color blindness sees the number 2. (a) ©Steve Allen/Getty Images
RF; (b) ©Prisma Bildagentur AG/Alamy

Reproduced from Ishihara’s Tests for Colour Deficiency published by Kanehara Trading, Tnc. Tokyo, Japan. Tests for
color deficiency cannot be conducted with this material. For accurate festing, the original plates should be used.

Clinical Impact These in-depth essays explore relevant topics of

clinical interest. Subjects covered include pathologies, current research,
sports medicine, exercise physiology, pharmacology, and various clinical

applications.




SYSTEMS PATHO

Stroke

Background Information
Scot is U years old. He is overweight, has high blood pressure,
and spends @ lot of fime watching TV, eating, and smoking. One.
day, Scot began o feel drowsy ond his vision was blurry. e fried
10 stand up but felf dizzy. He vomited and collapsed o the flor,
unconscious. AY fhe hospital, Scoft exhibited weokness i his limbs,
‘especially on the right side; ataxi; los of feeling of poin and fem-
perature in is righ leg and the left sde of s face; disorientation
‘and lack of affentiveness; hoarseness and dysphagia (inabilty 1o
swallow) nystagmus (thythmic oscilation of the eyes); sightly dilat
ed pupils; short and shallow respiration; and elevated pulse rate.
‘and blood pressure. (See figure 8.40 for additional effects o stroke)
had suffered a “stroke,” also referred o as a cerebro-
vascular accident (CVA). The ferm stroke describes o heferoge:
neous group of condifions involving the death of brain fissue due
fo distuption of ifs vascular supply. There are fwo types of stroke:
Hemorrhagic stroke results from bieeding of arferies supplying
brain fssue, and ischemic (is-ke'mik) stroke results when arteries
supplying brain fissue are blocked (figure 84D, The blockage in
lschemic stroke can result from o thrombus, which s a clot that
develops in place within an arfery, o an embolism, which i @ plug
‘composed of a defached thrombus or ofher foreign body, such as
a fat globule or gas bubble, that becomes lodged in an arfery,
blocking if. Seoft's age, lifestyle and smoking caused him o be ot
high risk of developing a stroke.

The combintion of mafor loss (as exhibited by weakness n the
limbs) and sensory loss evidenced by loss of pain and femperature
sensation in the lft lower limb and loss of al sensation in fhe right
side of the face), clong with the afao, dizziness, nystogmus, and
hoarseness, suggests that the sroke affected the brainstem and cer-
ebellum. Blockage of the vertebrol artery, a mejor arfery supplying
the brain or ifs branches, can result in an area of dead tissue called
@ lteral medullary infarction. Damage o the descending mofor
fracts nthat area, above the medullory crossover poirt, causes mus-
cle weakness. Damage fo ascending fracts can result in loss of pain
and temperature sensation or ofher sensory modalifes, depending

foms are not observed unless the lesion i in the brainstem, where
these nucll are located. Some damage fo the cerebellum, also sup-
plied by bronches of the vertebrol arery, can account forthe afaxia

General responses fo neurological damage include drowsi-
ness, disorientation, inaftentiveness, loss of consciousness, and
even seizures. Depression, due 1o either neurological damage or
discouragement, i also common. Slight dilation of the pupils, short
and shallow respiration, and increased pulse rate and blood pres-
sure are all signs of Scof’s anxiety about his current condlfion and
his immediate future. Because he lost consciousness, Scoft would
ot remember fhe last few minufes of what he was watching on
felevision when he had his stroke. People in these circumstances
are offen worried about how they are going fo deal with work
tomorrow. They offen have no idea that the mofor and sensory.

TABLE 8.9  REPRESENTATIVE DISEASES AND DISORDERS: Nervous System

Condition Deseri

‘CENTRAL NERVOUS SYSTEM DISORDERS.

Encephali Inflammation of

and convulsions

Meningii Inflammation of

ather coma,

he neck, headache, and

fever, severe cases con cause paralyss, coma,

or deatn

infeci
conduction of

remr, and speech defects

Is symptoms reflexes,

in basal
 slow, shufling gait

musculor gy, resing fremar, generol lock of movement, ond

Alzheimor disease domentio:

or der pecy
include generol inellectuol deficency, memary los, short atention span, maodiness, disorienotion, nd iritbilly

eople;involves s of

PERIPHERAL NERVOUS SYSTEM DISORDERS
Ganeral PNS Diorders
e

Virl infection o the CNS;
and atrophy

Pollomyeliis

ond leods to paralyss

weakness and ncreased faigue lead fo parayss

Microbes in Your Body helps students to
understand the important role microbes
play in helping various systems of the
body to maintain homeostasis.

—= |

Obesity has increased at an
alarming rate over the last three decades.
It is estimated that over 150 billion adults
worldwide are overweight or obese. In the
United States, 1/3 of adults are obese. As
obesity rates have increased, so have the
rates of obesity-related health conditions
such as insulin resistance, diabetes, and
cardiovascular disease. Why this dramatic
increase? There are two main reasons for
obesity: diet/lifestyle and gut bacteria; it
seems these fwo may be related.

The most familiar cause of obesity is
diet and lifestyle. The “typical” Western
diet consists of frequent large meals high
in refined grains, red meat, saturated fats,
and sugary drinks. Combined with a reduc-
tion in physical activity and less sleep for
many Americans, the Western diet and life-
style can lead to obesity and poor health.

However, could humans’ gut micro-
biota be just as responsible (or even more
responsible) for obesity? Comparisons

MICROBES IN

Do our bacteria make us fat?

Stroke

Symptoms
+ Severe headache

+ Loss of motor skils

- Weakness, numbness of face

REPRODUCTIVE and limbs

+ Difficulty with speech and swallowing

- Vision changes

+ Confusion, inattentiveness,
drowsiness, or unconsciousniess

- Seizures

Treatment

- Varies depending on the fype
and severity of sfroke

+ Restore blood flow or stop
blood loss

+ Long-ferm treatment may
include hypertension medication,
physical and speech therapy.

implontaion o from e reention

DIGESTIVE

Jmiing or dysphogi (s - afficuly
9 may brain centers

RESPIRATORY

losses moy be permanent or that a long strefch of
therapy and rehabiltation lies chead.

Gvenhot St it wctress o g
i o e

i i ightlowe imb and the et sde of s fce,
which sid of the ainster was st severly
afecte by he stoke? Explinyour cnswer.

Figure 8.41 Brai Images of Stroke Victims

shouing disuption f blood flow fo fhe ef side of the
oroin (yellow

systems of the body
following a sroke

Systems Pathology

Boxes These spreads explore

a specific condition or disorder
related to a partficular body system.
Presented in a simplified case-study

format, each Systems Pathology box
begins with a patient history followed

by background information about the
featured topic.

Figure 840 Systems
Inferactions: Stroke

are afected

[ ——

You've learned that the
majority of bacteria are either harmless
or an integral part of our well-being.
Unfortunately, there are a handful of
pathogenic bacteria that can interfere
with the body’s homeostasis.

