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To the Instructor

Again, with enthusiasm and wonder, here is the sev-
enth edition of The Human Body in Health and Illness—
older, wiser, still smiling, and eager to walk with you
on your journey into the health professions. It’s an ex-
citing journey for all, instructors and students, as we
study and ponder the wisdom of the human body.

The Human Body in Health and Illness tells the story
of the human body with all its parts and the way these
parts work together. It is a story that we have told
many times in our classes. It is also a story that gets
better with each telling as the body continues to reveal
its mysteries and how marvelously it has been created.
I'hope that you enjoy telling the story as much as I do.

The Human Body in Health and Illness is a basic anat-
omy and physiology text addressed to the student
preparing for a career in the health professions. It is
written for students with minimal preparation in the
sciences; no prior knowledge of biology, chemistry,
or physics is required. The text provides all the back-
ground science information needed for an understand-
ing of anatomy and physiology.

The basic principles of chemistry and biochemistry
are presented in Chapters 24, and they set the stage
for an understanding of cellular function, fluid and
electrolyte balance, endocrine function, and digestion.
Chapter 5, Microbiology Basics, presents clinically
relevant microbiological topics. Check out the stories
“Rick, Nick, and the Sick Tick” and “Dr. Semmelweis
Screams: ‘Wash Those Mitts!”” The latter is an amus-
ing presentation of a sad tale in the history of medicine
and corresponds to the current emphasis on hand hy-
giene and health care-associated infection.

The anatomy and physiology content is presented
in a traditional order, from simple to complex. The
text begins with a description of a single cell and pro-
gresses through the various organ systems. There are
two key themes that run throughout the text: (1) the
relationship between structure and function—the stu-
dent must understand that an organ is anatomically
designed to perform a specific physiological function;
and (2) homeostasis—the role that each organ system
plays in sustaining life and what happens when that
delicate balance is disturbed.

The text addresses two concerns about the selec-
tion of content. The first has to do with the amount of
content. The field of anatomy and physiology is huge;
therefore there must be a selection of content that can be
mastered in the short period of time that a semester (or

even two) allows. This text focuses on the physiology
that is basic and most clinically relevant. Pathophysi-
ology is introduced primarily to clarify physiological
function. For instance, the different types of anemias
illustrate the various steps in the making and sustain-
ing of healthy red blood cells. A second concern has
to do with the recognition that we are not preparing
physiologists; instead, we want the student to be able
to use the physiology to understand clinically relevant
content such as pathophysiology, physical assessment,
diagnostics, and pharmacology. An understanding of
physiology is crucial for advancement in the medically
related sciences.

TEXTBOOK STRENGTHS

* Anatomy and physiology are clearly and simply
explained. A meticulously prepared set of illustra-
tions—complete with amusing cartoons—supports
the text. In fact, the story of the body is told as much
through the art as through the written word.

e The text truly integrates pathophysiology; it is not
merely boxed in or tacked on at the end. The inte-
grated pathophysiology is used primarily to amplify
the normal anatomy and physiology. The expanded
Medical Terminology and Disorders tables and fre-
quent references to common medical terminology
allow the text to be used for an introductory course
in pathophysiology and medical terminology.

* In addition to the pathophysiology, other topics are
liberally integrated throughout the text. These in-
clude common diagnostic procedures such as blood
count, lumbar puncture, urinalysis, and electrocardi-
ography. Pharmacological topics are also introduced
and, like the pathophysiology, are used to amplify
the normal anatomy and physiology. For instance,
the discussion of the neuromuscular junction is en-
hanced by a description of the effects of the neuro-
muscular blocking agents. Because of the effort of the
text to make clinical correlations, it sets the stage for
the more advanced health science courses, including
pharmacology and medical-surgical nursing.

* As You Age boxes list major physiologic changes
the occur with aging.

* Move It boxes describe the physiologic changes as-
sociated with exercise.

* Re-Think and Go Figure boxes are liberally dis-
tributed throughout each chapter and encourage



TO THE INSTRUCTOR

students to master that content before progressing
through the chapter. Ramp It Up! boxes develop se-
lected clinically relevant topics that are simply too
advanced to be included in the text as basic informa-
tion. These boxed features contain new or advanced
content commonly used in the clinical setting and
allow instructors to scale their coverage in a man-
ner appropriate to the course. They offer students
the chance to make further connections between the
text and their future careers. (See the To the Student
preface on page ix for descriptions and examples of
each of the chapter features.)

e Medical terminology is introduced, defined, and
used throughout the text. Common clinical terms
such as hyperkalemia, vasodilation, hypertension, and
diagnosis are defined and reused so that the stu-
dent gradually builds up a substantial medical vo-
cabulary. The expanded Medical Terminology and
Disorders tables were deliberately constructed to
maximize the use of common medical terms and
disorders. To help foster a broader understanding
of medical terminology, word parts and their mean-
ings are included for nearly every term presented.
Repetition of these helps students gain greater
ground in understanding the very specific medical
language they will be learning to use for a future
in the health professions. A description is also pro-
vided, which gives the definition or other pertinent
information on the topic.

e The Review Your Knowledge section has been ex-
panded to include questions that require an ana-
lytical response. The Go Figure questions are based
on the story told by the artwork. The questions can
only be answered by analyzing the art and/or the
information presented in the tables. This exercise
encourages the student to see beyond the “pretty
pictures” and realize that a picture is truly worth a
thousand words. I would encourage you to assist
your students to see that the art and the text are con-
veying the same message.

* The text is supported by many activities, exercises,
puzzles, and games (e.g., Body Bingo) on Evolve
(http:/ /evolve.elsevier.com/Herlihy). These activi-
ties emphasize the focus of this text—clinically rel-
evant anatomy and physiology.

e Last, the text incorporates many amusing anecdotes
from the history of medicine. Although the human
body is perfectly logical and predictable, we hu-
mans think, do, and say some strange things. Tales
from the medical crypt provide some good laughs
and much humility.

CLASSROOM RESOURCES

Materials from the Study Guide and Evolve Instructor

Learning Resources can be used to:

1. Remediate students who are having difficulty in
grasping the content.

2. Remediate students who have missed class(es).

3. Provide review for students engaged in pathophysi-
ology and pharmacology whose memories need to
be refreshed in the physiology.

STUDY GUIDE

The Study Guide for The Human Body in Health and IlI-
ness offers something for students at all levels of learn-
ing and is a ready-made resource for instructors look-
ing for homework assignments. Each chapter includes
two parts: Part I, Mastering the Basics, with matching,
labeling, and coloring exercises; and Part II, Putting It
All Together, containing multiple-choice questions, case
studies, and word puzzles. Textbook page references
are included with the questions, and the answer key is
available on the Evolve website, only to instructors.

EVOLVE INSTRUCTOR LEARNING RESOURCES

The Evolve website for The Human Body in Health and

Illness (http://evolve.elsevier.com/Herlihy) includes

all of the Student Resources, as well as the following

Instructor Resources:

* Answer Key for the Study Guide, Audience Re-
sponse System questions, Image Collection, and Ex-
amView Test Banks that include over 2300 questions!

¢ Instructor’s Chapter Exams, Classroom Activities—
including Bingo, Line ‘Em Up, Sorting, and Word
Puzzles—and the TEACH Instructor Resource.

TEACH Instructor Resource on Evolve
Instructors who adopt the textbook will also receive ac-
cess to the TEACH Instructor Resource, which links all
parts of the Herlihy educational package with custom-
izable Lesson Plans based on objectives drawn from
the text. The TEACH Lesson Plans are based on the
chapter-by-chapter organization of The Human Body
in Health and Illness and can be modified or combined
to meet your curriculum’s scheduling and teaching
needs.

TEACH has been completely updated and revised
for this edition. The TEACH Lesson Plans help instruc-
tors prepare for class and make full use of the rich ar-
ray of ancillaries and resources that come with the text-
book. The content covered in each textbook chapter is
divided across one or more lesson plans, each designed
to occupy 50 minutes of class time. Lesson plans are
organized into easily understandable sections that are
each tied to the chapter learning objectives:

e Instructor Preparation: This section provides a
checklist of all the things you need to do to prepare
for class, including a list of all the items you need to
bring to class to perform any activity or demonstra-
tion included in the lesson plan.

* Student Preparation: Textbook readings, study guide
exercises, online activities, and other applicable home-
work assignments for each lesson are provided here,
along with an overall estimated completion time.

* The 50-Minute Lesson Plan: A lecture outline that
reflects the chapter lecture slides that come as part of
TEACH is included, as well as classroom activities
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and online activities, one or more critical thinking
questions, and time estimates for the classroom lec-
ture and activities.

Assessment Plan: To ensure that your students
have mastered all the objectives, the TEACH In-
structor Resource includes a separate Assessment

TO THE INSTRUCTOR

Plan section. An easy-to-use table maps each assess-
ment tool to the lesson plans and chapter objectives
so that you can see all your assessment options—by
chapter, by lesson, and by objective—and choose
accordingly.




To the Student

This book will take you on an amazing journey through
the human body. You will learn many body parts and,
more importantly, how they work in an integrated
manner to keep you going. You will use this informa-
tion in your clinical practice when patients become ill
with disorders of those structures. The following spe-
cial features were created to help make learning enjoy-
able and fun.

TEXTBOOK FEATURES
KEY TERMS

Key terms are listed at the beginning of each chapter,
along with a page reference. Each is (1) presented in
the text in blue print, (2) accompanied by a pronuncia-
tion guide, (3) thoroughly explained within the chap-
ter, and (4) defined in the glossary.

OBJECTIVES

Numbered objectives identify the goals for each
chapter.

ILLUSTRATIONS

Original illustrations and full-color cartoons help you
make sense of anatomy and physiology using humor,
clarity, and insight.

DO YOU KNOW

Most of these boxed vignettes refer to clinical situations;
others relate to interesting and amusing historical
events related to anatomy and physiology.

RAMP IT UP!

These features challenge you with more advanced
anatomy and physiology topics.

(2] RE-THINK

These questions are liberally placed throughout the
chapter to help reinforce important concepts.

(%] As You AGE

These boxed features contain numbered lists describing
how the aging process affects human anatomy and

physiology.

SUM IT UP!

These features appear regularly throughout the chap-
ters and help you synthesize key concepts.

viii

@ MOVE IT

This feature describes the physiologic effects of exercise.
It supports the view that “sitting is the new smoking.”
Hence, the title Move It.

(&) co Ficure

The Go Figure boxes contain questions that relate to
the figures and art work. The questions prompt the
reader to integrate the figures with the story related
in the text.

MEDICAL TERMINOLOGY AND DISORDERS TABLES

These tables describe medical terms and specific dis-
orders related to individual body systems, with a
focus on developing a strong working medical vo-
cabulary, which is necessary for a career in the health
professions.

END-OF-CHAPTER FEATURES

Summary Outline

A detailed outline at the end of each chapter summa-
rizes key concepts and serves as an excellent review
of the chapter content. Use it as a study tool to review
your reading and prepare for exams.

Review Your Knowledge

The matching and multiple-choice questions in this
section cover the major points of the chapter and allow
you to test your comprehension.

ANSWERS TO REVIEW YOUR KNOWLEDGE AND
GO FIGURE QUESTIONS

The Appendix contains answers to all Review Your
Knowledge and Go Figure questions found in the
textbook.

GLOSSARY

The glossary includes a pronunciation guide and a
brief definition of all key terms and many other words
in the text.

STUDY GUIDE

Enhance your learning of the textbook content with the
accompanying Study Guide for The Human Body in
Health and Illness. The Study Guide has something
to offer students at all levels of learning, from labeling
and coloring exercises to multiple-choice practice tests
and case studies.
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Introduction to the Human Body

Objectives

1. Define the terms anatomy and physiology.

2. List the levels of organization of the human body.
3. Describe the 12 major organ systems.

4. Define homeostasis.

5. Describe the anatomical position.

Key Terms

abdominopelvic cavity (p.9)
anatomical position (p. 7)
anatomy (p. 1)

cranial cavity (p.9)

dorsal cavity (p. 8)

frontal plane (p.7)
homeostasis (p.6)

organs (p.2)
physiology (p. 1)

quadrants (p. 10)

mediastinum (p.9)
pericardial cavity (p.9)
pleural cavities (p.9)

sagittal plane (p.7)

6. List common terms used for relative positions of the body.

7. Describe the three major planes of the body.

8. List anatomical terms for quadrants and regions of the
body.

9. Describe the major cavities of the bodly.

spinal (vertebral) cavity (p.9)
thoracic cavity (p.9)
transverse plane (p.7)
ventral cavity (p. 8)

viscera (p.8)

The human body is a wonderful creation. Millions of mi-
croscopic parts work together in a coordinated fashion to
keep you going for approximately 75 years. Most of us are
curious about our bodies—how they work, why they do
not work, what makes us tick, and what makes us sick. As
you learn more about the body, you will sometimes have
the same questions as the cartoon character below: “What
is this? Why do I need it? How does it work? Why don’t
I'have one?” As you study anatomy and physiology, you
will learn the answers to these questions.

ANATOMY AND PHYSIOLOGY: WHAT
THEY ARE

WHAT’S IT MEAN?

Anatomy (ah-NAT-o-mee) is the branch of science that
studies the structure of the body. For example, anato-
my describes what the heart looks like, how big it is,
what it is made of, how it is organized, and where it is
located. The word anatomy comes from the Greek word
meaning to dissect. The science of anatomy arose from
observations made by scientists centuries ago as they
dissected bodies that were usually stolen from the lo-
cal graveyard.

Physiology (fiz-ee-OL-o0-jee) is the branch of sci-
ence that describes how the body functions. For ex-
ample, physiology describes how the heart pumps
blood and why the pumping of blood is essential for
life. Pathophysiology (path-o-fiz-ee-OL-o-jee) is the
branch of science that describes the consequences
of the improper functioning of the body (i.e., how a
body part functions when a person has a disease).
Pathophysiology describes what happens during a
heart attack and when the heart functions poorly or
not at all.
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CHAPTER 1 Introduction to the Human Body

Fig. 1.1 Structure and Function are Closely Related.

LN Go Figure (Refer to )

1. T/F __ The purpose of this figure is to show that anatomy
(structure) is related to function (physiology).

WHY DO | NEED TO KNOW THIS?

Why study anatomy and physiology as part of your
professional curriculum? Unless you gain a good
understanding of normal anatomy and physiology,
you cannot understand the diseases and disorders
experienced by your patients, nor can you under-
stand the basis for the various forms of treatment,
such as drug therapy and surgical procedures. You
want to give your patients the best possible care, so
you must have a sound understanding of the hu-
man body.

Anatomy and physiology are closely related.
Structure and function go together. When you exam-
ine the anatomy of a body part, ask yourself how
its structure relates to its function. For example, the
structure of the hand is related to its function: its

ability to grasp an object (Fig. 1.1). The heart pumps
blood, and the long, strong, flexible tail of the mon-
key allows it to hang from the tree. Structure and
function are related.

1. What is the difference between anatomy and physiology?
2. Using any household item, explain what is meant by
“structure and function are related.”

Why This Grave Is Being Robbed, and Why the Grave Robber Is
in Big, Big Trouble?

Dissection of the human body during medieval times was not
allowed. Thus the only way that early anatomists were able
to obtain human bodies for dissection was to rob graves.
Medieval scientists hired people to rob graves. Punishment
for robbing graves was swift and severe. This lad will be in
big, big trouble if he is caught, and it looks as if he will be.
Surprisingly, grave robbing was common early in this century
and in this country. Many a medical student who enrolled in
the most prestigious medical schools had to “get” his own
cadaver (dead body).

THE BODY’S LEVELS OF ORGANIZATION

The body is organized from the very simple to the
complex, from the microscopic atom to the complex
human organism. Note the progression from simple
to complex in Fig. 1.2. Tiny atoms form molecules.
These, in turn, form larger molecules. The larger
molecules are eventually organized into cells, the ba-
sic unit of life. Specialized groups of cells form tis-
sues. Tissues are then arranged into organs, such as
the heart, stomach, and kidney. Groups of organs, in
turn, create organ systems. Each organ system has a
function, such as digestion, excretion, or reproduc-
tion. All the organ systems together form the human
organism. From simple to complex, the body is built
from the tiny atom to the human being.



Introduction to the Human Body CHAPTER 1

o

O Organism

system

Fig. 1.2 Levels of Organization, from Atoms to Human Organism.

LN Go Figure (Refer to )

1. T/F __ The stomach and intestines are organs that are

part of the digestive organ system.

MAJOR ORGAN SYSTEMS

Twelve major organ systems make up the human body.
Each performs specific functions that enable the hu-
man body to operate as a coordinated whole. Refer to
Fig. 1.3 and identify the location and distribution of the
organs of each system.

The integumentary (in-teg-yoo-MEN-tar-ee) system
consists of the skin and related structures, such as
hair and nails. The integumentary system forms a
covering for the body, helps to regulate body tem-
perature, and contains some of the structures neces-
sary for sensation.

The skeletal system forms the basic framework of
the body. It consists primarily of bones, joints, and
cartilage. The skeleton protects and supports body
organs and enables us to move around. Because the
bones contain bone marrow they also produce most
of the blood cells.

The muscular system has three types of muscles.
Skeletal muscles attach to the bones and are re-
sponsible for movement of the skeleton and the

maintenance of body posture. Cardiac muscles are
found in the heart and enable the heart to pump
blood throughout the body. Smooth muscles are
found in various organs and tubes; contraction and
relaxation of this muscle type helps move body flu-
id. Vascular smooth muscle, for instance, helps to
move blood through the blood vessels.

The nervous system is made up of the brain, spinal
cord, nerves, and sense organs. Sensory nerves re-
ceive information from the environment and bring
it to the spinal cord and brain, where it is interpret-
ed. Decisions made by the brain and spinal cord are
transmitted along motor nerves to various body
structures to elicit a response such as leg movement.
And, of course, our brain thinks, emotes, remem-
bers, reflects, integrates, creates, and performs all
those higher-level functions that characterize the
human brain.

The endocrine (EN-doh-krin) system contains nu-
merous glands that secrete hormones and chemi-
cal substances that regulate body activities such
as growth, reproduction, metabolism, and water
balance.

The circulatory (SER-kyoo-lah-tor-ee) system con-
sists of the blood, heart, and blood vessels. This sys-
tem pumps (heart) and transports (blood vessels)
blood throughout the body. Blood carries nutrients
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Nervous system Circulatory system Endocrine system
Fig. 1.3 Major Organ Systems of the Body.
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Urinary system Reproductive system

Fig. 1.3, cont’d



CHAPTER 1 Introduction to the Human Body

LN Go Figure (Refer to )

1. The heart and blood vessels are organs that form
the system. (nervous, lymphatic,
endocrine, circulatory)

2. The kidneys, brain, and lungs are .
(organ systems, parts of the circulatory system, organs,
nerve cells)

and oxygen to all the body’s cells and also carries the
waste away from the cells to the organs of excretion.

* Thelymphatic (lim-FAT-ik) system is made up of the
lymph nodes, lymphatic vessels, lymph, and other
lymphatic organs. Lymph and lymphatic structures
play an important role in fluid balance and in the
defense of the body against pathogens and other
foreign material.

* The immune system is an elaborate defense sys-
tem that protects the body not only from patho-
gens, but also from allergens, such as pollens, bee
venom, and some of our own cells that have gone
awry (cancer cells). The immune system is widely
distributed throughout the body (it is not shown in
Fig. 1.3).

* The respiratory system contains the lungs and other
structures that conduct air to and from the lungs.
Oxygen-rich air moves into the lungs; the oxygen is
picked up by the blood and distributed throughout
the body. Carbon dioxide-rich air moves out of the
lungs, thereby ridding the body of waste. The respi-
ratory system also plays a key role in the regulation
of acid-base balance.

* The digestive system is composed of organs de-
signed to ingest food and break it down into sub-
stances that can be absorbed by the body. Food that
is not absorbed is eliminated as waste.

* The urinary system contains the kidneys and other
structures that help excrete waste products from the
body through the urine. More importantly, the uri-
nary system helps control the water, electrolyte, and
acid-base balance in the body.

* The reproductive system is made up of organs and
structures that enable humans to reproduce.

HOMEOSTASIS: STAYING THE SAME

Homeostasis (ho-me-0-STAY-sis) literally means stay-
ing (stasis) the same (homeo). The term refers to the
body’s ability to maintain a stable internal environ-
ment in response to a changing environment. For ex-
ample, in a healthy person, body temperature stays
at approximately 98.6°F (37°C), even when room tem-
perature increases to 100°F or decreases to 60°F. The
amount of water in your cells stays the same wheth-
er you drink 2, 3, or 4 L of water per day. Your blood
sugar remains within normal limits whether you have
just eaten a turkey dinner or have fasted for 6 hours.
Mechanisms that help to maintain homeostasis are

Fig. 1.4 Anatomical Position.

LN Go Figure (Refer to )

1. Which of the following is true of the anatomical position?
(head is bowed, the person is sitting,
palms of the hand are facing forward, forearms are
flexed)

called homeostatic mechanisms. Homeostatic imbalance
results in disease or dysfunction.

Sum It Up!

Anatomy and physiology describe the structure and function
of the body. The body is constructed from simple to complex
(atoms to molecules to cells to tissues to organs to organ
systems to the human organism). The 12 major organ sys-
tems are shown in Fig. 1.3. Homeostatic mechanisms en-
able the body to “stay the same” despite changing internal
and external environments.

ANATOMICAL TERMS: TALKING ABOUT
THE BODY

Special terms describe the location, position, and re-
gions of body parts. Because these terms are used fre-
quently, you should become familiar with them now.
People in the medical field are often accused of speak-
ing their own language. Indeed, we do! We always use
these terms as if the body were standing in its anatomi-
cal position.



ANATOMICAL POSITION

In its anatomical position, the body is standing erect,
with the face forward, the arms at the sides, and the
toes and palms of the hands directed forward (Fig. 1.4).

RELATIVE POSITIONS

Specific terms describe the position of one body part

in relation to another body part. These are direction-

al terms. They are like the more familiar directions
of north, south, east, and west; however, describing

Canada as being located north of the United States

would be correct, whereas describing the head as

“north of the chest” would sound strange. Therefore,

in locating body parts, we use other terminology. The

terms come in pairs. Note that the two terms in each
pair are generally opposites. Remember, the references
are valid only for the body in its anatomical position.

* Superior and inferior. Superior means that a part is
above another part or is closer to the head. For exam-
ple, the head is superior to the chest. Inferior means
that a part is located below another part or is closer to
the feet. For example, the chest is inferior to the head.

* Anterior and posterior. Anterior means toward the
front surface (the belly surface). Posterior means to-
ward the back surface. For example, the heart is an-
terior to the spinal cord, but the heart is posterior to
the breastbone. Another word for anterior is ventral,
and another word for posterior is dorsal. Consider
the dorsal fin of a fish. It is the dorsal part of the
shark that can be seen moving effortlessly and very
quickly toward your surfboard!

* Medial and lateral. Imagine a line drawn through the
middle of your body, dividing it into right and left
halves. This is the midline. Medial means toward the
midline of the body. For example, the nose is medial
to the ears. Lateral means away from the midline
of the body. For example, the ears are lateral to the
nose. In the anatomical position, the hand is closer
to the lateral thigh than to the medial thigh.

* Proximal and distal. Proximal means that the structure
is nearer to the point of attachment, often the trunk of
the body. Because the elbow is closer to the point of
attachment than is the wrist, the elbow is described
as proximal to the wrist. The wrist is proximal to the
fingers, meaning that the wrist is closer to the trunk
than are the fingers. Distal means that a part is farther
away from the point of attachment than another part.
For example, the wrist is distal to the elbow, and the
fingers are distal to the wrist.

* Superficial and deep. Superficial means that a part is
located on or near the surface of the body. The skin
is superficial to the muscles. Deep means that the
body part is away from the surface of the body. The
bones, for example, are deep to the skin.

o Central and peripheral. Central means that the part
is located in the center. Peripheral means away from
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the center. For example, the heart is located central-
ly, whereas the blood vessels are located peripher-
ally (away from the center and extending toward
the limbs). The brain and spinal cord are called the
central nervous system, and the nerves are called
the peripheral nervous system.

1. Use the terms proximal and distal to describe the
relationship of the wrist to the elbow.

2. Use the terms proximal and distal to describe the
relationship of the fingers to the wrist.

3. Use the terms medial and lateral to describe the parts of
the thigh. Do the same with the eye.

PLANES OF THE BODY

When we refer to the left side of the body, the top half
of the body, or the front of the body, we are referring
to the planes of the body. Each plane divides the body
with an imaginary line in one direction. Fig. 1.5 shows
the following three important planes:

e Sagittal plane (see Fig. 1.5A). The sagittal plane di-
vides the body lengthwise into right and left por-
tions. If the cut is made exactly down the midline
of the body, the right and left halves of the body are
equal. This division is a midsagittal section.

e Frontal plane (see Fig. 1.5B). The frontal plane di-
vides the body into anterior (ventral) and posterior
(dorsal) portions. This plane creates the front part of
the body and the back part of the body. The frontal
plane is also called the coronal plane. Coronal means
“crown,” so the imaginary line for the coronal plane
is made across the part of the head where a crown
would sit and then downward through the body.

* Transverse plane (see Fig. 1.5C). The transverse
plane divides the body horizontally, creating an up-
per (superior) and a lower (inferior) body. When the
body or an organ is cut horizontally or transversely,
it is called a cross section.

REGIONAL TERMS

Specific terms describe the different regions or areas of

the body. Fig. 1.6 illustrates the terms used to identify the

regions on the anterior and posterior surfaces of the body:.
On the anterior surface, identify the following

regions:

Abdominal: anterior trunk just below the ribs

Antecubital: area in front of the elbow

Axillary: armpit

Brachial: arm

Buccal: cheek area; cavity between the gum and cheek

Cephalic: head

Cervical: neck region

Cranial: nearer to the head

Digital: fingers, toes
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Fig. 1.5 Planes of the Body. (A) Sagittal. (B) Frontal (coronal). (C) Transverse.

LN Go Figure (Refer to )

1. Which plane provides a right and left?

(coronal, sagittal, frontal, transverse)
2. Which plane is also referred to as coronal?

(frontal, transverse, sagittal,

midsagittal)

Femoral: thigh area

Flank: fleshy area along each side between the lower
ribs and the top of the hip bones

Inguinal: area where the thigh meets the trunk of the
body; often called the groin

Oral: mouth

Orbital: area around the eye

Patellar: front of the knee over the kneecap

Pedal: foot

Plantar: sole of the foot

Pubic: genital area

Sternal: middle of the chest (over the breastbone area)

Umbilical: navel

On the posterior surface, identify the following regions:

Caudal: near to the lower region of the spinal column
(near the tailbone)

Deltoid: rounded area of the shoulder closest to the arm

Gluteal: buttocks

Lumbar: area of the back between the ribs and the hips

Occipital: back of the head

Popliteal: behind, or back of, the knee area

Scapular: shoulder blade area

Specific terms describe the relative positions of one body
part to the other. The terms are valid when used in ref-
erence to the body in its anatomical position. The terms
are paired as opposites and include superior and inferior,
anterior (ventral) and posterior (dorsal), medial and lateral,
proximal and distal, superficial and deep, and central and
peripheral. The body can be cut into three planes: sagit-
tal (right and left), frontal or coronal (front and back), and
transverse (top and bottom) planes. Common terms are
used to identify specific areas of the anterior and posterior
surface areas.

? I

1. A sagittal plane yields right and left halves of the
body. Compare this with frontal and transverse
planes.

2. Of the following terms, which can be seen only on the
posterior view of the body: umbilical, antecubital, gluteal,
lumbar, sternal, patellar, and popliteal?

CAVITIES OF THE BODY

The organs, called viscera (VISS-er-ah), are located
within the cavities of the body. Cavities are large inter-
nal spaces. The body contains two major cavities: the
dorsal cavity and the ventral cavity (Fig. 1.7).
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Fig. 1.6 Regional Terms. (A) Anterior view. (B) Posterior view.
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1. Provide the other terms that describe the following:
buttocks, armpit, groin, belly button, mouth. (axillary,
inguinal, oral, gluteal, umbilical)

2. This area is seen only on the posterior view.

(umbilical, sternal, lumbar, patellar)

DORSAL CAVITY

The dorsal cavity is located toward the back of the
body and has two divisions, the cranial cavity and the
spinal (vertebral) cavity.

The cranial cavity is located within the skull and con-
tains the brain. The spinal, or vertebral, cavity extends
downward from the cranial cavity and is surrounded by
bony vertebrae; it contains the spinal cord. The cranial
and spinal cavities form one continuous space.

VENTRAL CAVITY

The larger ventral cavity is located toward the front
of the body and has two divisions, the thoracic (thoh-
RASS-ik) cavity and the abdominopelvic (ab-DOM-i-
no-PEL-vik) cavity.

THORACIC CAVITY

The thoracic cavity is located above the diaphragm
and is surrounded by the rib cage. The thoracic cav-
ity is divided into two compartments by the mediasti-
num (MEE-dee-ass-TI-num), a space that contains the
heart, thymus gland, and parts of the esophagus, tra-
chea, and large blood vessels attached to the heart. The
pericardial (pair-i-KAR-dee-al) cavity (not shown) is lo-
cated within the mediastinum and contains the heart.
The right and left lungs are located on either side of the
mediastinum in the pleural cavities. The lungs occupy
most of the space within the thoracic cavity.
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Fig. 1.7 Major Body Cavities.
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1. Which of the following is located within the ventral,
thoracic, and pleural cavities? ? (heart,
stomach, lungs, brain)

2. Which cavity houses only the brain?

(cranial, dorsal, thoracic, mediastinum)

3. Which structure separates the thoracic cavity from
the abdominopelvic cavity? ?
(mediastinum, diaphragm, spine, umbilicus)

ABDOMINOPELVIC CAVITY

The abdominopelvic cavity is located below the dia-
phragm. The upper portion of this cavity is the ab-
dominal cavity. It contains the stomach, most of the
intestines, and the liver, gallbladder, pancreas, spleen,
and kidneys. The lower portion of the abdominopelvic
cavity is called the pelvic cavity. It extends downward

from the level of the hips and includes the remainder
of the intestines, the rectum, the urinary bladder, and
the internal parts of the reproductive system.

Because the abdominopelvic cavity is so large, it is sub-
divided into smaller areas for study. Quadrants and re-
gions divide the abdominopelvic cavity. Note the organs
located in each quadrant or region, as shown in Fig. 1.8.

Division into Quadrants

The abdominopelvic cavity can be divided into four
quadrants (see Fig. 1.8A). The quadrants are named for
their positions: right upper quadrant (RUQ), left upper
quadrant (LUQ), right lower quadrant (RLQ), and left
lower quadrant (LLQ).

Quadrant terms are used frequently in the clinical
setting. For example, a patient in the emergency room
who has acute pain in the RLQ may be diagnosed with
appendicitis. Note that the RLQ appears to be on your
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1. Which of the regions is included in the
RUQ? (left lumbar, right
hypochondriac, hypogastric, umbilical)

2. Which of the following is immediately inferior to the
epigastric region? ? (left iliac,
RUQ, umbilical, LUQ)

left. This is similar to looking in a mirror. Keep this in
mind when you are studying the diagrams in the text.
Here’s an easy way to remember this: Lower your right
arm. It will be lateral to the RUQ and RLQ.

Division into Regions

A second system divides the abdominopelvic cavity
into nine separate regions that resemble the squares
for tic-tac-toe (see Fig. 1.8B). The three central regions
(from top to bottom) are the epigastric, umbilical, and
hypogastric regions. The epigastric region is located
below the breastbone. Epigastric literally means upon
(epi) the stomach (gastric). The umbilical region is the
centermost region and surrounds the umbilicus, or
navel (belly button). The hypogastric region is located

B
Fig. 1.8 The Abdominopelvic Cavity. (A) Four quadrants. (B) Nine regions.

Introduction to the Human Body CHAPTER 1

just below the umbilical region. Hypogastric literally
means below (hypo) the stomach (gastric).

Six regions are located on either side of the central
regions. They include the hypochondriac, lumbar, and
iliac regions. The right and left hypochondriac regions
are located on either side of the epigastric region and
overlie the lower ribs. The word hypochondriac literally
means below (hypo) the cartilage (chondro) and refers to
the composition of the ribs (cartilage). The right and left
lumbar regions are located on either side of the umbili-
cal region and are inferior to the hypochondriac regions.
The right and left iliac regions, also called the right and
left inguinal regions, are located on either side of the hy-
pogastric region. Knowledge of these regions helps you
understand terms such as epigastric pain and umbilical
hernia. Remember that quadrants and regions refer only
to the abdominopelvic cavity and not to the thoracic
cavity.

Other Cavities

Four smaller cavities are located in the head. They
include the oral cavity, nasal cavities, orbital cavities,
and middle ear cavities. (These cavities are described
in later chapters.)
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1. What muscle structure separates the thoracic cavity from The organs or viscera are located within body cavities. The
the abdominopelvic cavity? two major cavities are the dorsal cavity, located toward the
2. Of the following terms, determine which pertain to the back of the body, and the larger ventral cavity, located in the
ventral cavity: thoracic cavity, brain, vertebral cavity, front of the body. The dorsal cavity is subdivided into the
abdominopelvic cavity, pleural cavity, dorsal cavity, cranial cavity and the spinal cavity. The ventral cavity is di-
mediastinum, stomach, heart, and spinal cord. vided by the diaphragm into the thoracic cavity (including the

mediastinum, pericardial cavity, and pleural cavities) and the
abdominopelvic cavity. The abdominopelvic cavity is divided
into quadrants and regions.

Q (D e R O U TIDIELIG TG Introduction to Medical Terminology

The medical profession has its own language, called medical terminology. In general, there are four main types or kinds of
word parts. By learning these and how they can be put together, you can often “translate” many long and challenging medical
words by breaking them up into their word parts.

A word root is the core of the word and provides the basic meaning or “subject” of the word. The other word parts, such
as suffixes and prefixes, modify the word root so that it takes on a new meaning. For example, in the word hepatitis, the
word root is hepat-, meaning liver.

A suffix is a word part attached to the end of the word root; it modifies the word root. If we add -itis, which is a
suffix that means inflammation, to the word root for liver, hepat-, we get hepatitis, which means inflammation of
the liver.

A prefix is a word part attached to the beginning of the word root; it modifies the word root. For example, the word
nutrition refers to a normal and healthy food intake. By adding the prefix mal- (French for bad), as in malnutrition, the
word root has been modified to mean poor or bad nutrition.