Most people associate bacterial
pneumonia with the lungs only. However,
PeoMes =gl community, it is well

‘umonia can cause serious

In fact, cardiac problems

the deaths in individu-

mitters and neurochemicals. Shifts in nor-

between the gut microbiota of lean versus
obese individuals seem to suggest the pos-
sibility of an important link between gut
microbiota and our weight. The human
gut, like other animals, is densely popu-
lated with microbiota. The majority (90%)
of human gut bacteria fall into two groups:
Firmicutes and Bacteroidetes. Lean people
have more Bacteroidetes than Firmicutes,
while the opposite is true for obese people.
We now know that gut microbiota
affect nutrient processing and absorption,
hormonal regulation of nutrient use by
body cells, and even our hunger level.
Changes in gut microbiota alter
the hormonal regulation of nutrient use.
Inflammation-promoting effects of an
imbalanced gut microbiota is thought
to induce obesity via promoting insulin
resistance, a known autoimmune malfunc-
tion. Normal gut microbiota metabolism is
critical for secretion of several anti-hunger
hormones, and anti-depressive neurotrans-

mal gut microbiota, as related to diet,
may very well disrupt normal anti-hunger
signals and gut permeability, leading to
over-eating and inflammation related to
obesity.

Can gut microbiota in obese people
be manipulated to cause them to become
lean? Several possibilities exist, includ-
ing the distinct possibility that prescrib-
ing antibiotics against bacteria associated
with obesity could shift the metabolism

probi

venti U Acne (acne vulgaris) is the
patho  most common skin condition in the United
healtt  Stqtes. Though 80% of all American ado-

EXI:G_: lescents develop acne, adults can also be
ut I

under  @ffected by it. When considering all age

groups, approximately 40 to 50 million
Americans suffer from acne. Unfortunately,
there is not a tried and true cure for
acne; however, new research examining
the skin microbiome may have found a
natural and effective treatment to get
healthy, clear skin. Unique species of bac-
teria, Propionibacterium acnes (P. acnes),
are found in sebum-rich areas of the skin,
such as the forehead, side of the nose,
and back. Although it has been difficult to

types of severe bacterial
t bacterial pneumonia is

tissue. There, the bacteria release a toxin,
called pneumolysin, which kills the car-
diac muscle cells. These areas of dead
cardiac muscle are called microlesions. In
addition, during recovery from the infec-
tion, scars may form within the myocardi-
um. Thus, the bacteria physically damage
the heart, which interrupts the electri-
cal signal necessary for cardiac muscle
contraction. In addition, simply treating
pneumonia with the traditional antibiotic,
ampicillin, may actually worsen damage
to the heart. Ampicillin causes the bacte-
rial cell walls to burst, which releases a

bacterium Strep

1t until recently the mech-
1 this pathogen damages
10t been well understood.
‘hese bacteria induce the
od vessels to endocytose
sit them in cardiac muscle

surge of pr lysin, creating even more
microlesions. Use of an antibiotic that
does not destroy the bacterial cell walls
will help reduce cardiac muscle death.
Further, a vaccine against the bacterial
molecule that induces the bacterial trans-
port and against pneumolysin has shown

=~
MICROBES IN R BO! How Bacteria Affect Cardiac Muscle

great promise in minimizing the tissue
damage caused by these bacteria.

Although pathogenic bacteria exist,
modern medicine continues to make great
strides to reduce their damaging effects
on our bodies. In addition, the more we
learn about our microbiome, the more
effectively we may be able to prevent
bacterial infections from occurring in the
first place.

Given that Streptococcus pneumoniae
microlesions interrupt the electrical
activity that flows between cardiac
muscle cells, the heart can experience
severe stress and may malfunction or
stop contracting altogether. Using what
you learned about skeletal muscle
contraction, would microlesions in
skeletal muscle cause the same type of
reaction as in cardiac muscle?

= MICR S IN YOUR BO Using Bacteria to Fight Bacteria

study these bacteria, the inception of the
Human Microbiome Project (see “Getting
to Know Your Bacteria” in chapter 1)
allowed scientists to determine specific
genetic traits of skin microbiome bacte-
ria. Using this technique, scientists have
identified three unique strains of P. acnes.
Of the three strains, one strain is more
dominant in people with acne-free skin.
Research has shown that this strain of
P. acnes does not adversely affect the
host. However, the other two strains of P.
acnes are pathogenic to humans. So, how
does this information help scientists learn
how to prevent acne? It seems that the
“good” P. acnes prevents invasion of the

skin by certain bacteria through a natural
metabolic process. When P. acnes breaks
down lipids, the skin pH is lowered to a
level not tolerated by the invading bac-
teria. Scientists have proposed that the
strain of P. acnes in healthy skin (“good”
P. acnes) kills off the pathogenic strains
of P. acnes (“bad” P. acnes) in a similar
fashion. Since acne-affected people do
not host the “good” strain, the “bad”
strain can take over and cause the annoy-
ing skin eruptions of acne. Thus, perhaps
in the future to prevent acne, affected
people can apply the “good” P. acnes in a
cream to prevent the “bad” P. acnes from
taking over.




Exceptional Art—Instructive Artwork Promotes Interest and Clarifies Ideas

A picture is worth a thousand words—especially when you’re learning anatomy and
physiology. Brilliantly rendered and carefully reviewed for accuracy and consistency,
the precisely labeled illustrations and photos provide concrete, visual reinforcement of

important topics discussed throughout the text.

Realistic Anatomical Art The anatomical
figures in Seeley’s Essentials of Anatomy &
Physiology have been carefully drawn to convey
realistic, three-dimensional detail. Richly textured
bones and artfully shaded muscles, organs, and
vessels lend a sense of realism to the figures that
helps students envision the appearance of actual
structures within the body.
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Masseter
Depressor anguli oris

Sternocleidomastoid
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o
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Temporalis

Orbicularis oculi
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Zygomaticus minor
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Zygomaticus major
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Masseter

Orbicularis oris.

Depressor anguli oris

Anterior view

AP|R] Muscles of Facial Expression and Mastication

v of facial muscles as seen from the right side. (&) Drawing and photograph of the anferior view of facial muscles. (b) GMcGraw-Hl Education/

Figure 15.2 APIR] Nasal Cavity and Pharynx

(@ Sagittal section through the nasal cavity and pharynx. (b) Photograph of sagittal section of the nasal cavity. Note: This cadaver wore dentures during life.

(b) ©R. T. Hutchings

Atlas-quality cadaver images Clearly labeled photos of
dissected human cadavers provide detailed views of anatomical
structures, capturing the intangible characteristics of actual
human anatomy that can be appreciated only when viewed in
human specimens.




Multi-level Perspective Illustrations
depicting complex structures or

processes combine macroscopic and
microscopic views to help students see the
relationships between increasingly detailed
drawings. Drawings are often paired with
photographs to enhance the visualization ' Thyroid gland
of the structures. ‘ ‘ Isthmus

Pharynx

Posterior aspect
of thyroid gland

Parathyroid
glands

Esophagus

Trachea

(a) Anterior view (b) Posterior view

Thyroid follicle
(containing thyroglobulin)

Follicular cells ﬂ 3 ; . [~ Thyroid follicles

Ccells

Parafollicular
J cell

Parathyroid

Parathyroid [ gland

cells

(©)

Figure 10.15 Thyroid and Parathyroid Glands

(@) Anterior view of the thyroid gland. (b) The four small pi yroid glands are in the posterior surface of the thyroid gland.

(c) Three-dimensional interpretive drawing of thyroid follicles and parafollicular cells. (d) Light micrograph of thyroid and parathyroid tissue.
(d) ©Victor Eroschenko

Histology Micrographs Light micrographs,
as well as scanning and transmission electron
micrographs, are used in conjunction with
illustrations to present a true picture of anatomy
and physiology from the cellular level.

TABLE W.1l  Nervous Tissue Y3




Specialized Figures Clarify Tough Concepts

Studying anatomy and physiology does not have to be an intimidating task mired in
memorization. Seeley’s Essentials of Anatomy & Physiology uses two special types of
illustrations to help students not only learn the steps involved in specific processes,
but also apply the knowledge as they predict outcomes in similar situations. Process
Figures organize the key occurrences of physiological processes in an easy-to-follow
format. Process Figure questions that follow each figure legend apply physiologi-
cal processes to practical situations, to promote applied understanding. Homeostasis
Figures summarize the mechanisms of homeostasis by diagramming how a given sys-
tem regulates a parameter within a narrow range of values.

Sinoatrial
(SA) node

Action potentials originate in the sinoatrial (SA) node
and travel across the wall of the atrium (arrows) from
the SA node to the atrioventricular (AV) node.

Left atrium

Atrioventricular

(AV) node

e Action potentials pass through the AV node and
along the atrioventricular (AV) bundle, which extends
from the AV node, through the fibrous skeleton, into
the interventricular septum.

e The AV bundle divides into right and left bundle branches,
and action potentials descend to the apex of each ventricle

along the bundle branches. Left ven

Atrioventricular
(AV) bundle

o Action potentials are carried by the Purkinje fibers

. Right and left
from the bundle branches to the ventricular walls.

bundle branches

Purkinje
fibers

PROCESS Figure 12.15 APIRJ Conduction System of the Heart

The conduction system of the heart is composed of specialized cardiac muscle cells that produce spontaneous action potentials.
conduction system of the heart ensures the proper pattern of contractions of the atria and ventricle, ensuring blood flow.

Why is it important for stimulation of the ventricles to begin at the apex and spread toward the base?

Step-by-Step Process Figures

Process Figures break down physiological

tricle

—

Receptors and control centers:

Pituitary:
Baroreceptors inhibit posterior pituitary ADH
secretion when blood volume increases.
Kidney:

Juxtaglomerular apparati inhibit renin release
when blood volume increases, which decreases
aldosterone secretion.

Heart:

Atrial cardiac muscle cells secrete ANH when
blood volume increases.

Blood vessels:

Sympathetic division baroreceptors detect

processes into a series of smaller steps,
allowing readers to build their
understanding by learning each
important phase. Numbers are placed
carefully in the art, permitting students
to zero right in fo where the action
described in each step takes place.

Effectors:

Decreased ADH decreases water
reabsorption by the distal convoluted tubules
and collecting ducts. Less water returns to the
blood and more water is lost in the urine,
which decreases blood volume.

Decreased aldosterone and increased ANH
decrease Na* reabsorption from the distal
convoluted tubule and collecting duct. More
Na* and water are lost in the urine, which
decreases blood volume.

Increased renal blood flow increases the rate
of fltrate formation, and more water is lost in

i
3

increased blood volume, which causes (ia0r e
vasodilation of renal arteries.
e HOMEOSTASIS DISTURBED: HOMEOSTASIS RESTORED:
High blood volume induces elevated blood pressure. (s} Pe:\ﬁe'd» b\;od volurlne due ;f Ioss of water
and Na' in the urine lowers blood pressure.

Blood volume
(normal range)

Correlated with APR! Homeostasis
Figures with in-art explanations and
organ icons

e These specialized flowcharts illustrating the
mechanisms that body systems employ to
maintain homeostasis have been refined and
improved in the ninth edition.

e More succinct explanations

e Small icon illustrations included in boxes
depict the organ or structure being discussed.

=~

9

HOMEOSTASIS DISTURBED:
Low blood volume induces lowered blood pressure.

\

Receptors and control centers:

Blood vessels:
Sympathetic division baroreceptors detect
decreased blood volume, which causes
vasoconstriction of renal arteries.

Heart:

Atrial cardiac muscle cells do not secrete ANH
when blood volume decreases.

Kidney:

Juxtaglomerular apparati stimulate renin release
when blood volume decreases, which increases
aldosterone secretion.

Pituitary:

Baroreceptors stimulate posterior pituitary ADH
secretion when blood volume decreases.

éél
.
\
S

Blood volume
(normal range)

HOMEOSTASIS RESTORED:
Increased blood volume due to decreased Na*
and water loss in the urine raises blood pressure.

Effectors:

Decreased renal blood flow decreases fitrate.
formation, and less water is lost in urine, which
increases blood volume.

Increased aldosterone and decreased ANH
increase Na* reabsorption in the distal
convoluted tubule and the collecting duct.
Less Na* and water are lost in the urine, which
increases blood volume.

Increased ADH increases the permeability of
the distal convoluted tubule and the collecting
duct to water. Increased ADH also increases
the sensation of thirst. Less water is lost in the
urine.

~

Homeostasis Figure 18.17 Hormonal Regulation of Blood Volume and Its Effect on Urine Volume and Concentration

() Blood volume is in ifs normal range. (2) Blood volume increases outside the normal range, which causes homeostasis fo be disturbed. (3) The control cenfers respond
o the change in blood volume. (4) The confrol cenfers cause ADH and aldosterone secretion fo decrease, which reduces water reabsorpfion. The conrol cenfers also
cause dilation of renal arteries, which increases urine production. (5) These changes cause blood volume and thus blood pressure fo decrease. (6) Blood volume refurns
fo its normal range and homeostasis s restored. Observe the responses fo a decrease in blood volume outside ifs normal range by following the red arrows.
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Learn to Apply It and Learn to Apply It Answer—
Helping students learn how fo think critically

A Learn to Apply It question begins
each chapter, which links the chapter
opener scenario and photo to the
topics covered within the chapter.
Apply It questions appear throughout
each chapter, to reinforce critical
thinking.

A Learn to Apply It Answer

box at the end of each chapter
teaches students step-by-step how
to answer the chapter-opening
critical thinking question. This

is foundational to real learning
and is a crucial part of helping
students put facts together to
reach that “Aha” moment of

true comprehension.

LEARN 1o APPLY TT

e pediatrician, who ordered blood tests. The tests
indicated that Maya had normal levels of antidiuretic
hormone (ADH). After reading this chapter, suggest
the underlying mechanism for Maya'’s disorder.

A Kidney problems can result in y ion and other negative effects.

©Blend Images/Alamy RF

ANSWERTO | EARN Fo APPLY TT
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PEDAGOGICAL FEATURES ENSURE SUCCESS

Learning Outcomes are closely linked with in-chapter Apply It and Learn to
Apply It questions as well as the Summary, Critical Thinking, and Review
and Comprehension questions. These carefully designed learning aids assist
students in reviewing chapter content, evaluating their grasp of key concepts,

and utilizing what they’ve learned.

I4.] FUNCTIONS OF THE
LYMPHATIC SYSTEM

Leqrnlng Outcomes Affer reading this section, you should be able to

A. Describe the functions of the lymphatic system.
B. Explain how lymph is formed.

Studying Anatomy and Physiology does not have to be intimidating

—'\(I\/“‘— SUMMARY

4.1 Functions of the Lymphatic System

The lymphatic system maintains fluid balance in tissues, absorbs lipids
from the small intestine, and defends against pathogens.

I4+.2 Anatomy of the Lymphatic System
The lymphatic system consists of lymph, lymphocytes, lymphatic

vessels,

lymph nodes, tonsils, the spleen, and the thymus.

Lymphatic Capillaries and Vessels
1. Lymphatic vessels carry lymph away from tissues. Valves in the
vessels ensure the one-way flow of lymph.