Combining vowels are word parts used to ease the pronunciation, as in angioplasty (angi/o/plasty). Angi- means blood
vessel, and -plasty means repair of. The -o- joining the word parts eases the pronunciation; it does not modify the
meaning of the word. When you see angi/o-, you are seeing the word root and its combining vowel.

In the Medical Terminology and Disorders tables you will see many terms with which you are probably familiar, but what you
may not be familiar with is what their individual word parts are and how they are put together to make up many of the
words you use every day. For instance, consider -ectomy, which means excision or removal of. Think of all the terms that
have -ectomy at the end—such as lobectomy, vasectomy, hysterectomy, appendectomy, tonsillectomy—and you will
see how valuable knowing what this one word part is.

MEDICAL TERM WORD PARTS WORD PART DESCRIPTION
MEANING OR
DERIVATION
anatomy ana- up or apart Anatomy is the branch of science that describes
~tomy incision: to cut the structure of a body, especially as revealed
by dissection. For example, the heart has four
chambers.
antecubital ante- before; in front of Antecubital space is the area of the arm anterior to
_cubital From the word meaning “elbow” the elbow. A sample of blood is commonly drawn
from a vein in the antecubital space.
biology bio- life Biology is the study of life and living organisms.
-logy study of
diagnosis dia- apart Diagnosis is the process of identifying the nature and
~gnos/o- knowing cause of a disease or injury through an analysis of
- — - data, such as the patient’s symptoms and laboratory
-0sis condition or increase :
studies.
pathologist path/o- pertaining to disease A pathologist examines tissue for evidence of disease.
-logist one who specializes in
homeostasis home/o- sameness Homeostasis refers to the relative constancy of the
_stasis stand still internal environment of the body despite many

challenges to upset the balance.
transverse trans- across A transverse plane cuts across the body; an upper
-verse From the word meaning “to turn” ~ @nd lower body is created.
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DESCRIPTION

Related to the middle of the epigastric region of the

abdomen. A person may complain of midepigastric

Refers to a likely course or outcome of a disease. For

example, the prognosis of a person who seeks early

The abdominopelvic cavity is divided into four equal

areas called quadrants.

discomfort.

treatment of a basal cell carcinoma (skin cancer) is
excellent; the prognosis of a person with metastatic
cancer is less favorable.

Introduction to Medical Terminology—cont’d
MEDICAL TERM WORD PARTS WORD PART
MEANING OR
DERIVATION
midepigastric mid- middle
-epi- above or upon
-gastr/o- stomach
-ic pertaining to
prognosis pro- before
-gnos/o- knowing
-0sis condition or increase
quadrant quadr/i- four
-ant performing/promoting.

Get Ready for Exams!

Summary Outline

Anatomy is the study of structure; physiology is the study of
function. Structure (anatomy) and function (physiology) are
related.

. The Body’s Levels of Organization
A. From simple to complex: atoms to molecules to
cells to tissues to organs to organ systems to human
organism
B. Major organ systems (12)
1. Integumentary system
Skeletal system
Muscular system
Nervous system
Endocrine system
Heart and circulatory system
Lymphatic system
Immune system
9. Respiratory system
10. Digestive system
11. Urinary system
12. Reproductive system
C. Homeostasis: the body’s ability to maintain a stable
internal environment in response to various internal
and external challenges.

Il. Anatomical Terms: Talking About the Body
A. Anatomical position: the body standing erect, arms
by the side, with palms and toes facing forward
B. Relative positions: superior-inferior, anterior-posterior,
medial-lateral, proximal-distal, superficial-deep,
central-peripheral
C. Planes (three): sagittal, frontal (coronal), and trans-
verse planes
D. Regional terms: listed in Fig. 1.6
E. Cavities of the body
1. Dorsal cavity
a. Cranial cavity: contains the brain
b. Spinal (vertebral) cavity: contains the spinal
cord

O NSARWDN

1. Ventral cavity
a. Thoracic cavity: superior to the diaphragm;

contains the pleural cavities (lungs), mediasti-
num, and pericardial cavity

b. Abdominopelvic cavity: located inferior to the

diaphragm

¢. Abdominal cavity: upper part that contains the

stomach, most of the intestines, and the liver,
spleen, and kidneys

Pelvic cavity: lower part that contains the repro-
ductive organs, urinary bladder, and lower part
of the intestines

For reference: the abdominopelvic cavity is
divided into four quadrants and nine regions.

Review Your Knowledge

Matching: Directions of the Body
Directions: Match the following words with their descrip-
tions. Some words may be used more than once or not at all.

a. posterior
b.distal

c. medial
d.anterior
e. proximal
f. superior
g.deep

1.___ Toward the midline of the body;

opposite of lateral

2. Structure that is nearer to the trunk

than another part; opposite of distal

3.___ Part of the radius (forearm bone)

that is closer to the wrist than to the
elbow

4. The lungs are located above the

diaphragm; their position relative to
the diaphragm is described as being
above

5.___ Toward the front (the belly surface);

another word is ventral
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Matching: Regional Terms

Directions: Match the following words with their descriptions.

a.inguinal 1. _ Armpit
b.oral 2. _ Kneecap area
c. lumbar 3. __ Breastbone area
d.axillary 4. __ Front part of the elbow area
e. buccal 5. ___ Fleshy area along the side
f. patellar between the ribs and hip bone
g.flank 6. __ Pertaining to the mouth
h. antecubital 7. ___ Lower back area extending from
i. sternal the chest to the hips
j- scapular 8. ___ Pertains to the space between
the cheek and gum
9. ___ Groin region

10. __ Shoulder blade area

Multiple Choice

1. This part of the humerus (arm bone) is closer to the
elbow than to the axillary region.
a. Anterior
b. Superior
c¢. Distal
d. Proximal

2. Describe the relationship of the mediastinum to the
diaphragm.
a. Distal
b. Deep
¢. Anterior
d. Superior
3. The umbilical region is located
a. inferior to the inguinal region.
b. superior to the RUQ.
¢. inferior to the diaphragm.
d. within the midepigastric region.

4. The sternal area is

a. the groin.

b. referred to as the breastbone area.

¢. located within the RLQ.

d. observed only on the posterior view of the body.
5. Which of the following is not descriptive of the

mediastinum?

a. Thoracic cavity

b. Dorsal cavity

c. Ventral cavity

d. Superior to the diaphragm

10.

11.

. The frontal plane

a. splits the body into right- and left-half sections.
b. is also the coronal plane.

c¢. splits the body into a top and a bottom section.
d. creates a transverse cross section.

. Which of the following terms best describes when a

person sweats in order to decrease body temperature?
a. Pathophysiology

b. Evisceration

¢. Homeostasis

d. Midsagittal

. Which of the following is true of these terms: sternal,

umbilical, patellar, and antecubital?

a. All are superior to the inguinal area.

b. All lie within the ventral cavity.

¢. All can be viewed on the anterior body.
d. All lie within the dorsal cavity.

. These structures are located within the pleural cavities,

the thoracic cavity, and the ventral cavity.
a. Heart and great vessels

b. Lungs

¢. Brain and spinal cord

d. Intestines

These structures are located within the pericardial cav-
ity, the mediastinum, and the thoracic cavity.

a. Heart and great vessels

b. Liver and stomach

¢. Lungs

d. Intestines

The common element of the words pathology, patho-
gen, and pathophysiology is that they all refer to

a. persons who dissect bodies.

b. homeostatic mechanisms.

c. disease.

d. drugs that are used to treat diseases.



Basic Chemistry

Objectives

1. Define the terms matter, element, and atom, and complete
the following:
e List the four elements that comprise 96% of body
weight.
e Describe the three components of an atom.
e Describe the role of electrons in the formation of
chemical bonds.
. Differentiate among ionic, covalent, and hydrogen bonds.
3. Describe the formation of ions, including the differences
among electrolytes, cations, and anions.

N

Key Terms
acid (p.23) colloid (p.27)
adenosine triphosphate (ATP) compound (p. 22)

(p. 25) covalent bond (p. 18)
alkaline (p.24) electrolyte (p.20)
anion (p. 20) element (p. 16)
aqueous solution (p. 27) energy (p.25)
atom (p. 16) enzyme (p.23)

atomic mass (p.17)
atomic number (p. 17)
base (p.23)

catalysts (p.23)
cation (p.20)

ions (p.20)

ionic bond (p. 18)
ionization (p.21)
isotope (p.17)

hydrogen bond (p. 18)

4. Explain the difference between a molecule and a
compound, and list five reasons why water is essential to
life.

5. Explain the role of catalysts and enzymes.

6. Define pH; differentiate between acids and bases.

7. List the six forms of energy, and describe the role of
adenosine triphosphate (ATP) in energy transfer.

8. Differentiate among a mixture, solution, suspension,
colloidal suspension, and precipitate.

matter (p.5)
mixture (p.26)
molecule (p.19)
neutralized (p.23)
pH (p.24)

polar molecule (p. 19)
precipitate (p.27)
radioactivity (p.17)
solute (p.26)
solvent (p. 26)
solutions (p. 26)
suspensions (p.27)

Why a chapter on chemistry? Because our bodies are
made of different chemicals. The food we eat, the
water we drink, and the air we breathe are all chemi-
cal substances. We digest our food, move our bod-
ies, experience emotions, and think great thoughts
because of chemical reactions. To understand the
body, we must understand some general chemical
principles.

MATTER, ELEMENTS, AND ATOMS

MATTER

Chemistry is the study of matter. Matter is anything
that occupies space and has mass. Anything that you
see as you look around is matter.

Matter exists in three states: solid, liquid, and gas.
Solid matter (e.g., skin, bones, and teeth) has a definite
shape and volume. Liquid matter (e.g., blood, saliva,
and digestive juices) takes the shape of the container

that holds it. A gas, or gaseous matter (e.g., the air we
breathe) has neither shape nor volume.

Matter can undergo both physical and chemi-
cal changes. The logs in a fireplace illustrate the dif-
ference between a physical and a chemical change
(Fig. 2.1). The logs can undergo a physical change
by being chopped into smaller chips of wood with a
hatchet. The wood chips are smaller than the log, but
they are still wood. The matter (wood) has not es-
sentially changed; only the physical appearance has
changed. A chemical change occurs when the wood is
burned. When burned, the wood ceases to be wood.
The chemical composition of the ashes is essentially
different from that of wood.

The body contains many examples of physical and
chemical changes. For example, digestion involves
physical and chemical changes. Chewing breaks the
food into smaller pieces; this is a physical change.
Potent chemicals digest or change the food into sim-
pler substances; this is a chemical change.
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Fig. 2.1 Changes in Matter: Physical Change (Wood Chips) and
Chemical Change (Ashes).

LN Go Figure (Refer to )

1. T/F __ Cutting a log causes a physical but not a chemical
change in the wood.

JELEYAN Common Elements in the Human Body

ELEMENTS

All matter, living or dead, is composed of elements. An
element is matter that is composed of atoms that have
the same number of positive charges in their nuclei.
Even a very small amount of an element, such as sodi-
um, contains millions and millions of sodium atoms. The
same name is used for both the element and the atom.
Although more than 100 elements exist, only approxi-
mately 25 elements are required by living organisms.

Why Children Should Not Be Allowed to Play in Traffic and
Chew on 0Old Paint?

Aside from the obvious safety issues, old paint and emissions
from motor vehicles contain high amounts of lead. Exposure to
high levels of lead causes lead poisoning, a serious condition
that damages the major organs, including the brain, liver, kid-
ney, and bone marrow. The old name for chronic lead poison-
ing is plumbism, from the Latin word for lead (plumbum). The
chemical symbol for lead is Pb. (By the way, a plumber is called
a plumber because ancient water pipes were made of plum-
bum, or lead.) Why does plumbism have such a great history?
Lead was used to make pipes that carried water. It was also
used to make pottery, particularly drinking vessels. This practice
kiled many of the rich and famous—those wealthy enough to
afford leaded wine goblets. Because of the toxic nature of lead,
pipes and pottery in the United States are no longer made of
lead, gasoline and paint are now lead free by law, and the dis-
posal of acid lead batteries is regulated. Is the lead problem a
done deal? No! Children are still huffing lead fumes from car
emissions, inhaling lead dust in older homes, playing with toys
laced with lead paint, wearing clothing impregnated with lead,
and more recently, drinking lead-laced water. Go figure!

The most abundant elements found in the body are
listed in Table 2.1. Four elements—carbon, hydrogen,

PERCENTAGE OF
ELEMENT SYMBOL BODY WEIGHT
Oxygen (@) 65.0
Carbon C 18.5
Hydrogen H 9.5
Nitrogen N 3.2
Calcium Ca
Phosphorus P
Potassium K
Sulfur S
Sodium Na
Chlorine Cl
Magnesium Mg
Iron Fe
lodine® |
Chromium? Cr
Cobalt? Co
Copper? Cu
Fluorine? F
Selenium? Se
Zinc? Zn

aTrace elements.

oxygen, and nitrogen—make up 96% of the body
weight. The trace elements are present in tiny amounts,
but despite the small amounts required, the trace el-
ements are essential for life. (Not all of the trace ele-
ments appear in Table 2.1.)

Each of the elements included in Table 2.1 is repre-
sented by a symbol, and the first letter of the symbol is
always capitalized. For example, the symbol O is for
oxygen, N is for nitrogen, Na is for sodium, K is for po-
tassium, and C is for carbon. These symbols are used
frequently, so you should memorize the symbols of the
major elements.

ATOMS
ATOMIC STRUCTURE

Elements are composed of atoms, the basic units of
matter. An atom is the smallest unit of an element with
that element’s chemical characteristics. An atom is
composed of three subatomic particles: protons, neu-
trons, and electrons. The arrangement of the subatom-
ic particles resembles the sun and planets (Fig. 2.2A),
with the sun in the center and the planets constantly
moving around the sun in orbits, or circular paths. The
atom is composed of a nucleus (the sun) and shells, or
orbits, that surround the nucleus (see Fig. 2.2B).
Where are the subatomic particles located? The pro-
tons and the neutrons are located in the nucleus (see Fig.
2.2C). Protons carry a positive (+) electrical charge; neu-
trons carry no electrical charge. The electrons are locat-
ed in the shells, or orbits, surrounding the nucleus like
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Fig. 2.2 Structure of the Atom. (A) Subatomic particles arranged like
the sun and the planets. (B) Nucleus and electron shells. (C) Protons
and neutrons located in the nucleus and electrons encircling the
nucleus in orbits.

A Go Figure (Refer to )

1. Which subatomic particle lives in the outer shell of an
atom? (electron, proton, neutron)

2. The earth represents a(an)
proton, neutron, nucleus)

(electron,
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planets. Electrons carry a negative (—) electrical charge.
In each atom, the number of protons (+) is equal to the
number of electrons (—). The atom is therefore electri-
cally neutral; it carries no net electrical charge.

All protons are alike, all neutrons are alike, and all elec-
trons are alike. So what makes one atom different from
another atom? The difference is primarily in the numbers
of protons and electrons in each atom. For example, hy-
drogen is the simplest and smallest atom. It has one pro-
ton and one electron. Helium has two protons and two
electrons. Lithium has three protons and three electrons.
Hydrogen, helium, and lithium are different atoms be-
cause of the different numbers of protons and electrons.

1. How does the structure of an atom resemble the solar
system (sun and planets)?

2. ldentify the locations and electrical charges carried by
the proton, electron, and neutron?

OTHER CHARACTERISTICS OF ATOMS

Two terms describe individual atoms. The atomic num-
ber is the number of protons in the nucleus. Thus hydro-
gen has an atomic number of 1, helium has an atomic
number of 2, and lithium has an atomic number of 3.
The atomic mass of an atom is determined by adding
the numbers of protons and neutrons in the nucleus.
Thus the atomic mass of hydrogen is also 1 because the
hydrogen nucleus contains one proton and no neutrons.
The atomic mass of helium is 4 because the nucleus con-
tains two protons and two neutrons. (The atomic mass
is approximately equivalent to the atomic weight.)

An isotope (EYE-so-tohp) is a different form of
the same atom. For example, hydrogen has different
forms. Hydrogen has an atomic number of 1 and an
atomic mass of 1; it has one proton and no neutrons
in the nucleus. A second and less common form of hy-
drogen is called heavy hydrogen. It has one proton and
one neutron in its nucleus; thus its atomic numberis 1,
but its atomic mass is 2. Because its atomic number is
1, it is still a hydrogen atom. However, the additional
neutron in the nucleus makes it heavy and changes its
atomic mass. Heavy hydrogen is an isotope of hydro-
gen. Remember! An isotope has the same atomic num-
ber as an atom but a different atomic mass.

Isotopes are often unstable and their nuclei break
down, or decay, giving off energy. In doing so, the un-
stable nuclei become more stable. Unstable isotopes are
called radioisotopes. The process of spontaneous break-
down (decay) is called radioactivity. Radioisotopes
damage tissues and are used clinically to destroy cells.
For example, radioactive iodine is used to destroy ex-
cess thyroid tissue. Other radioisotopes are used to
destroy cancer cells. Radioisotopes can also be used
diagnostically. For example, radioactive iodine (13')
is normally taken up by the thyroid gland at a certain
rate. Alterations in the rate of 13T uptake can indicate
thyroid dysfunction. Here is a radioactive blast from
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the past! Bathing in radioactive water at radium spas
was popular in the United States during the early 20th
century. Accompanying this health craze was the in-
gestion of radioactive tonics, a practice that quickly
died out as both the bathers and drinkers died from
radiation poisoning.

1. What is the difference between the atomic number and
atomic mass?
2. What is an isotope? A radioisotope?

ELECTRON SHELLS

Electrons surround the nucleus in orbits called energy
levels or electron shells (see Fig. 2.2C). The number of
shells varies from one atom to the next. Some atoms,
such as hydrogen, have only one shell; other atoms,
such as sodium, have three shells. Each shell can hold
a specific number of electrons. The inner shell closest
to the nucleus can hold only two electrons. The second
and third shells can each hold eight electrons.

The only electrons that are important for chemical
bonding are the electrons in the outermost shell. If it
is not filled with its proper number of electrons, the
outer shell becomes unstable. It then tries to give up
electrons to empty the shell, acquire electrons to fill
the shell, or share electrons so that each participat-
ing atom acquires the proper number of electrons in
its outer shell. The outer shell’s tendency to become
stable forms the basis of chemical bonding.

CHEMICAL BONDS

Atoms are attracted to each other because they want
to achieve a stable outer electron shell. In other words,
they want to fill or empty the outer electron shell. The
force of attraction between atoms is analogous to the
magnetic pull of two magnets to each other. When you
try to separate the magnets, you can feel the pull. The
electrical attraction between atoms is a chemical bond.
The three types of chemical bonds are ionic bonds, co-
valent bonds, and hydrogen bonds.

IONIC BONDS

An ionic (eye-ON-ik) bond is caused by a transfer of
electrons between atoms. The interaction of the sodi-
um and chlorine atoms illustrates an ionic bond (Fig.
2.3A). The sodium atom has 11 protons in the nucleus
and 11 electrons in the shells. Two electrons are in the
inner shell, eight in the second shell, and only one in the
outer shell. This single electron makes the outer shell
unstable. To become more stable, the sodium atom
would like to donate the single electron. Donating an
electron forms a bond between the two atoms.

Sodium often bonds with chlorine. The chlorine (Cl)
atom has 17 protons in the nucleus and 17 electrons

orbiting in its shells. The electrons are positioned as
follows: two electrons in the inner shell, eight in the
second shell, and seven in the outer shell. The seven
electrons make the outer shell unstable. The chlorine
atom would like to add a single electron. The electrical
attraction occurs between the outer shells of the sodi-
um and chlorine atoms. The single electron in the outer
shell of the sodium (Na) atom is attracted to the seven
electrons in the outer shell of the chlorine atom. Thus,
the sodium atom and chlorine atom bond ionically to
form sodium chloride (NaCl), or table salt.

COVALENT BONDS

A second type of chemical bond is the covalent (ko-
VAYL-ent) bond. Covalent bonding occurs when two
atoms share electrons in their outer shells. Covalent
bonding is like joining hands (see Fig. 2.3B). The for-
mation of water from hydrogen and oxygen atoms il-
lustrates one type of covalent bond. Oxygen has eight
electrons, two in the inner shell and only six in the out-
er shell. An oxygen atom needs two electrons to com-
plete the outer shell. Hydrogen has only one electron
and requires one electron to complete its inner shell.

Water is formed when two hydrogen atoms, each
with one electron, share those electrons with one oxy-
gen atom. By sharing the electrons of the oxygen, each of
the two hydrogen atoms has completed the inner shells
(capacity is two electrons). By sharing the electrons of
two hydrogen atoms, the outer shell of the oxygen is
completed, with eight electrons. Water is represented as
H,O (two hydrogen atoms and one oxygen atom).

Carbon atoms always form covalent bonds. A car-
bon atom has four electrons in the outer shell. Carbon,
one of the major elements in the body, most commonly
bonds with hydrogen, oxygen, nitrogen, and other car-
bon atoms. Covalent bonding of carbon with hydrogen,
oxygen, and nitrogen forms complex molecules such as
proteins and carbohydrates. Covalent bonds are strong
and do not break apart in an aqueous (water) solution.

Many proteins, such as hormones, are transported
around the body by blood, which is mostly water. If
the covalent bonds of the protein broke apart in wa-
ter, the hormones would be unable to accomplish their
tasks. So many chemical reactions in the body involve
carbon that a separate branch of chemistry—organic
chemistry—studies only carbon-containing substanc-
es. In contrast, inorganic chemistry studies non-car-
bon-containing substances.

HYDROGEN BONDS

A third type of bond is a hydrogen bond (see Fig. 2.3C).
It differs from the ionic and covalent bonds in that the
hydrogen bond is not caused by the transfer or sharing
of electrons of the outer shells of atoms. A hydrogen
bond is best illustrated by the weak attraction between
water molecules. Water is composed of hydrogen and
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Sodium atom (Na) Chlorine atom (Cl)

A

§odium ion (Na) Chloride ion (C!)

Y
Sodium chloride (NaCl)

Oxygen atom (O)

Hydrogen atom (H)

Water molecule (H,0)

C Attraction between water molecules

Fig. 2.3 Chemical Bonds. (A) lonic bond. (B) Covalent bond. (C) Hydrogen bond.

Q Go Figure (Refer to )

1. Which panel(s) illustrate(s) the sharing of 2 electrons by
oxygen? (A, B, C, or both A and B)

2. Which panel(s) illustrate(s) the intermolecular attraction
(bonding) between 2 water molecules? (A, B, C, or both
A and C)

oxygen. The weak positive charge around the hydro-
gen of one water molecule is attracted to the weak neg-
ative charge of the oxygen in a second water molecule.
Because the bond occurs between two molecules, it is
called an intermolecular bond.

POLARITY

Water engages in hydrogen bonding because it is a
polar molecule. What makes water a polar molecule?
Because of the uneven sharing of electrons within
a water molecule, there is a slight positive charge
around the hydrogen end of the water and a slight
negative charge around the oxygen end. Note how
lopsided the water molecule appears in Fig. 2.3C;
more importantly, the charges are lopsided. A polar
molecule is defined as a molecule that has a lopsid-
ed charge—a positive end and a negative end. The
lopsided charge means that the positive end
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(hydrogen) of one water molecule is attracted to the
negative end (oxygen) of a second water molecule.

1. Explain the role of the outer electron shell in ionic and
covalent bonding.
2. Explain why water is described as a polar molecule.

IONS
CATIONS, ANIONS, AND ELECTROLYTES

Several other terms are related to the activity of the
electrons in the outer shells of the atoms. If the nega-
tively charged electrons are lost from or gained by the
outer shell of an atom, the electrical charge of the atom
changes. In other words, the electrical charge of the
atom changes from a neutral charge (i.e.,, no charge)
to a positive (+) charge or negative (-) charge. Atoms
that carry an electrical charge are called ions. If the
ion is positively charged (+), it is a cation (CAT-eye-
on). If the ion is negatively charged (-), it is an anion
(AN-eye-on).

An electrolyte (eh-LECK-tro-LITE) is a substance that
forms ions when it is dissolved in water. Electrolytes, as
the name implies, are capable of conducting an electri-
cal current. For example, the electrocardiogram (ECG)
and the electroencephalogram (EEG) record electrical
events in the heart and brain.

ION FORMATION

Ions are formed when electrons in the outer shell are lost
or gained. For example, the sodium atom has 11 protons
(positive charge) and 11 electrons (negative charge). If
a single electron is donated, the sodium is left with 11
positive (+) charges and only 10 negative (-) charges.

IELEWAS Common lons

NAME SYMBOL FUNCTION

Cations

Sodium Na+ Fluid balance (chief extracellular
cation), nerve and muscle
function

Calcium Caz+ Component of bones and
teeth, blood clotting, and
muscle contraction

Iron Fe2t Component of hemoglobin
(oxygen transport)

Hydrogen H* Important in acid-base balance.
Its concentration determines
the pH of a solution.

Potassium K+ Nerve and muscle function;

chief intracellular cation

Ammonium NH,* Important in acid-base

regulation
Anions
Chloride Cl- Chief extracellular anion
Bicarbonate HCOs;  Important in acid-base
regulation
Phosphate PO~ Component of bones and

teeth; component of ATP
(energy)

ATR, Adenosine triphosphate.

Sodium is said to carry a net charge of +1. The sodium
ion, represented as Na, is therefore a cation.

The chlorine atom has 17 protons (positive charge)
and 17 electrons (negative charge). If an electron is
gained, the chlorine then contains 17 (+) charges and
18 (-) charges. Chlorine is said to carry a net charge
of -1 and is considered an anion. The chlorine anion
is called chloride and is represented as CI~. Some at-
oms may give up more than one electron and have a

Fig. 2.4 lonization—dissociation of NaCl — Na+ + Cl- in water.



(3 Go Figure (Refer to )

1. T/F _When placed in water NaCl dissociates into
sodium and chloride ions.

stronger positive charge. For example, calcium gives
up two electrons. It is represented as Ca?*. Table 2.2
presents other important ions. Note that combinations
of atoms, such as bicarbonate (HCO;), can also carry
an electrical charge and are therefore ions.

IONIZATION

When an electrolyte splits, or breaks apart in solu-
tion, the electrolyte is said to dissociate (Fig. 2.4). For
example, NaCl (table salt) is an electrolyte. In the sol-
id state, it appears as tiny white granules. However,
when dissolved in water, the NaCl dissociates. What
is happening?

NaCl — Nat + Cl-

salt sodium ion chloride ion
(cation) (anion)

When the salt is placed in water, the ionic bonds
holding the sodium and chlorine together weaken.
The solid NaCl then splits into Na* (sodium ion) and
CI- (chloride ion). In other words, the NaCl dissoci-
ates. Because the products of this dissociation are ions,
this dissociation process is referred to as ionization
(EYE-on-eye-zay-shin). Only electrolytes ionize.

B Hydrogen Hydrogen

Hydrogen

Oxygen

D _
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What the Patient’s “Lytes” Are?

This is medical jargon for electrolytes. One of the most
important clinical tools is the assessment of the patient’s
electrolytes. The assessment is performed on a sample of
the patient’s blood. Actually, the “lytes” are really ions such as
Na* (sodium), K+ (potassium), CI- (chloride), Mg+ (magne-
sium), and HCOj3™ (bicarbonate). The terms electrolytes and
ions are used interchangeably in the clinical setting.

&4 Re-Think

1. Using table salt (NaCl) as an example, explain the
difference between an electrolyte, ion, cation, and anion.

2. Define ionization using table salt as an example. What
ions are produced?

MOLECULES AND COMPOUNDS
MOLECULES

When two or more atoms bond, they form a molecule.
Two identical atoms may bond. For example, one atom of
oxygen may bond with another atom of oxygen to form
a molecule of oxygen, which is designated O,. The same
bonding is true for nitrogen (N,) and hydrogen (H,) (Fig.
2.5). A molecule can also be formed when atoms of differ-
ent elements combine. For example, when two atoms of

Oxygen molecule (Oy)

Hydrogen molecule (Hy)

Water molecule and compound (H,0)

Fig. 2.5 Molecules and Compounds. (A) Oxygen (Oy). (B) Hydrogen (Hy). (C) Water (H,O).
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hydrogen combine with one atom of oxygen, a molecule of
water (H,O) is formed.

LN Go Figure (Refer to )

1. T/F __Sharing of electrons can only occur between
identical atoms.

2. T/F __ One oxygen atom cannot interact with a second
oxygen atom.

COMPOUNDS

A substance that contains molecules formed by two or
more different atoms is called a compound. For exam-
ple, if two atoms of hydrogen combine with one atom
of oxygen, water is formed. Water is considered both a
molecule and a compound.

SOME IMPORTANT COMPOUNDS AND MOLECULES
WATER

Water is the most abundant compound in the body.

It constitutes approximately two-thirds of an adult’s

body weight and even more of a child’s body weight.

Water is essential for life. Although we can last for

many weeks without food, we can last only a few days

without water. What makes water so special?

o Water as the universal solvent. Water is called the uni-
versal solvent because most substances dissolve in
water. Its use as a solvent is one of the most impor-
tant characteristics of water. The ability to dissolve
substances is largely because of the polar structure of
water (positive charge on one end, negative charge on
the other end). For example, the plasma protein albu-
min carries a negative (-) charge. It is attracted to the
positive (+) end of the water molecule. The attraction
of the electrical charges allows albumin to dissolve in
water. Many nutrients, waste products, and hormones
dissolve in water for transport throughout the body.

o Water as temperature regulator. Water has the ability
to absorb large amounts of heat without the tem-
perature of the water itself increasing dramatically.
This ability means that heat can be removed from
heat-producing tissue, such as exercising muscle,
while the body maintains a normal temperature. In
addition, when water evaporates from the skin sur-
face, it carries a considerable amount of heat with
it. Therefore, water plays an important role in the
body’s temperature regulation.

o Waterasanideal lubricant. Water is a major component
of mucus and other lubricating fluids. Lubricating
fluids decrease friction as two structures slide past
each other, thereby minimizing wear and tear.

o Water in chemical reactions. Water plays a crucial role in
many chemical reactions. For example, water is neces-
sary to break down carbohydrates during digestion.

o Water as a protective device. Water may also be used
to protect an important structure. For example, the
cerebrospinal fluid surrounds and cushions the

delicate brain and spinal cord. Similarly, amniotic
fluid surrounds and cushions the developing infant
in the mother’s womb.

1. Physiologically, why is water so important?
2. Why do so many substances dissolve in water?

OXYGEN

Oxygen (O,), a molecule composed of two oxygen atoms,
exists in nature as a gas. The air we breathe contains 21%
oxygen. Oxygen is essential for life; without a continuous
supply, we would quickly die. The oxygen we inhale is
used by cells to liberate the energy from the food we eat.
This energy powers the body; like an engine, if the body
has no energy, it stops running. The importance of oxy-
gen accounts for the urgency associated with cardiopul-
monary resuscitation (CPR). If the heart stops beating, the
delivery of oxygen to the tissue ceases, and the brain dies.

CARBON DIOXIDE

Carbon dioxide (CO,) is a compound that consists of
one carbon atom and two oxygen atoms—hence the
name carbon dioxide (di- means “two”). CO, is a waste
product, so it must be eliminated from the body. It is
made when food is chemically broken down for energy.

Chemistry is the study of matter. Matter is composed of ele-
ments such as hydrogen, oxygen, carbon, and nitrogen. Each
element is composed of millions of the same atoms. Atoms are
composed of subatomic particles called protons, neutrons,
and electrons. Two characteristics of atoms are the atomic
number (number of protons) and the atomic mass (number of
protons and neutrons). Chemical bonds are formed through
the interaction of one atom with another. The three chemical
bonds are ionic, covalent, and hydrogen bonds. The transfer
of electrons is responsible for the formation of ions (cations
and anions). Cations are positively charged ions, whereas an-
ions are negatively charged ions. Molecules and compounds
are formed when atoms interact in a particular fashion. Water
(H0), oxygen (O,), and carbon dioxide (CO,) are examples
of important molecules and compounds. Water is the most
abundant compound in the body and has numerous charac-
teristics that make it essential to life.

CHEMICAL REACTIONS

A chemical reaction is a process whereby the atoms of
molecules or compounds interact to form new chemi-
cal combinations. For example, glucose interacts with
oxygen to form carbon dioxide, water, and energy. This
chemical interaction is characterized by the breaking
of the chemical bonds of glucose and oxygen and the
making of new bonds as carbon dioxide and water are
formed. The reaction is represented as follows:

CeH120g + O — CO, + HyO + energy

glucose oxygen carbon dioxide water



The rates of chemical reactions (how fast they occur)
are important. Chemical substances called catalysts
(KAT-ah-lists) speed up the rate of a chemical reaction.
When proteins perform the role of catalysts, they are
called enzymes (EN-zymes). Most chemical reactions
require a catalyst.

ACIDS AND BASES

A normally functioning body requires a balance be-
tween substances classified as acids and bases. The acid-
base balance is important because the chemical reac-
tions in the body occur only when these substances
are in balance. Imbalances of acids and bases are com-
mon and cause life-threatening clinical problems. An
understanding of the chemistry of acids and bases is
crucial to understanding acid-base balance.

ACIDS

We all recognize the sour taste of an acid. Grapefruit
juice, lemon juice, and vinegar are acids. In addition
to a sour taste, very strong acids, such as hydrochloric
acid (HCI), can cause severe burns. For example, acid
splashed in your eye can damage the eye tissue to the
point of blindness. An acid is an electrolyte that dis-
sociates into a hydrogen ion (H*) and an anion. Its dis-
sociation is represented as follows:

HCI - H* + CI
hydrochloric acid hydrogen ion chloride ion

In this reaction, HCI dissociates into H* and the
chloride ion (CI"). For our purposes, the most impor-
tant component is the H*. The amount of H* in a solu-
tion determines its acidity.

A strong acid dissociates (breaks apart) completely
into H* and an anion. HCl, found within the stomach,
is a strong acid; it yields many hydrogen ions. A weak
acid does not dissociate completely. Vinegar, or acetic
acid, is a weak acid. Vinegar dissociates slightly into
H*. Most of the vinegar remains in its undissociated
form, and its dissociation is represented as follows:

vinegar &= H* + acetate™

The heavy arrow pointing to the left indicates that
the vinegar remains as vinegar, forming very little H*.
Because the number of hydrogen ions (H*) determines
the acidity of a solution, vinegar is classified as a weak
acid. This weakness is the reason that vinegar does not
burn your hand. HCl is so strong that it can actually
burn a hole through your hand.

BASES

A base has a bitter taste and is slippery like soap. Bases
are substances that combine with H*. Bases often con-
tain the hydroxyl ion (OH"), such as sodium hydrox-
ide (NaOH). NaOH dissociates into sodium ion (Na*)
and the hydroxyl ion (OH") as follows:
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NaOH — Nat+ OH~

OH- is a hydrogen ion eliminator. In other words,
the OH~ soaks up a hydrogen ion. The addition of a
base makes a solution less acidic. Like acids, bases are
classified as being weak or strong. Like a strong acid, a
strong base can cause a serious burn.

NEUTRALIZATION OF ACIDS AND BASES

When an acid is mixed with a base, as in the following
example, the H* of the acid combines with the OH~ of
the base to form water. In addition, the Na* and the Cl-
combine to form a salt, NaCl. The reaction is important
because the H* is converted to water. In other words,
the acid has been neutralized or eliminated. It is no lon-
ger an acid. This chemical reaction is represented as
follows:

HCl + NaOH — H,0 + NaCl

acid base water salt

&4 Re-Think

1. What makes an acid an acid?

2. What makes a base a base?

3. Describe how an acid like HCl is neutralized by a base
such as NaOH?

Why Antacids Are Used?

Antacid @

H* (hydrogen ion) @

Patients with ulcers often have excess stomach acid. The
stomach acid (HCI) can be neutralized with a drug that con-
tains a base. Because these drugs oppose acids, they are
called antacids. One of the most commonly used antacids
contains aluminum hydroxide. The hydroxyl ion (OH-) of the
drug combines with the H* of the stomach acid, thereby neu-
tralizing or buffering the acid. Other newer and more effective
drugs reduce the secretion of acid into the stomach.
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pH
Value

0 Hydrochloric acid

15

~ Stomach contents (1-4)

6 ¢ Urine (5-8)

Neutral 7 | Pure H,O

)~ Blood (7.35—7.45)

8J
Intestinal contents (8—10)
9
Q0
(7]
8 J
> 10
()]
£
@
o 11
[&]
£
12
13

14 Sodium hydroxide
Fig. 2.6 The pH Scale. The scale indicates the H* concentration. Pink

indicates the acidic range, and blue indicates the basic, or alkaline,
range.

LN Go Figure (Refer to )

1. T/F __Blood has a pH of 7.0; it is neither acidic nor
alkaline.

2. T/F __The greater the [H*], the pinker is the pH scale.

3. Which of the following pH readings indicate that the
patient is acidotic? (7.35, 7.45, 7.40, or 7.2)

MEASUREMENT: THE pH SCALE

One unit of measurement, pH, indicates how many H*
ions are in a solution. The pH scale ranges from 0 to 14
(Fig. 2.6). At the midpoint of the scale, pH 7, the num-
ber of H* ions in pure water is equal to the number of
OH- ions. Therefore the solution is neutral. A pH that
measures less than 7 on the scale indicates that the so-
lution has more H* than OH™. The solution is then said
to be acidic.

A pH measuring more than 7 indicates fewer H* ions
than OH~ ions. These substances are bases, and the solu-
tion is said to be basic, or alkaline (AL-kah-lin). The pH
scale measures the degree of acidity or alkalinity. A pH
of 0 is most acidic, whereas a pH of 14 is most alkaline.

Note the color change in Fig. 2.6 as the pH changes
from blue (alkaline) to pink (acidic).

READING THE pH SCALE

Each pH unit represents a 10-fold change in H* con-
centration. For example, a change in 1 pH unit (from
7 to 6) represents a 10-fold increase in H*, whereas a
change in 2 pH units (from 7 to 5) represents a 100-
fold increase in H* concentration. The important point
is that very small changes in the pH reading indicate
very large changes in the H* concentration.

pH OF BODY FLUIDS

Note the pH of some of the body fluids (see Fig. 2.6).
The stomach contents are very acidic, with a pH of 1 to
4. The pH of urine is normally acidic, with a pH range
of 5 to 8, although a number of conditions, including
diet, can change urinary pH. The intestinal secretions
are alkaline, with a pH range of 8 to 10.

Blood pH is maintained within a narrow range of 7.35
to 7.45, a slightly alkaline pH. Because the blood pH is
normally slightly alkaline (called the alkaline reserve), a
blood pH of less than 7.35 is more acidic than normal, and
the patient is said to be acidotic. If the patient’s blood pH is
higher than 7.45, the patient is said to be alkalotic. Because
all of the body’s enzymes work best at a normal blood pH,
both acidosis and alkalosis cause serious clinical problems
and must be corrected. The need to maintain the body’s
normal alkaline state is the reason for monitoring blood
pH closely during the course of a patient’s illness.

The blood pH is regulated on a minute-by-minute
basis by three means: a buffer system, the lungs, and
the kidneys. (These processes of regulation are de-
scribed in Chapters 24 and 25.)

Sum It Up!

Chemical reactions are processes whereby one chemical
substance is converted into a different chemical substance.
The rate of a chemical reaction can be increased by a cata-
lyst, or enzyme. A normally functioning body requires a bal-
ance between acids and bases. Hydrogen ion concentration
is measured by pH. As H* increases, pH decreases; as H*
decreases, pH increases. Normal blood pH is 7.35 to 7.45
and is therefore slightly alkaline. When pH decreases to less
than 7.35, the person is said to be acidotic; when pH increas-
es to greater than 7.45, the person is said to be alkalotic.
Blood pH is regulated within normal limits by three mecha-
nisms: buffers, lungs, and kidneys.

? I

1. What does pH measure?
2. Why is it important to monitor the patient’s blood pH?
3. What blood pH is indicative of acidosis? Of alkalosis?
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FORM OF ENERGY DESCRIPTION EXAMPLE
Mechanical Energy that causes movement Movement of legs in running, walking; contraction
of heart muscle, causing movement of blood
Chemical Energy stored in chemical bonds Fuel to do work, such as running
Electrical Energy released from the movement of charged  Electrical signal involved in transmission of
particles information along nerves
Radiant Energy that travels in waves Light stimulates the eyes for vision; ultraviolet
radiation from the sun causes tanning
Thermal Energy transferred because of a temperature Responsible for body temperature
difference
Nuclear Energy released during the decay of radioactive  Not useful physiologically
substances such as isotopes
ENERGY ENERGY TRANSFER: THE ROLE OF ADENOSINE

Energy is the ability to perform work. The body de-
pends on a continuous supply of energy. Even at rest,
the body is continuously working and using up ener-
gy. For example, heart muscle is contracting and forc-
ing blood throughout a large network of blood vessels.
The cells of the pancreas are continuously making en-
zymes so that we can digest our food. Without energy,
the body ceases to function.

FORMS OF ENERGY

There are six forms of energy, summarized in Table
2.3. Mechanical energy is expressed as movement.
For example, when the leg muscles contract, you are
able to walk. Chemical energy is stored within the
chemical bonds holding the atoms together. When
the chemical bonds are broken, chemical energy is
released. The released energy can then be used to
perform other types of work, such as digesting food.
This process is similar to running a car’s engine; the
energy released from the burning, or breakdown, of
the gas is used to turn the engine, and the running
engine then moves your car.

CONVERSION OF ENERGY

Energy is easily converted from one form to another.
For example, when a log burns, the chemical energy
stored in it is converted to heat (thermal energy) and
light (radiant energy). In a similar way, the chemical
energy stored in the muscle is converted into mechani-
cal energy when the muscle contracts and moves your
leg.

The conversion of energy in the body is generally
accompanied by the release of heat. For example, when
muscles contract during strenuous exercise, chemical
energy is converted into both mechanical energy and
heat (thermal) energy. Consider how hot you get while
exercising. (Body temperature is further described in
Chapter 7.)

TRIPHOSPHATE

The energy used to power the body comes from the
food we eat (Fig. 2.7A). As the food is broken down, en-
ergy is released. However, this energy cannot be used
directly by the cells of the body. The energy must first
be transferred to another substance, called adenosine
triphosphate (ATP). ATP is an energy transfer molecule.

ATP is composed of three parts: a base, a sugar, and
three phosphate groups (see Fig. 2.7B). Note the phos-
phate groups of the ATP molecule; they have unique
chemical bonds. The squiggly lines connecting the
second and third phosphate groups indicate that these
bonds are high-energy bonds. When these bonds are
broken, a large amount of energy is released. More im-
portantly, the energy released from ATP can be used
directly by the cell to perform its tasks.

The energy stored within the high-energy bonds is
similar to the energy stored in a loaded mousetrap (see
Fig. 2.7C). Energy is stored in the trap when you set the
metal bar in its loaded position. When the trap is set off by
the mouse, the metal bar snaps back into its original posi-
tion, thereby releasing the stored energy. Similarly, when
energy is needed by the body, ATP is split. The energy
that was stored in ATP is released. In other words, the
bond that holds the end phosphate group is broken, and
energy is released. With the release of energy, the split-
ting of ATP also yields adenosine diphosphate (ADP)
and phosphate (P). This process can be shown as follows:

ATP — energy+ ADP+P

ADP is almost identical to ATP, but the molecule
now has one less phosphate group. ATP is replenished
when energy, obtained from burning food, reattaches
the end phosphate to ADD, as follows:

ADP +P +energy — ATP

1. What is meant by the conversion of energy?
2. Explain why ATP is an energy transfer molecule.
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Structure of ATP:

High-energy
chemical bonds

Y
Phosphate

Stored energy

/ o
C

Energy
released

Base

Sugar

Fig. 2.7 Energy. (A) Source of energy. (B) Storage of energy within the high-energy bonds of adenosine triphosphate

(ATP). (C) Release of energy.

LN Go Figure (Refer to )

1. T/F __ The loaded mouse trap represents stored energy.
2. The high-energy bonds refer to (milk,
cheese, ATP, or apple)

MIXTURES, SOLUTIONS, SUSPENSIONS,
AND PRECIPITATES

You will encounter several other chemical terms in
clinical situations.

MIXTURES

Mixtures are combinations of two or more substances
that can be separated by ordinary physical means.
When separated, the substances retain their original
properties. For example, imagine that you have a mix-
ture of sugar and little bits of iron. A magnet is then

moved close to this sugar-iron mixture. The magnet
pulls all the iron away from the sugar, thereby separat-
ing the two substances. Note that the two substances
have retained their original properties. The sugar is
still sugar, and the iron is still iron.

SOLUTIONS

Solutions are mixtures. In a solution, the particles that
are mixed together remain evenly distributed. Salt
water is an example of a solution. A solution has two
parts, a solvent and a solute. The solute is the substance
present in the smaller amount; it is the substance being
dissolved. The salt in the salt water is the solute. The
solute can be solid, liquid, or gas.

The solvent is the part of the solution present in the
greater amount; it does the dissolving and is usually
liquid or gas. Water is the solvent in salt water. If water



is the solvent, the solution is referred to as an aque-
ous solution. If alcohol is the solvent, the solution is
referred to as a tincture. A solution is always clear, and
the solute does not settle to the bottom.

SUSPENSIONS

Suspensions are mixtures. In a suspension, the parti-
cles are relatively large and tend to settle to the bottom
unless the mixture is shaken continuously. For exam-
ple, if sand and water are shaken together and then
allowed to sit undisturbed, the sand gradually settles
to the bottom.

In a colloidal suspension, the particles do not dis-
solve, but they are so small that they remain suspended
within the liquid, even when not being shaken. A col-
loid (KOL-oyd) is a gel-like substance that resembles
egg whites. The body contains many colloidal suspen-
sions. Blood plasma is a colloidal suspension because
the proteins remain suspended within the plasma.
Other examples of colloidal suspensions include may-
onnaise and jelly.

PRECIPITATES

A precipitation reaction is the formation of a solid in a
solution during a chemical reaction. The solid is called
the precipitate. The formation of precipitates has sev-
eral clinical consequences. For example, kidney stones
are precipitates of salts in the urine and form especially

Get Ready for Exams!

Summary Outline

Our bodies are made of different chemicals. To understand
the body, you need to understand some general chemical
principles.
I. Matter, Elements, and Atoms
A. Matter
1. Anything that occupies space and has mass
2. Exists in three states: solid, liquid, and gas
3. Undergoes physical and chemical changes
B. Elements
1. Composed of atoms that have the same positive
charge in their nuclei (same atomic number)
2. Four elements (carbon, hydrogen, oxygen, and
nitrogen) make up 96% of body weight.
C. Atoms
1. Composed of three subatomic particles: neutrons,
protons, and electrons
2. Atomic number: number of protons
3. Atomic mass: number of neutrons and protons
4. Isotope: atom with the same atomic number but a
different atomic mass
5. Radioisotope: an unstable isotope
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when the salts are highly concentrated—hence the
direction to “drink plenty of fluids” as a preventive
measure. Similarly, cholesterol-laden bile forms pre-
cipitates called gallstones; dietary teaching regarding
cholesterol intake is provided in hopes of decreasing
gallstone formation. Finally, you will be mixing medi-
cations; some combinations of drugs form precipi-
tates that, if administered intravenously, act as emboli
(such as moving blood clots) that could kill a patient.
Clinically, precipitates are very important.

Sum It Up!

Energy is the ability to do work. Without an adequate sup-
ply of energy, the body cannot work, and it dies. Energy is
derived from food and transferred to high-energy bonds in
adenosine triphosphate (ATP). When needed, the energy
is released from ATP and used to power the body. Other
chemical terms include mixtures, solutions, suspensions,
and precipitates.

&3 Rre-Think

1. Normal saline (0.9% NaCl) is a salt solution. Explain why
it is a solution and not a colloidal suspension. What is the
solute, and what is the solvent?

2. What is an aqueous solution?

3. What is meant by a precipitate?

Il. Chemical Bonds
A. lonic bond: involves donation and acceptance of
electrons
B. Covalent bond: shares electrons of interacting atoms
C. Hydrogen bond: an example, intermolecular bonds
formed by polar molecules
lll. lons
A. lon: atom that carries an electrical charge
1. Cation: positively charged ion
2. Anion: negatively charged ion
B. Electrolyte: substance that forms ions (ionization)
when dissolved in water

IV. Molecules and Compounds

A. Molecule: substance formed by two or more atoms
(e.g., 02, Hgo)

B. Compound: substance that forms when two or more
different atoms bond (e.g., H,0)

C. Important molecules and compounds: include water,
oxygen, and carbon dioxide

Acids and Bases

A. Acid: electrolyte that dissociates into hydrogen ion
(H*)

=
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B. Base: a substance such as OH- that combines with
and eliminates H*

C. Neutralization reaction: acid and a base chemically
react to form a salt and water

D. pH scale: measures acidity and alkalinity. A pH of 7
is neutral. A pH less than 7 is acidic, and a pH higher
than 7 is basic, or alkaline.

E. Normal pH of the blood: 7.35 to 7.45 (alkaline
reserve). A person with a pH less than 7.35 is aci-
dotic, and a person with a pH higher than 7.45 is
alkalotic.

F. Regulation of blood pH: buffers, respiratory system,
and kidneys

VI. Energy

A. Definition: ability to do work

B. Forms of energy
1. Six forms of energy: see Table 2.3
2. Most energy of metabolism is released as heat;

some energy is stored as ATP

C. Role of ATP
1. ATP: energy transfer molecule
2. Energy stored in high-energy phosphate bonds

VII. Mixtures, Solutions, Suspensions, and Precipitates

A. Mixture: a blend of two or more substances that can
be separated by ordinary physical means

B. Solutions, suspensions, and colloidal suspensions:
types of mixtures

C. Precipitate: solid formed during a chemical reaction

Matching: Atoms and Elements
Directions: Match the following words or symbols with their
descriptions below.

a.atom 1.__ Composed of three particles:
b.K protons, neutrons, and electrons
c. matter 2. ___ Symbol for potassium
d.Na 3.___ Symbol for sodium
e.ion 4. Exists in three states: liquid, solid,
and gas
5.___ Formed when sodium loses an
electron

Matching: Structure of the Atom

Directions: Match the following words with their descrip-
tions. Some words may be used more than once, but others
may not be used at all.

a. atomic mass 1.___ Number of protons in the
b.isotope nucleus

c. protons 2. Sum of number of protons and
d.electrons neutrons

e. neutrons 3.___ Same atomic number but

different atomic mass
4. Number of these in each atom
equal to number of protons
5.___ Circulate in orbits around the
nucleus

f. atomic number

Matching: lons and Electrolytes
Directions: Match the following words with their descriptions.

a. cation 1. Classification of KCI

b.ions 2. Classification of K+ and ClI-
c.electrolyte 3.___ K*is an ion classified as this
d.anion 4. Cl-is an ion classified as this
e.ionization 5.__ Dissociation of KCl = K* + CI-

Matching: Acids and Bases
Directions: Match the following words or symbols with their
descriptions. Some words may be used more than once, but
others may not be used at all.

a. alkalosis 1.___ Electrolyte that dissociates into H*
b.pH and an anion
CHinlie 2.___lon that makes a solution acidic
d.base 3.___ Measurement of hydrogen ion
e.acid concentration [H*]
f. acidosis 4. Condition characterized by pH lower
than 7.35

5.___ Condition caused by excess H*

Multiple Choice

1. The ionization of salt (NaCl)
a. is called a neutralization reaction.
b. lowers pH.
c. produces a cation (Na*) and an anion (CI-).
d. causes acidosis.

2. Which of the following is true of iodine and radioactive
iodine?
a. Both have the same atomic numbers.
b. Both have the same atomic mass.
¢. Neither have electrons in their orbitals.
d. Both create radiation hazards.

3. Which of the following is not true of Na*?
a. It is called the sodium ion.
b. It has more protons than electrons.
c. Itis called a cation.
d. It is measured by pH.

4. Which of the following is true of water?
a. Itis a molecule.
b. It is an aqueous solvent.
¢. Itis a compound.
d. All of the above are true.

5. Which of the following best describes ATP?
a. Itis a buffer, removing H* from solution.
b. It is an energy transfer molecule.
¢. Itis aradioactive isotope of phosphate.
d. It ionizes to H*, thereby lowering pH.
6. Which of the following has donated an electron?
a. HQO
b. CI-
c. Na+
d. HCOg_
7. Which of the following is least descriptive of the nucleus
of the atom?
a. Its contents determine the atomic number.
b. Its contents determine the atomic mass.
c. It is the “home” of the electrons.
d. It is the “home” of the protons.



8. Which of the following is descriptive of the patient with
a blood pH of 7.28?
a. The patient has a deficiency of H*.
b. The pH is within normal limits.
¢. The patient is acidotic.
d. The patient is dehydrated.

9. Two hydrogen atoms and one oxygen atom share elec-
trons in their outer orbital. This is an example of
a. ionic bonding

b. intermolecular bonding

c. ionization

d. covalent bonding
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10. Which if the following illustrates polarity?

a.
b.

The ionization of NaCl

The lop-sided water molecule; one end has a (+)
charge, the other end has a (-) charge

The neutralization of H* by OH-

. The formation of a precipitate




Cells

Objectives

1. Label a diagram of the main parts of a typical cell, and do
the following:
e Explain the role of the nucleus.
e Describe the functions of the main organelles of the
cell.
e |dentify the components of the cell membrane.
2. Do the following regarding transport mechanisms:

Key Terms

active transport (p.36)

apoptosis (p.45)

cell (p.30)

cell cycle (p.42)

cell membrane (p.31)

cytoplasm (p. 33)

differentiate (p.44)

diffusion (p. 36)

endocytosis (p.41)

endoplasmic reticulum (ER) (p. 34)

filtration (p.40)

mitosis (p.42)
nucleus (p.32)

equilibrium (p.37)
exocytosis (p.41)
facilitated diffusion (p. 38)

Golgi apparatus (p.34)

lysosomes (p. 34)
mitochondria (p.33)

organelles (p.33)

e Describe the active and passive movements of
substances across a cell membrane.
e Define tonicity and compare isotonic, hypotonic, and
hypertonic solutions.
3. Describe the phases of the cell cycle, including mitosis.
4. Explain what is meant by cell differentiation.
5. Explain the processes and consequences of uncontrolled
and disorganized cell growth and apoptosis.

osmosis (p.38)

passive transport (p. 36)
permeable (p.31)
phagocytosis (p.41)
pinocytosis (p.41)
ribosomes (p. 34)

stem cells (p.44)
tonicity (p.39)

What do this monk and a cell have in common? While
looking at a piece of cork under a microscope in the
1600s, Robert Hooke saw cube like structures that re-
sembled the rooms, or cells, occupied by monks in a
monastery. Hooke thus called his structures “cells.”
The study of cellular structure and function is called

cytology.

30

The cell is the structural and functional unit of all
living matter. Cells vary considerably in size, shape,
and function. A red blood cell (RBC), for example, is
tiny, whereas a single nerve cell may measure 4 feet
in length (Fig. 3.1). The shapes and structures of the
cells are also very different. The RBC is shaped like
a Frisbee and is able to bend. The shape allows it to
squeeze through tiny blood vessels and deliver oxygen
and other nutrients throughout the body. Some nerve
cells are very long, and many resemble bushes or trees.
Their shapes enable them to conduct electrical signals
quickly over long distances. Cell structure and func-
tion are closely related.

LN Go Figure (Refer to )

1. T/F __ All cells must be small enough to fit through blood
vessels.

TYPICAL CELL

Despite the differences, cells have many similari-
ties. Fig. 3.2 is a typical cell with its many cellular
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Blood vessel

Nerve cell

Fig. 3.1 Cells Come in All Shapes and Sizes.

components. Each specialized cell, such as a nerve cell,
possesses some or all of the properties of the typical
cell. Table 3.1 lists and summarizes the functions of the
cellular components.
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LN Go Figure (Refer to )

1. T/F __ All purple-colored structures are in the cytoplasm.
2. T/F _ Mitochondria, endoplasmic reticulum, and
ribosomes are within the nucleus.

CELL MEMBRANE

The cell is encased by a cell membrane, also called the
plasma membrane. The cell membrane separates intracellu-
lar (inside the cell) material from extracellular (outside the
cell) material. In addition to physically holding the cell to-
gether, the cell membrane performs other important func-
tions. One of its chief functions is the selection of substanc-
es allowed to enter or leave the cell. Because the membrane
chooses the substances allowed to cross it, the membrane
is said to be selectively permeable, or semipermeable.

What makes up a cell membrane? The cell mem-
brane is composed primarily of phospholipids and
protein, as well as a small amount of carbohydrates
(Fig. 3.3). The phospholipids are arranged in two lay-
ers. The protein molecules in the membrane perform
several important functions; they provide structural
support for the membrane, act as binding sites for
hormones, and poke holes, or pores, through the lipid
membrane. These pores form channels through which
water and dissolved substances flow.

LN Go Figure (Refer to )

1. Which structure is described as a lipid bilayer?
(ribosome, cilia, centriole, cell membrane)

2. Proteins that penetrate the cell membrane form

through which water and small

solute can flow. (ATP, pores, cilia, ribosomes)

Substances move across the semipermeable mem-
brane in two ways. They can dissolve in the lipid por-
tion of the membrane, as do oxygen and carbon dioxide
(lipid-soluble substances). Substances can also cross the
membrane by flowing through the pores. Water and
electrically charged substances such as sodium and
chloride cannot penetrate the lipid membrane and must
use the pores. These are called water-soluble substances.
The size of the pores also helps select which substances
cross the membrane. Substances larger than the pores
cannot cross the membrane, whereas smaller substances
such as sodium and chloride flow through easily. The
solubility characteristics of the membrane also play an
important role in pharmacology. Drugs are classified as
lipid (fat) soluble or water soluble. Drug solubility de-
termines its distribution throughout the body.

1. What is meant by a semipermeable membrane?

2. How does a fat-soluble substance cross the cell
membrane? How does a water-soluble substance cross
the cell membrane?
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Centrioles

Mitochondrion

Nucleus

Nuclear
membrane

Nucleolus

Golgi
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Microtubule

Cell membrane

Free ribosome
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fixed ribosomes)

Smooth
endoplasmic
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Fig. 3.2 A Typical Cell.

INSIDE THE CELL

The inside of the cell is divided into two compart-
ments: the nucleus and the cytoplasm. The inside of
the cell resembles the inside of a raw egg; the “yellow
yolk” is the nucleus, and the “white” is the cytoplasm.

NUCLEUS

The nucleus is the control center of the cell (see Fig.
3.2). In particular, the nucleus contains the genetic
information and controls all protein synthesis. Most
adult cells have one nucleus; only mature RBCs
have no nucleus. Surrounding the nucleus is a dou-
ble-layered nuclear membrane. The nuclear mem-
brane contains large pores that allow the free move-
ment of certain substances between the nucleus and
cytoplasm.

The nucleus is filled with a fluid substance called
nucleoplasm. Within the nucleoplasm are two other
structures: the nucleolus and chromatin. The nucleo-
lus, or little nucleus, synthesizes ribosomes that move
through nuclear pores into the cytoplasm, where they
play a role in protein synthesis.

Chromatin is composed mainly of strands of DNA
(deoxyribonucleic acid), the carriers of the genetic code.
In nondividing cells, chromatin appears as a tangled
array of fine filaments. In dividing cells, however, chro-
matin strands coil tightly, forming DNA-containing
structures called chromosomes. The genetic code and
protein synthesis are described more fully in Chapter 4.

Why is the nucleus called the control center of the cell?
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IELIERAN Cell Structure and Function

CELL STRUCTURE DESCRIPTION AND FUNCTION

Cell Membrane Contains the cellular contents; selects what enters and leaves the cell

Cilia Hairlike projections that move substances across surface of cell membrane

Flagellum Single long hair for swimming movement of the sperm

Microvilli Accordion-like folds in the membrane; increase transport of water and dissolved solute

Nucleus Control center of the cell; stores genetic information

Chromatin Threadlike structures in the nondividing cell that contain DNA; chromatin threads form
chromosomes in a dividing cell

Nucleolus Synthesizes RNA and ribosomes

Nucleoplasm Gel in the nucleus

Nuclear membrane Separates the nucleoplasm from the cytoplasm

Cytoplasm Gel located inside the cell but outside the nucleus

Cytosol Medium composed of water and dissolved solute; organelles suspended in the cytosol

Organelles Tiny organs suspended in the cytosol

Mitochondria Site of adenosine triphosphate production; “power plants” of the cell

Endoplasmic reticulum (ER)

Membranes that form channels for the flow of cellular substances such as proteins

Rough ER Contains ribosomes where protein is synthesized
Smooth ER Site of lipid and steroid synthesis; synthesis of glycogen in liver and skeletal muscle
Golgi apparatus Finishes and packages protein for export
Ribosomes Site of protein synthesis
Free Ribosomes that float within the cytosol; make protein used within the cell
Fixed Ribosomes fixed to the ER, making it appear rough; concerned with the synthesis of
protein that is exported
Lysosomes Intracellular house cleaning, phagocytosis, removal of damaged organelles
Cytoskeleton Microfilaments and microtubules that provide for intracellular shape, support, and
movement
Centrioles Paired, short, rod-shaped microtubules that form spindles and help separate the

chromosomes during mitosis

Inclusion bodies

Temporary insoluble material such as glycogen granules and pigments such as melanin

CYTOPLASM

Cytoplasmic Gel

The cytoplasm, or the “gel in the cell,” is found inside
the cell but outside the nucleus (like the white of a raw
egg). The cytoplasm contains the cytosol and organ-
elles. The cytosol is the intracellular fluid and is com-
posed primarily of water, electrolytes, proteins, and
nutrients. The cytosol also contains inclusion bodies,
insoluble materials such as glycogen granules, and
pigments such as melanin. The organelles, or “little or-
gans,” are dispersed throughout the cytoplasm; each
organelle has a specific role. Locate the organelles in
Fig. 3.2 and Table 3.1.

CYTOPLASMIC ORGANELLES

Mitochondria

The mitochondria are tiny, slipper-shaped organelles.
The number of mitochondria per cell varies, depend-
ing on the metabolic activity of the cell (how hard the
cell works). The more metabolically active the cell,
the greater the number of mitochondria. The liver, for

example, is very active and therefore has many mito-
chondria per cell. Bone cells are less active metaboli-
cally and have fewer mitochondria.

The mitochondrial membrane has two layers (Fig.
3.4); the outer layer is smooth, whereas the inner layer
has many folds, referred to as cristae. The enzymes asso-
ciated with adenosine triphosphate (ATP) production
are located along the cristae. Because the mitochondria
produce most of the energy (ATP) in the body, they
are referred to as the “power plants” of the cell. (See
Chapter 2 for an explanation of ATP and Chapter 4 for
a description of ATP production.)

LN Go Figure (Refer to )

1. The power plant represents the

. (nucleus, endoplasmic
reticulum, ribosomes, mitochondria)

2. The enzymes necessary for ATP production are most
associated with or represented bythe __ .
(electrical plug, outer mitochondrial membrane, cristae,
fuel barrel)
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Fig. 3.3 Structure of the Cell Membrane: Phospholipid Bilayer and Protein.

Ribosomes

Ribosomes are cytoplasmic organelles involved in
protein synthesis. Some ribosomes are attached to the
endoplasmic reticulum and are called fixed ribosomes.
Fixed ribosomes are largely concerned with the syn-
thesis of exportable protein—that is, protein secreted
by the cell for use elsewhere in the body. Other ribo-
somes, called free ribosomes, float freely within the cyto-
plasm and generally synthesize proteins that are used
within the cell.

Endoplasmic Reticulum

The endoplasmic reticulum (ER) is a network of mem-
branes within the cytoplasm (see Fig. 3.2). These long,
folded membranes form channels through which sub-
stances, especially newly synthesized protein, move.
The two types of ER include the type containing ribo-
somes along its surface; it is called rough endoplasmic
reticulum (RER) because of its rough, sandpaper-like
appearance. The RER is primarily concerned with
protein synthesis. Protein synthesized along the RER
is transported through the channels and delivered to
the Golgi apparatus for further processing. The ER
that does not contain ribosomes on its surface appears
smooth; it is called smooth endoplasmic reticulum (SER).
SER is primarily involved in the synthesis of lipids, ste-
roids, glycerides, and glycogen in skeletal muscle and
liver cells.

Golgi Apparatus

The Golgi apparatus is a series of flattened membra-
nous sacs (Fig. 3.5). Proteins synthesized along the
RER are transported to the Golgi apparatus through
channels formed by the ER. The Golgi apparatus puts
the finishing touches on the protein. For example, a
glucose molecule may be attached to a protein within
the Golgi apparatus. A segment of the Golgi membrane
then wraps itself around the protein and pinches itself
off to form a secretory vesicle. In this way, the Golgi
apparatus packages the protein. Note that many of the
organelles, particularly the ribosomes, ER, and Golgi
apparatus, are involved in protein synthesis. (Protein
synthesis is described in Chapter 4.)

LN Go Figure (Refer to )

1. T/F __ The Golgi apparatus packages protein in a
membrane that eventually fuses with the cell membrane.

2. T/F __ Protein is synthesized in the Golgi apparatus and
transported to the ribosomes for storage.

Lysosomes

Lysosomes are membranous sacs containing powerful
enzymes. Lysosomal enzymes break down intracellu-
lar waste and debris, including damaged organelles,
and thus help “clean house.” Lysosomal enzymes
perform several other functions. They kill ingested
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Fig. 3.5 The Golgi Apparatus: Packages the Protein for Export.
bacteria. Lysosomes also break down the contractile Cytoskeleton
proteins of inactive muscles, as occurs in retired ath- The cytoskeleton is composed of threadlike structures

letes and chronically bedridden persons. called microfilaments and microtubules. The cytoskeleton
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helps maintain the shape of the cell and assists the cell
in various forms of cellular movement. Cellular move-
ment is particularly evident in muscle cells, which con-
tain large numbers of microfilaments. Microtubules
are the primary component of the cytoskeleton. In
addition to making the cell strong and rigid, the mi-
crotubules anchor the position of the organelles within
the cytoplasm. Microtubules also play a key role in cell
division; they form the spindle apparatus that helps
distribute the chromosomes to opposite ends of the
dividing cell. (Cell division is explained in Chapter 4.)

Centrioles

Centrioles are paired, rod-shaped, and short micro-
tubular structures that form the spindle apparatus in
a dividing cell. Cells that have no centrioles are inca-
pable of cell division; these include neurons, mature
RBCs, skeletal muscle cells, and cardiac muscle cells.

1. What is the primary function of the mitochondria?

2. What is the difference between fixed and free
ribosomes?

3. What is the difference between the rough and smooth
ER?

ON THE CELL MEMBRANE
MICROVILLI

For cells that are particularly involved with the move-
ment of large amounts of water and its dissolved sol-
utes, the membrane forms accordion-like folds called
microvilli (sing., microvillus). The folding of the cell
membrane increases surface area, thereby increasing
the amount of fluid absorbed. For example, some of
the cells in the digestive tract have millions of foldings,
called microvilli, to absorb water and the end products
of digested food.

CILIA

Cilia are short, hairlike projections on the outer sur-
face of the cell membrane. Cilia use wavelike motions
to move substances across the surface of the cell. For
example, cilia are abundant on the cells that line the
respiratory passages. The cilia help move mucus and
trapped dust and dirt toward the throat, away from
the lungs. Once in the throat, the mucus can be re-
moved by coughing or swallowing. The cilia therefore
help clear the respiratory passages. Cigarette smoking
damages the cilia and thus deprives the smoker of this
benefit.

FLAGELLA

Flagella (meaning “whiplike”) are similar to cilia in
that both are hairlike projections of the cell membrane.
Flagella, however, are thicker, longer, and fewer in
number; they help move the cell. The tail of the sperm

is an example of a flagellum; the tail enables the sperm
to swim.

The cell is the structural and functional unit of all living mat-
ter. Although cells differ considerably, they also share many
similarities. The “typical cell” illustrates these similarities. The
cell is surrounded by a cell membrane. The inside of the cell
is divided into the nucleus, the control center, and the cyto-
plasm, which contains the cytosol and many little organs,
or organelles, each of which has a special task to perform.
Table 3.1 lists the organelles and their functions.

MOVEMENT ACROSS THE CELL
MEMBRANE

Cells are bathed in an extracellular fluid that is rich in
nutrients such as oxygen, glucose, and amino acids.
These nutrients are needed in the cell and must there-
fore be able to cross the cell membrane. The cell’s waste,
which accumulates within the cell, must also be able to
cross the cell membrane for eventual elimination.

A number of mechanisms assist in the movement of
water and dissolved substances across the cell mem-
brane. The transport mechanisms can be divided
into two groups: passive transport and active trans-
port mechanisms. Table 3.2 summarizes both types of
transport.