2. Skeletal muscle contraction, contraction of lymphatic vessel smooth
muscle, and thoracic pressure changes move the lymph through

thr smeenle P e enei N . P a1 B N
3. Tt
| REVIEW AND COMPREHENSION
Lym 1. List the parts of the lymphatic system, and describe the three main 16. Which cells are responsible for antibody-mediated immunity and for
ymp. functions of the lymphatic system. cell-mediated immunity?
L l‘g 2. What is the function of the valves in lymphatic vessels? What 17. Describe the origin and development of B cells and T cells.
2T causes lymph to move through lymphatic vessels? 18. What is the function of antigen receptors and major
. 3. Which parts of the body are drained by the right lymphatic duct histocompatibility proteins?
an H .
and which by the thoracic duct? 19. What is costimulation? Give an example.
3 Dg Descnfibe the cells anfl ﬁbers of lymphatic tissue, and explain the 20. Describe the process by which an antigen can cause an increase in
T functions of lymphatic tissue. helper T-cell numbers.
bl5. Name the three groups of tonsils. What s their function? 21. Describe the process by which helper T cells can stimulate B cells
;V' 6. Where are lymph nodes found? What is the function of the germinal to divide, differentiate, and produce antibodies.
o e
centers within lymph nodes? 22. What are the functions of the variable and constant regions of
5. T{ 7. Where is the spleen located? What are the functions of white pulp an antibody?
and red pulp within the spleen? What other function does the spleen 23. Describe the direct and indirect ways that antibodies destroy
perform? antigens.
8. Where is the thymus located, and what function does it perform? 24. What are the functions of plasma cells and memory B cells?
9. What is the difference between innate immunity and adaptive AsEDshn e sadseo a6

—\-'\lv— CRITICAL THINKING

Xiv

A patient is suffering from edema in the right lower limb. Explain
why elevation and massage of the limb help remove the excess fluid.

. If the thymus of an experimental animal is removed immediately

following birth, the animal exhibits the following characteristics:
a. increased susceptibility to infections

b. decreased numbers of lymphocytes

c. greatly decreased ability to reject grafts

Explain these observations.

. Adjuvants are substances that slow, but do not stop, the release of

an antigen from an injection site into the blood. Suppose injection
A of a given amount of antigen is given without an adjuvant and
injection B of the same amount of antigen is given with an adjuvant
that caused the release of antigen over a period of 2 to 3 weeks.
Does injection A or injection B result in the greater amount of
antibody production? Explain.

. Compare how long active immunity and passive immunity last.

Explain the difference between the two types of immunity. In what
situations is one type preferred over the other?

. Tetanus is caused by bacteria (Clostridium tetani) that enter the

body through wounds in the skin. The bacteria produce a toxin that
causes spastic muscle contractions. Death often results from failure

3. Macrophages are large phagocytic cells that are active in the latter
part of an infection. Macrophages are positioned at sites where
pathogens may enter tissues.

4. Basophils and mast cells promote inflammation. Eosinophils also
play a role in inflammation associated with allergic reactions.

5. Natural killer cells lyse tumor cells and virus-infected cells.

Inflammatory Response

1. Chemical mediators cause vasodilation and increase vascular
permeability, allowing chemicals to enter damaged tissues.
Chemicals also attract phagocytes.

2. The amount of chemical mediators and phagocytes increases until the
cause of the inflammation is destroyed. Then the tissues undergo repair.

of the respiratory muscles. A patient goes to the emergency room
after stepping on a nail. If the patient has been vaccinated against
tetanus, he is given a tetanus booster shot, which consists of the
toxin altered so that it is harmless. If the patient has never been
vaccinated against tetanus, he is given an antiserum shot against
tetanus. Explain the rationale for this treatment strategy. Sometimes
both a booster and an antiserum shot are given, but at different
locations on the body. Explain why this is done and why the shots
are given in different locations.

6. A child appears healthy until approximately 9 months of age. Then
the child develops severe bacterial infections, one after another.
Fortunately, the infections are successfully treated with antibiotics.
‘When infected with measles and other viral diseases, the child
recovers without difficulty. Explain.

7. Samantha developed a poison ivy rash after a camping trip. Her
doctor prescribed a cortisone ointment to relieve the inflammation.
A few weeks later, Samantha scraped her elbow, which became
inflamed. Because she had some leftover cortisone ointment, she
applied it to the scrape. Was the ointment a good idea for the poison
ivy? Was it an appropriate treatment for the scrape?

Answers in Appendix D

Chapter Summary The summary
is now conveniently linked by section
and page number while it briefly
states the important facts and concepts
covered in each chapter.

Review and Comprehension
These multiple-choice practice
questions cover the main

points presented in the chapter.
Completing this self-test helps
students gauge their mastery

of the material.

Critical Thinking Questions
These innovative exercises
encourage students to apply
chapter concepts to solve problems.
Answering these questions helps
build their working knowledge

of anatomy and physiology while
developing reasoning and critical
thinking skills.




Chapter |

Figures 1.2, 1.6, 1.7, and 1.15 revised for clarity

Chapter 2

Figure 2.2 now includes planetary models of atom structure
Figure 2.3 revised to change atom models to planetary
models for clarity

Section 2.1— two new paragraphs explain electronegativity
and its involvement in chemical bonding; also added, a
discussion of the octet rule of chemical bonding

Table 2.4 revised to include more functions of adipose
tissue/lipids

Section 2.5—a definition of R group added to the definition
of amino acids; also added, a definition and explanation of
saturated vs. unsaturated fatty acids

Figure 2.17 revised to add a definition of E,

Chapter 3

Figure 3.23 revised for clarity of base pairing between
DNA and RNA

Table 3.1 updated to add peroxisome

Revised description of concentration gradient

Revised discussion of Golgi apparatus to include formation
of lysosomes and transport of materials to the cell
membrane

Chapter U

Section 4.2 Epithelial Tissue reorganized for clarity
Section 4.2 Glands heavily revised for clarity

Figure 4.2 updated to add adhesion belt

Section 4.3 reorganized for clarity

Table 4.5(a) updated for alignment of photomicrograph and
illustration

Table 4.9 revised to add platelets

Section 4.6 Tissue Membranes revised for clarity

Chapter 5

Figure 5.5 revised for accuracy

Chapter 6

Section 6.2 updated for clarity

Section 6.3 revised for accuracy; colloquial terminology
updated to precise terminology

Discussion of bone development revised to be more precise
Clinical Impact: Bone Fractures revised to be more
comprehensive

Figure 6.10 revised for clarity

Section 6.6 Axial Skeleton and subsection on Vertebral
Column revised for accuracy and more precise terminology

Chapier-py-Chapier Changes

Cha

Cha

Cha

Figure 6.20 revised for clarity

“Coxal bone” replaced with “hip bone” throughout

Section 6.7, subsections on Ankle and Foot, updated for
clarity; discussion of the function of the arch added
Section 6.8 reorganized for clarity

Section 6.8 updated to clarify the definitions of flexion and
extension

pter 7

New Section 7.2 General Properties of Muscle Tissue;
subsequent sections renumbered

Table 7.2 moved forward to be included with Section 7.1
Figure 7.2 heavily revised to focus on the whole muscle and
muscle cell anatomy

Figure 7.3 revised to focus on the muscle fiber, and
specifically the sarcomere

Figure 7.4 revised

Section 7.3, new paragraph added to the Skeletal Muscle
Structure subsection

Section 7.3, subsection Sarcomeres, revised and moved
forward to fall before the subsection Actin and Myosin
Myofilaments

Section 7.3, heavy revision of a portion of the subsection
Excitability of Muscle Fibers

Tables 7.4, 7.5, 7.6, 7.8, and 7.13 revised to include more
muscle actions

pter 8

New Learn to Apply It question developed as chapter
opener

Figure 8.2 revised for clarity

Discussion of glial cells revised to clearly delineate glial
cells of the central nervous system and glial cells of the
peripheral nervous system