The passive transport mechanisms require no ad-
ditional input of energy in the form of ATP. Passive
transport is something like the downward movement
of a ball (Fig. 3.6A). The ball is at the top of the hill.
Once released, the ball rolls downhill. The ball does
not need to be pushed; it moves passively, without any
input of energy. Passive transport mechanisms cause
water and dissolved substances to move without ad-
ditional energy, like a ball rolling downbhill.

Active transport mechanisms require an input of
energy in the form of ATP. Active transport is like the
upward movement of a ball (see Fig. 3.6B). For the ball
to move uphill, it must be pushed, therefore requiring
an input of energy.

LN Go Figure (Refer to )

1. T/F __ The stationary figure represents “no ATP input” or
passive transport.

PASSIVE TRANSPORT MECHANISMS

The passive mechanisms that move substances across
the membrane include diffusion, facilitated diffusion,
osmosis, and filtration.

DIFFUSION

Diffusion is the most common transport mechanism.
Diffusion is the movement of a substance from an area of
higher concentration to an area of lower concentration.
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MECHANISM DESCRIPTION AND FUNCTION
Passive
Diffusion Movement of a substance from an area of high concentration to an area of low concentration

Facilitated diffusion

Helper molecule within the membrane assists movement of substances from area of high
concentration to area of low concentration

Active transport pump

Osmosis Diffusion of water (solvent) from an area with more water to an area with less water; the water
compartments are separated by a semipermeable membrane

Filtration The pushing of water and dissolved substances from an area of high pressure to an area of
low pressure; the water and dissolved substances are pushed

Active

Moves a substance uphill (from an area of low concentration to an area of high
concentration); requires an input of energy (adenosine triphosphate)

Endocytosis Taking in or ingestion of substances by the cell membrane
Phagocytosis Engulfing of solid particles by the cell membrane (cellular eating)
Pinocytosis Engulfing of liquid droplets (cellular drinking)

Exocytsois Secretion of cellular products (e.g., protein, debris) out of the cell

Passive (downhill)

Active (uphill)

B

Fig. 3.6 Transport Mechanisms. (A) Passive transport mechanism. The ball rolls downhill on its own. (B) Active
transport mechanism. The ball must be pushed uphill using adenosine triphosphate (ATP).

For example, a tablet of red dye is placed in a glass
of water (Fig. 3.7A). The tablet dissolves, and the dye
moves from an area where it is most concentrated (glass
1) to an area where it is less concentrated (glasses 2 and
3). Diffusion continues until the dye is evenly distribut-
ed throughout the glass. The point at which no further
net diffusion occurs (glass 3) is called equilibrium.

The scent of our pet skunk, Perfume, also illustrates
diffusion (see Fig. 3.7B). Perfume’s scent does not
take long to permeate the area! Diffusion is involved
in many physiological events. For example, diffusion

causes oxygen to move across the membrane of an al-
veolus of the lung into the blood (see Fig. 3.7C). Oxygen
diffuses from the alveolus because the concentration of
oxygen is higher within the alveolus than within the
blood. Conversely, carbon dioxide, a waste product
that accumulates within the blood, diffuses in the op-
posite direction (carbon dioxide moves from the blood
into the alveolus). The lungs then exhale it, thereby
eliminating waste from the body. Thus the process of
diffusion moves oxygen into the blood and carbon di-
oxide out of the blood.
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Fig. 3.7 Diffusion. (A) Diffusion of a red dye. (B) Diffusion of Perfume’s “perfume.” (C) Diffusion of oxygen and carbon

dioxide across the alveolar cell membrane in the lung.
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1. Which of the following best describes the events
in panels A, B, and C? (malodorous,
ATP-requiring, occurs only in living systems, passive
transport)

2. Oxygen moves from the alveoli in the lungs into the
blood by . (active transport, ATP-driven
transport, diffusion, being pumped)

FACILITATED DIFFUSION

Facilitated diffusion is a form of diffusion that is re-
sponsible for the transport of many substances (facili-
tate means “to help”). As in diffusion, substances move
from a higher concentration toward a lower concen-
tration (Fig. 3.8). In facilitated diffusion, however, the
substance is helped across the membrane by a mol-
ecule within the membrane. The helper molecule in-
creases the rate of diffusion. The transport of glucose
by facilitated diffusion is illustrated in Fig. 3.8 by a boy
carrying the glucose. Note that he is moving downhill,
indicating that facilitated diffusion is a passive trans-
port process.

LN Go Figure (Refer to )

1. Which of the following best describes facilitated
diffusion? (active transport, uphill
pumping, passive transport, ATP-requiring)

2. Which word best describes “helped”?
(osmosis, facilitated, pump, ATP-requiring)

OSMOSIS

Osmosis is a special case of diffusion. Osmosis is the dif-
fusion of water through a selectively permeable mem-
brane. A selectively permeable—or semipermeable—
membrane allows the passage of some substances while
restricting the passage of others. During osmosis, the
water diffuses from an area with more water to one with
less. The dissolved substances, however, do not move.

Two different solutions in the glass illustrate os-
mosis. The glass is divided into two compartments
(A and B) by a semipermeable membrane (Fig. 3.9).
Compartment A contains a dilute glucose solution,
whereas compartment B contains a more concentrated
glucose solution. The membrane is permeable only to
water. The glucose cannot cross the membrane and is
therefore confined to its compartment.
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Fig. 3.8 Facilitated Diffusion.
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1. T/F __ Solute is diffusing from side B to A.
2. T/F __ Water is diffusing from side A to B.

During osmosis, the water moves from compart-
ment A to compartment B (from the area where there
is more water to the area with less). The following two
effects occur: (1) the amount, or volume, of water in
compartment B becomes greater than the volume in
compartment A; and (2) the concentrations of the so-
lutions in both compartments change. The solution in
compartment A becomes more concentrated, whereas
the solution in compartment B becomes more dilute.

Because water moves toward the more concentrat-
ed solution, it appears to be “pulled” in that direction.
Sometimes osmosis is described as a “pulling” pres-
sure. For example, Na* is said to pull or hold water.
More correctly stated, water diffuses into the more
concentrated saline solution.

Because osmosis causes water to move into a com-
partment, it can cause swelling. For example, tissue
injury causes leakage and accumulation of proteins
within the tissue space. The confined proteins act os-
motically. Water diffuses toward the protein, causing
the tissues to swell, a condition called edema.

What are the driving forces for diffusion, facilitated diffusion,
and osmosis?
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Fig. 3.9 Osmosis. The effect of osmotically active particles on the
movement of water.

Why a Blood Clot May Continue to “Grow,” Even When the
Bleeding Stops?

The components of the blood clot are osmotically active par-
ticles. Water therefore diffuses into the blood clot, causing it
to enlarge. If the expanding blood clot is located within the
brain, it presses on the brain tissue, causing a variety of life-
threatening neurological deficits.

TONICITY

Tonicity is the ability of the concentration of a solution to
affect the volume and pressure within a cell. Note what
happens when a cell is placed in solutions of different con-
centrations (Fig. 3.10). The following three terms are used
to illustrate tonicity: isotonic, hypotonic, and hypertonic.

LN Go Figure (Refer to )

1. T/F __When a cell is placed in a hypertonic solution its
volume does not change.

2. Which of the following solutions does not cause a
change in cell volume? (isotonic,
hypertonic, hypotonic, pure water)

Isotonic Solution

An isotonic solution has the same concentration as in-
tracellular fluid (iso means “same”). Consider an RBC
placed in an isotonic solution. Because the solution is
isotonic, no net movement of water occurs; the cell nei-
ther gains nor loses water.

Hypotonic Solution

If an RBC is placed in pure water (a solution containing
no solute), then water moves into the cell by osmosis
(from where there is more water to where there is less
water). The pure water, being more dilute than the in-
side of the cell, is said to be hypotonic. Hypotonic solu-
tions cause RBCs to burst, or lyse, in a process referred
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Fig. 3.10 Tonicity: Isotonic, Hypotonic, and Hypertonic Solutions.

to as hemolysis. Because of hemolysis, pure water is not
administered intravenously.

Hypertonic Solutions

If an RBC is placed within a very concentrated salt so-
lution, water diffuses out of the RBC into the bathing
solution, causing the RBC to shrink, or crenate. The salt
solution is referred to as a hypertonic solution.

Why is the tonicity of a solution important? If the
cell gains water, the RBC membrane bursts. If the RBC
loses water, the cell shrinks. In both cases, RBC func-
tion is impaired. Isotonic solutions do not cause cells
to swell or shrink. While the RBC was used to explain
tonicity, other cells respond in the same way. Clinically,
isotonic solutions are frequently administered intra-
venously. Commonly used isotonic solutions include
normal saline (0.9% NaCl), 5% D/W (5% dextrose or
glucose in water, or DsW), and Ringer solution. Under
special conditions, hypotonic or hypertonic solutions
may be administered intravenously.

1. Why does the exposure of an RBC to a hypotonic
environment cause hemolysis?

2. What is the advantage of administering an isotonic IV
solution?

How to Shrink a Swollen Brain?

This can be done by administering a hypertonic solution
(e.g., mannitol) intravenously (into the blood). Because a
hypertonic solution contains more solute than what is pres-
ent in the interstitial or tissue fluid of the brain, water leaves
the brain tissue in response to the hyperosmolar blood. As
the blood and excess water are carried away from the brain,
brain swelling (cerebral edema) decreases.

FILTRATION

With diffusion and osmosis, water and dissolved sub-
stances move across the membrane in response to a

difference in concentrations. With filtration, water and
dissolved substances cross the membrane in response
to differences in pressures. In other words, pressure
pushes substances across the membrane.

A syringe can illustrate filtration (Fig. 3.11). Syringe
11is filled with water. If a force is applied to the plunger,
the water is pushed out through the needle. The water
moves in response to a pressure difference, with great-
er pressure at the plunger than at the tip of the needle.
In the second syringe, tiny holes are made in the sides
of the barrel. When force is applied to the plunger, wa-
ter squirts out the sides of the syringe and out the tip
of the needle.

LN Go Figure (Refer to )

1. In panel B the holes in the barrel of the syringe represent

the . (heart, pores in the
capillaries, effect of plasma protein, diseased blood
vessels)

2. The force applied to the plunger, as in panels A and B,
represents the . (diffusion, osmosis, pumping
of the heart, the pores in the capillaries)

3. The pumping action of the heart causes

. (diffusion, facilitated diffusion, filtration,
0SMOsis)

Where does filtration occur in the body? The move-
ment of fluid across the capillary wall can be compared
with the movement of water in the syringe with holes
in its side (syringe 2). A capillary is a tiny vessel that
contains blood. The capillary wall is composed of a
thin layer of cells with many little pores. The pressure
in the capillary pushes water and dissolved substances
out of the blood and through the pores in the capillary
wall into the tissue spaces. This process is filtration; it is
movement caused by pushing. (Capillary filtration is
further explained in Chapter 19.)

ACTIVE TRANSPORT MECHANISMS

The active transport mechanisms include active trans-
port pumps, endocytosis, and exocytosis.
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Fig. 3.11 Filtration. (A) Water is forced through the needle. (B) Water
(H,0) is forced through the holes in the barrel of the syringe. (C) Water
is forced out of the capillary through holes, or pores.

ACTIVE TRANSPORT PUMPS

Active transport refers to a transport mechanism that
requires an input of energy (ATP) to achieve its goal.
It is necessary to pump certain substances because the
amount of some substances in the cell is already so
great that the only way to move additional substances
into the cell is to pump them in. For example, the cell
normally contains a large amount of potassium ions
(K*). The only way to move additional K* into the cell
is to pump it in. To move the K* from an area of low
concentration to an area of high concentration (uphill),
energy is invested (Fig. 3.12A).

ENDOCYTOSIS

Endocytosis is a transport mechanism that involves
the intake of food or liquid by the cell membrane (see
Fig. 3.12B). In endocytosis, the particle is too large
to move across the membrane by diffusion. Instead,
the particle is surrounded by the cell membrane,
which engulfs it and takes it into the cell. There are
two forms of endocytosis. If the endocytosis involves
a solid particle, it is called phagocytosis (fag-oh-
sye-TOH-sis) (phago- means “eating”). For example,
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white blood cells eat, or phagocytose, bacteria, there-
by helping the body defend itself against infection.
If the cell ingests a water droplet, the endocytosis is
called pinocytosis (pin-oh-sye-TOH-sis), or “cellular
drinking.”

EXOCYTOSIS

Whereas endocytosis brings substances into the cells,
exocytosis (EX-oh-sigh-toe-sis) moves substances out
of the cells (see Fig. 3.12C). For example, the cells of the
pancreas make proteins for use outside the pancreas.
The pancreatic cells synthesize the protein and wrap it
in a membrane. This membrane-bound vesicle moves
toward and fuses with the cell membrane. The protein
is then expelled from the vesicle into the surrounding
space.

LN Go Figure (Refer to )

1. In panel A the pump represents
(diffusion, active transport, osmosis, filtration)

2. Pinocytosis, the ingestion of water by the enveloping
membrane, is called . (filtration, active
transport pump, exocytosis, endocytosis)

Sum It Up!

Water and dissolved substances must be able to move across
cell membranes. This is achieved through passive and ac-
tive transport mechanisms. Passive transport mechanisms
require no investment of energy (ATP) and include diffusion,
facilitated diffusion, osmosis, and filtration. Concentrations
of solutions are expressed as tonicity: isotonic, hypotonic,
and hypertonic. The active transport mechanisms require an
input of ATP and include the active transport pumps, endo-
cytosis (phagocytosis and pinocytosis), and exocytosis.

&4 Re-Think

1. Why does an active transport pump require an input of
energy”?

2. Differentiate between endocytosis and exocytosis.

3. Differentiate between phagocytosis and pinocytosis.

CELL DIVISION

Cell division is necessary for the body’s growth, re-
pair, and reproduction. The frequency of cell division
varies considerably from one tissue to the next. Some
cells reproduce very frequently, whereas other cells
reproduce very slowly or not at all. For example, the
cells that line the digestive tract are replaced every few
days, and more than 2 million RBCs are replaced ev-
ery second. Certain nerve cells in the brain and spinal
cord, however, do not reproduce at all.

Two types of cell division are mitosis and meiosis.
Meiosis occurs only in sex cells and will be discussed
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Fig. 3.12 Active Transport. (A) The active pumping of potassium
ions (K*) into the cell. (B) Endocytosis. (C) Exocytosis. ATR, Adenosine
triphosphate.

in Chapter 26. Mitosis, which is involved in bodily
growth and repair, is the splitting of one mother cell
into two identical “daughter cells.” The key word is
identical. In other words, an exact copy of genetic in-
formation, stored within the chromosomes, must be
passed from the mother cell to the two daughter cells.

G, PHASE
(Synthesis of
substances needed
for mitosis)

S PHASE
(Synthesis of DNA)

Fig. 3.13 Cell Cycle: Interphase and Mitosis.

Mitosis is described in more detail in the next section
(“Cell Cycle”).

Do You Know...

Some Good News About the Aging Older Brain?

Neurons in the brain do not undergo mitosis and therefore do
not replicate. Therefore we have always assumed that there
are no “new” brain neurons. Recently, however, new neu-
rons in the brain have been identified, even in older brains.
The neurons arise from newly discovered stem cells located
in the brain. Brain cell replacement in the aging brain does
happen!

CELL CYCLE

The cell cycle is the sequence of events that the cell
goes through from one mitotic division to the next. The
cell cycle is divided into two major phases: interphase
and mitosis (Fig. 3.13).

LN Go Figure (Refer to )

1. Which phase is not a part of the interphase?

(G11 M, S, GZ)

2. Which word best describes prophase, metaphase,
anaphase, telophase? (resting phase,
interphase, Gy, mitosis)
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ANAPHASE

TELOPHASE
Fig. 3.14 Stages of Mitosis.

INTERPHASE

During interphase, the cell carries on with its normal

functions and gets ready for mitosis through growth

and DNA replication. Interphase is divided into three
phases: first gap phase (G;), phase (S), and second gap

phase (G,).

e First gap phase (G;)—During this phase, the cell
carries on its normal activities and begins to make
the DNA and other substances necessary for cell
division.

* Phase S—During the S phase, the cell duplicates its
chromosomes, thereby making enough DNA for
two identical cells.

* Second gap phase (G,)—This phase is the final pre-
paratory phase for cell division (mitosis); it includes
the synthesis of enzymes and other proteins needed
for mitosis. At the end of G,, the cell enters the mi-
totic (M) phase.

MITOSIS

During the mitotic (M) phase, the cell divides into two
cells in such a way that the nuclei of both cells contain
identical genetic information. Mitosis consists of four
phases: prophase, metaphase, anaphase, and telophase
(Fig. 3.14).
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1. Cytokinesis is most obvious in

telophase, prophase, metaphase)
2. Which word(s) best describe(s) the daughter cells?
(identical, G4, disappearance of the
nuclear membrane, cytokinesis)

(anaphase,

DAUGHTER CELLS

* During prophase, the chromosomes coil so tightly
that they become visible under a light microscope.
Each chromosome pair is composed of two identical
strands of DNA called chromatids; each chromatid is
attached at a point called the centromere. At the same
time, two pairs of centrioles move to opposite poles
of the nucleus. Late in prophase, the nuclear mem-
brane disappears.

* During metaphase, the chromatids are aligned in
a narrow central zone; spindle fibers connect the
chromatids and centrioles.

* Anaphase begins when the centromere splits and
the chromatids are pulled to opposite poles (end of
anaphase).

* During telophase, each new cell reverts to the in-
terphase state; the nuclear membrane reforms, the
chromosomes uncoil, and the chromatin strands
reappear. Telophase and cytokinesis mark the end
of mitosis. Cytokinesis (sye-toh-kin-EE-sis), which
begins in late anaphase, is the pinching of the cell
membrane to split the cytoplasm into two distinct
cells.

Repeat! Mitosis is a type of cell division that pro-
duces two genetically identical daughter cells. How
can you remember the stages of mitosis? Think of
“Play Me A Tune”: prophase, metaphase, anaphase,
telophase.

At the end of mitosis, the daughter cells have two
choices. They can enter G, and repeat the cycle (and
divide again) or they can enter another phase, called
G zero (Gy) (see Fig. 3.13). Cells in G, “drop out” of the
cell cycle and rest; they do not undergo mitosis. Cells
may re-enter the cell cycle after days, weeks, or years.
The inability to stop cycling and enter Gy is character-
istic of cancer cells. Cancer cells constantly divide and
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Fig. 3.15 Cell Differentiation.

proliferate. Anticancer drugs are more active against
cells that are cycling than against cells resting in Gy.
Thus tumors that contain many cycling cells respond
best to chemotherapy.

Some anticancer drugs are classified according to
the cell cycle phases that they affect and are called cell
cycle phase—specific. These drugs affect the cell when it
is in a particular or specific phase. With the use of this
terminology, the anticancer drug methotrexate is con-
sidered cell cycle S phase-specific. Other drugs are cell
cycle M phase-specific and cell cycle G, phase—specif-
ic. Some anticancer drugs can act at any phase of the
cell cycle and are called cell cycle phase—nonspecific. By
knowing the cell cycle terminology, you can under-
stand anticancer drugs better.

1. Explain how interphase prepares the cell for mitosis.
2. What are the phases of mitosis, and what is the major
accomplishment of each phase?

CELL DIFFERENTIATION

Mitosis assures us that the division of one cell produc-
es two identical cells. How do we account for the dif-
ferences in cells such as muscle cells, RBCs, and bone
cells? In other words, how do cells differentiate or de-
velop different characteristics?

An embryo begins life as a single cell, the fertil-
ized ovum. Through mitosis, the single cell divides
many times into identical cells. Then, at some time
during their development, the cells start to special-
ize, or differentiate (Fig. 3.15). One cell, for example,
may switch on enzymes that produce RBCs. Other

enzymes are switched on and produce bone cells.
Regardless of the mechanism, you started life as a
single adorable cell and ended up as billions of spe-
cialized cells!

LN Go Figure (Refer to )

1. Which word describes this process: unspecialized
(stem) cell to red blood cell? (dysplasia,
endocytosis, differentiation, apoptosis)

2. Which cell is unspecialized and can differentiate into
many cells? (neuron, epithelial cell,
stem cell, red blood cell)

What does it mean when a tissue biopsy (surgical
removal of tissue for examination) shows many poorly
differentiated cells? It means that the tissue cells have
failed to differentiate or specialize. In other words,
the poorly differentiated cells of a liver tumor do not
resemble normal liver cells. Failure to differentiate is
characteristic of cancer cells.

STEM CELLS

Stem cells are relatively undifferentiated or unspecial-
ized cells whose only function is the production of ad-
ditional unspecialized cells. Each time a stem cell di-
vides, one of its daughter cells differentiates while the
other daughter cell prepares for further stem cell divi-
sion. The rate of stem cell division varies with the tissue
type; the stem cells within the bone marrow and skin
are capable of dividing more than once a day, whereas
the stem cells in adult cartilage may remain inactive
for years. Stem cell research is of particular interest
because of the possibility of replacing damaged tissue
and growing new organs. How amazing it would be if



newly discovered stem cells could be used to repair a
damaged spinal cord or restore the dopamine-secret-
ing cells in the brains of persons with Parkinson dis-
ease. Another advance in stem cell research is the de-
velopment of a new technique that coaxes adult cells to
regress to an embryonic state. These undifferentiated
cells are called induced pluripotent stem cells (iPS cells).
The iPS cells can then be induced to specialize into the
desired cell type, such as bone, muscle, or blood cells.
A major hurdle in stem cell research has been the use of
embryos as stem cell donors. This technique required
the destruction of the embryo, thereby creating an ethi-
cal dilemma for many. The development of iPS cells
eliminates this issue and hopefully will hasten stem
cell research.

1. Explain why Fig. 3.15 illustrates cell differentiation.
2. What is the relationship between stem cells and cellular
differentiation? What are iPS cells?

ORDER, DISORDER, AND DEATH

Most cell growth is orderly. Cells normally reproduce
at the proper rate and align themselves in the correct
positions. At times, however, cell growth becomes un-
controlled and disorganized. Too many cells are pro-
duced. This process is experienced by the patient as a
lump or tumor (tumor means “swelling”).

Tumors may be classified as benign (noncancer-
ous) or malignant (cancerous). Cancer cells are ap-
propriately named. Cancer means “crab”; cancer cells,
like a crab, send out clawlike extensions that invade
surrounding tissue. Cancer cells also detach from the
original tumor (primary site) and spread throughout
the body (secondary sites). Widespread invasion of the
body by cancer cells often causes death. The spreading
of cancer cells is referred to as metastasis.

A Pap smear is a diagnostic procedure used to detect
cancer. A sample of cells (a smear) is obtained, usually
from around the cervix. The smear is then examined
under a microscope for changes that could indicate
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cancer. A positive Pap smear can indicate cancer in its
early stages. Early detection is associated with a very
high cure rate.

There is also a programmed sequence of events
that leads to cell death called apoptosis, or cell sui-
cide. Apoptosis helps rid the body of old, unneces-
sary, and unhealthy cells. Because the body replaces a
million cells per second, the elimination of some cells
by apoptosis is necessary. Apoptosis, however, can go
into overdrive, causing excessive cellular death and
disease.

Sometimes cells are injured so severely that they
die, or necrose (from the Greek word necros, meaning
“death”). For example, the cells may be deprived of
oxygen for too long a period, be poisoned, be damaged
by bacterial toxins, or suffer the damaging effects of
radiation.

Sum It Up!

The union of the sperm and egg forms a single cell that di-
vides by mitosis into billions of identical cells. The cell cycle is
the sequence of events that the cell goes through from one
mitotic division to the next. The cell cycle is divided into two
phases: the interphase and the mitotic phase. Mitosis splits
a cell into two genetically identical cells. There are four stages
of mitosis: prophase, metaphase, anaphase, and telophase.
The cells then specialize, or differentiate, into many different
types of cells, all of which are needed to perform a wide vari-
ety of functions. Most cells grow in an orderly way. Cells can,
however, grow abnormally. The result is sometimes a tumor,
which may be benign or malignant (cancerous).

% As You Age

1. All cells show changes as they age. The cells become
larger, and their capacity to divide and reproduce tends
to decrease.

2. Normal cells have built-in mechanisms to repair minor
damage; this ability to carry out repair declines in aging
cells.

3. When DNA is damaged, changes in membranes and
enzymes occur in the cell. Changes in the transport
of ions and nutrients occur at the cell membrane. The
chromosomes in the nucleus undergo such changes as
clumping, shrinkage, and fragmentation.

4. Certain genetic disorders, such as Down syndrome, are
more common in children born to older women.

5. Organelles such as mitochondria and lysosomes are
present in reduced numbers as a person ages. In
addition, cells function less efficiently.

Note: The Medical Terminology and Disorders table appears in Chapter 4.
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Get Ready for Exams!

Summary Outline

The cell is the structural and functional unit of all living
matter.

. A Typical Cell
A. Cell membrane (plasma membrane)
1. Composition: phospholipid bilayer and protein
2. Semipermeable: selection of nutrients and waste
that cross the membrane
3. Structures on cell membrane: cilia, flagella,
microvilli
B. Structures inside the cell
1. Nucleus: control center of the cell; stores genetic
information and contains chromatin and the
nucleolus
2. Cytoplasm: gel-like substance inside the cell
membrane but outside the nucleus; cytosol and
organelles
3. Organelles: in the cytoplasm
4. Mitochondria: “power plants” of the cell
5. Ribosomes (free and fixed): involved in protein
synthesis
6. Endoplasmic reticulum (two types): rough endo-
plasmic reticulum (RER) and smooth endoplas-
mic reticulum (SER)
7. Golgi apparatus: packages and puts the finishing
touches on newly synthesized protein
8. Lysosomes: intracellular “housekeepers”
9. Cytoskeleton: (microfilaments and microtubules)
provides shape and support to the cell
10. Centrioles: play a role in cell reproduction

Il. Movement Across the Cell Membrane: Passive and
Active Mechanisms
A. Passive transport mechanisms

1. Passive transport mechanisms: require no input of
energy (ATP)

2. Diffusion: causes a substance to move from an
area of greater concentration to an area of lesser
concentration

3. Facilitated diffusion: same as diffusion but uses a
helper molecule to increase the rate of diffusion

4. Osmosis: a special case of diffusion using a semi-
permeable membrane; involves diffusion of water
from an area with more water to an area of less
water

5. Concentrations of a solution are expressed as
tonicity; solutions are isotonic, hypotonic, or
hypertonic

6. Filtration: movement of water and dissolved sub-
stances from an area of high pressure to an area
of low pressure

B. Active transport mechanisms
1. Active transport: requires an input of energy (ATP)
2. Active transport pumps: move substances from
an area of low concentration to an area of high
concentration
3. Endocytosis: moves substances into a cell; pino-
cytosis: cellular “drinking”; phagocytosis: cellular
“eating”
4. Exocytosis: moves substances out of a cell
l1l. Cell Division
A. Mitosis: produces two identical cells
B. Meiosis: occurs only in sex cells

IV. Cell Cycle
A. Interphase (G4, S, and G, phases)
B. Mitosis (M phase)
1. The splitting of one mother cell into two identical
daughter cells
2. Four phases of mitosis: prophase, metaphase,
anaphase, and telophase
3. A cell can exit from the cell cycle and enter G
(resting).
C. Cell cycle phase-specific and phase-nonspecific
drugs
1. Some drugs aim at a specific phase of cell cycle.
2. Some drugs are cell cycle phase-nonspecific.
V. Cell Differentiation: From Stem Cells to Specialized Cells

VI. Order, Disorder, and Death

Review Your Knowledge

Matching: Cell Structure
Directions: Match the following words with their descrip-
tions.

a. mitochondria 1. __ Control center of the cell;
b. endoplasmic contains the DNA
reticulum 2. ___ Short, hairlike projections on
c. ribosomes the outer surface of the cell
d. cilia 3. __ “Power plants” of the cell;
e. lysosomes most ATP made here
f. nucleus 4. __ Classified as rough and
g. cytoplasm smooth

5. ___ Organelles attached to the
endoplasmic reticulum;
involved in protein synthesis

6. __ Digestive organelles that
engage in phagocytosis;
intracellular “house cleaning

7. ___“Gelin the cell” (outside the
nucleus)




Matching: Transport and Tonicity
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

JQ S0 00T

. hypotonic 1.
. diffusion

. pinocytosis

. isotonic 2.
. hypertonic

. filtration
. facilitated

___Pressure gradient is the
driving force for this type of
passive transport.

___Passive transport mechanism
whereby glucose is “helped”
across the membrane by a
helper molecule within the
membrane

___ Protein-containing vesicle
within a cell fuses with the
cell membrane and ejects the
protein

___Called “cellular drinking”

5. ___ An example of this transport
mechanism is the swelling of
a blood clot as water is pulled
into the clot.

6. ___ Describes a solution that is
more concentrated than the
inside of a cell

7. ___ Solution that causes a red
blood cell to swell with water
and burst

8. ___ Solution that has the same
concentration as the inside of
a red blood cell

9. __ Drop of red dye is added
to a beaker of water; in 2
hours, the beaker of water is
uniformly colored red.

10. __ Because of its salt

concentration, normal saline is

considered this.

osmosis

diffusion &,
exocytosis

&

Multiple Choice
1. The selectively permeable membrane

a. permits filtration but not diffusion or osmosis.

b. determines which substances enter and leave the cell.

c¢. allows for the unrestricted movement of water and
electrolytes across the cell membrane.

d. permits diffusion but not osmosis.

2. Which of the following is not true of the mitochondria?

a. Numbers of mitochondria reflect the metabolic
activity of the cell.

b. Mitochondria are the organelles that make most of
the body’s ATP.

¢. Mitochondria are located in the cytoplasm.

d. Mitochondria are the sites of protein synthesis.

3. This semipermeable phospholipid bilayer controls what

enters and leaves the cell.
a. Mitochondria

b. Cell membrane

¢. Lysosome

d. RER

. Most of the DNA and genetic information is stored

within the

nucleus.

b. Golgi apparatus.
¢. lysosomes.

d. centrioles.

®

10.

11.

12.

13.
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. Which of the following is common to the RER, ribo-

somes, and Golgi apparatus?

a. ATP-producing organelles

b. “House cleaning” by proteolytic enzymes
¢. Ammonia-producing organelles

d. Protein-producing organelles

. Which of the following is an incorrect statement regard-

ing the cellular organelles?

a. Most ATP is produced in the mitochondria.

b. Lysosomes contain potent enzymes that digest cel-
lular waste and debris.

¢. Most DNA is located within the Golgi apparatus.

d. The RER is involved in protein synthesis.

. The words rough and smooth refer to the

a. ribosomes.

b. endoplasmic reticulum.
¢. Golgi apparatus.

d. cell membrane.

. A stem cell develops into a muscle cell. Which of the

following most accurately describes this process?
a. Apoptosis

b. Necrosis

¢. Neoplastic

d. Differentiation

. A beaker contains two compartments. Compartment

A contains a 20% glucose solution, and compartment

B contains a 5% glucose solution. The membrane is

permeable to water but impermeable to glucose. Which

statement is true at equilibrium?

a. The volume in A is greater than the volume in B.

b. The volume in A is less than the volume in B.

¢. The volume remains the same in both
compartments.

d. Glucose diffuses from A to B.

With regard to the cell cycle, which of the following is

correct?

a. The M phase is the same as interphase.

b. Cells cannot enter phase Gy when they complete
the cycle.

c¢. Cell division occurs during the M phase.

d. Prophase, metaphase, anaphase, and telophase
occur during phase Gj.

Blood pressure forces water and dissolved solutes out

of the capillaries and into the tissue space. This pro-

cess is called

a. osmosis.

b. active transport.

€. pinocytosis.

d. filtration.

Cytology is

a. synonymous with physiology.

b. the type of metabolism that most cells use to extract
energy from food.

c¢. the study of genetics.

d. the study of cell structure and function.

What might happen if pure water were administered

intravenously (directly into the blood via the veins)?

a. The patient would become dehydrated.

b. The red blood cells would undergo hemolysis.

¢. The red blood cells would lose volume and shrink.

d. The water would dilute the blood; water would be
“pulled” into the capillaries from the tissue spaces.




Cell Metabolism

Objectives

1. Define metabolism, anabolism, and catabolism.

2. Explain the use of carbohydrates in the body, and
differentiate between the anaerobic and aerobic
metabolism of carbohydrates.

3. Explain the use of fats in the body.

Key Terms

aerobic catabolism (p.50)
amino acids (p.55)
ammonia (p. 56)

anabolism (p. 48)

anaerobic catabolism (p.50)
base pairing (p. 58)

base sequencing (p.58)
carbohydrates (p. 48)
catabolism (p.48)
cholesterol (p.52)

fatty acids (p.52)

glucose (p.48)
glycerol (p.52)
glycogen (p.50)
glycolysis (p.51)
lipids (p.52)

deoxyribonucleic acid (DNA) (p.57)
disaccharides (p.50)

genetic code (p.58)
gluconeogenesis (p.52)

4. Explain the use of proteins in the body.

5. Describe the roles of DNA and RNA in protein synthesis,
the structure of a nucleotide, and the steps in protein
synthesis.

metabolism (p. 48)
monosaccharides (p. 48)
peptide bond (p.55)
polysaccharides (p.50)
protein (p.55)

ribonucleic acid (RNA) (p.58)
transcription (p.59)
translation (p.59)

urea (p.56)

To carry on its function, the cell, like a factory, must
bring in and use raw material. The raw material
comes from the food we eat and includes carbohy-
drates, protein, and fat. Once inside the cell, the raw
materials undergo thousands of chemical reactions.
The cellular processing of the raw materials is called
metabolism.

METABOLISM

Metabolism can be divided into two parts: anabolism
and catabolism (Fig. 4.1).

Anabolism (ah-NAB-oh-liz-em) includes reactions
that build larger, more complex substances from sim-
pler substances, such as the building of a large protein
from individual amino acids. The process is similar to
the building of a brick wall from individual bricks.
Anabolic reactions generally require an input of en-
ergy in the form of adenosine triphosphate (ATP).

Catabolism (kah-TAB-oh-liz-em) includes reactions
that break down larger, more complex substances
into simpler substances, such as the breakdown of a
large protein into individual amino acids. This pro-
cess is similar to the knocking down of a brick wall.

48

Catabolism releases energy that is converted into ATP
and used to “run” the body.

CARBOHYDRATES

We have all eaten sugars and starchy food. Bread, pota-
toes, rice, pasta, and jelly beans are some of our favor-
ite foods. These are all carbohydrates. Carbohydrates
are organic compounds composed of carbon (C), hy-
drogen (H), and oxygen (O). Carbohydrates are clas-
sified according to size (Fig. 4.2). Monosaccharides
(mon-oh-SAK-ah-rides) are single (mono) sugar
(saccharide) compounds. Disaccharides (dye-SAK-
ah-rides) are double (di) sugars, and polysaccharides
(pahl-ee-SAK-ah-rides) are many (poly) sugar com-
pounds. The shorter monosaccharides and disaccha-
rides are called sugars, and the longer chain polysac-
charides are called starches. The carbohydrates are
listed in Table 4.1.

MONOSACCHARIDES

Monosaccharides are sugars containing three to six
carbons. The six-carbon simple sugars include glucose,
fructose, and galactose. Glucose is the most important
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Fig. 4.1 Metabolism. (A) Raw materials to run the factory. (B) Anabolism. (C) Catabolism. ATP Adenosine
triphosphate.
G Go Figure (Refer to )
1. Amino acid + amino acid + amino acid — protein. of the three and is used by the cells as an immediate
This reaction is best described as . source of energy.
(catabolism, mitosis, anabolism, differentiation) There are also five-carbon monosaccharides; they
2. Which of the following is most apt to release ATP? include ribose and deoxyribose. These sugars are used
(assembly of amino acids, anabolism, in the synthesis of ribonucleic acid (RNA) and deoxy-

phagocytosis, catabolism) ribonucleic acid (DNA).
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Monosaccharide

./ Glucose

Disaccharide

& 4

Polysaccharide

Fig. 4.2 Carbohydrates.

LN Go Figure (Refer to )

1. T/F __ Disaccharides and polysaccharides are made by
the assembly of monosaccharides.

JELICERN Carbohydrates

NAME FUNCTION

Monosaccharides (Simple Sugars)

Glucose Most important energy source

Fructose Converted to glucose

Galactose Converted to glucose

Deoxyribose Sugar in DNA

Ribose Sugar in RNA

Disaccharides (Double Sugars)

Sucrose Splits into monosaccharides (glucose
+ fructose)

Maltose Splits into monosaccharides (glucose
+ glucose)

Lactose Splits into monosaccharides (glucose

+ galactose)
Polysaccharides (Many Sugars)

Starches Found in plant foods; digested to
monosaccharides

Glycogen Animal starch; excess glucose stored
in liver and skeletal muscle

Cellulose Nondigestible by humans; forms

dietary fiber or roughage

DNA, Deoxyribonucleic acid; RNA, ribonucleic acid.

DISACCHARIDES

Disaccharides are double sugars and are made when
two monosaccharides are linked together. The disac-
charides include sucrose (table sugar), maltose, and
lactose; they are present in the food we eat. They must
be digested, or broken down, into monosaccharides
before they can be absorbed across the walls of the di-
gestive tract and used by the cells.

POLYSACCHARIDES

Polysaccharides are made of many glucose molecules
linked together. Some are linked together in straight
chains, and others in branched chains. The three poly-
saccharides of interest to us are plant starch, animal
starch (glycogen), and cellulose.

Starch is the storage polysaccharide in plants. It
is a series of glucose molecules linked together in a
branched pattern. Starchy foods such as potatoes,
peas, grains, and pasta contain this type of starch and
are part of our healthy diet.

Glycogen (GLYE-koh-jen) is also called animal starch
and is a highly branched polysaccharide. Glycogen is the
form in which humans store glucose; these glucose mol-
ecules are joined together in long branched chains called
glycogen. Glycogen is stored primarily in the liver and
skeletal muscle. Glycogen performs two important roles.
First, glycogen stores help regulate blood sugar. When
blood sugar levels become low, the glycogen in the liv-
er is converted to glucose and released into the blood,
where it restores normal blood sugar levels. When blood
glucose increases after a meal, the excess glucose is con-
verted in the liver to glycogen for storage. Second, gly-
cogen acts as storage energy in skeletal muscle. When
muscle contractile activity increases, as in running, gly-
cogen is converted to glucose and burned as fuel.

Cellulose is a straight-chain polysaccharide found
in plants. Although humans do not have the enzymes
to digest cellulose as a source of nutrients, this polysac-
charide plays an important role in our digestive pro-
cess. The cellulose provides the fiber in our diet and
improves digestive function.

1. What is the relationship between glucose and glycogen?

2. Where is most glycogen stored?

3. Explain how glycogen helps in the regulation of blood
glucose levels.

USES OF GLUCOSE

What about that mound of jelly beans, those oval globs of
sugar that you just ate? The jelly beans are eaten, digested,
and absorbed. Then what? Glucose is used by the body in
three ways: (1) it can be burned immediately as fuel for
energy, (2) it can be stored as glycogen and burned as fuel
ata later time, and (3) it can be stored as fat and burned as
fuel at a later time. The “stored as fat” phrase is the most
distressing, from a weight-gain perspective!

THE BREAKDOWN OF GLUCOSE

Glucose is broken down under the following two con-
ditions: (1) in the absence of oxygen (this process is
called anaerobic catabolism) and (2) in the presence of
oxygen (this process is called aerobic catabolism). In
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CYTOPLASM

Anaerobic catabolism
(without oxygen)

<&@
i

Glycolysis :"> ﬁ

/

Aerobic catabolism

(with oxygen)

Glycolysis :> ﬁ

/

Pyruvic acid Pyruvic acid
Lactic acid
A when oxygen B
is present:
MITOCHONDRION
Mitochondrial
enzymes

Fig. 4.3 Breakdown of Glucose. (A) Anaerobic catabolism, glucose to lactic acid and a little adenosine triphosphate
(ATP). (B) Aerobic catabolism, glucose to carbon dioxide, water, and lots of ATP.

the absence of oxygen, glucose is broken down through
a series of chemical reactions, first into pyruvic acid
and then into lactic acid. This anaerobic process occurs
in the cytoplasm and is called glycolysis (glye-KOHL-
i-sis) (Fig. 4.3A). Because most of the energy is still
locked up in the lactic acid molecule, glycolysis pro-
duces only a small amount of ATP.
If oxygen is available, glucose is completely bro-
ken down to form carbon dioxide, water, and ATP (see
Fig. 4.3B). The glucose is first broken down to pyruvic
acid in the cytoplasm. The pyruvic acid molecules then
move into the mitochondria—the “power plants” of the
cell. In the presence of oxygen and special enzymes in the
mitochondria, the pyruvic acid fragments are completely
broken down to carbon dioxide and water. This process
is accompanied by the release of a large amount of energy
(ATP). Two sets of enzymes exist in the mitochondria: the
enzymes of the Krebs cycle and the enzymes of the elec-
tron transport chain. Both sets of enzymes work together
to produce ATP aerobically. Note that glycolysis (anaero-
bic catabolism) ends with the production of lactic acid

and little ATP production, while aerobic catabolism ends
with the complete breakdown of glucose into CO, and
water and the release of a large amount of energy (ATP).

L Go Figure (Refer to )

1. T/F __ Most ATP is generated when the glucose is
metabolized aerobically.

2. What is the end-product of glycolysis?

(glucose, glycogen, lactic acid, fatty

acid)

Three important points about aerobic catabolism
should be considered.

e First, the chemical reactions occurring in the mito-
chondria require oxygen. If the cells are deprived of
oxygen, they soon become low in energy and can-
not carry out their functions. This need for oxygen is
why we breathe continuously—to ensure a continu-
ous supply of oxygen to the cells.

e Second, when glucose is broken down completely
to carbon dioxide and water, all the stored energy is
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released. Some of the energy is transferred to ATP,
and the rest is released as heat. Thus the aerobic
breakdown of glucose produces much more ATP
than the anaerobic breakdown of glucose.

e Third, if oxygen is not available to the cell, the pyruvic
acid cannot enter the mitochondria. Instead, the py-
ruvic acid is converted to lactic acid in the cytoplasm.
The buildup of lactic acid is the reason that a lack of
oxygen in a critically ill patient causes lactic acidosis.

THE MAKING OF GLUCOSE

As we have seen, glucose can be broken down in the
cells as a source of energy. The body requires a constant
supply of glucose for fuel. Dietary carbohydrates pro-
vide glucose, as does the conversion of glycogen into
glucose. In addition, the body is capable of making
glucose from noncarbohydrate substances. Protein,
for example, can be broken down and the breakdown
products used to make glucose. The making of glu-
cose from nonglucose sources, especially protein, is
called gluconeogenesis. Gluconeogenesis (gloo-koh-
nee-oh-JEN-eh-sis) is an important mechanism in the
regulation of blood sugar. For example, if blood sugar
declines, protein is converted to glucose in the liver
and released into the blood, thereby restoring blood
sugar to normal. Many hormones secreted by endo-
crine glands stimulate gluconeogenesis.

&4 Re-Think

1. Define glycolysis, noting its effect on blood glucose.

2. Define gluconeogenesis, noting its effect on blood
glucose.

3. What purpose is served by gluconeogenesis?

4. Compare ATP production in the anaerobic and aerobic
catabolism of glucose.

sum It Up!

The body, like a factory, requires raw material for growth, re-
pair, and operation. The raw materials for the body come
in the form of food: carbohydrates, proteins, and fats.
Metabolism refers to the millions of chemical reactions that
make the body run. Anabolic reactions are involved in the
synthesis of complex substances from simpler substances.
Catabolic reactions break down complex substances into
simpler substances, generally in an effort to liberate energy
stored within the food substances. Carbohydrates and fats
are the body’s primary fuel. Glucose can be broken down
and used as fuel in two ways: anaerobically (glycolysis), yield-
ing little ATP, and aerobically, within the mitochondria (Krebs
cycle and electron transport chain enzymes), yielding large
amounts of ATP. In addition to the consumption of dietary
carbohydrates, glucose can also be made by glycolysis and
from the breakdown products of protein by a process called
gluconeogenesis.

JELEE YA Lipids

LIPID TYPE FUNCTION
Triglyceride In adipose tissue: protect and insulate
body organs; major source of
stored energy
Phospholipid Found in cell membranes
Steroid
Cholesterol Used in synthesis of steroids;
component of cell membranes
Bile salt Assist in digestion and absorption of
fats
Vitamin D Synthesized in skin on exposure to
ultraviolet radiation; contributes
to calcium and phosphate
homeostasis
Hormones Adrenal cortical hormones are
from adrenal necessary for life and affect every
cortex, body system; ovaries and testes

ovaries, testes secrete sex hormones

Lipoid substances

Fat-soluble Variety of functions (identified in later
vitamins (A, D, chapters)
E, K)

Prostaglandins Found in cell membranes; affect

smooth muscle contraction

Lipoproteins Help transport fatty acids; high-
density lipoprotein (HDL) is
“good cholesterol” and low-
density lipoprotein (LDL) is “bad
cholesterol”

LIPIDS (FATS)

Lipids are organic compounds that are commonly called

fats and oils. Fats are solid at room temperature, whereas
oils are liquid. Most of the lipids are eaten as fatty meats,
egg yolks, dairy products, and oils. The lipids found
most commonly in the body include triglycerides, phos-
pholipids, and steroids. Other relatives of lipids, called
lipoid substances, are listed in Table 4.2.

The building blocks of lipids are fatty acids and
glycerol. The lipid illustrated in Fig. 4.4A is a triglyc-
eride (try-GLI-ser-ride). It has three (tri) long chains
of fatty acids attached to one small glycerol molecule.
A phospholipid is formed when a phosphorus-con-
taining group attaches to one of the glycerol sites (see
Fig. 4.4B). Phospholipids are important components
of the cell membrane. (Do not confuse glycerol with
glycogen.)

The steroid is a third type of lipid. The most impor-
tant steroid in the body is cholesterol (see Fig. 4.4C).

Although cholesterol is consumed in the diet,
the body can also synthesize cholesterol in the liv-
er. In fact, most of our cholesterol is made by the
liver from saturated fat. This observation raises an
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Fig. 4.4 Lipids. (A) Triglyceride. (B) Phospholipid. (C) Steroid.

LN Go Figure (Refer to )

1. T/F __ Cholesterol is a lipid and steroid.
2. T/F __ Atriglyceride is made when two fatty acids and
one phosphorus group bond to glycerol.

interesting point regarding the dietary control of
cholesterol. The dietary intake of a healthy diet re-
sults in only a slight increase in blood cholesterol,
whereas the dietary intake of saturated fats (meat,
eggs, cheeses) accounts for a significant increase of
blood cholesterol as it is used by the liver to syn-
thesize cholesterol. Thus the focus of dietary control
of blood cholesterol is the restriction of saturated
fats. Despite all the bad press about it, cholesterol
performs several important functions. For example,
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cholesterol is found in all cell membranes and is nec-
essary for the synthesis of vitamin D in the skin. It is
also used in the ovaries and testes in the synthesis of
the sex hormones.

USES OF LIPIDS

What about the bacon you ate for breakfast? There is
good news and bad news. The good news is that lip-
ids are needed by the body (1) as a source of energy,
(2) as a component of cell membranes and myelin
sheath (coverings of nerve cells), and (3) in the syn-
thesis of steroids. The bad news is that fat can be
put into long-term storage. Fat can make you fat! It
can also be deposited in areas where it is not want-
ed, such as inside your blood vessels. Cholesterol-
related fatty plaques develop in the walls of the
blood vessels (coronary arteries) that supply the
heart. Over time, the plaques harden the arteries
and block the flow of blood to the heart, resulting in
the death of heart muscle (commonly called a heart
attack).

Ramp It Up!

Cholesterol, Triglycerides, and Lipoproteins

Cholesterol and triglycerides are lipids that we love to hate,
often for very good reason. Both have been implicated in
coronary artery heart disease. Cholesterol and triglycerides
are lipids and therefore are not soluble in water. Both, how-
ever, must be transported by the blood, a water (or aqueous)
solution. How is the solubility problem solved? Enter the lipo-
proteins! They make the cholesterol and triglycerides soluble
in water. Read on.

LIPOPROTEINS

A lipoprotein has a basic lipid-soluble core composed of
cholesterol and triglycerides, surrounded by a single layer of
phosphoalipid. It is the phospholipid coat that makes the lipid
water-soluble. In addition to increasing the solubility of the
lipid core, the phosphalipid layer contains receptors. These
receptors play a role in the delivery and excretion of choles-
terol and triglycerides.

Phospholipid
covering

Lipid core /

Cholesterol 7
. AN

Triglycerides s /

Cw

Receptors
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There are six major classes of lipoproteins, but we will
describe only three: very low-density lipoprotein (VLDL),
low-density lipoprotein (LDL), and high-density lipoprotein
(HDL). This classification is based on the density, which is
determined by the percentage composition of lipid and
protein. Protein is more dense than lipid. Thus lipoproteins
that have a greater proportion of protein than lipid have a
relatively high density. Conversely, lipoproteins with a lower
percentage of protein have a lower density.

VERY LOW-DENSITY LIPOPROTEIN

VLDLs contain mostly triglycerides and little cholesterol as
the core lipid; the triglycerides in VLDL account for almost all
the triglycerides in the blood. The role of VLDLs is to trans-
port triglycerides to adipose tissue and muscle. It is unclear
about the role of VLDLs in heart disease, but marked eleva-
tions cause pancreatitis. The degradation of VLDLs produc-
es LDLs.

LOW-DENSITY LIPOPROTEIN

LDLs contain cholesterol as the core lipid and account for
most (60% to 70%) of the cholesterol in the blood. The role
of LDLs is to deliver cholesterol to nonhepatic (nonliver) tis-
sue. Cells of the target tissues have membrane receptors
that recognize and bind to LDLs; on binding, the cholesterol
is ingested by the cells by endocytosis. Of all lipoproteins,
L DLs make the greatest contribution to atherosclerotic heart
disease and are therefore called “bad” cholesterol.

There are several drugs that reduce LDLs. The most
effective drugs are the “statins.” The statins reduce LDLs by
decreasing the hepatic synthesis of cholesterol and increasing
the number of receptors on the liver cells (hepatocytes). The
increased number of hepatic receptor sites increases the
elimination of cholesterol into the bile.

HIGH-DENSITY LIPOPROTEIN

HDLs contain cholesterol as the primary core lipid and ac-
count for 20% to 30% of all cholesterol in the blood. HDLs
carry cholesterol from the peripheral tissues to the liver for
excretion into the bile. Thus HDLs promote the removal of
cholesterol from the blood. Unlike LDLs, which increase
the risk of coronary heart disease, elevation of HDLs are
thought to reduce the risk. Because HDLs are thought to
be cardioprotective, they are called “good” cholesterol.
Adherence to dietary guidelines, weight reduction, and ex-
ercise elevate HDLs.

Like glucose, fatty acids and glycerol can be bro-
ken down to release the stored energy. Because the
fatty acids are long structures, however, they must
be chopped into tiny units before entering the mi-
tochondria to be catabolized within the Krebs cycle.
The aerobic burning of the fatty acid units in the mi-
tochondria releases a huge amount of energy that is
captured as ATP. Because the fatty acids are much
longer than the glucose molecules, the amount of en-
ergy released in the burning of fatty acids is much
greater than the amount released in the burning of
glucose.

. Do You Know...

That Griz Does Not Urinate During His Hibernating Months?

Nature encourages the grizzly bear (“Griz”) to overeat and
gain weight. By doing so, Griz is able to hibernate during the
winter months because he can live off the fat stored during
the summer feeding frenzy. While hibernating, the bear’s fat
is gradually broken down, and the energy that is released is
sufficient to keep him alive.

What, then, about the waste produced by his metabolizing
body? The bear has apparently developed the metabolic ability
to convert his waste (urea) into a substance that can be used
by the hibernating body. Griz is a metabolic recycler; he literally
recycles the “waste” that is normally excreted in urine. An
understanding of this recycling process would certainly benefit
the many persons who require dialysis because of kidney failure.

MAKING FAT

Like Griz, we too can go on a feeding frenzy and gain
pound after pound! However, we do not hibernate
and fast and therefore do not easily shed those excess
pounds. The extra doughnut eaten today is worn on
your hips tomorrow. When excess calories are con-
sumed, the hormones and enzymes that promote fat
synthesis are stimulated. The fat is deposited in adi-
pose tissue throughout the body.

1. What is a triglyceride?

2. Why is it unwise to feed an infant only “fat-free” milk?

3. Why does the catabolism of a fatty acid yield so much
more ATP than does the catabolism of glucose?




PROTEINS

Protein is the most abundant organic matter in the body.
Because proteins are present in so many physiologically
important compounds, it is safe to say that they partici-
pate in every physiologic function. For example, almost
every chemical reaction in the body is regulated by an
enzyme, which is a protein substance. Most hormones
are proteins; they exert important widespread effects
throughout the body. Hemoglobin, which delivers oxy-
gen to every cell in the body, is a protein. Finally, muscles
contract because of their contractile proteins. As you can
see, proteins are essential to life.

AMINO ACIDS

The building blocks of protein are amino acids. About 20
amino acids are used to build body protein. Most amino
acids come from protein foods, especially lean meat, milk,
and eggs. More than half of the amino acids can be syn-
thesized by the body. If the diet lacks the amino acid ala-
nine, for example, alanine can be synthesized in the liver.
Some amino acids, however, cannot be synthe-
sized by the body and must be obtained from dietary
sources. Because dietary intake of these amino acids is
essential, these amino acids are called essential amino
acids. The amino acids that can be synthesized by the
liver are called nonessential amino acids, meaning that
these amino acids are not absolutely necessary in the
diet. See Box 4.1 for a list of common amino acids.
Note: The word nonessential does not mean that
these amino acids are not essential to the body. The
term refers to the ability of the body to synthesize these
amino acids when they are not included in the diet.
Like carbohydrates and lipids, amino acids are com-
posed of carbon, hydrogen, and oxygen. In addition to
these three elements, amino acids also contain nitro-
gen. The nitrogen appears as an amine group (NH,).
At the other end of the amino acid is the acid group
(—COOH); hence the name amino acid. Note the amine
group and the acid group in Fig. 4.5A; the amino acid
alanine is used as an example.
Amino acids are joined together by peptide bonds. A
peptide bond is formed when the amine group (NH,) of

Common Amino Acids

Alanine Leucine?
Arginine Lysine?
Asparagine Methionine?
Aspartic acid Phenylalanine?
Cysteine Proline
Glutamic acid Serine
Glutamine Threonine?
Glycine Tryptophan?
Histidine? Tyrosine
Isoleucine? Valine?
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one amino acid joins with the acid group (—COOH) of
a second amino acid. A peptide is formed when several
amino acids are joined together by peptide bonds (see
Fig. 4.5B). A polypeptide is formed when many amino
acids are joined together. Proteins are very large poly-
peptides. Most proteins are composed of more than
one polypeptide chain. The polypeptide chains are
curly and coil around each other, creating a large and
uniquely shaped protein. The amino acid sequence
and the size and shape of the protein are important
to its function. If the amino acids are not assembled
in the correct order, the shape of the protein changes
and its function is impaired. For example, in sickle cell
anemia, only one of the many amino acids is “out of
order” in the hemoglobin protein, the major compo-
nent of a red blood cell. The improperly constructed
hemoglobin causes the red blood cells to sickle and
break apart.

Proteins can bond with other organic compounds.
For example, the combination of a sugar and a protein
forms a glycoprotein, whereas the combination of a
lipid and protein creates a lipoprotein.

Alanine

Amino acid

Acid
group /—V
COOH

HN —c —+

’

Amine
group

A

Polypeptide

4

Peptide bonds

Py
o 9

B

Fig. 4.5 Amino Acids and Proteins. (A) The structure of an amino
acid (alanine). (B) The assembly of amino acids to form a polypeptide.
Note the peptide bonds.

LN Go Figure (Refer to )

1. NH, is a(n) . (organic acid, amino
acid, peptide, amine group)

2. T/F __ A peptide bond is formed when the amine
group of one amino acid bonds with the acid group of
a second amino acid.

Peptide

Peptide bond

aEssential amino acids.
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IEL %N Proteins

TYPE FUNCTION

Structural Proteins

Components of
cell membranes

Perform many functions: determine
pore size; allow hormones to
“recognize” cell

Collagen Structural component of muscle and
tendons
Keratin Part of skin and hair

Peptide hormones  Many hormones are proteins; have
widespread effects on many organ

systems (e.g., insulin, growth

hormone)
Hemoglobin Transports oxygen
Antibodies Protect body from disease-causing

microorganisms

Plasma proteins Used in blood clotting, fluid balance,

and defense against disease

Muscle proteins Enable muscles to contract

Enzymes Regulate the rates of chemical

reactions

USES OF PROTEINS

Proteins are used in three ways. The most important
use is in the synthesis of hormones, enzymes, antibod-
ies, plasma proteins, muscle proteins, hemoglobin, and
most cell membranes. In one way or another, proteins
play a key role in every physiological function. The
various types of proteins and their functions are list-
ed in Table 4.3. With such a large demand for protein,
most of the amino acids are carefully conserved by the
body and used in the synthesis of protein.

Proteins have two less common uses. First, protein
can be broken down and used as fuel, as a source of en-
ergy for ATP production. This process, however, is not
desirable. The preferred energy sources are glucose and
fat. Second, protein can be broken down and converted
to glucose (gluconeogenesis). This mechanism is used
by the body to ensure that the blood glucose level does
not become too low to sustain life. In severe starvation,
the body catabolizes its own protein, including the heart
muscle, in order to survive.

1. What is the most important use of amino acids?
2. What is the difference between an essential and
nonessential amino acid?

BREAKDOWN OF PROTEIN AND THE PROBLEM
WITH AMMONIA

Because amino acids contain nitrogen, as well as car-
bon, hydrogen, and oxygen, the breakdown of protein
poses a special problem. Carbon, hydrogen, and oxygen
can be broken down into carbon dioxide and water and

Kidney

Urine
(urea)

Fig. 4.6 Urea: Formation in the Liver and Excretion by the Kidney.

LN Go Figure (Refer to )

1. T/F __ Urea is a nitrogen-containing compound
synthesized by the liver.

2. T/F __Urea is made by the kidney and excreted by the
liver.

eliminated from the body. The nitrogen part of the amino
acid, however, must be handled in a special way, primar-
ily by the liver. Nitrogen is either recycled and used to
synthesize different amino acids or converted to urea and
excreted.

Formation of Urea

Some of the nitrogen released by the breakdown of
amino acids is converted to urea by the liver (Fig. 4.6).
Note the nitrogen in the structural formula of urea.
Blood then carries the urea, a nitrogenous waste, from
the liver to the kidneys, where it is eliminated in the
urine. This is important clinical information and forms
the basis for several diagnostic tests.

A diagnostic test called the blood urea nitrogen (BUN)
test measures the amount of urea in the blood. A change
in BUN can be caused by either poor liver function (cannot
make urea) or poor kidney function (cannot excrete it).

Worrying about ammonia. Why does the liver “wor-
ry” about ammonia? Under normal conditions, the
liver extracts ammonia (NH;) from the blood and
converts it to urea. Why? Ammonia is toxic to brain
cells and causes disorientation and a diminished
level of consciousness. In liver failure, the extrac-
tion of ammonia from the blood is diminished, so
blood levels of ammonia rise. The toxic effect of am-
monia on the brain is called hepatic encephalopathy
(heh-PAT-ik en-sef-al-OP-eh-thee).



&4 Re-Think

1. Why is urea production so important?

2. What happens if a damaged liver is unable to make
urea?

3. Why may an elevated BUN indicate poor kidney
function?

Sum It Up!

There are three types of lipids: triglycerides, phospholip-
ids, and steroids. Cholesterol is the most important steroid.
Lipids are used in the synthesis of cell membranes and ste-
roids and in the storage of energy; they are catabolized as
fuels. Amino acids are used primarily in the synthesis of body
proteins: hormones, enzymes, antibodies, plasma proteins,
and structural components of cells. Amino acids are joined
by peptide bonds, whereby the amine group (—NH,) of one
amino acid joins with the acid group (—COOQOH) of a second
amino acid. In addition to carbon, hydrogen, and oxygen,
the catabolism of proteins produces nitrogen that is toxic to
the brain. The hepatic (liver) production and renal (kidney)
excretion of the nitrogenous waste, urea, is the biochemical
solution to ammonia (NHy) toxicity.

PROTEIN SYNTHESIS AND DNA

Proteins play a crucial role in every body func-
tion. Protein synthesis involves the arrangement
of amino acids in a specific sequence. Because the
sequencing of amino acids is so precise, there is an
elaborate protein-synthesizing mechanism in each
cell. How does the cell know the exact pattern of
amino acid assembly? The pattern of amino acid as-
sembly is coded and stored in the deoxyribonucleic
(de-OX-see-rye-boh-noo-KLAY-ik) acid (DNA) in the
nucleus. In fact, the essential role of DNA is to serve
as a code for the structure of protein.

DNA STRUCTURE

DNA is a nucleic acid. Nucleic acids are composed of
smaller units called nucleotides (Fig. 4.7A). A nucleotide
has three parts: a sugar, a phosphate group, and a base.
Nucleotides are joined together to form long strands.
Two strands of nucleotides are arranged in a twisted
ladder formation (the double helix) to form DNA (see
Fig. 4.7B). The two sides of the DNA ladder are com-
posed of sugar and phosphate molecules. The rungs,
or steps, of the ladder are composed of bases, one base
from each side. The names of the bases in DNA are

LN Go Figure (Refer to )

1. T/F __ The double strands of DNA are held together
through base pairing.

2. Adenine base-pairs with
(cytosine, guanine, thymine, urea)
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CH,
Sugar Base
A Nucleotide

!
@ Thymine % Guanine
@ Cytosine

Adenine

Fig. 4.7 (A) Nucleotide. (B) The ladder structure of deoxyribonucleic
acid (DNA). Note the base pairing of the DNA strands.
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Fig. 4.8 DNA: Genetic Code and Base Sequencing.

LN Go Figure (Refer to )

1. T/F __ The genetic code is carried within the sequence
of the bases of the nucleotides.
2. T/F __ GCC and CAA code for specific amino acids.

adenine (A), cytosine (C), guanine (G), and thymine (T).
Note the different shapes of the bases in the rungs of the
ladder. Note also that the bases have a specific arrange-
ment. Adenine can pair only with thymine, and cytosine
can pair only with guanine. Adenine and thymine are
base pairs, as are cytosine and guanine. This system is
called base pairing.

THE GENETIC CODE

The protein-synthesizing code is stored within the
DNA. More specifically, the information is stored, or
encoded, within the sequence of bases along one strand
(one side of the ladder) of DNA (Fig. 4.8). Because the
DNA is arranged in hereditary units called genes, the
code is called the genetic code. (Genes and heredity
are discussed further in Chapter 27.)

Reading the Code

A single strand of DNA (see Fig. 4.8) reads verti-
cally (according to the bases in the rungs), such as
GACGCCCAA. GAC (a sequence of three bases)
codes for a particular amino acid, GCC codes for an-
other amino acid, and CAA codes for a third amino
acid. The list of bases in triplicate is called base se-
quencing. In this way, DNA codes for the proper
sequence of amino acids and therefore the synthesis
of protein.

Note: Do not confuse base pairing with base
sequencing. Base pairing describes the way in which
two strands of DNA are linked together by the bases.
Base sequencing describes the sequence, or order, of the
bases along a single strand of DNA. The code is stored
within the sequence of bases.

Copying the Code: mRNA

The code for protein synthesis is stored in the nucleus in

the DNA. DNA does not leave the nucleus because it is

too large to fit through the pores of the nuclear membrane.

Protein synthesis, however, occurs along the ribosomes in

the cytoplasm. The big question? How does the code get

out of the nucleus and into the cytoplasm? The copying
and delivery of the code is done by a second nucleic acid
called ribonucleic (rye-boh-noo-KLAY-ik) acid (RNA).
RNA is a nucleic acid composed of nucleotides and
resembles the structure of DNA. RNA differs from

DNA in three ways:

1. The sugars are different. The sugar in DNA is de-
oxyribose, whereas the sugar in RNA is ribose.

2. DNA has two strands, whereas RNA has only one
strand.

3. Thereis a difference in one of the bases. Both DNA and
RNA contain cytosine (C), guanine (G), and adenine
(A). The fourth base differs. DNA contains thymine
(T), whereas RNA contains uracil (U). The uracil in
RNA forms a base pair with adenine. The differences
between DNA and RNA are summarized in Table 4.4.
There are three types of RNA, but we are concerned

only with messenger RNA (mRNA) and transfer RNA



(tRNA). mRNA copies the code from DNA in the nu-
cleus and then carries the code, or message, to the ribo-
somes in the cytoplasm. Because this type of RNA acts
as a messenger, it is called mRNA.

tRNA is found attached to individual amino acids with-
in the cytoplasm and, through its own base sequencing,
can “read” the code on the mRNA sitting on the ribosome.
Each individual amino acid is carried by tRNA to its prop-
er site on the mRNA. The amino acids are assembled in the
proper sequence as the polypeptide (protein) is formed.

mRNA as Copycat

Refer to Fig. 4.8 as we see how mRNA copies the
code. DNA separates and exposes the base sequences,
GACGCCCAA. A strand of mRNA reads the base se-
quence by forming base pairs. The strand of mRNA
has this code: CUGCGGGUU. (The mRNA is not
shown.) The copying of the code by mRNA is called
transcription.

NotEe: Transcription is a base-pairing event.
Following transcription, the mRNA takes the code to
the ribosomes in the cytoplasm, where the amino acids
will be assembled.

1. List three differences between DNA and RNA.

2. What is the difference between base pairing and base
sequencing?

3. Explain how the base sequence codes for a protein.

What Are Purines and Pyrimidines, and Why Are Cancer Drugs
Aimed at Them?

The bases in the nucleotides that make up DNA and RNA are
classified as either purines or pyrimidines. Adenine and guanine
are purines, and cytosine, thymine, and uracil are pyrimidines.
This terminology is important to know because some anticancer
drugs are called purine analogs and others pyrimidine analogs.
This means that the drugs resemble purines and pyrimidines.
When incorporated into the DNA or RNA molecules, the drugs
introduce errors into the genetic code, impair protein synthesis,
and kill the cancer cell. Unfortunately, the drugs are also incor-
porated into many normal cells, thereby causing their death and
producing many of the toxic effects of cancer therapy. No won-
der these anticancer drugs are classified as cytotoxic agents;
they are toxic to both cancer and normal cells.

JELICEXN Comparison of DNA and RNA Structures

DNA RNA
Sugar Deoxyribose Ribose
Base Adenine Adenine
Guanine Guanine
Cytosine Cytosine
Thymine Uracil
Strands Double (two) Single (one)

DNA, Deoxyribonucleic acid; RNA, ribonucleic acid.
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STEPS IN PROTEIN SYNTHESIS

How do DNA and RNA control protein synthesis? See
Fig. 4.9 and identify the following five steps in protein
synthesis:

1. When a particular protein is to be synthesized, the
strands of DNA in the nucleus separate. The exposed
sequence of bases on the separated DNA strand is
copied onto a strand of mRNA (transcription).

. The mRNA leaves the nucleus and travels to the ri-
bosomes in the cytoplasm.

. The code on the mRNA (now sitting on a ribosome)
determines which amino acids can attach to it. For
example, the code may specify that only the amino
acid alanine can bind to site 1 and only the amino
acid cysteine can bind to site 2. How does alanine
(located in the cytoplasm) know that it should move
to the ribosome for protein assembly? Alanine is
attached to tRNA. The tRNA contains bases, a se-
quence called its anticodon, that can recognize and
pair with the bases on mRNA. For example, if
mRNA contains the base sequence GCA, then only
a tRNA with the base sequence (anticodon) of CGU
can attach to that site. The reading of the mRNA
code by tRNA is called translation. Like transcrip-
tion (nucleus), translation (cytoplasm-ribosomes) is
a base-pairing event.

. The amino acids are lined up in proper sequence
along the ribosome. A peptide bond forms between
each amino acid, creating a growing peptide chain.

. When all the amino acids have been assembled
in the exact sequence dictated by the code, the pro-
tein chain is terminated. A complete protein has
been created. The protein is now ready for use in
the cell or for export to another site outside the cell.

1. Differentiate between the roles of mMRNA and tRNA. Use
the word anticodon in your response.

2. What is the difference between transcription and
translation?

N

W

o
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Sum It Up!