Table 8.1 revised, separating glial cells of the central
nervous system from peripheral nervous system glial cells
Discussion of the relationship between frequency of action
potentials and strength of stimuli revised for clarity

Spinal segment anatomy coverage revised for clarity
Section 8.10 heading revised to “Somatic Motor Function”
to more closely align with content

pter 9

Section 9.4 Special Senses edited to introduce specific
receptor types associated with specific senses

Section 9.6, subsection on Neuronal Pathways for Taste,
revised for clarity

Section 9.7, subsection on Focusing Images on the Retina,
revised to clearly describe the relationship between contraction
and relaxation of ciliary muscles and shape of the lens

XV



Chapter 10

e Section 10.8, new discussion of atrial natriuretic hormone

Chapter I

e Section 11.1 revised for clarity
* Discussion of the breakdown of hemoglobin revised
e New figure 11.4 Hemoglobin

Chapter 12

* Section 12.3, subsection Heart Valves, revised to clearly
identify each valve

* Coverage of coronary vessel compression during heart
contraction revised for clarity

* New Microbes in Your Body box: How Bacteria Affect
Cardiac Muscle

e Table 12.1 revised and retitled “Abnormal Heart Rhythms”

Chapter I3
» Section 13.2, discussion of precapillary sphincters revised
for clarity

* Figure 13.6 revised for clarity

* Figure 13.10 updated for accuracy

* Figure 13.20 modified for clarity

» Section 13.6, revised subsection Capillary Exchange

Chapter 14

* Figure 14.1 revised to more accurately depict the thymus
* Discussion of proliferation of lymphocyte types revised for
clarity

Chapter IS5

* Section 15.3, Pleural Pressure, revised, including a more
relatable analogy

* “Minute ventilation” changed to “minute volume”

e Table 15.2 edited to be more concise

XVi

Chapter 16

e Sections 16.1 and 16.2 revised

Chapter 17

e Brief discussion of the most recent updates to Dietary
Guideline for Americans added
e Figure 17.2 updated with most recent food label design

Chapter I8

e Section 18.1 revised

* Section 18.2 reorganized for clarity; two new subheadings
added to clarify discussion

e Section 18.3 filtration reorganized for clarity

* Section 18.4 heavily revised for clarity

e “Urinary sphincter” replaced with “urethral sphincter”

e Section 18.5, subsection Anatomy and Histology of the
Ureters, Urinary Bladder, and Urethra, updated to reflect
the most recent views on the existence of internal urethral
sphincter in females

Chapter 19

* Section 19.3 revised to explain temperature requirements
of sperm development

e Section 19.3 revised to clarify the functions and contents
of testicular secretions, seminal vesicle secretions, and
prostate gland secretions

e Clinical Impact: Control of Pregnancy now integrated into
section 19.6

Chapter 20

Boxed reading “Twins” incorporated into chapter text
e Section 20.3, subsection Respiratory and Circulatory
Changes, revised for clarity
e Clinical Impact: Human Genome Project updated with
most recent information on gene number estimates
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Since 2009, our adaptive programs in A&P have hosted 1 million unique users who have answered
more than 1 billion questions/probes, providing the only data-driven solutions to help students get
from their first college-level course to program readiness.
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The Human Organism

LEARI

Renzo, the dancer in the photo, is perfectly balanced,
yet a slight movement in any direction would cause
him to adjust his position. The human body adjusts
its balance among all its parts through a process
called homeostasis.

Let’s imagine that Renzo is suffering from a blood
sugar disorder. Earlier, just before this photo was tak-
en, he’d eafen an energy bar. As an energy bar is di-
gested, blood sugar rises. Normally, tiny collections of
cells embedded in the pancreas respond to the rise in
blood sugar by secreting the chemical insulin. Insulin
increases the movement of sugar from the blood infto
the cells. However, Renzo did not feel satisfied from
his energy bar. He felt dizzy and was still hungry, all
symptoms he worried could be due to a family history
of diabetes. Forfunately, the on-site trainer tested his
blood sugar and noted that it was much higher than
normal. After a visit to his regular physician, Renzo
was outfitted with an insulin pump and his blood sugar
levels are more consistent.

Create an explanation for Renzo’s blood sugar
levels before and after his visit to the doctor.

I.I ANATOMY

Learning Outcomes After reading this section, you should be able fo

A. Define anatomy and describe the levels at which anatomy
can be studied.

B. Explain the importance of the relationship between
structure and function.

Human anatomy and physiology is the study of the structure
and function of the human body. The human body has many
intricate parts with coordinated functions maintained by a com-
plex system of checks and balances. The coordinated function
of all the parts of the human body allows us to interact with our
surroundings by adjusting how the body responds to changes
in environmental information. This information comes from
inside and outside the body. These changes serve as stimuli
(stimulus, sing.).

CHAPTER

Just as the dancer in the photo works to balance his body’s position, homeo-
stasis works to balance the body’s internal environment. ©EInur/Shutterstock RF

Knowing human anatomy and physiology also provides the
basis for understanding disease. The study of human anatomy
and physiology is important for students who plan a career in the
health sciences because health professionals need a sound knowl-
edge of structure and function in order to perform their duties. In
addition, understanding anatomy and physiology helps us to be
well prepared to make a decision about our own health care or that
of a loved one. It also can allow us to distinguish between useful
medical treatments and those that may be harmful.

Anatomy (d-nat’6-mg) is the scientific discipline that inves-
tigates the structure of the body. The word anatomy means to
dissect, or cut apart and separate, the parts of the body for study.
Anatomy covers a wide range of studies, including the structure of
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body parts, their microscopic organization, and the processes by
which they develop. In addition, anatomy examines the relation-
ship between the structure of a body part and its function. Just
as the structure of a hammer makes it well suited for pounding
nails, the structure of body parts allows them to perform specific
functions effectively. For example, bones can provide strength and
support because bone cells secrete a hard, mineralized substance.
Understanding the relationship between structure and function
makes it easier to understand and appreciate anatomy.

Two basic approaches to the study of anatomy are systemic
anatomy and regional anatomy. Systemic anatomy is the study
of the body by systems, such as the cardiovascular, nervous, skel-
etal, and muscular systems. It is the approach taken in this and
most introductory textbooks. Regional anatomy is the study of
the organization of the body by areas. Within each region, such
as the head, abdomen, or arm, all systems are studied simulta-
neously. This is the approach taken in most medical and dental
schools.

Anatomists have two general ways to examine the internal
structures of a living person: surface anatomy and anatomical
imaging. Surface anatomy is the study of external features, such
as bony projections, which serve as landmarks for locating deeper
structures (for examples, see chapters 6 and 7). Anatomical
imaging involves the use of x-rays, ultrasound, magnetic reso-
nance imaging (MRI), and other technologies to create pictures of
internal structures, such as when determining if a bone is broken
or a ligament is torn. Both surface anatomy and anatomical imag-
ing provide important information for diagnosing disease.

1.2 PHYSIOLOGY

Learning Outcomes After reading this section, you should be able fo

A. Define physiology.
B. State two major goals of physiology.

Physiology (fiz-€-ol'0-j€; the study of nature) is the scientific dis-
cipline that deals with the processes or functions of living things.
It is important in physiology to recognize structures as dynamic
rather than fixed and unchanging. The major goals for studying
physiology are (1) to understand and predict the body’s responses
to stimuli and (2) to understand how the body maintains internal
conditions within a narrow range of values in the presence of
continually changing internal and external environments. Human
physiology is the study of a specific organism, the human, whereas
cellular physiology and systemic physiology are subdivisions
that emphasize specific organizational levels.