Body structure and function are largely determined by the
specific proteins synthesized by the cells. Because of the
crucial roles played by proteins, an elaborate cellular mecha-
nism guides the assembly of the amino acids into proteins.
Your protein blueprint, or genetic code, is stored in the DNA
in the nucleus. When there is a need for protein synthesis,
the code must be transferred to the ribosome by mMRNA,
where amino acid assembly takes place. Protein synthesis
occurs in five steps (see Fig. 4.9).
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DNA mRNA

Amino acid .

Cytoplasm

Nucleus
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mRNA leaves ‘

the nucleus and -/
travels to ribosome

mRNAis  — \ \\\\
made from DNA .
(transcription) Pep.tlde bond
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tRNA with
amino acids binds
to specific
sites on mMRNA
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@ A complete
protein is
created

Site 1 Ribosome

Fig. 4.9 Steps (1 to 5) in Protein Synthesis. DNA, Deoxyribonucleic acid; mRNA, messenger RNA; tRNA, transfer
RNA.

LN Go Figure (Refer to )

1. The genetic code in DNA (nucleus) is copied by a strand
of . (adenine, mMRNA, tRNA, ribosomes)

2. T/F _ Transcription refers to the assembly of amino
acids along the ribosomes.

&, As You Age

1. Age brings a decrease in the number and function of effects: less tolerance to cold; a tendency to gain weight;
organelles such as mitochondria. Because mitochondria and metabolic effects, such as a decreased efficiency in
play a key role in metabolism, a decrease in mitochondrial using glucose.
function affects metabolism. 3. The rate of protein synthesis decreases. Tissue growth and

2. In general, metabolism slows with aging. This effect is a repair slow down, as does the synthesis of other proteins,
result of a decrease in hormonal secretion, particularly the such as digestive enzymes.

thyroid hormones. A decreased metabolism has several




cytology

glycolysis

isotonic

metabolism

synthesis

transport

atrophy

hypertrophy

hyperplasia

metaplasia

MEDICAL TERM

WORD PARTS
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WORD PART
MEANING OR
DERIVATION

gluconeogenesis

monosaccharide

cyt/o- cell

-logy study of

gluc/o- sugar, glucose

-neo- new

-gen/o- origin,
production

glyc/o- sugar, glucose

-lysis breakdown,
dissolution

iso- same with
regard to
stretch
of the
membrane

-ton/o- tension

-ic pertaining to

meta- beyond

-bol- From ballein,
“to throw”

-ism condition of

mono- one

-saccharide “sugar”

syn- together, with

-thesis “to put”

trans- across

-port “to carry”

Adaptive Cellular Changes

a- without
-troph- development;
nourishment
-y condition of
hyper- excessive
-troph- development
-y condition of,
process
hyper- excessive
-plasia formation
meta- beyond, after,
change
-plasia formation

DESCRIPTION

Broadly, cytology is a branch of biology concerned with the study of cell
structure and function. From the medical perspective, cytology is a branch
of pathology that is concerned with the diagnosis of disease and disorders
through examination of tissue samples. The Pap smear is a cytological
examination used to detect cancer.

A diabetic is hyperglycemic (elevated blood glucose), in part, because of
gluconeogenesis, the making of new glucose from a nonglucose source.

Glycolysis is the anaerobic breakdown (catabolism) of glucose to lactic acid.

An isotonic (same stretch) solution is a solution that does not cause
a change in cell volume or pressure. Submersion of a cell in either a
hypotonic or hypertonic solution causes a change in intracellular volume
and pressure.

Metabolism includes all of the enzymatic reactions needed to run the body.
It includes anabolism (ana = up, and a Greek word meaning “to throw”)
and catabolism (cat = down, and a Greek word meaning “to throw”).

Glucose is a monosaccharide, or a simple sugar. Sucrose is table sugar, or
a disaccharide (di = two). Glycogen is a polysaccharide (poly = many).

Synthesis means the putting together of simpler substances to make a
larger, more complex substance.

Transport means to carry from one place to another. Most water and
dissolved solute is transported by diffusion.

A cellular adaptive process that results in a decrease in the size of a tissue
or organ caused by a decrease in the number of cells or a reduction in
cell size. Numerous causes: resulting from a disease such as muscular
dystrophy: diminished blood supply, muscle inactivity, nutritional deficiency,
and the natural aging process.

An increase in the size (not number) of cells. Hypertrophy is a response
to increased workload. Lifting weights hypertrophies arm and shoulder
muscles.

An increase in the number of cells caused by an increase in cell division.
There is compensatory and hormonal hyperplasia.

A reversible cellular transformation (from one cell type to another). Cigarette
smoking can cause the transformation of columnar epithelium into
squamous epithelium; cessation of smoking can reverse the cellular
change.

Continued
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WORD PART
MEANING OR

MEDICAL TERM WORD PARTS DERIVATION DESCRIPTION
Maladaptive Cellular Changes

dysplasia dys- faulty A maladaptive cellular disorder in which the cells show evidence of abnormal
differentiation, resulting in changes in cell size, shape, and appearance.

-plasia formation ! : :
Dysplasias are considered malignant precursors.
anaplasia ana- up; apart A serious maladaptive (mal = bad) cellular change. Cells are poorly
“plasia formation differentiated (immature and embryonic). Anaplastic cell growth is

characteristic of malignant (cancerous) cells.

Q VR ETITERWVEG SR Cell Function and Disorders of the Cell—cont'd

Get Ready for Exams!

Summary Outline

To carry on its functions, the cell must metabolize carbohy-
drates, proteins, and fats.

I. Metabolism

A.

Anabolism: chemical reactions that build more com-
plex substances from simpler substances
Catabolism: chemical reactions that break down
complex substances into simpler substances

Il. Carbohydrates: Structure and Function

A.

Carbohydrates: composed of carbon, hydrogen, and
oxygen; classified as monosaccharides, disaccha-
rides, and polysaccharides

Glucose: the primary source of energy

Glucose: can be stored as glycogen or converted to
and stored as fat

. Glucose: can be catabolized anaerobically and aero-

bically. Anaerobically, glucose is incompletely broken
down (glycolysis) into lactic acid and small amounts
of ATP. Aerobically, glucose is broken down com-
pletely (Krebs cycle) into carbon dioxide (CO,) and
water (H,O) and large amounts of energy (ATP).
Glucose: can be synthesized from nonglucose sub-
stances such as protein; called gluconeogenesis

I1l. Lipids

A.

C.

Most common lipids are triglycerides, phospholipids,
and steroids

Cholesterol: the most important steroid; made soluble
by lipoprotein; called “good” and “bad”

Lipids: used primarily in the synthesis of membranes
and fuel

Long fatty acid chains: broken down into two-carbon
units and metabolized by the enzymes of Krebs cycle
and electron transport chain enzymes to CO, and
H,0, releasing large amounts of energy (ATP)

IV. Proteins

A.

C.

Proteins: composed of amino acids linked together
by peptide bonds in a specific sequence

Proteins: used primarily in the synthesis of hormones,
enzymes, antibodies, plasma proteins, muscle pro-
teins, hemoglobin, and cell membranes; also used as
fuel and for gluconeogenesis

Urea synthesis: special handling of protein nitrogen
by enzymes in the liver

V. Protein Synthesis and DNA
A. DNA (deoxyribonucleic acid)

1. DNA: stores the code for protein synthesis

2. DNA: double-stranded series of nucleotides,
arranged in a twisted ladder formation
3. Nucleotide: composed of a sugar, a phosphate group,
and a base. For DNA, the sugar is deoxyribose; the
bases are adenine, thymine, cytosine, and guanine.
4. Genetic code: stored in a sequence of three bases
. Base pairs with DNA and RNA
B. RNA
1. Ribonucleic acid (RNA): similar structure to DNA,
with the following differences. In RNA, the sugar
is ribose, RNA is single-stranded, and the RNA
bases are adenine, uracil, cytosine, and guanine.
2. Two types of RNA: messenger RNA (mRNA) and
transfer RNA (tRNA)
3. Transcription: DNA and mRNA (occurs within
nucleus)
4. Translation: mRNA and tRNA (occurs within
cytoplasm/ribosomes)
C. Protein synthesis: five steps, summarized in
Fig. 4.9

Review Your Knowledge

Matching: Carbohydrates, Proteins, and Fats
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

a. glycogen 1. ___ Nitrogen-containing
b.amino acids waste product
c. lipids 2. ___ Building blocks of proteins

d.urea 3. __ Classification of steroids

e. monosaccharides and triglycerides

f. glucose 4, _ Sucrose, maltose, and

g.disaccharides lactose

h. fatty acids and 5. __ Monosaccharide that is
glycerol chief fuel for the body

6. __ Building blocks held
together by peptide bonds

7. ___ Building blocks of lipids
8. _ Storage form of glucose
9. _  Glucose, fructose, and
galactose
10. __ Animal starch stored in the

liver and skeletal muscles




Matching: Biochemistry Terms
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

a. glycolysis 1. ___ Series of aerobic

b.Krebs cycle and electron reactions that
transport chain enzymes occur within the

c. gluconeogenesis mitochondria

d.enzyme 2. ___ Series of anaerobic

e. ketone bodies catabolic reactions

that occur within
the cytoplasm

3. __ Process of
converting protein
to glucose

4. ___ Catalyst

5. __ Series of reactions

that anaerobically
convert glucose to
lactic acid
6. _ Metabolic
consequence of
rapid and incomplete
breakdown of fatty
acids

Matching: Genetic Code and Protein Synthesis
Directions: Match the following words with their descrip-
tions.

a.mRNA 1. __ Double-stranded nucleotide
b.ribose that stores the genetic code
c. base pairing 2. ___ The manner in which the
d.DNA genetic code is stored
e.base sequencing 3. __ The manner whereby one

strand of a nucleotide
interacts with another

4. ___ Single-stranded nucleotide
that brings the code from the
nucleus to the ribosomes

5. _ Asugar used in the
formation of a nucleotide

Multiple Choice
1. Which of the following is true of the Krebs cycle and
electron transport chain enzymes?
a. Are located within the mitochondria
b. Function anaerobically
¢. Result in lactic acid production
d. Are responsible for glycolysis

2. Which of the following is not characteristic of
glycolysis?
. Occurs within the cytoplasm
b. Operates anaerobically
¢. Forms lactic acid
d. Completely metabolizes glucose to CO,, H,0, and
energy (ATP)
3. Characteristics of urea include which of the following?
. Formed in the liver
b. Contains nitrogen
¢. Excreted by the kidneys
d. All of the above

10.

11.

12.

13.
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. Which of the following is true of amino acids?

a. Joined together by peptide bonds

b. Are the building blocks of polysaccharides

c. Classified as monosaccharides, disaccharides, and
polysaccharides

d. Classified as saturated and unsaturated

. Monosaccharides

a. include glucose, fructose, and galactose.

b. include sucrose, lactose, and maltose.

¢. are classified as saturated and unsaturated.
d. are the building blocks of protein.

. Which of the following is descriptive of glycogen?

a. Can be converted to glucose, thereby elevating the
blood glucose level

b. Combines with three fatty acids to form a lipid

¢. Contains nitrogen

d. Is a disaccharide

. Gluconeogenesis is a series of

a. reactions that catabolize glycogen to glucose.

b. reactions that use protein to make glucose.

¢. anaerobic reactions that catabolize glucose to lactic
acid.

d. reactions that convert lactic acid to ketoacids.

. Peptide bonds are formed between

a. glycerol and fatty acids.

b. glucose, fructose, and galactose.

¢. alanine, phenylalanine, and arginine.
d. urea and ammonia.

. When blood sugar declines, hepatic glycogen is con-

verted into

a. ammonia.

b. urea.

c. glucose.

d. glycerol.

Translation

a. is a base-pairing event between DNA and mRNA.

b. is a base-sequencing event confined to the nucleus.

¢. is a base-pairing event between mRNA and tRNA
along the ribosome.

d. refers to the copying of DNA by mRNA.

What is determined by the sequence of bases in DNA

and RNA?

a. The order of amino acids in the formation of a
protein

b. The directions for the formation of glycogen from
glucose

c¢. The directions for the assembly of fats from fatty
acids and glycerol

d. The directions for the release of energy from ATP

Adenine, thymine, cytosine, and guanine are

a. monosaccharides that provide the energy for protein
synthesis.

b. bases that form the rungs or steps of DNA.

¢. essential amino acids.

d. Krebs cycle enzymes.

The double helix refers to

a. the growing peptide sitting along the ribosome.

b. the transcribed strand of mRNA.

¢. transcription and translation.

d. the double-stranded DNA arrangement into a twisted
ladder structure.
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14. DNA is arranged in hereditary units called 15. Which of the following represents base pairing?
a. genes.

a. ATT, CCG, CCC

b. ribosomes. b. AT, CG, GC, AU

c. lysosomes. ¢. Alanine, phenylalanine, glycine, arginine
d. peptides. d. Sugar-phosphate, sugar-phosphate
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Objectives

1. Define disease and infection.

2. List the characteristics of the different types of pathogens,
including the types of bacteria by shape.

3. Describe the types of bacteria by staining characteristics.

Key Terms

bacteria (p. 66)
carrier (p.67)
colonization (p. 66)
contacts (p.67)
disease (p.65)
fungus (p. 68)
helminths (p. 69)
infection (p. 65)

microbiota (p. 66)

parasites (p.68)
pathogens (p. 65)
protozoa (p.69)

local infection (p. 65)

mycotic infection (p. 68)
normal flora (p. 66)
nosocomial infection (p.72)

4. Define portals of exit and portals of entry.

5. List common ways in which infections are spread.

6. Identify the microbiological principles described in Five
Germ-Laden Stories.

rickettsia (p. 68)

spores (p.68)

sporozoa (p.69)
systemic infection (p. 65)
vector (p.69)

viruses (p.68)

zoonosis (p.75)

For as long as humans have roamed the earth, we have
been plagued by disease, especially infectious dis-
ease. A long and colorful history of medicine relates
many tales of how we learned to dose, purge, lance,
and incant. Sometimes we managed to arrest and cure
the disease, but many times we killed the patient long
before we killed the germs. The battle against disease
is far from over. The microbial warriors are tough;
they mount a great offensive and are very persistent!
Although we may not tremble at the thought of the
Black Death that terrorized Europe in the 1300s, we
tremble at the thought of other plagues around today,
as well as those that can erupt tomorrow. We are living
through the terror of infection by the Ebola virus, and
we dread an outbreak of avian or swine flu, the con-
tamination of a minor abrasion with flesh-eating strep-
tococcus, and the possibility of contracting mad cow
disease, of all things! What about the new generation
of life-threatening “superbugs” that are resistant to all
antibiotics? And lately? The growing threat of mosqui-
to-borne illnesses. In the past, we confronted the chal-
lenges of yellow fever and malaria. We are still dealing
with malaria and identifying new mosquito-borne dis-
eases. Just when we think that we have eradicated po-
liomyelitis, a new polio-like virus has emerged caus-
ing acute flaccid myelitis (AFM) in children. And we
fear that the melting of artic ice will release pathogens
that have lain dormant in their frozen state. Today,
we have a global pandemic...COVID-19. This highly
contagious virus is capable of inflicting debilitating

multiorgan damage and death. In addition to its effect
on health, COVID-19 illustrates the profound socioeco-
nomic impact of infectious diseases. Always a micro-
biological challenge!

This chapter provides background information
about microbiology—the world of microorganisms,
those tiny critters that keep scientists glued to their mi-
croscopes. Chapter 21 describes the body’s response to
this microbial challenge.

WHAT IS DISEASE?

Disease is a failure of the body to function normal-
ly. There are many types of diseases, not all caused
by germs. These include inherited diseases, diseases
caused by birth defects, age-related degenerative dis-
eases, diseases caused by nutritional deficiencies, tu-
mors, and diseases related to trauma and environmen-
tal toxins. This chapter focuses on infectious disease.
Although most microorganisms are harmless or even
beneficial to the body, some are harmful, causing dis-
ease and sometimes death. A leading cause of disease
in humans is the invasion of the body by pathogens,
or disease-producing microorganisms. The invasion of
the body by a pathogen and the symptoms that devel-
op in response to this invasion are called an infection.
A local infection is restricted to a small area, whereas
a systemic infection is more widespread throughout
the body. A systemic infection is spread by the blood;
it affects the entire body and generally makes you feel
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JELICERAN Key Microbiological Terms
TERM DEFINITION

Antibiotic Chemical used to treat bacterial infections. A broad-spectrum antibiotic destroys many different
types of bacteria, whereas a narrow-spectrum antibiotic destroys only a few types.
Commensal Organisms living in a harmonious and beneficial relationship with each other. The organisms

derive nutritional or other environmental benefits from the other.

Communicable disease Any disease that can be spread from one host to another. A noncommunicable disease is an
infectious disease that cannot be transmitted directly or indirectly from host to host. For
example, a bladder infection caused by Escherichia coli cannot be spread from the infected
person to another person. A contagious disease is a communicable disease that is easily
spread from one person to another. Measles and chickenpox are contagious diseases

because they are easily spread.

A disease acquired by many people in a given area over a short period. An endemic disease is
always present in a population. A pandemic is a worldwide epidemic.

Epidemic disease

Epidemiology
Incubation period

The study of the occurrence and distribution of a disease in a population.

The lapsed period of time from the exposure of a person to a pathogen to the development of
the symptoms of the disease.

Normal flora A group of microorganisms that colonize a host without causing disease. Normal flora colonize

the mouth, intestinal tract, vagina, nasal cavities, and other areas of the body. Microorganisms

that are not pathogenic in one area may become pathogenic when transferred to another
area. For example, when the E. coli bacterium that is part of the normal flora of the large
intestine is unintentionally transferred to the urinary bladder, it causes a bladder infection.

Nosocomial infection A hospital-acquired infection.

Reservoir of infection

A continual source of infection. A reservoir of infection can be living organisms such as humans
and other animals; nonliving objects are substances that are contaminated with the pathogen.
A contaminated nonliving object is called a fomite, such as a dirty glass and used needles.
Contaminated soil and water also serve as inanimate reservoirs of infection.

Resistance The ability to ward off diseases. A lack of resistance is called susceptibility.
Sterilization A process that destroys all living organisms.
Vector A carrier of pathogens from host to host. The mosquito is the animal vector carrying the

plasmodium (malaria) to humans. A contaminated syringe is a nonliving vector (fomite).

sick. With regard to a wound, there is often an attempt
to differentiate between colonization and infection.
Colonization means that the microorganism is present
and growing but is not causing illness. Infection means
that the microorganism is present and is causing illness.
Obviously, a wound that is colonized may eventually
become infected. Table 5.1 describes several key terms
used in discussing microbiology.

1. What is a pathogen?
2. Differentiate between a local and systemic infection.
3. Differentiate between colonization and infection.

TYPES OF PATHOGENS

The groups of microorganisms (some of which are
pathogens) are bacteria, viruses, fungi, and proto-
zoa. Other larger, disease-causing organisms include
worms and arthropods (Fig. 5.1).

MICROORGANISMS (MICROBES)

Bacteria (sing., bacterium) are single-celled organisms
found everywhere. They were first observed under the
microscope by van Leeuwenhoek, who called them
“little beasties.” Most bacteria consider living condi-
tions within the human body to be ideal, so they move
right in. The good news is that many bacteria perform
useful roles. For example, microbiota or normal flora
(microorganisms that normally and harmoniously
live in or on the human body without causing disease)
prevents the overgrowth of other organisms, keeping
them under control. Some bacteria synthesize needed
substances such as vitamin K. The bad news is that
bacteria can also cause disease; in fact, bacteria make
up the largest group of pathogens. When bacteria suc-
cessfully invade the human body, they cause damage
in two ways: (1) by entering and growing in the human
cell and (2) by secreting toxins that damage the cells.
Bacteria are classified into three groups based on
shape: (1) coccus (round), (2) bacillus (rod-shaped),
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Fig. 5.1 Pathogens: Microorganisms and Larger Disease-Causing Organisms.

LN Go Figure (Refer to )

1. T/F __ Cocci, arthropods, and fungi are classified as
bacteria.
2. T/F __ Infection by strep or staph is a bacterial infection.

and (3) curved rod. Rickettsiae and chlamydiae are
also classified as bacteria, although they differ in sev-
eral important ways from cocci, bacilli, and curved
rods.

The cocci are round cells and are arranged in pat-
terns. Cocci that are arranged in pairs are called diplo-
cocci (dip-loh-KOHK-eye). Streptococci (strep-toh-KO-
HK-eye) are arranged in chains, like a chain of beads.
Staphylococci (staf-il-oh-KOHK-eye) look like bunches
of grapes and are arranged in clusters. The cocci cause
many diseases, including gonorrhea, meningitis, and
pneumonia. The bacilli (bah-SIL-ee) are long and slen-
der and are shaped like a cigar. Diseases caused by ba-
cilli include tetanus, diphtheria, and tuberculosis (TB).
The curved rods include the vibrio, the spirillum (spy-
RIL-um), and the spirochete (SPY-ro-keet). The vibrios
have a slight curve and resemble a comma. Cholera is
caused by a vibrio (Vibrio cholerae). The spirillum is a
long cell that coils like a corkscrew. Tightly coiled spi-
rilla that are capable of waving and twisting motions

are called spirochetes. The most famous spirochete,
Treponema pallidum, causes syphilis. Syphilis has been
around for centuries. Its origin, if nothing else, is color-
ful. The French called syphilis the Italian disease, and,
of course, the Italians reciprocated, calling it the French
disease. The Polish referred to it as the German dis-
ease and—you guessed it—the Germans called it the
Polish disease! Regardless of its origin, syphilis is well
traveled.

What Maria, Sophia, and Leah Have in Common?

“Hey! Maria, Sophia, and Leah ... y’all got gonorrhea,” shouts
their main squeeze. Mr. Busy has just been informed that he
has gonorrhea, a sexually transmitted infection caused by
Neisseria gonorrhoeae. As the girls now know, gonorrhea is
highly contagious. Today has been hectic for our carrier,
Mr. B. He began treatment with the antibiotic ciprofloxacin
and is currently burning up the phone lines informing his
sexual partners (called contacts in public health jargon) of
probable and almost certain infection. It is crucial that all four
be treated for gonorrhea to prevent the “ping-pong effect”:
treatment and cure, followed by reexposure and reinfection.
By this time next week, Maria, Sophia, and Leah should also
be taking ciprofloxacin and sitting at home in front of the flat-
screen contemplating the definition of “safe sex.”
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. Do You Know...

That “Lues, Lues” Is Not a Hit Tune?

. Do You Know...

Who Russ T. Nale Is?

“Lues, Lues” sounds like an oldie-but-goody hit tune. In fact,
it is an oldie, but definitely not a goody. Lues refers to syphi-
lis. Lesions associated with syphilis are referred to as luetic
lesions. Got lues? “Singin’ nothing but the blues ...”

There are two clinically important characteristics
of bacteria: (1) the presence of a cell wall and (2) the
ability to form spores. Although the human cell is
surrounded by the cell membrane, the bacterial cell
is surrounded by two structures: a cell membrane
and an outer cell wall. The bacterial cell wall is a rig-
id wall that protects the underlying cell membrane
from bursting. If the cell wall is damaged, the cell
membrane of the bacterium bursts, killing the bac-
terium. Enter penicillin! Penicillin prevents cell wall
synthesis in the bacterium, causing the cell mem-
brane to burst and the bacterium to die. Because hu-
man cells do not have a cell wall, they are not dam-
aged by penicillin; penicillin is therefore relatively
safe when administered to humans. Because a virus
does not have an outer cell wall, it is not affected by
penicillin. So, do not take penicillin for a viral infec-
tion—it does not work.

Many bacteria form spores that allow them to sur-
vive harsh environmental conditions such as dry-
ing, heating, and exposure to certain disinfectants.
Spores enable the bacteria to exist in a “sleepy,” or
dormant, state until conditions improve. Then the
bacteria wake up, grow, and resume their usual ac-
tivities. For example, Clostridium botulinum, the or-
ganism that causes a deadly form of food poisoning
(botulism), is a spore former and can withstand sev-
eral hours of exposure to boiling water. Obviously,
spore-forming microorganisms have great survival
skills and present a challenge in infection control
procedures.

Rickettsia (ri-KET-see-ah) and chlamydia (cla-
MID-ee-uh) are classified as bacteria. However, they
are smaller than most bacteria and must reproduce
within the living cells of a host. Because they require
a living host, they are called parasites. The rickettsiae
are often carried by fleas, ticks, and body lice. For
example, the rickettsia that causes Rocky Mountain
spotted fever (RMSF) is carried by the tick. Body
lice carry the rickettsia responsible for epidemic ty-
phus. The chlamydiae are smaller than rickettsiae
and cause several major human diseases. One of the
most prevalent sexually transmitted diseases in the
United States today is caused by Chlamydia trachoma-
tis. Chlamydial infection is also responsible for tra-
choma, a serious eye infection that is a leading cause
of blindness in the world. Like other bacterial infec-
tions, rickettsial and chlamydial infections are treat-
ed with antibiotics.

By stepping on his namesake, Russ T. Nale accomplished
two things. First, he allowed a potentially lethal pathogen,
Clostridium tetani, to enter his body. Second, he had a deep
puncture wound that encouraged the growth of the patho-
gen. Because little bleeding is associated with a puncture
wound, the pathogen was not washed out of the wound.
More important, however, a deep puncture wound prevents
air (oxygen) from entering the wound. Because this pathogen
grows anaerobically (without oxygen), the conditions associ-
ated with a puncture wound are ideal. Sure hope Russ is up
to date on his tetanus shots!

Viruses (from the Latin virus, meaning “poison”) are
the smallest of the infectious agents. They are not cells
and consist of either ribonucleic acid (RNA) or deoxy-
ribonucleic acid (DNA) surrounded by a protein shell.
Because viruses can only reproduce within the living
cells of a host, they are parasites. Examples of viral
diseases are measles, mumps, influenza, poliomyelitis,
COVID-19, and AIDS. Because of the intimacy of the
virus-host relationship, the development of nontoxic
antiviral agents has been slow and difficult. This point
is well illustrated by the drug zidovudine (AZT), used
in the treatment of AIDS. While exerting antiviral ef-
fects, the drug also causes widespread damage to the
host cells. Most upper respiratory infections are viral
and are not responsive to antibiotic therapy.

Fungus is a plantlike organism, such as a mush-
room, that grows best in dark, damp places. Yeasts
and molds (such as bread mold) are types of fungi.
Pathogenic fungi cause mycotic infections (1myco means
“fungus”). Mycotic infections are usually localized
and include athlete’s foot, ringworm, thrush, and vag-
initis. Candida albicans is a yeastlike fungus that nor-
mally inhabits the mouth, digestive tract, and vagina.
When Candida overgrows, it can cause an infection in
the mouth (thrush), intestinal symptoms, or vaginitis.
Systemic fungal infections are rare, but when they oc-
cur, they are life-threatening and difficult to cure.

About the Ring of Ringworm?

Ringworm is an infection of the skin caused not by worms,
but a fungus. Why the circular or ring shape? The fungus
grows outward from the center. The fungi in the center of
the lesion die before the outer circle of fungi die. This type
of fungal growth pattern leaves a clear or healed center sur-
rounded by living fungi.

Note: There is a ringworm bush (Cassia alata) whose
leaves produce a juice that is used as a cure for ringworm
and poisonous bites. The two explanations for the name
ringworm are as follows: (1) an ancient and mistaken belief
existed that worms caused the infection; and (2) it was
named after the ringlike or circular appearance of the lesion.
Both theories have a “ring” of truth.




Protozoa (pro-toe-ZO-ah) are single-celled, ani-
mal-like microbes. The four main types of protozoa
are amebas (ah-MEE-bah-z), ciliates (SIL-ee-atz),
flagellates (FLAH-jel-atz), and sporozoa (spor-uh-
ZOH-uh). Protozoa are found in the soil and in most
bodies of water. Amebic dysentery and giardiasis
are caused by protozoan parasites. The parasites are
ingested in contaminated water and food and cause
severe diarrhea. Malaria is caused by a sporozoan
called a plasmodium. Plasmodium malariae is carried
by a mosquito, which is capable of spreading ma-
laria over a wide region. Indeed, malaria still causes
more than 3 million deaths per year in the more
tropical regions of the world. Two other members
of the sporozoa group pose a serious health threat
to those persons with impaired immune systems.
Pneumocystis jiroveci and Cryptosporidium cause in-
fections in persons with AIDS and other immuno-
compromised persons.

1. List the types of microorganisms.

2. List the three groups of bacteria.

3. What is a parasite?

4. What is a normal flora? What is the consequence of
disturbing the intestinal normal flora?

OTHER (MULTICELLULAR) DISEASE-CAUSING
ORGANISMS

Other disease-causing organisms that are larger than
microorganisms include multicellular organisms such
as parasitic worms and arthropods.

Parasitic worms, called helminths, are multicel-
lular animals that are parasitic and pathogenic to
humans. In other words, worms can be germs. The
identification of most worm infestations requires
microscopic examination of body samples (usually
stool) and reveals the presence of the adult worms or
the larval forms. The worms are classified as round-
worms or flatworms. Roundworms include ascari-
des, pinworms, hookworms, trichinae, and the tiny
worms that cause filariasis (fi-LAR-eye-ah-sys) or el-
ephantiasis. Infestation by pinworms is common in
children and is very hard to control. The pinworms
live in the intestinal tract but lay their eggs on the
outer perianal area. The deposition of the eggs causes
itching (pruritus). A child may then scratch the anal
area and transfer the eggs to his or her mouth and
onto others. The eggs are swallowed, and the newly
hatched pinworms grow into adulthood in the in-
testine. Most worm infestations are transmitted by
the fecal-oral route (in which hands contaminated
by feces introduce the worms, eggs, or larvae into
the mouth). Trichinosis is transmitted by ingestion
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of undercooked, contaminated pork; and filariasis is
transmitted by biting insects.

The flatworms include the tapeworms and the
flukes. Tapeworms that live in the intestines may grow
from 5 to 50 feet in length. Imagine hosting a 50-foot
tapeworm! Flukes are flat, leaf-shaped worms that in-
vade the blood and organs such as the liver, lungs, and
intestines. Because these large flatworms feed on the
human host, infestation causes weight loss, anemia,
and generalized debilitation. Infestation by worms is
treated with drugs called anthelmintics (which means
“against worms”).

Arthropods are animals with jointed legs and in-
clude insects. They are of concern for two reasons.
Arthropods such as mites and lice are ectoparasites,
meaning that they live on the surface of the body, skin,
and mucous membranes. Ectoparasites cause itching
and discomfort but are not life-threatening. More seri-
ously, arthropods such as mosquitoes, biting flies, fleas,
and ticks act as vectors of disease. (A vector is an ob-
ject, living or nonliving, that transfers a pathogen from
one organism to another.) The bite of the arthropod
vector introduces pathogens into the host (the person
or organism that is infected by a pathogen), causing in-
fection. For example, the mosquito (arthropod vector)
can carry the pathogens for malaria and encephalitis.
The tick can carry the pathogens that cause Lyme dis-
ease and RMSE.

1. What is a helminth?

2. What is meant by the fecal-oral route”? How would you
prevent the spread of an organism that is spread by this
route of transmission?

LABORATORY IDENTIFICATION OF
PATHOGENS

Many laboratory procedures and techniques are used
to identify pathogens. One of these techniques is called
staining and involves the use of dyes. A second tech-
nique is a culture.

Many bacteria are classified according to staining
characteristics using the Gram stain (a dye). A gram-
positive bacterium is one that stains purple or blue.
Streptococcus is an example of a gram-positive bacte-
rium. A gram-negative bacterium such as Escherichia
coli does not absorb the purple Gram stain. Instead, a
gram-negative bacterium picks up a pink or red stain.
Because most bacteria are gram-positive or gram-neg-
ative, Gram staining is an important first step in the
identification of the causative organism of an infection.

Another stain is called the acid-fast stain. The bacte-
rium is first stained with a red dye and then washed
with an acid. Most bacteria lose the red stain when
washed with acid. However, several bacteria retain the
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Fig. 5.2 Spread of Infection: Portals of Entry, Portals of Exit, and Modes of Transmission.

LN Go Figure (Refer to )

1 Which event illustrates the term portal of exit?

(a malaria-carrying mosquito bites
an individual, a person eats poison mushrooms, a person
with a cold sneezes, a person eats contaminated food).

red stain and are therefore called acid-fast. The most
famous of the acid-fast bacteria is the Mycobacterium
tuberculosis, the causative organism of TB. This organ-
ism is commonly called the acid-fast bacillus. Some bac-
teria do not stain with any of the commonly used dyes.
Thus spirochetes and rickettsiae must be stained with
special dyes and techniques.

Sometimes the physician wants to identify the
specific pathogen growing in an infected wound and
orders a wound culture to be done. A sample of the
wound exudate (pus) is placed on culture medium
(food that supports the growth of the pathogens).
The pathogens are incubated and allowed to grow
and multiply. The pathogens can then be stained
and identified. The growth of pathogens in a culture
medium is called a culture. The cultured pathogens
can also be tested for their susceptibility to various

antibiotics (culture and sensitivity test). For example,
if an antibiotic is placed in the same culture and stops
the growth of the pathogen, the pathogen is assumed
to be responsive or sensitive to the effects of the anti-
biotic. The antibiotic is given to the patient to treat the
infection. Other antibiotics may have no effect on the
growth of the pathogens in the culture and therefore
would not be used in the treatment of the infection.
You will often be asked to collect samples for laborato-
ry analysis. Specific rules must be followed for each speci-
men. For example, in collecting a urine specimen that will
be analyzed for the presence of pathogens, you must be
careful not to contaminate the urine with microorganisms
from your hands or unsterile containers. The proper iden-
tification of the pathogen depends on correct technique.

1. What does it mean to say that a bacterium is gram-
positive or gram-negative?

2. Why is the tubercle bacillus called the “acid-fast”
bacillus?

3. Why may a specimen be cultured before an antibiotic is
prescribed?




THE SPREAD OF INFECTION

To understand how infection is spread, we must know
how germs move—in, out, and about (Fig. 5.2).

PORTALS OF ENTRY AND EXIT

How do pathogens enter the body? Pathogens enter
the body by portals of entry, which include the respi-
ratory, gastrointestinal, and genitourinary tracts; and
eye, skin, and parenteral route. The parenteral route in-
cludes those injuries that penetrate the skin or mucous
membranes, such as bites, cuts, and surgery. A break in
the skin is an excellent way for pathogens to enter the
body. This is the reason why health care workers wear
gloves when handling blood or other body fluids. In the
event that the body fluids are contaminated (with, say,
the AIDS or hepatitis viruses), the gloves prevent the en-
trance of the virus through tiny cuts or abrasions. Most
pathogens enter the body through the respiratory tract
(inhaled droplets of water and dust) and the gastroin-
testinal tract (by eating spoiled food or placing contami-
nated hands in the mouth).

How do pathogens leave the body of an infected per-
son? Pathogens leave an infected body by portals of exit,
which include the respiratory, gastrointestinal, or geni-
tourinary tracts; the skin (intact and broken); eyes (tears);
and breasts (milk). The most common portals of exit are
the respiratory and gastrointestinal tracts. For example,
the common cold virus is often sneezed or coughed into
room air from the respiratory passages of the infected
person, whereas the Salmonella organism in a person
with typhoid fever exits the body in the stool. Discharge
from the urogenital tract is also an important means of
spreading infection (sexually transmitted diseases). By
knowing the portal of exit of each pathogen, one can set
up procedures for preventing the spread of the infection.
For example, by knowing that the coronavirus has mul-
tiple portals of entry and exit (the most important being
respiratory) precautions can be identified to minimize
its transmission. This the basis for distancing, wearing
a mask, and the frequent washing of ones hands. Also,
by understanding that Salmonella typhi is excreted in the
stool, we know that the patient’s underwear and bed
linens are contaminated with the pathogens. We can
then take measures to clean the soiled clothing and lin-
ens, thereby preventing the spread of the disease. By far,
the most important procedure in preventing the spread
of infection is handwashing!

Give an example of a portal of entrance and portal of exit.
Explain in terms of the fecal-oral route. Work the term hand-
washing into your answer!

HOW PATHOGENS SPREAD

We know how pathogens enter and leave the body—
but how do they move about, or “spread”? Pathogens
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are spread from person to person, environment to per-
son, and from “tiny animals” (insects) to persons (see
Fig. 5.2).

PERSON-TO-PERSON CONTACT

Suppose you have a cold and go to work. Within a
week, everyone in the office has your cold. What hap-
pened? First, whenever you sneezed, the cold virus
was sprayed into the room air in little droplets of nasal
discharge. These droplets were then inhaled by your
coworkers. The virus was spread by droplet contact.
Second, your hands were contaminated with the vi-
rus, and you touched many objects in the office (e.g.,
doorknobs, desktops, other people’s hands after hand-
shaking), thereby contaminating these objects. Others
touched the contaminated objects and eventually in-
troduced the virus into their own bodies. The spread of
infection from person to person is effective. One of the
best ways to prevent respiratory infections is to avoid
crowds during cold and flu season. Another way is to
avoid contact with a fomite or vector. The doorknob is
considered to be both a vector and a fomite. Remember
that a vector is an object, living or nonliving, that trans-
fers a pathogen from one organism to another. A formi-
te is a nonliving vector. Other fomites include soiled
handkerchiefs and eating utensils.

ENVIRONMENT-TO-PERSON CONTACT

The environment-to-person mode of transmission in-
cludes contact with contaminated water, air, food, or
soil. For example, you can develop typhoid fever if
you drink a glass of water contaminated by S. typhi.
Similarly, you can develop food poisoning if you eat
food contaminated with E. coli.

“TINY ANIMAL”-TO-PERSON CONTACT

The “tiny animal”-to-person mode of transmission in-
cludes the use of insects (and other “crawling critters”)
in the spread of disease; these tiny animals are living
vectors. For example, a mosquito bites a person with
malaria. The malaria-causing plasmodium matures in
the stomach of the mosquito. The plasmodium-loaded
mosquito then bites another person and voilal—malaria.
You can understand why the eradication of mosquitoes
is key in malaria control. A final stomach-churning ex-
ample is flies hopping from dog feces to food on a picnic
table. The pathogens from the dog feces are transferred
by the fly feet to the food, which is then eaten by you.
Note that the mosquito and fly both spread disease.
The mosquito, however, plays a more complicated and
biological role. The plasmodium (causative organism of
malaria) requires the mosquito as part of its life cycle; it
matures in the stomach of the mosquito. Because of this
role, the mosquito is called a biological vector. The lowly
fly does not participate in the life cycle of the pathogen;
it merely walks on the dog feces, and the germs stick
to the feet of the fly. The fly then flies onto your food
and deposits the germs on your food. The fly is only
a mechanical vector but a very effective germ spreader.
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1. Explain how a doorknob can act both as a vector and
fomite during flu season.

2. Describe why the malaria-causing mosquito acts as a
biological vector, whereas the common housefly usually
acts as a mechanical vector.

FIVE GERM-LADEN STORIES

The following five stories illustrate important micro-
biological principles and introduce you to the lan-
guage of microbiology. “Dr. Semmelweis Screams,
‘Wash Those Mitts!"” is a tragic story of handwash-
ing, nosocomial infection, and the arrogance of the
scientific community. “Flora and Her Vaginal Itch”
addresses the normal flora and superinfection.
“Rick, Nick, and the Sick Tick” describes disease
transmission by an arthropod vector and differ-
entiates between a communicable and contagious
disease. “Why Typhoid Mary Needed to Lose Her
Gallbladder” describes the carrier state and the ef-
ficiency of the fecal-oral route in disease transmis-
sion. Finally, “A Pox News Alert!” focuses on the
pox throughout history and some of the current con-
cerns. As you read the stories, refer to Table 5.1 for
the definitions of unfamiliar terms; the table defines
and expands the microbiological principles illustrat-
ed in the stories. Table 5.2 identifies other pathogenic
microorganisms.

DR. SEMMELWEIS SCREAMS, “WASH THOSE
MITTS!”

Dr. Ignaz Semmelweis was an assistant at the First
Obstetrical Clinic in Vienna (circa 1850). At that time,
an alarmingly high mortality rate was associated with
puerperal fever or childbirth fever. Puerperal fever be-
gins as an infection of the uterus after childbirth and is
commonly caused by a strain of beta-hemolytic strep-
tococcus. Puerperal fever progresses from an infection
of the uterus to peritonitis and to generalized septice-
mia, ending in an agonizing death.

Semmelweis made the following two keen observa-
tions while caring for his patients:

1. A woman became ill immediately after being exam-
ined by a medical student who had previously ex-
amined a woman dying of puerperal fever.

2. If a medical student cut himself while attending a
woman with puerperal fever, his wound became
infected, and he subsequently died of puerperal
sepsis.

Dr. Semmelweis concluded that puerperal fever is
caused by conveyance to the pregnant woman of “pu-
trid particles derived from living organisms through
the agency of the examining fingers.” This conclu-
sion was impressive at that time because he linked the

disease to the putrid particles—tiny disease-producing
critters that would not be discovered and linked to dis-
ease officially for another 25 years.

As a result of his observations, Semmelweis de-
manded that his medical students wash their hands
with a disinfectant before examining each patient.
“Wash those mitts!” he screamed, and wash they did.
Mortality rates in his clinic decreased from 18% to
1%. You might conclude that Semmelweis eliminated
puerperal fever and was honored by his colleagues.
Not so! They ridiculed him for his insistence on hand-
washing. He eventually became so distraught that
he deliberately cut his finger and contaminated his
injury with the vaginal discharge of a woman with
puerperal fever. Ranting and raving, he was commit-
ted to the Budapest Insane Asylum, where he quickly
died of the disease that he had worked so hard to
eradicate.

With the passing of Semmelweis, the practice of
handwashing was discontinued, and the mortality
rate from puerperal fever again soared. Puerperal
fever, although rarely seen today, is a great example
of a nosocomial infection. A nosocomial (noh-soh-
CO-mee-al) infection is a hospital-acquired infec-
tion that is most often transmitted from patient to
patient by direct contact (through the agency of the
examining finger, according to Semmelweis). Today,
a nosocomial infection is transmitted by health pro-
fessionals who do not wash their hands. We go from
patient to patient, carrying germs from one to an-
other. Historically, nosocomial infections have been a
tremendous problem. Today, 15% of hospitalized pa-
tients develop a nosocomial infection. “Wash those
mitts!” echoes through the centuries but generally
falls on deaf ears.

Explain why the same problem dealt with by Semmelweis is
the same as today’s issue with nosocomial infection.

FLORA AND HER VAGINAL ITCH

Stuffed up and miserable, Flora went to her physician.
She was given an antibiotic for a sinus infection. Within
a week, the sinus infection was cured; the misery, how-
ever, had headed south. Flora now had an antibiotic-
induced vaginal discharge.

The vagina is normally inhabited by a population of
diverse microbes. These microbes are permanent resi-
dents and, when present in normal amounts, do not
produce disease. This population of microbes within
the vagina is called the normal flora. Other body cavi-
ties or areas such as the skin, large intestine, mouth,
and respiratory tract contain their own diverse popula-
tions of microbes and therefore have their own normal
flora.
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Cocci
Neisseria

N. gonorrhoeae causes gonorrhea and inflammation of the mucous membranes of the
reproductive and urinary tracts.

May cause sterility and pelvic inflammatory disease (PID).
Infants of infected mothers may develop ophthalmia neonatorum.

N. meningitidis causes meningitis, or inflammation of the membranes covering the brain and the
spinal cord.

Staphylococcus

S. aureus causes skin infections such as boils and impetigo, pneumonia, kidney and bladder
infections, osteomyelitis, septicemia, and food poisoning.

S. aureus is a leading cause of nosocomial (hospital-acquired) infections.

Streptococcus

Bacilli
Bordetella pertussis

S. pneumoniae causes pneumonia, middle ear infection, and meningitis.

S. pyogenes causes septicemia, strep throat, middle ear infection, scarlet fever, pneumonia, and
endocarditis.

An immunological response can cause rheumatic fever with permanent damage to the heart
valves, and glomerulonephritis (kidney damage).

Bordetella causes pertussis (whooping cough), a severe infection of the trachea and bronchi
characterized by episodes of violent coughing. The “whoop” is an effort to inhale after the
coughing bouts.

Clostridium

C. botulinum causes botulism, a potentially fatal form of food poisoning caused by improper
processing of foods.

C. perfringens causes gas gangrene, in which death of the tissue is accompanied by the
production of a gas.

C. tetani causes tetanus, or lockjaw.

Escherichia coli

E. coli is part of the normal flora of the intestines. E. coli causes local and systemic infections,
food poisoning, diarrhea, septicemia, and septic shock; it is a leading cause of nosocomial
infection.

Haemophilus H. aegyptius causes conjunctivitis, a highly contagious infection that occurs in areas where there
are many young children.
H. influenzae causes meningitis in children and upper respiratory infection in older adults.
Helicobacter pylori H. pylori causes gastritis and ulceration of the stomach and duodenum.

Legionella pneumophila

L. pneumophila is responsible for Legionnaires’ disease, a type of pneumonia. The organism
contaminates water supplies, as in air-conditioning units.

Mycobacterium tuberculosis

M. tuberculosis causes tuberculosis (TB). The organism, also called the tubercle bacillus, causes
primary lesions called tubercles. The bacillus most commonly affects the lungs. The incidence
of TB is high in the homeless population, persons with AIDS, and closed populations such as
in prisons. Formerly called the “white plague,” TB is making a comeback in a more virulent
and drug-resistant strain.

Pseudomonas aeruginosa

P aeruginosa is the common cause of wound and urinary tract infections in debilitated patients.

Borrelia burgdorferi

Salmonella S. enteritidis causes salmonellosis, food poisoning characterized by severe diarrhea.
S. typhi causes typhoid fever, an intestinal infection.

Shigella dysenteriae S. dysenteriae causes dysentery.

Curved Rods

B. burgdorferi causes Lyme disease and is characterized by a rash, palsy, and joint inflammation.
It is transmitted by a small deer tick.

Treponema pallidum

T. pallidum causes syphilis.

Vibrio cholerae
Rickettsia and Chlamydia
Rickettsia

V. cholerae causes cholera.

R. prowazekii causes epidemic typhus, which is transmitted to humans by lice.
R. rickettsii causes Rocky Mountain spotted fever, which is transmitted to humans by ticks.
R. typhi causes endemic or murine typhus, which is transmitted to humans by fleas.

Continued
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Coronaviral infections
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Chlamydia C. trachomatis causes trachoma, the leading cause of blindness in the world. Another form causes
nongonococcal urethritis, the most common sexually transmitted disease in the United States.

Viruses

Coronaviral infections that include MERS (Middle East Respiratory Syndrome), SARS (Severe
Acute Respiratory Syndrome), and SARS-CoV-2 (COVID-19). Symptoms of coronaviral
infection range from mild coldlike symptoms to severe multiorgan failure and death.

Chikungunya fever

The word literally means “that which bends up,” a reference to the extreme musculoskeletal pain
associated with the viral infection. Caused by a mosquito-borne (Aedes) virus.

Dengue fever

Also called “breakback fever” because of the pain associated with the disease. Caused by
mosquito-borne (Aedes) dengue viruses

Ebola

A lethal viral infection also called hemorrhagic fever; spread most often by contact with infected
body secretions.

Encephalitis viruses

Encephalitis is the inflammation of the brain.

Hepatitis viruses

Several forms of hepatitis exist, causing inflammation of the liver, as follows:

Hepatitis A is spread by the fecal-oral route.

Hepatitis B is spread by sexual activity or contact with contaminated blood and body fluids.
Hepatitis C is caused by contaminated blood.

Herpes simplex viruses

Type 1: Cold sores or fever blisters appear on the lip, in the oral cavity, or in the nose. The virus
lies dormant in the nerves between attacks.

Type 2: Genital herpes is a common sexually transmitted disease characterized by painful lesions
in the genitalia.

Herpes varicella-zoster

Chickenpox (varicella) is a mild infection characterized by generalized skin lesions. On remission
of the infection, the virus becomes dormant and may reactivate in later years as shingles
(herpes zoster).

Human papillomavirus (HPV)

HPV causes genital warts, which are transmitted sexually.

Influenza viruses

Influenza (“flu”) is caused by different strains of the influenza viruses. The word influenza has its
origin in astrology. The ancients believed that iliness (later diagnosed as viral infection) was
under the influence of the planets.

Measles virus

Measles (rubeola) is an acute respiratory inflammation characterized by fever, sore throat, skin
rash, and Koplik spots (white spots in the mouth).

Mumps virus Mumps is epidemic parotitis (inflammation of a salivary gland).

Polio virus Poliomyelitis (infantile paralysis) is an acute infection that may destroy nerve cells in the spinal
cord, causing paralysis.

Rhabdovirus Rabies is a fatal disease characterized by headache, fever, seizures, and spasm of the throat

muscles while swallowing (hydrophobia). It is spread by the saliva of infected animals such as
dogs and other wild animals (e.g., bats, raccoons).

Rhinoviruses

Rhinoviruses are responsible for the common cold (coryza).

Entamoeba histolytica

Rubella virus Causes German measles. The virus causes severe teratogenic birth defects that occur during
the first trimester.

Zika virus Named after the Zika forest in Uganda where it was first identified. It is spread by the bite of an
Aedes mosquito.

Fungi

Tinea Tinea causes ringworm, a highly contagious fungal infection of the skin. One form of ringworm
(tinea pedis) is found on the foot and is called athlete’s foot. Other forms of ringworm are
found on the scalp (tinea capitis) and on the bearded areas of the face and neck (tinea
barbae).

Protozoa

E. histolytica causes amebic dysentery.

Giardia lamblia

Giardiasis is characterized by gastrointestinal discomfort and diarrhea.

Trichomonas vaginalis
Worms
Ascaris

Trichomoniasis is a sexually transmitted disease.

These are long worms that live in the small intestine.
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Hookworm (Necator)

and wasting.

Larval worms burrow their way through the skin of a bare foot, migrate to the intestine, and hook
on to the intestinal wall. The worms feed on the blood of the host, causing anemia, fatigue,

Pinworm (Enterobius)

Pinworm is the most common worm infestation in the United States.

Tapeworms (Taenia, others)

Tapeworms are acquired by eating poorly cooked contaminated food, such as beef, fish, and pork.

The presence of a normal flora within the vagina
prevents the overgrowth of yeast called C. albicans that
is present in small numbers within the vagina. If the
normal flora is destroyed by an antibiotic, the yeast
grows uncontrollably and causes candidiasis, a vagi-
nal yeast infection, characterized by discharge, odor,
and itching. Candidiasis is an example of a superinfec-
tion. Organisms that do not cause disease in their nor-
mal habitat become pathogenic when allowed to over-
populate the area. What was the cause of Flora’s itch?
Flora’s normal flora had become abnormal. Watch
those antibiotics!

Why may antibiotic therapy cure one infection but cause a
superinfection in the same patient?

RICK, NICK, AND THE SICK TICK

One week after returning from a camping trip with
his friend Nick, Rick went to his physician feeling
awful. He had chills, a high fever, headache, muscle
pain, and a red measles-like spotted rash that was
prominent on the palms of his hands and the soles
of his feet. On examination, the physician removed
a tick from Rick’s back. He was diagnosed with
RMSEF and treated with the antibiotic tetracycline.
Microbiologically speaking, Rick had become the
perfect host (an organism who had become infected
with a pathogen).

Enough about Rick! What's with the tick? The tick
that bit Rick was sick; it was infected with the patho-
gen called Rickettsia rickettsii, the causative organism of
RMSE. When the tick bit Rick, the infected saliva was
injected into the bite site. The rickettsia then feasted on
Rick’s blood by growing, multiplying, and eventually
causing the signs and symptoms that sent Rick to the
doctor.

The tick acts as an arthropod vector for RMSF. An
animal vector is an organism that transmits a patho-
gen such as rickettsia. An arthropod is a class of tiny
animals that have jointed legs. In this case, the arthro-
pod is the sick tick. The rickettsia is transmitted by sa-
liva (the bite of the tick) or the feces of the tick that are
rubbed into the bite. The tick also serves as a reservoir
of infection, which harbors pathogens; in this case, the
tick is the reservoir.

The tick is not killed by the rickettsia. Mama tick
coexists with the rickettsia and passes the rickettsia
through her eggs to her baby ticks, thereby perpetuat-
ing and expanding generations of sick ticks.

Why didn’t Nick catch Rick’s infection? RMSF is con-
sidered a communicable disease inasmuch as the infec-
tion can be spread (through the bite of a tick). RMSF,
however, is not considered a contagious disease—that
is, one easily spread from host to host like a common
cold or impetigo. Thus Nick remained well, despite his
close association with Rick.

One last thing about RMSF: it is an example of zoo-
nosis, an animal disease that is transmissible to hu-
mans. Other zoonotic diseases include malaria and
endemic typhus.

Explain the role of the arthropod vector in Rocky Mountain
spotted fever.

WHY TYPHOID MARY NEEDED TO LOSE HER
GALLBLADDER

Mary Mallon (Typhoid Mary) lived in New York in
the early 1900s. While employed as a cook, she un-
intentionally infected many persons with typhoid
fever. Hearing several rumors of Mary’s unfortunate
associations with this disease, her wealthy employer
hired a sanitary engineer, George Soper, to investigate
the sudden outbreak of typhoid fever within the for-
mer’s home. Soper soon informed Mary that she was
a carrier of the germ that caused typhoid fever. Mary
vehemently denied that she was the infecting culprit
because she herself did not feel ill. Understandably,
she chased Soper from her kitchen with a carving fork.
But Soper was correct—Mary was indeed a carrier of
typhoid fever.

The S. typhi bacterium, the causative organism of
typhoid fever, is transmitted by the fecal-oral route
through contaminated food or water. Mary’s vocation
as a cook was a perfect way to spread the salmonella
organism via her contaminated hands touching food.
Carriers of typhoid fever never rid their systems of
Salmonella; instead, they harbor the organisms in the
bile stored within the gallbladder. Salmonella-laden
bile then enters the intestine and contaminates the
feces. Removal of the gallbladder rids the body of
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the salmonella, thereby eliminating the carrier state.
Surgical removal of the gallbladder would have made
an enormous difference in Mary’s life. Unfortunately,
surgery was not an option, and Mary was forced into
isolation on a coastal island, where she lived unhap-
pily for 26 years.

How may a cholecystectomy (gallbladder removal) and anti-
biotics have rendered Mary “safe”?

A POX NEWS ALERT!

Pox News, responding to an ancient medieval curse “A
pox be upon you,” has issued an update on the pox.
Here it is, fair and balanced!

® There has been much confusion about the pox
throughout history. The ancients referred to any in-
fectious disease as a “dose of the pox.” (Because pox
infection was so ugly and visible, the ancients com-
monly invoked pox curses on their enemies.) Later,
the term pox was restricted to any disease charac-
terized by a vesicular skin lesion. The term pox fo-
cuses only on the skin lesion and does not address
its cause or treatment. Today, the medical focus is
placed on the type of virus that causes a pox.

* Pox diseases are not limited geographically, nor are
they restricted to humans. There are “flocks of pox”:
monkey pox, parrot pox, camel pox, squirrel pox,
goat pox, fox pox, ox pox—even plants have pox
(plum pox).

* What about chickenpox? Chickenpox is caused by
the varicella-zoster virus, a member of the herpes-
virus group. It is characterized by a vesicular pox,
accompanied by severe pruritus, and is capable
of causing pockmarks. Why the name chickenpox?
Explanations abound. In England, children were
often called “chickens.” Because chickenpox is pri-
marily a disease of children, the pox was dubbed
“childrenpox.” Others suggest that the name is
derived from the appearance of the pockmarks; it
looks like the skin has been pecked by a chicken.
Others observe the pox as resembling chick peas.
There’s no telling what it means.

* Think that’s strange? Pox News has learned that
some parents are throwing “pox parties” in which
they are deliberately exposing their unvaccinated
children to those who currently have chickenpox!
Some parents are convinced that the chickenpox
vaccine is unsafe and that the only safe way to
build up immunity is to “get” a real case of chick-
enpox. When a child contracts chickenpox, the
child’s friends are invited to a party. The infected
child is told to blow a whistle and to then pass the
whistle to the friends. The whistle, acting as a vec-
tor, then spreads the virus from child to child. The

practice is effective but dangerous; whereas most
children recover uneventfully from chickenpox,
some develop serious complications. In particu-
lar, children who are immunocompromised may
develop a lethal multiple organ infection by the
virus; this carries a 17% mortality. Pox parties are
probably not the best approach to infectious dis-
ease control.

* Poxes come in different sizes. There is the dreaded
lethal smallpox and the infamous Great Pox. Pox
News, however, has just learned that the Great Pox
is no pox at all; its pocky lesion is a chancre and is
caused by a spirochete called T. pallidum. Yikes! The
Great Pox is syphilis, the source of untold misery.
Just ask Beethoven, Hitler and his lovely bunker
mate Eva B, and Henry VIII and his tower ladies, to
mention a few. As for the “Chief of Grief” (syphilis),
its cause was accurately described by the ancients:
“It is taken when one pocky person doth synne (sin)
in lechery with one another.” Prevention is obvious:
“Sin thou not with a pocky person.”

That Dr. Herbie Zoster Hung Out His Shingle?

Meet Dr. Herbie Zoster, a herpes specialist, according to his
newly hung shingle. Today, he is seeing his first patient, Ms.
Vera Cella. Ms. Cella is miserable; she has a string of painful
skin lesions around her waist. Dr. Zoster makes an immediate
diagnosis: It is shingles, medically known as herpes zoster.
Shingles is an acute infection of the peripheral nervous sys-
tem caused by the varicella-zoster virus, the same virus that
causes chickenpox. After a person recovers from chicken-
pox, the virus hides in a posterior root ganglion. Later in life,
often in response to stress or immunosuppressive therapies,
the virus leaves the ganglion and travels along the sensory
neurons to the skin. This results in a line of skin blisters along
the infected nerve and severe pain. As a complication, some
persons develop a postherpetic neuralgia (pain that lingers
long after the skin lesions have cleared). Yes, shingles can be
triggered by exposure to a child with chickenpox.

&d Re-mhink

What is the relationship between chickenpox and shingles?

Sum It Up!

Infectious disease has plagued us forever. Today the battle
continues against the tiny but tough disease-producing
organisms called pathogens. Pathogens include bacte-
ria, viruses, fungi, protozoa, parasitic worms, and arthro-
pods. To understand the transmission of an infection, one
should know the portals of entry (how the pathogen enters
the body), the portals of exit (how the pathogen leaves the
body), and how the pathogen is spread (person-to-per-
son, environment-to-person, or “tiny animal’-to-person).
Important microbiological principles are illustrated in Five
Germ-Laden Stories.
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Get Ready for Exams!

Summary Outline Review Your Knowledge

The human body is often invaded by disease-producing Matching: Microorganisms and Other Pathogens
organisms; these pathogens disrupt normal structure and Directions: Match the following words with their descrip-
function and are a common cause of disability and death. tions. Some words are used more than once.
. Disease and Pathogens
A. Disease is a failure of the body to function normally. a. virus 1. ___ Coccus, bacillus, curved rods
B. Infections are diseases caused by pathogens. b. bacteria 2. __ RNA or DNA surrounded by a
Il. Types of Pathogens c. arthro- protein shell; parasitic
A. Microorganisms pods & Yeast; and mollds
1 Bacteria (cocci, bacilli, curved rods, chlamydia, d. worms 4. ___ Ascarides, trichinae, flukes
rickettsia) e. fungi 5 Helmlnths.
2 Viruses f. protozoa 6. __ Ectopgra.snes.
3 Fungi 7. ___ Mpycotic |'nfect|or7$ .
4 Protozoa (amebas, ciliates, flagellates, sporozoa) 8. ___ Chlamydia and rickettsia
B. Other larger pathogens 9. __ Animals W!th 10|pted Ieg.s
1 Worms 10. ___ Arranged in pairs, chains, and
2 Arthropods bunches of gn:apes
lll. Laboratory Identification no— §$e§§§;ozﬁﬂfates’ flagellates,
A. Staining (Gram stain, acid-fast stain)
B. Cultures . Multiple Choice
IV. Spread of Infection 1. A vaginal yeast infection (C. albicans) is most apt to
A. Portals of entry: most pathogens enter the body develop
through the respiratory tract and the gastrointestinal a. as a consequence of antibiotic therapy.
tract. , . b. in response to eating contaminated food.
B. Portals of exit: the most common portals of exit are ¢. as an allergic response to penicillin.
the respiratory and gastrointestinal tracts. d. in response to being bitten by a “sick tick.”
C. Modes of transmission 2. The plasmodium
1 Person-to-person transmission a. is pathogenic to mosquitoes.
2 Environment-to-person transmission b. causes malaria.
3 “Tiny animals”-to-person transmission ¢. is an arthropod.
V. Five Germ-Laden Stories

F

A. “Dr. Semmelweis Screams, ‘Wash Those Mitts!’”

B. “Flora and Her Vaginal ltch”

C. “Rick, Nick, and the Sick Tick”

D. “Why Typhoid Mary Needed to Lose Her Gallbladder”
E. “Pox News Alert!”

d. is a biological vector.
3. Cocci, bacilli, and curved rods
a. are eradicated by anthelmintics.
b. cause mycotic infections.
¢. are types of bacteria.
d. always act as pathogens.
4. Which of the following is most descriptive of
Staphylococcus?
a. Viral
b. Parasitic
¢. Gram-positive
d. Chainlike arrangement
5. Spores
a. allow the bacterium to stain blue (gram-positive).
b. only develop in parasites.
¢. are characteristic of arthropods.
d. make a bacterium heat-resistant and hard to Kill.



Tissues and Membranes

Objectives

1. List the four major types of tissues.
2. Do the following regarding epithelial tissue:
e Describe the characteristics and functions of epithelial
tissue.
e Explain how epithelial tissue is classified.
e List the types of epithelial tissue membranes.
e Differentiate between endocrine and exocrine glands.

Key Terms

adipose tissue (p. 83)
areolar tissue (p. 83)

blast cells (p.83)
chondrocytes (p. 85)
columnar epithelium (p.79)
connective tissue (p.82)
cuboidal epithelium (p.79)
endocrine glands (p. 82)
epithelial tissue (p. 78)

fascia (p. 85)
histology (p.78)

ligaments (p. 84)
membrane (p.78)

exocrine glands (p.82)

intercellular matrix (p. 82)

mucous membranes (p. 89)
muscle tissue (p. 86)
nervous tissue (p. 86)

3. Describe the characteristics and functions of connective
tissue, and list the types of connective tissue membranes.
4. Describe the characteristics and functions of nervous and
muscle tissues.
. Explain the process of tissue repair after an injury.
6. Differentiate between mucous and serous membranes.

(&

osseous tissue (p. 86)
parietal layer (p.89)

reticular tissue (p. 83)
serous membranes (p. 89)
squamous epithelium (p.79)
tendons (p. 84)

tissues (p.78)

transitional epithelium (p.81)
visceral layer (p. 89)

In Chapter 3, we studied a typical cell. We explained
how it divides into millions of identical cells and how
they differentiate into cells with unique shapes, sizes,
and functions. In this chapter, we see how these cells
are arranged to perform specific functions.

Tissues are groups of cells that are similar to each
other in structure and function. Four major types of tis-
sues are epithelial, connective, nervous, and muscular.
The study of tissues is called histology.

EPITHELIAL TISSUE

WHERE IS IT FOUND?

Epithelial (ep-i-THEE-lee-al) tissue, also called epithe-
lium, forms large continuous sheets. Epithelial tissue
helps form the skin and covers the entire outer surface
of the body. Sheets of epithelium also line most of the
inner cavities such as the mouth, respiratory tract, and
reproductive tract. Types of epithelial tissue are listed
in Table 6.1.

WHAT DOES IT DO?

Epithelial tissue is primarily concerned with protec-
tion and transport (see Table 6.1). The skin, for example,
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protects the body from sunlight and from invasion by dis-
ease-producing bacteria. The epithelial tissue lining the re-
spiratory passages helps clean inhaled air. The epithelium
of the respiratory tract secretes mucus and is lined with
cilia. The mucus traps the dust inhaled in the air, and the
constantly waving cilia move the dust and mucus toward
the throat. The dust and mucus are then either coughed
up or swallowed and eliminated in the stools.

Epithelial tissue also functions in the transport of
substances across membranes. Epithelium is abundant
in organs like those in the digestive tract, which must
absorb large amounts of water and digested food.
Finally, epithelial tissue forms glands that secrete a va-
riety of hormones and enzymes.

WHAT IS IT LIKE?

Epithelial tissue has the following characteristics:

* Epithelial tissue forms continuous sheets (Fig. 6.1).
The cells fit together snugly like tiles.

* Epithelial tissue has two surfaces. One surface is al-
ways unattached, like the surface of the outer skin
or the inner lining of the mouth. The undersurface
of the epithelium is attached to a basement mem-
brane, which is a very thin material that anchors the
epithelium to the underlying structure.
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TYPE LOCATION

FUNCTION

Simple
Simple squamous Walls of blood vessels (capillaries)
Alveoli (air sacs in lungs)

Kidneys

Permits the exchange of nutrients and wastes
Allows diffusion of oxygen and carbon dioxide
Filtration of water and electrolytes

Simple cuboidal Lining of kidney tubules

glands)

Various glands (thyroid, pancreas, salivary

Absorption of water and electrolytes
Secretion of enzymes and hormones

Simple columnar Digestive tract

Protection, absorption, and secretion of digestive juice;
often contains goblet cells (mucus)

Stratified squamous Outer layer of skin

vagina

Pseudostratified Lining of respiratory tract
columnar Lining of reproductive tubes (fallopian tubes)
Stratified

Lining of mouth, esophagus, anus, and

Protection and secretion; cleans respiratory passages;
sweeps egg toward uterus

Protects body from invading microorganisms;
withstands friction

Transitional Urinary bladder

Permits expansion of an organ

A

Floor tiles

A Floor

Tissue
Fig. 6.1 (A) Atile floor. (B) Tight-fitting cells of epithelial tissue.

* Epithelial tissue has no blood supply of its own;
it is avascular. For its nourishment, it depends
on the blood supply of underlying connective
tissue.

* Because epithelial tissue is so well nourished from
the underlying connective tissue, it is able to regen-
erate, or repair itself, quickly if injured.

LN Go Figure (Refer to )

T/F ___The objective of Fig. 6.1 is to illustrate the
arrangement of cells into sheets of tissue with little
intercellular space.

1. List four types of tissue.

2. List three words that describe epithelial tissue.

3. Define the word avascular. If epithelial tissue is avascular,
how does it receive its blood supply?

CLASSIFICATION

Epithelial tissue is classified according to its shape
and the numbers of layers. It has three shapes: squa-
mous, cuboidal, and columnar (Fig. 6.2 and see Table
6.1). The squamous (SKWAY-muss) epithelium cells
are thin and flat, like fish scales. (The word squamous
comes from squam, meaning “scale.”) The cuboidal
epithelium cells are cubelike and look like dice. The
columnar epithelium cells are tall and narrow and look
like columns.

Epithelial cells are arranged in a single layer or mul-
tiple layers (see Fig. 6.2). One layer of cells is a simple
epithelium. Two or more layers of cells are a stratified
(STRAT-i-fyed) epithelium.

Both the shape and the number of layers describe
the various types of epithelium. For example, simple
squamous epithelium refers to a single layer of squa-
mous cells. Stratified squamous epithelium contains
multiple layers of squamous cells. Note that Fig. 6.2
shows stratified squamous epithelium but not strati-
fied cuboidal or columnar tissue because they are
found in very few organs.

SIMPLE EPITHELIA

Because simple epithelia are so thin, they are concerned
primarily with the movement, or transport, of various
substances across cell membranes (Fig. 6.3).
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Looks like: Cell shapes:
Fish scales
—
Squamous
|
Cuboidal

il J

Columnar

Types of
cell layers:

Stratified

Fig. 6.2 Classification of Epithelial Tissue: Shapes and Layers of Cells.

LN Go Figure (Refer to )

What two tissue words describe fish-like scales and
multilayered?

Simple squamous epithelium is a single layer of
squamous cells with an underlying basement mem-
brane. Because this tissue is so thin, simple squamous
epithelium is found where substances move by rapid
diffusion or filtration. For example, the walls of the
capillaries (the smallest blood vessels) are composed
of simple squamous epithelium. The walls of the
alveoli (air sacs of the lungs) are also composed of
simple squamous epithelium. This tissue allows the
rapid diffusion of oxygen from the alveoli into the
blood.

Simple cuboidal epithelium is a single layer of cu-
boidal cells resting on a basement membrane. This epi-
thelial layer is most often found in glands and in the
kidney tubules, where it functions in the transport and
secretion of various substances.