1.3 STRUCTURAL AND FUNCTIONAL
ORGANIZATION OF THE HUMAN BODY

Leqrning Outcomes After reading this section, you should be able to

A. Describe the six levels of organization of the body, and
describe the major characteristics of each level.

B. List the eleven organ systems, identify their components,
and describe the major functions of each system.

The body can be studied at six structural levels: chemical, cell, tissue,
organ, organ system, and organism (figure 1.1).

Chemical Level

The structural and functional characteristics of all organisms are
determined by their chemical makeup. The chemical level of orga-
nization involves how atoms, such as hydrogen and carbon, interact
and combine into molecules. This is important because a molecule’s
structure determines its function. For example, collagen molecules
are strong, ropelike fibers that give skin structural strength and flex-
ibility. With old age, the structure of collagen changes, and the skin
becomes fragile and more easily torn during everyday activities. A
brief overview of chemistry is presented in chapter 2.

Cell Level

Cells are the basic structural and functional units of organisms,
such as plants and animals. Molecules can combine to form
organelles (or'gd-nelz; little organs), which are the small struc-
tures that make up some cells. For example, the nucleus contains
the cell’s hereditary information, and mitochondria manufacture
adenosine triphosphate (ATP), a molecule cells use for a source
of energy. Although cell types differ in their structure and func-
tion, they have many characteristics in common. Knowledge of
these characteristics and their variations is essential to a basic
understanding of anatomy and physiology. The cell is discussed
in chapter 3.

Tissue Level

A tissue (tish'd) is a group of similar cells and the materials surround-
ing them. The characteristics of the cells and surrounding materials
determine the functions of the tissue. The many tissues that make
up the body are classified into four primary types: epithelial, con-
nective, muscle, and nervous. Tissues are discussed in chapter 4.

Organ Level

An organ (0r'gdn; a tool) is composed of two or more tissue types
that together perform one or more common functions. Examples
of some of our organs include the heart, stomach, liver, and
urinary bladder (figure 1.2).

Organ System Level

An organ system is a group of organs classified as a unit because
of a common function or set of functions. For example, the urinary
system consists of the kidneys, ureters, urinary bladder, and ure-
thra. The kidneys produce urine, which is transported by the ure-
ters to the urinary bladder, where it is stored until eliminated from
the body by passing through the urethra. In this text, we consider
eleven major organ systems: integumentary, skeletal, muscular,
nervous, endocrine, cardiovascular, lymphatic, respiratory, diges-
tive, urinary, and reproductive (figure 1.3).

The coordinated activity of the organ systems is necessary
for normal function. For example, the digestive system takes in
food, processing it into nutrients that are carried by the blood of
the cardiovascular system to the cells of the other systems. These
cells use the nutrients and produce waste products that are carried
by the blood to the kidneys of the urinary system, which removes
waste products from the blood. Because the organ systems are so
interrelated, dysfunction in one organ system can have profound
effects on other systems. For example, a heart attack can result
in inadequate circulation of blood. Consequently, the organs of
other systems, such as the brain and kidneys, can malfunction.
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The simplest level of organization in the human body is the atom. Atoms combine to form molecules. Molecules aggregate info cells. Cells form tissues, which combine

with other tissues to form organs. Organs work in groups called organ systems. All organ systems work together to form an organism. LI(6) ©Bart Harris/Getty Images

Why is the skin considered an organ? What characterizes the integumentary system as an organ system?

Throughout this text, Systems Pathology essays consider the inter-
actions of the organ systems.

Organism Level

An organism is any living thing considered as a whole, whether
composed of one cell, such as a bacterium, or of trillions of cells,
such as a human. The human organism is a complex of organ sys-
tems that are mutually dependent upon one another (figure 1.3).

.4 CHARACTERISTICS OF LIFE

Leurning Outcome After reading this section, you should be able to

A. List and define six characteristics of life.

Humans are organisms sharing characteristics with other organ-
isms. The most important common feature of all organisms is life.
This text recognizes six essential characteristics of life:

Organization refers to the specific relationship of
the many individual parts of an organism, from cell
organelles to organs, interacting and working together.
Living things are highly organized. All organisms are
composed of one or more cells. Some cells, in turn,
are composed of highly specialized organelles, which
depend on the precise functions of large molecules.
Disruption of this organized state can result in loss of
function and death.

Metabolism (mé-tab’6-lizm) is the ability to use energy
to perform vital functions, such as growth, movement,
and reproduction. Plants capture energy from sunlight to
synthesize sugars (a process called photosynthesis), and
humans obtain energy from food.

Responsiveness is the ability of an organism to sense
changes in the environment and make the adjustments
that help maintain its life. Examples of responses are
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: Did you know that you have
more microbial cells than human cells in
your body? Microbial cells can collectively
account for anywhere between 2 and
6 pounds of your body weight! A microbe
is any living thing that cannot be seen
with the naked eye (for example, bacte-
ria, viruses, fungi, and protozoa). The total
population of microbial cells on the human
body is referred to as the microbiota, while
the combination of these microbial cells
and their genes is known as the microbi-
ome. The microbiota includes “good” bac-
teria that do not cause disease and may
even help us. It also includes pathogenic,
or “bad” bacteria.

In October 2007 the National
Institutes of Health (NIH) initiated the
five-year Human Microbiome Project. This

project identified over 5000 species and
sequenced over 20 million unique micro-
bial genes and demonstrated that Human
health is dependent upon the health of our
microbiota, especially the “good” bacteria.
More specifically, the human microbiome
is intimately involved in the development
and maintenance of the immune system.
And more evidence is mounting for a
correlation between a host’s microbiota,
digestion, and metabolism. However, there
does not seem to be a universal healthy
human microbiome. Rather, the human
microbiome varies across lifespan, ethnic-
ity, nationality, culture, and geographi-
cal location. Scientists are beginning to
believe that any significant change in the
profile of the microbiome of the human
gut may increase a person’s susceptibility
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to autoimmune diseases. It has been pro-
posed that these changes may be associ-
ated with exposure to antibiotics, particu-
larly in infancy. Fortunately, newer studies
of microbial fransplantations have shown
that the protective and other functions
of bacteria can be transferred from one
person to the next. However, this work is
all very new and much research remains
to be done.

Throughout the remainder of this text,
we will highlight specific instances where
our microbes influence our body systems.
In light of the importance of our body’s
bacteria and other microbes, the preva-
lence of antibacterial soap and hand gel
usage in everyday life may be something
to think about.

movements toward food or water and away from danger

or poor environmental conditions such as extreme cold

or heat. Organisms can also make adjustments that
maintain their internal environment. For example, if body
temperature increases in a hot environment, sweat glands
produce sweat, which can lower body temperature down to
the normal level.

Growth refers to an increase in size of all or part of the
organism. It can result from an increase in cell number,
cell size, or the amount of substance surrounding cells.

For example, bones grow when the number of bone cells
increases and the bone cells become surrounded by bone
matrix.

Development includes the changes an organism
undergoes through time. Human development begins
when the egg is fertilized by the sperm and ends with
death. The greatest developmental changes occur
before birth, but many changes continue after birth, and
some continue throughout life. Development usually
involves growth, but it also involves differentiation.
Differentiation is change in cell structure and function
from generalized to specialized. For example, following
fertilization, cells start to specialize to become
different cell types, such as skin, bone, muscle, or
nerve cells. These differentiated cells form tissues and
organs.

Reproduction is the formation of new cells or new
organisms. Without reproduction of cells, growth and
tissue repair are impossible. Without reproduction of

the organism, the species becomes extinct.

1.5 HOMEOSTASIS

Learning Outcomes After reading this section, you should be able fo

A. Define homeostasis, and explain why it is important for
proper body function.

B. Describe a negative-feedback mechanism and give
an example.

C. Describe a positive-feedback mechanism and give
an example.

Homeostasis (ho'me-o-sta’sis; homeo-, the same; -stasis, to stop)
is the existence and maintenance of a relatively constant environ-
ment within the body despite fluctuations in either the external
environment or the internal environment. Most body cells are
surrounded by a small amount of fluid, and normal cell functions
depend on the maintenance of the cells’ fluid environment within
a narrow range of conditions, including temperature, volume, and
chemical content. These conditions are called variables because
their values can change. One familiar variable is body tempera-
ture, which can increase when the environment is hot or decrease
when the environment is cold.

Homeostatic mechanisms, such as sweating or shivering,
normally maintain body temperature near an average normal
value, or set point (figure 1.4). Most homeostatic mechanisms
are governed by the nervous system or the endocrine system.
Note that homeostatic mechanisms are not able to maintain body
temperature precisely at the set point. Instead, body temperature
increases and decreases slightly around the set point, producing
a normal range of values. As long as body temperatures remain
within this normal range, homeostasis is maintained. These



The study of human bodies is
the foundation of medical education, and
for much of history, anatomists have used
the bodies of people who have died, called
cadavers, for these studies. However, pub-
lic sentiment has offen made it difficult
for anatomists to obtain human bodies for
dissection. In the early 1800s, the benefits
of human dissection for training physicians
had become very apparent, and the need
for cadavers increased beyond the ability
fo acquire them legally. Thus arose the
resurrectionists, or body snatchers. For a
fee and no questions asked, they removed
bodies from graves and provided them fo
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medical schools. Because the bodies were
not easy fo obtain and were not always in
the best condition, two enterprising men
named William Burke and William Hare
went one step further. Over a period of
time, they murdered seventeen people in
Scotland and sold their bodies to a medi-
cal school. When discovered, Hare testified
against Burke and went free. Burke was
convicted, hanged, and publicly dissected.
Discovery of Burke’s activities so outraged
the public that sensible laws regulating the
acquisition of cadavers were soon passed,
and this dark chapter in the history of
anatomy was closed.

The Human Organism

Today, in the United States, it is quite
simple to donate your body for scientific
study. The Uniform Anatomical Gift Act
allows individuals to donate their organs
or entire cadaver by putting a notation
on their driver’s license. You need only
to contact a medical school or private
agency to file the forms that give them
the rights to your cadaver. Once the
donor dies, the family of the deceased
usually pays only the fransportation costs
for the remains. After dissection, the body
is cremafted, and the cremains can be
returned to the family.

Lung

Heart

Liver

Pancreas (behind
stomach)

Gallbladder

Kidney
(behind intestine)

Large
intestine
4
p
4‘4\‘“ J
Urinary

/ i
bladder Y // /4
(U

Spinal cord

Spleen
(behind stomach)

Stomach
Kidney
(behind stomach)

Small intestine

Figure 1.2 Major Organs of the Body

The body’s major organs include the brain, lungs, heart, liver, pancreas, spleen, stomach, gallbladder, kidneys, large intestine, small intestines, urinary
bladder, and urethra.
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Hair

Skin

Integumentary System

Provides protection, regulates temperature,
prevents water loss, and helps produce
vitamin D. Consists of skin, hair, nails,
sebaceous glands and sweat glands.

Brain

Spinal cord

Nerve

Cauda
equina

Nervous System

A major regulatory system that detects
sensations and controls movements,
physiological processes, and intellectual
functions. Consists of the brain, spinal cord,
nerves, and sensory receptors.

Skull

Clavicle

Sternum
Ribs
Humerus

Vertebral
column

Radius
Ulna

Pelvis

Femur

Tibig ———

Fibula

Skeletal System

Provides protection and support, allows body
movements, produces blood cells, and stores
minerals and adipose tissue. Consists of
bones, associated cartilages, ligaments, and
joints.

Hypothalamus
Pineal

Pituitary gland

Parathyroids
(posterior
part of
thyroid)

Thyroid

Thymus

Adrenals
Pancreas

(islets)
Ovaries
(female)

Endocrine System

A major regulatory system that influences
metabolism, growth, reproduction, and many
other functions. Consists of endocrine glands,
such as the pituitary, that secrete hormones.

Temporalis

Pectoralis
major

Biceps
brachii

Rectus
abdominis

Sartorius

Quadriceps
femoris

Gastrocnemius

Muscular System

Produces body movements, maintains
posture, and produces body heat. Consists
of muscles attached to the skeleton by

tendons.
Carotid
artery
Superior
Jugular vena cava
vein

Pulmonary

Heart trunk

Brachial

artery Aorta

Inferior Femoral
artery and

vena cava/ /
/ \ vein

Cardiovascular System

Transports nutrients, waste products, gases,
and hormones throughout the body; plays
arole in the immune response and the
regulation of body temperature. Consists of
the heart, blood vessels, and blood.

Figure 1.3 BP|R) Organ Systems of the Body
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Lymphatic System

Removes foreign substances from the blood
and lymph, combats disease, maintains
tissue fluid balance, and absorbs dietary fats
from the digestive tract. Consists of the
lymphatic vessels, lymph nodes, and other
lymphatic organs.

Kidney

Ureter

Urinary
bladder

Urethra

Urinary System

Removes waste products from the blood
and regulates blood pH, ion balance, and
water balance. Consists of the kidneys,
urinary bladder, and ureters.

Nose

Nasal
cavity

Pharynx
(throat)

Larynx

Trachea
Bronchi
Lungs

Ty

Respiratory System

Exchanges oxygen and carbon dioxide
between the blood and air and regulates
blood pH. Consists of the lungs and
respiratory passages.

gland

Uterine
tube

Ovary

Uterus

Vagina

Female Reproductive System

Produces oocytes and is the site of fertilization
and fetal development; produces milk for the
newborn; produces hormones that influence
sexual function and behaviors. Consists of the
ovaries, uterine tubes, uterus, vagina,
mammary glands, and associated structures.

Mammary

(in breast)
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Pharynx

(throat)
Oral cavity Salivary
(mouth) glands

Esophagus
Stomach
Pancreas

Small
intestine

Large
intestine

Liver
Gallbladder

Rectum

Anus

Digestive System

Performs the mechanical and chemical
processes of digestion, absorption of
nutrients, and elimination of wastes.
Consists of the mouth, esophagus, stomach,
intestines, and accessory organs.

Seminal

vesicle

Prostate
Ductus gIand
deferens

Testis

Epididymis Penis

Male Reproductive System

Produces and transfers sperm cells to

the female and produces hormones that
influence sexual functions and behaviors.
Consists of the testes, accessory structures,
ducts, and penis.

Figure 1.3 BPIR) Organ Systems of the Body (continued)
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Figure L4 Homeostasis

Homeostasis is the maintenance of a variable, such as body temperature,
around an ideal normal value, or set point. The value of the variable
fluctuates around the set point to establish a normal range of values.

changes are actually fairly minimal. Note in figure 1.4 that the nor-
mal body temperature range is not more than 1°F above or below
normal. Our average body temperature is 98.6°F.

The organ systems help control the internal environment so
that it remains relatively constant. For example, the digestive,
respiratory, cardiovascular, and urinary systems function together
so that each cell in the body receives adequate oxygen and nutri-
ents and so that waste products do not accumulate to a toxic level.
If the fluid surrounding cells deviates from homeostasis, the cells
do not function normally and may even die. Disease disrupts
homeostasis and sometimes results in death. Modern medicine
attempts to understand disturbances in homeostasis and works to
reestablish a normal range of values.

Negative Feedback

Most systems of the body are regulated by negative-feedback
mechanisms, which maintain homeostasis. In everyday terms,
the word negative is used to mean “bad” or “undesirable.” In this
context, negative means “to decrease.” Negative feedback is when
any deviation from the set point is made smaller or is resisted.
Negative feedback does not prevent variation but maintains varia-
tion within a normal range.

The maintenance of normal body temperature is an example
of a negative-feedback mechanism. Normal body temperature
is important because it allows molecules and enzymes to keep
their normal shape so they can function optimally. An optimal
body temperature prevents molecules from being permanently
destroyed. Picture the change in appearance of egg whites as
they are cooked; a similar phenomenon can happen to molecules
in our body if the temperature becomes too high. Thus, normal
body temperature is required to ensure that tissue homeostasis
is maintained.

Most negative-feedback mechanisms, such as the one that
maintains normal body temperature, have three components:
(1) A receptor (r&-sep’t0r, r&-sep’tor) monitors the value of a vari-
able, such as body temperature, by detecting stimuli; (2) a control
center, such as part of the brain, determines the set point for the
variable and receives input from the receptor about the variable; and
(3) an effector (e-fek’tor), such as the sweat glands, can change the

value of the variable when directed by the control center. A changed
variable is a stimulus because it initiates a homeostatic mechanism.

Normal body temperature depends on the coordination of
multiple structures, which are regulated by the control center,
or hypothalamus, in the brain. If body temperature rises, sweat
glands (the effectors) produce sweat and the body cools. If body
temperature falls, sweat glands do not produce sweat (figure 1.5).
The stepwise process that regulates body temperature involves
the interaction of receptors, the control center, and effectors.
Often, there is more than one effector and the control center must
integrate them. In the case of elevated body temperature, ther-
moreceptors in the skin and hypothalamus detect the increase in
temperature and send the information to the hypothalamus con-
trol center. In turn, the hypothalamus stimulates blood vessels
in the skin to relax and sweat glands to produce sweat, which
sends more blood to the body’s surface for radiation of heat
away from the body. The sweat glands and skin blood vessels
are the effectors in this scenario. Once body temperature returns
to normal, the control center signals the sweat glands to reduce
sweat production and the blood vessels constrict to their normal
diameter. On the other hand, if body temperature drops, the con-
trol center does not stimulate the sweat glands. Instead, the skin
blood vessels constrict more than normal and blood is directed
to deeper regions of the body, conserving heat in the interior of
the body. In addition, the hypothalamus stimulates shivering,
quick cycles of skeletal muscle contractions, which generates a
great amount of heat. Again, once the body temperature returns
to normal, the effectors stop. In both cases, the effectors do not
produce their responses indefinitely and are controlled by nega-
tive feedback. Negative feedback acts to return the variable to its
normal range (figure 1.6).

What effect would swimming in cool water have on body
temperature regulation mechanisms? What would happen

if a negative-feedback mechanism did not return the value
of a variable, such as body temperature, to its normal range?

Positive Feedback

Positive-feedback mechanisms occur when the initial stimulus
further stimulates the response. In other words, positive means
that the deviation from the set point becomes even greater. In this
case, the word “positive” indicates an increase. At times, this type
of response is required to re-achieve homeostasis. For example,
during blood loss, a chemical responsible for clot formation stimu-
lates production of itself. In this way, a disruption in homeostasis
is resolved through a positive-feedback mechanism. What prevents
the entire vascular system from clotting? The clot formation pro-
cess is self-limiting. Eventually, the components needed to form a
clot will be depleted in the damaged area and more clot material
cannot be formed (figure 1.7).

Birth is another example of a normally occurring positive-
feedback mechanism. Near the end of pregnancy, the uterus is
stretched by the baby’s large size. This stretching, especially
around the opening of the uterus, stimulates contractions of
the uterine muscles. The uterine contractions push the baby
against the opening of the uterus, stretching it further. This



\ The idea that the body main-
tains a balance (homeostasis) can be
traced back to ancient Greece. Early
physicians believed that the body sup-
ported four fluids, or humors: blood,
bile, mucus from the nose and lungs,
and a black fluid in the pancreas. They
also thought that an excess of any one
humor caused disease. They believed the
body healed itself by expelling the excess
fluids, such as with a runny nose. This
belief led to the practice of bloodletting
to restore the body’s normal balance of
humors. Physicians would puncture larger,

Humors and Homeostasis

external vessels, or use leeches, blood-
eating organisms.

Unfortunately, bloodletting went fo
extremes and barbers conducted the
actual procedure. In fact, the tradi-
tional red-and-white-striped barber pole
originated as a symbol for bloodletfting.
The brass basin on top of the pole rep-
resented the bowl for leeches, and the
bowl on the bottom represented the
basin for collecting blood. The stripes
represented bandages used as tourni-
quets, and the pole itself stood for the
wooden staff patients gripped during the
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procedure. The fact that bloodletting did
not improve the patient’s condition was
taken as evidence that still more blood
should be removed, undoubtedly causing
many deaths. Eventually, the practice
was abandoned.

The modern term for bloodletting is
phlebotomy (fle-bot'6-mé), but it is prac-
ticed in a controlled setting and removes
only small volumes of blood, usually for lab-
oratory testing. There are some diseases in
which bloodletting is stfill useful—for exam-
ple, polycythemia (pol€-si-thé’'me-a),
an overabundance of red blood cells.

0 Receptors monitor the value
of a variable. In this case,
receptors in the skin
monitor body temperature.

e Information about the value
of the variable is sent to a
control center. In this case,
nerves send information to
the part of the brain
responsible for regulating
body temperature. e

Control center

eThe control center
(brain)

compares the value of the
variable against the set
point.

o

Receptors

Effector (sweat gland)

Sweat gland

/ Q If a response is necessary to
maintain homeostasis, the
control center causes an
effector to respond. In this
case, nerves send information
to the sweat glands.

e An effector produces a
response that maintains
homeostasis. In this case,
stimulating sweat glands
lowers body temperature.

PROCESS Figure 1.5 Negative-Feedback Mechanism: Body Temperature

Receptors detect changes in variables and communicate any changes to the control center, or brain in this
are sweat glands in this example.

case, which in turn controls the effectors, which

Occasionally an individual will not be able fo produce sweat and can overheat, potentially suffering a heat stroke. Within the context of
the body temperature homeostatic mechanism, where might the disruption occur? Propose at least three ways sweat production might be

inhibited when the body temperature rises above the set point.

stimulates additional contractions, which result in additional
stretching. This positive-feedback sequence ends when the
baby is delivered from the uterus and the stretching stimulus
is eliminated.

On the other hand, occasionally a positive-feedback mecha-
nism can be detrimental instead of helpful. One example of a
detrimental positive-feedback mechanism is inadequate delivery
of blood to cardiac (heart) muscle. Contraction of cardiac muscle

generates blood pressure and moves blood through the blood ves-
sels to the tissues. A system of blood vessels on the outside of
the heart provides cardiac muscle with a blood supply sufficient
to allow normal contractions to occur. In effect, the heart pumps
blood to itself. Just as with other tissues, blood pressure must be
maintained to ensure adequate delivery of blood to the cardiac
muscle. Following extreme blood loss, blood pressure decreases to
the point that the delivery of blood to cardiac muscle is inadequate.