Simple columnar epithelium refers to a single layer
of columnar cells resting on its basement membrane.
These tall, tightly packed cells line the entire length of
the digestive tract and play a major role in the absorp-
tion of the products of digestion. Lubricating mucus is
produced by goblet cells, which are modified colum-
nar cells.

Pseudostratified (SOOD-oh-STRAT-i-fyed) colum-
nar epithelium is a single layer of columnar cells.
Because the cells are so irregularly shaped, they appear
multilayered—hence the term pseudostratified, meaning
“falsely stratified.” Their function is similar to that of
simple columnar cells: They facilitate absorption and
secretion.

STRATIFIED EPITHELIA

Stratified epithelia are multilayered (from 2 to 20 lay-
ers) and are therefore stronger than simple epithelia.
They perform a protective function and are found in
tissue exposed to everyday wear and tear, such as the
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Epithelial Tissue

Mouth and skin:
Stratified squamous

Ovary surface:
Simple cuboidal

Digestive tract:
Simple columnar

Respiratory airways:
Pseudostratified columnar

Air sacs in lungs:
Simple squamous

Bladder:
Transitional

Fig. 6.3 Types and Location of Epithelial Tissue.

mouth, esophagus, and skin. Stratified squamous epi-
thelium is the most widespread of the epithelial tissue.

Transitional epithelium is found primarily in organs
that need to stretch, such as the urinary bladder. This
epithelium is called transitional because the cells slide
past one another when the tissue is stretched. The cells
appear stratified when the urinary bladder is empty
(unstretched) and simple when the bladder is full
(stretched).

Q Go Figure (Refer to )

1. Identify the tissue in Fig. 6.3 that most resembles the
tissue in Fig. 6.1B.

2. T/F ___ Epithelial tissue is confined to the thoracic
cavity.

3. T/F ___ Epithelial tissue lines the mouth.
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What Causes a Pressure, or Decubitus (“Lying Down”), Ulcer?

A decubitus ulcer is another name for a bedsore or a pres-
sure ulcer. The ulcer is caused by an interruption of the blood
supply to a tissue. Decubitus ulcers often develop in patients
who have been bedridden or confined to a wheelchair for
long periods. Decubitus comes from a Latin word meaning
to lie down. The ulcers are caused by the weight of the body
on the skin overlying a bony area (e.g., elbow, heel, hip). The
weight of the body compresses the blood vessels, cutting
off the supply of blood to the tissues. Deprived of its blood
supply, the tissue dies, forming an ulcer.

GLANDULAR EPITHELIA

The function of glandular epithelium is secretion. A
gland is made up of one or more cells that secrete a
particular substance. Much of the glandular tissue is
composed of simple cuboidal epithelium.

Two types of glands are the exocrine glands and the
endocrine glands. The exocrine glands have ducts, or
tiny tubes, into which the exocrine secretions are re-
leased before reaching body surfaces or body cavities.
The exocrine secretions include mucus, sweat, saliva,
and digestive enzymes. The ducts carry the exocrine
secretions outside the body. For example, sweat flows
from the sweat glands through ducts onto the surface
of the skin for evaporation (Fig. 6.4).

The endocrine glands secrete hormones, such as
insulin. Endocrine glands do not have ducts and are
therefore called ductless glands. Because endocrine
glands are ductless, the hormones are secreted directly
into the blood. The blood then carries the hormones to
their sites of action.

&4 Re-Think

1. With regard to classification, what are two differences
between simple columnar epithelial tissue and stratified
squamous epithelial tissue?

2. What is the primary function of simple squamous
epithelium?

3. Differentiate between an endocrine and exocrine gland.

Sum It Up!

Tissues are groups of cells that are similar to each other in
structure and function. The four types of tissues are epithe-
lial, connective, nervous, and muscle. Epithelial tissue cov-
ers the body (as the skin) and lines cavities that open to the
outside; it is primarily concerned with protection, secretion,
filtration, and absorption. The shape of epithelial tissue is de-
scribed as squamous, cuboidal, and columnar. Depending
on the number of layers, epithelial tissue is described as
simple or stratified.

Pores

Exocrine
glands —

Fig. 6.4 Exocrine Gland, a Sweat Gland.

LN Go Figure (Refer to )

T/F ___ Sweat glands are exocrine glands because they
secrete sweat into ducts which carry the sweat to the
skin surface.

CONNECTIVE TISSUE
WHERE IS IT FOUND?

Connective tissue is the most abundant of the four tis-
sue types and is widely distributed throughout the
body. Connective tissue is found in blood, under the
skin, in bone, and around many organs. As the name
suggests, connective tissue connects, or binds together,
the parts of the body. Other functions include support,
protection, fat storage, and transport of substances.

WHAT IS IT LIKE?

Although connective tissue types may not resemble

each other very closely, they share two characteristics.

* Most connective tissue, with the exception of liga-
ments, tendons, and cartilage, has a good blood
supply. Ligaments, tendons, and cartilage have a
poor blood supply. As any athlete knows, an injury
to these structures usually heals very slowly.

® The second characteristic shared by most connective
tissue is an abundance of intercellular matrix.

CONNECTIVE TISSUE: TISSUE CELLS AND
MATRIX

Connective tissue consists of two parts: the tissue cells
and intercellular matrix. The matrix, located between



the cells, consists of ground substance and protein fi-
bers. The ground substance is the material between the
cells and fibers. The hardness and amount of the matrix
varies from one tissue type to the next; it is the matrix
that makes one type of connective tissue different from
another type. The matrix may be liquid as in blood, rub-
bery as in cartilage, or hard as in bone. In addition to
ground substance the matrix of most connective tissue
contains protein fibers: collagen fibers, elastic fibers,
and reticular fibers (fine collagen). The fibers strength-
en and support connective tissue. Collagen fibers are
strong and flexible but are not easily stretched. Elastic
fibers are less strong, but they are stretchy. The fibers
are secreted by the tissue cells and convey many of the
functional characteristic to the connective tissue type.

The second component of connective tissue is the
tissue cells. Each type of connective tissue contains a
specific immature or blast cell. For instance, fibroblasts
are found in loose and dense connective tissue, chon-
droblasts in cartilage, and osteoblasts in bone. Blast
cells secrete the matrix and eventually mature forming
fibrocytes, chondrocytes, and osteocytes; the mature
cells are primarily involved in maintaining the condi-
tion of the intercellular matrix. In addition to blast cells,
tissues contain other cells: adipocytes, macrophages,
and cells that fight inflammation and infection.

1. Compare the amount and “hardness” of intercellular
material of epithelial tissue with the amount of
intercellular matrix of connective tissue.

2. List three types of fibers found in the matrix.

TYPES OF CONNECTIVE TISSUE

The many types of connective tissue are loose connec-
tive tissue, dense fibrous connective tissue, cartilage,
bone, and the “liquid” connective tissue (blood and
lymph; Fig. 6.5). Table 6.2 describes these types.

LOOSE CONNECTIVE TISSUE

Loose connective tissue contains fibers that are loosely
arranged around cells. There are three types of loose
connective tissue: areolar tissue, adipose tissue, and
reticular connective tissue (see Fig. 6.5).

Areolar (ah-REE-oh-lar) tissue is made up of col-
lagen and elastin fibers in a gel-like intercellular ma-
trix. Areolar tissue is soft and surrounds, protects, and
cushions many of the organs, acting as “tissue glue.”
It is the most widely distributed type of connective
tissue.

Adipose (AD-i-pohs) tissue or fat is composed pri-
marily of adipocytes, or cells that store fat (see Fig. 6.5).
The more fat that is stored, the larger the adipocyte. Fat
performs several important functions:
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* Fat serves as the body’s reservoir of energy. When
the body needs energy, the fat is broken down, and
the energy is released.

* Fat assists in body temperature regulation. Adipose
tissue forms the tissue layer underlying the skin
(the subcutaneous layer). Because of its location,
adipose tissue can insulate the body from extremes
of outside temperature. For example, in a cold en-
vironment, adipose tissue prevents the loss of heat
from the body. This protection is best appreciated in
observing the fat content of animals living in arctic
conditions. The walrus, for example, has huge lay-
ers of fat tissue (blubber). Because of the insulat-
ing qualities of the blubber, the walrus can swim in
deep cold waters without freezing to death. Think
of how long you could sit on an iceberg, even if you
had a few extra pounds. From a clinical perspective,
persons who are thin are more apt to complain of
“being cold.”

e Fat acts as a cushion. For example, a pad of fat
behind the eyeball protects the eye from the hard
bones of the eye socket.

e Fat protects some organs thereby anchoring them
in place. The kidney, for example, has a layer of
fat tissue that helps hold it in place. In extremely
thin individuals, this fat tissue may be absent, al-
lowing the kidney to move around (a “floating
kidney”).

Reticular tissue is characterized by a network of
delicately interwoven cells and reticular (fine collagen)
fibers. It forms the internal framework for lymphat-
ic tissue such as the spleen, lymph nodes, and bone
marrow.

1. List the three types of loose connective tissue.
2. Describe four functions of adipose tissue.

DENSE FIBROUS CONNECTIVE TISSUE

Dense fibrous connective tissue is composed of fibro-
blasts and an intercellular matrix that contains many
collagen and elastic fibers. Collagen is the main type
of fiber in dense fibrous tissue. The fibers form strong,
supporting structures such as tendons, ligaments, cap-
sules, fascia, and the dermal layer of skin.
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Connective Tissue

Dense fibrous

Ligaments

Bone

Reticular marrow

Adipose

Skin =
v\ SNGES
1/ \)
FE : ;%Taennet " i w‘

Fig. 6.5 Types and Location of Connective Tissue. (Blood and lymph are not shown.)

K Go Figure (Refer to ) Tendons are cordlike structures that attach muscles to

bones. Ligaments cross joints and attach bones to each

1. T/F _ Connective tissue is only found within the other. Because ligaments contain more elastic fibers than
skeletal system where it binds bone to bone. tendons, they stretch more easily. The ability to stretch is

2. T/F _ Bone and cartilage are classified as connective important; it prevents tearing of the ligaments when the
tissue whereas areolar and dense fibrous tissue is joints bend. Dense fibrous connective tissue also forms
classified as epithelial tissue. tough capsules around certain organs (kidney and liver)
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and bone marrow
Dense Fibrous Connective

Skin (dermis)
Cartilage
Hyaline Ends of long bone at joints
Connects ribs to sternum
Rings in trachea of respiratory tract
Nose
Fetal skeleton

Tendons, ligaments, capsules, and fascia

TYPE LOCATION FUNCTION
Loose Connective
Areolar Beneath skin and most epithelial layers; between  Binds together, protects, cushions; “tissue glue”
muscles
Adipose Beneath skin (subcutaneous) Cushions, insulates, stores fat
Around kidneys and heart
Behind eyeballs
Reticular Lymphoid tissue such as lymph nodes, spleen, Forms internal framework of lymphoid organs

Binds structures together

Supports, protects, provides framework

Fibrocartilage Intervertebral discs (in backbone)

Pads in knee joint

Cushions, protects

Pad between pubic bones (symphysis pubis)

Elastic cartilage External ear and part of larynx

Bone

Bones of the skeleton
Blood

Blood vessels throughout the body
Lymph

Lymphatic vessels throughout the body

Supports, provides framework

Supports, protects, provides framework

Transports nutrients, hormones, respiratory gases
(oxygen and carbon dioxide), waste

Drains interstitial fluid; involved in immune response

and forms sheets of tissue called fascia (FASH-uh) that
cover, support, and anchor organs to nearby structures.

What If the stretching of a joint is excessive, as with
athletic injuries? Tendons and ligaments can detach
and tear, causing severe pain and impaired mobility.
A ruptured Achilles tendon, for example, is a serious
injury. The Achilles tendon attaches the leg muscles
to the heel of the foot. If excessive force is exerted on
the tendon, it may snap or rupture, causing loss of foot
movement.

About Cooper Droop?

As we age, the effects of gravity take over and some parts of
the anatomy “head south.” Breast tissue is anchored to the
underlying structures by strands of connective tissue called
suspensory ligaments (Cooper ligaments). As we age, the
tissue weakens and, sadly, sagging happens. The sorry saga
of the sagging breasts is called Cooper droop.

1. What is the difference between a tendon and a ligament?
2. What is the difference between fascia and a capsule?

CARTILAGE

Cartilage is formed by chondroblasts that eventually
mature into chondrocytes, or cartilage cells. The chon-
droblasts secrete a protein-containing intercellular ma-
trix that becomes firm, smooth, and rubbery. Although
the matrix of cartilage is solid, it is not as hard as that
of bone. Except for fibrocartilage, most cartilage is cov-
ered by perichondrium (pair-i-KON-dree-um), a layer
of connective tissue that carries blood vessels to the car-
tilage. The blood vessels supply oxygen and nutrients
to the cartilage. Located between the perichondrium
and the cartilage is a storage supply of chondroblasts.
The stored chondroblasts provide for cartilage growth
throughout life.
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Types of Cartilage

Three types of cartilage are hyaline cartilage, elastic
cartilage, and fibrocartilage. Note the location of car-
tilage in Table 6.2. You can feel the rubbery or pliable
cartilage in your nose and external ear. Note the car-
tilaginous attachment of the ribs to the breastbone in
Fig. 6.5. Hyaline cartilage is found in larger quantities
in the fetal skeleton. As the fetus matures, however,
most of the cartilage is converted to bone.

BONE

Bone tissue is also called osseous (OS-ee-us) tissue.
Immature bone cells are called osteoblasts. Osteoblasts
secrete an intercellular matrix that includes collagen,
calcium salts, and other minerals. The collagen pro-
vides flexibility and strength; the mineral-containing
matrix the bone tissue hard. The hardness of the bone
enables it to protect organs such as the brain and to
support the weight of the body for standing and mov-
ing. Bone also acts as a storage site for mineral salts,
especially calcium (see Chapter 8). Osteoblasts mature
into osteocytes.

What If mineralization of bone tissue is diminished,
as in osteoporosis? The bone is weakened and breaks
easily. Adequate dietary intake of calcium is essential
for strong bones. Calcium is needed throughout the
life cycle but is especially important during childhood
and pregnancy, when bones are growing, and after
menopause, when estrogen levels in women decline.
Estrogen normally encourages the deposition of calci-
um in bone tissue. Equally important for bone strength
is exercise and other weight-bearing activity.

BLOOD AND LYMPH

Blood and lymph are two types of connective tissue
that have a liquid intercellular matrix. Blood consists of
blood cells surrounded by a liquid intercellular matrix
called plasma. Unlike other connective tissues, which
contain collagen and elastin fibers in the intercellular
matrix, plasma contains nonfibrous plasma proteins
(see Chapter 15). Lymph is the fluid that is found in
lymphatic vessels (see Chapter 20).

1. Differentiate between a chondroblast, chondrocyte, and
perichondrium.

2. Differentiate between osseous tissue, osteoblasts, and
osteocytes.

3. What is the difference in the hardness of the intercellular
matrix of cartilage, bone, and blood?

NERVOUS TISSUE

Nervous tissue makes up the brain, spinal cord, and
nerves. Nervous tissue consists of two types of cells:
neurons and neuroglia (Fig. 6.6).

Neurons are nerve cells that transmit electrical sig-
nals to and from the brain and spinal cord. The neuron
has three parts: (1) the dendrites, which receive infor-
mation from other neurons; (2) the cell body, which
contains the nucleus and is essential to the life of the
cell; and (3) the axon, which transmits information
away from the cell body.

Neuroglia (noo-ROG-lee-ah), or glia, are cells that
support and take care of the neurons. The word glial
means “gluelike” and refers to the ability of these
cells to support, or bind together, the vast network of
neurons. (Nervous tissue is described more fully in
Chapters 10 to 13.)

LN Go Figure (Refer to )

What type of nerve cells have dendrites, a cell body, and an
axon? (astrocytes, neurons, glia, ependyma)

MUSCLE TISSUE

Muscle tissue is composed of cells that shorten, or con-
tract. In doing so, they cause movement of a body part.
Because the cells are long and slender, they are called
fibers rather than cells. The three types of muscle are
skeletal, smooth, and cardiac (Fig. 6.7).

SKELETAL MUSCLE

Skeletal muscle is generally attached to bone (the skel-
etal system). Because of the appearance of striations
(STRYE-ay-shuns) or stripes, skeletal muscle is also
called striated muscle. Skeletal muscles move the skel-
eton, maintain posture, and stabilize joints.

SMOOTH MUSCLE

Smooth muscle, also called visceral muscle, is generally
found in the walls of the viscera, or organs, such as the
stomach, intestines, and urinary bladder. It is also found
in tubes such as the bronchioles (breathing passages) and
blood vessels. The function of smooth muscle is related to
the organ in which it is found. For example, smooth mus-
cle in the stomach helps mash and churn food, whereas
the smooth muscle in the urinary bladder helps expel
urine. Vascular smooth muscle in blood vessels helps to
propel blood while the smooth muscle in the breathing
tubes affects the flow of air in and out of the lungs.

CARDIAC MUSCLE

Cardiac muscle is found only in the heart, where it
functions to pump blood into a vast network of blood
vessels. Cardiac muscle fibers are long branching cells
that fit together tightly at junctions; this arrangement
promotes rapid conduction of coordinated electrical
signals throughout the heart.
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Nervous Tissue

Neuron Neuroglia (glia)

Fig. 6.6 Two Types of Nervous Tissue. (A) Neuron. (B) Neuroglia.
Muscle Tissue
Skeletal Cardiac
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Fig. 6.7 Types of Muscle Tissue: Skeletal, Cardiac, and Smooth.
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LN Go Figure (Refer to )

1. T/F __ Skeletal, cardiac, and smooth muscle are all
striated or striped.

2. Which type of muscle is primarily concerned with
movement, as in walking? (smooth, skeletal,
cardiac)

3. Which type of muscle is concerned with pumping blood?

(smooth, skeletal, cardiac)

List the four types of tissue, and state the general function
of each type.

Connective tissue is the most widespread and diverse
of the tissue types; its abundant intercellular matrix
can be solid, rubbery, gel-like, or liquid. Connective tis-
sue generally connects and binds together parts of the
body. Nervous tissue is found in the brain, spinal cord,
and nerves and is concerned with the transmission of
information throughout the entire body. Muscle tissue is
composed of cells that can contract and thus produce
movement of body parts. The three types of muscle are
skeletal, smooth, and cardiac.

TISSUE REPAIR

How does tissue repair itself after an injury? Two
types of tissue repair are regeneration and fibrosis.
Regeneration refers to the replacement of tissue by cells
that are identical to the original cells. Regeneration oc-
curs only in tissues whose cells undergo mitosis, such
as the skin.

Fibrosis is the replacement of injured tissue by
the formation of fibrous connective tissue, or scar
tissue. The fibers of scar tissue pull the edges of the
wound together and strengthen the area. Damaged
skeletal muscle, cardiac muscle, and nervous tissue
do not undergo mitosis and must be replaced by
scar tissue. The injured skin of some persons ex-
hibits excessive fibrosis, leading to the formation
of keloids. Keloid (KEE-loyd) scars develop most
often on the upper trunk and earlobes and are of
concern cosmetically. Unfortunately, they tend to
recur when surgically removed. Some tribespeo-
ple practice scarification during which the skin is
sliced in hopes of inducing keloid scar formation.
The keloid scar pattern reflects a significant event
or rite of passage in the person’s life. The steps in-
volved in tissue repair are illustrated and described
in Fig. 6.8.

LN Go Figure (Refer to )

T/F ___ Steps D, E, and F describe abnormal fibrotic
healing as in keloid scar formation.

Fig. 6.8 Steps in Tissue Repair. (A) A desp wound to the skin severs
blood vessels, causing blood to fill the wound. (B) A blood clot forms
and, as it dries, it forms a scab. (C and D) The process of tissue repair
begins. Scar tissue forms in the deep layers. (E) At the same time,
surface epithelial cells multiply and fill the area between the scar tissue
and the scab. (F) When the epithelium is complete, the scab detaches.
The result is a fully regenerated layer of epithelium over an underlying
area of scar tissue.

What a Confederate Medical Officer Observed About a
Maggot-Infested Battle Wound?

He observed that the wound was “cleaner” than wounds not
infested with maggots. The incidence of septicemia (blood
poisoning) was also lower in patients with maggot-infested
wounds. Maggots are fly larvae; in the battlefield, the in-
fected wound attracted flies that promptly laid their eggs,
producing the larvae. Hungry maggots feasted on dead and
infected tissue, thereby débriding the wound. (Débridement
[day-BREED-ment] is the process of removing necrotic tis-
sue from a wound to promote the growth of healthy tissue.)
Despite our disgust at such dining practices, maggots have
recently been re-employed in the hospital setting to clean
up infected wounds. Maggots, hatched and dispatched un-
der sterile conditions, perform their duties under a new fancy
name: biodébridement. Maggots are placed in the infected
wound and allowed to “do their thing.” New name, same old
maggot.

MEMBRANES
CLASSIFICATION OF MEMBRANES

Membranes are thin sheets of tissue that cover surfaces,
line body cavities, and surround organs. Membranes
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TYPE

LOCATION

Epithelial Membranes
Cutaneous membrane

Skin (outer layer)

Mucous membrane

Digestive tract lining
Urinary tract lining
Reproductive tract lining
Respiratory tract lining

Serous Membrane

Pleurae
Pericardium
Peritoneum

Connective Tissue Membranes

Thoracic cavity; pleural cavity
Thoracic cavity around the heart; pericardial cavity
Abdominopelvic cavity

Synovial Lines joint cavities; secretes synovial fluid

Periosteum Covers bone; contains the blood vessels that supply the bone
Perichondrium Covers cartilage; contains capillaries that nourish the cartilage
Meninges Covers brain and spinal cord

Fascia (various kinds)

Appears throughout body

are classified as epithelial or connective tissue (Table
6.3). (The connective tissue membranes are described
in Chapters 8 and 10.)

EPITHELIAL MEMBRANES

The epithelial membranes include the cutaneous mem-
brane (skin), the mucous membranes, and the serous
membranes (Fig. 6.9). Although called epithelial, these
membranes contain both an epithelial sheet and an un-
derlying layer of connective tissue.

CUTANEOUS MEMBRANE

The cutaneous membrane is the skin and will be de-
scribed in Chapter 7.

MUCOUS MEMBRANES

Mucous membranes line all body cavities that open to
the exterior of the body (see Fig. 6.9). They include the
digestive, urinary, reproductive, and respiratory tracts.
For example, the digestive tract opens to the exterior of
the body at the mouth and anus, whereas the respira-
tory tract opens to the exterior at the nose and mouth.
Mucous membranes usually contain stratified squa-
mous epithelium or simple columnar epithelium. Most
mucous membranes are adapted for absorption and
secretion. Mucous membranes secrete mucus, which
keeps the membrane moist and also lubricates it. For
example, in the digestive tract, the mucus allows food
to move through the tract with little friction.

SEROUS MEMBRANES

Serous membranes line the ventral body cavities that are
not open to the exterior of the body. If you were to enter
the abdominal or thoracic cavity surgically, you would

be looking at serous membranes. Serous membranes se-

crete a thin, watery, serous fluid. The fluid allows the

membranes to slide past one another with little friction.

A serous membrane is composed of simple squa-
mous epithelium resting on a thin layer of loose con-
nective tissue. Serous membranes line a cavity and
then fold back onto the surface of the organs within
that cavity. Thus part of the membrane lines the wall
of the cavity, and the other part covers the organ or
organs within that cavity. The part of the membrane
that lines the walls of the cavity (like wallpaper) is the
parietal layer, and the part of the membrane that covers
the outside of an organ is the visceral layer.

The three serous membranes are the pleura, pericar-

dium, and peritoneum (see Fig. 6.9):

* Pleurae are found in the thoracic cavity. The pari-
etal pleurae line the wall of the thoracic cavity, and
the visceral pleurae cover each lung. The space be-
tween the pleural layers is called the pleural cavity;
the membranes are lubricated by pleural fluid.
What If the secretion of serous fluid decreases?

The dry pleurae rub against each other causing
inflammation and pain; this painful condition is
called pleurisy.

* The pericardium is found in the thoracic cavity and
partially surrounds the heart. There is a parietal and
visceral pericardium that offers slinglike support to
the heart. The space between the pericardial mem-
branes is called the pericardial cavity; the membranes
are lubricated by pericardial fluid. Pericardial struc-
ture is described further in Chapter 16.

* The peritoneum is found within the abdominal cav-
ity. The parietal peritoneum lines its walls, and the
visceral peritoneum covers some of the abdominal
organs (see Chapter 23).
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What If a person’s appendix ruptured allowing
the escape of intestinal contents, loaded with
bacteria, into the peritoneal cavity? This leakage
would cause a life-threatening infectious condi-
tion called peritonitis.

LN Go Figure (Refer to )

1. Circle the word that describes the pericardial, pleural,
peritoneal, cutaneous, and mucous membranes.
(ligament, fascia, epithelial, synovial)

2. T/F ___ The words visceral and parietal are used only in
reference to the peritoneum.

&4 Re-Think

1. List the two classifications of membranes.
2. List and locate three epithelial membranes.

Sum It Up!

Membranes are thin sheets of tissue that cover surfaces, line
body cavities, and surround organs. Membranes are clas-
sified as epithelial membranes or connective tissue mem-
branes. The epithelial membranes include cutaneous (skin),
mucous, and serous membranes. The location and functions
of the epithelial and connective tissue membranes are sum-
marized in Table 6.3.

&\ As You Age

1. Because tissues consist of cells, cellular aging alters
the tissues formed by the cells. Alterations in tissues,
in turn, affect organ function. For example, by age 85,
lung capacity has decreased by 50%, muscle strength
has decreased by about 45%, and kidney function has
decreased by 30%.

2. Collagen and elastin decrease in connective tissue.
Consequently, tissues become stiffer, less elastic, and
less efficient in their functioning.

3. Lipid and fat content of tissues change. In men, a
gradual increase in tissue lipids and fat occurs until age
60, and then a gradual decrease follows. In women,
lipids and fats accumulate in the tissues continuously; no
decline occurs as in men.

4. The total amount of water in the body gradually
decreases. The change in body fat and the decrease
in water are major reasons why older adults respond
differently to drugs than the younger population does.

5. Tissue atrophy causes a decrease in the mass of most
organs.

Mucous membrane

D\ 4

Visceral pericardium

Parietal
pericardium
) Visceral
( pleura

/§ Parietal

pleura
Cutaneous
@ membrane
\ Visceral peritoneum
\

Parietal peritoneum

Fig. 6.9 Epithelial Membranes.

X. Move It...Because Sitting Is the New Smoking!

This statement refers to the positive effects of exercise and
the negative physiologic effects of immobility. Exercise af-
fects every cell in the body, promoting a sense of well-being:
mentally, emotionally, and physically. Exercise also delays the
onset of age-related changes, prevents the onset of some
illnesses, and often beneficially affects the course of an ill-
ness. Where rest was once prescribed, exercise now plays
a key role in rehabilitation. When combined with a healthy
diet, social interaction, adequate sleep, and a positive at-
titude, exercise acts very much like the “magic pill” sought
by many for a whole and healthy life. While reading the text,
note the effects of exercise on the individual organ systems.
Keep in mind that the effects of exercise are those that are
achieved through a sustained exercise program. Note also
that exercise can affect tissues directly or indirectly simply by
improving blood flow to an organ.
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Q VLR EIEELDINEOETER Disorders of Tissues and Membranes

WORD PART
MEANING OR
DERIVATION

-plasm

biopsy bi/o- life A biopsy is the removal and examination of tissue from a living body
-opsy view of for diagnostic purposes.
histology hist/o- tissue Histology is the study of tissues.
-logy study of
Necrosis necr/o- death Necrosis refers to the process of death of the cells or tissues,
_osis condition of especially in a localized area. Tissue that is deprived of its blood
supply becomes necrotic, or dies.
adhesions ad- to, toward, or near Adhesions are bands of “internal scar tissue” that bind or constrict
_hension sticking to organs. Surgery and infection are common causes.
connective tissue A group of diseases that attack the connective tissues of the body.
diseases The connective tissues are composed of two major structural
proteins: collagen and elastin. Diseases that affect collagen
specifically are also referred to as collagen diseases. Systemic
autoimmune connective tissue diseases include systemic lupus
erythematosus (SLE) and scleroderma.
gangrene to gnaw Gangrene is a condition in which an insufficient blood supply causes
tissue necrosis. Two types of gangrene are dry and wet gangrene.
Dry gangrene is caused by a poor blood supply. Wet gangrene is
caused by infection of a wound
neoplasm neo- newly formed A neoplasm is an abnormal proliferation of cells, the growth being

material

DESCRIPTION

excessive and uncoordinated with surrounding cells. The excessive
growth most often forms a solid tumor. Neoplasms may be

benign, premalignant, or malignant. Examples of benign (meaning
“well,” as opposed to malignant) neoplasms include fibromas,
adenomas, lipomas, and skin moles. They are localized, do not
become malignant, and do not metastasize. An example of a
premalignant neoplasm is carcinoma in situ; it remains localized

for awhile but becomes cancerous given enough time. Hence

the urgency for early diagnosis and treatment. Malignant (from a
Latin word meaning “acting from malice”) neoplasms are called
cancers. Because they are invasive and metastatic (spreading), they
eventually kill the host. The primary neoplasm is the original or first
tumor; untreated, it spreads or metastasizes throughout the body.
A secondary neoplasm refers to a cancerous tumor that is the
result of metastasis (metastatic lesion). Carcinomas and sarcomas
are malignant tumors. A carcinoma is a malignant tumor that arises
from epithelial tissue. A sarcoma is a malignant tumor that arises
from connective tissue.
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Get Ready for Exams!

B. Connective tissue membranes (see Table 6.3): include

. o . synovial, periosteum, pericardium, meninges, and
Tissues are groups of cells similar to each other in struc-

. i fascia
ture and function. Membranes are thin sheets of tissue
that cover surfaces, line body cavities, and surround
organs.
l. Types of Tissue Matching: Tissues
A. Epithelial tissue Directions: Match the following words with their descrip-
1. Covers surfaces, lines cavities, and engages in tions. Some words may be used more than once.
secretion/absorption and protective functions
2. Classified according to cell shape (squamous, a. epithelial 1. ___ Important functions: secretion,
cuboidal, and columnar) and layers (simple and b. connective absorption, excretion, and
stratified) ¢. muscle protection
3. Types and functions are summarized in Table 6.1. d. nervous 2. __ Blood, bone, cartilage, and
B. Connective tissue adipose tissue
1. Primary function of connective tissue is to bind 3. __ Classified as squamous,
together the parts of the body. Other functions cuboidal, or columnar
include support, protection, storage of fat, and 4. _ Endocrine and exocrine glands
transport of substances. See Table 6.2. arise from this type of tissue
2. Has an abundant intercellular matrix that may 5. __ Binds together parts of the
be liquid, gel-like, or hard; often contains protein body; examples include
fibers that are secreted by the cells tendons, ligaments, and fascia
3. Types of loose connective tissue: areolar, adipose, 6. Skeletal, cardiac, and smooth
and reticular 7. ___ Has the greatest amount of
4. Dense fibrous connective tissue forms tendons, intercellular matrix
ligaments, capsules, fascia, and the dermal layer 8. __ Chondrocytes and osteocytes
of skin. are included in this tissue
5. Types of cartilage: hyaline, elastic, and 9. _Intercellular matrix may be
fibrocartilage liquid, gel, or rigid
6. Bone (osseous tissue) has a hard intercellular 10. __ Dendrites, axons, and glia
matrix that includes collagen, calcium salts, and
other minerals. Matching: Membranes
7. Blood and lymph have a watery intercellular Directions: Match the following words with their descrip-
matrix. tions.
C. Nervous tissue
1. Nervous tissue: found in the nerves, brain, and a. visceral pleura 1. ___ Membranes lining all
spinal cord b. parietal peritoneum body cavities that open
2. Two types of nervous tissue: neurons (transmit ¢. connective tissue to the outside of the
electrical signals) and neuroglia (support and take membranes body
care of the neurons) d. mucous membranes 2. ___ Serous membrane that
D. Muscle tissue e. parietal pleura lines the walls of the
1. Muscle cells contract, thereby causing movement. thoracic cavity
2. Three types of muscle: skeletal, smooth, and 3. ___ Serous membrane that
cardiac lines the walls of the
Il. Tissue Repair abdominopelvic cavity
A. Tissue repair by regeneration: replacement of tissue 4. ___ Serous membrane that
by cells that undergo mitosis covers each lung
B. Tissue repair by fibrosis: formation of scar tissue 5. __ Synovial membranes:
lll. Membranes periosteum,
A. Epithelial membranes (see Table 6.3) perichondrium, and
1. Cutaneous membrane: the skin meninges
2. Mucous membrane: lines all body cavities that
open to the exterior of the body Multiple Choice
3. Serous membranes: line the ventral body cavities, 1. Which of the following is not characteristic of epithelial
which are not open to the exterior of the body tissue?
4. Layers of serous membranes: a parietal layer that a. Arranged like floor tiles
lines the wall of the cavity and a visceral layer that b. Simple, cuboidal, and columnar
covers the outside of an organ ¢. Large amount of mineral-containing intercellular
5. Three serous membranes: pleurae, pericardium, matrix

and peritoneum d. Gives rise to endocrine and exocrine glands



. Adipose tissue is
a. atype of connective tissue that stores fat.
b. described as striated and voluntary.
¢. classified as endocrine and exocrine.
d. classified as skeletal, cardiac, and smooth.

. Characteristics of osseous tissue include which of the
following?
a. Contains hard mineral-containing intercellular matrix
b. Contains osteocytes
c. Is a type of connective tissue
d. All of the above

. With regard to the pleural membranes,
a. there is a visceral and parietal pleural membrane.
b. they are connective tissue membranes.
c¢. they are mucous membranes.
d. they are located in the dorsal cavity.

. The pleurae and peritoneum
a. are serous membranes.
b. are located within the thoracic cavity.
¢. are located within the abdominal cavity.
d. surround the lungs and the heart.

. Epithelial tissue is avascular, meaning that it
a. is shaped like a fish scale.
b. contains no blood vessels.
¢. has no intercellular matrix.
d. cannot repair itself.

10.
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. The intercellular matrix of connective tissue

a. is less apparent than the intercellular matrix of epi-
thelial tissue.

b. is absent in blood and lymph.

¢. is classified as squamous, cuboidal, or columnar.

d. can be hard, liquid, or gel-like in consistency.

. Collagen, elastin, and reticular fibers are

a. found in the intercellular matrix of connective tissue.
b. types of contractile proteins found in muscle tissue.
c¢. found only in scar tissue.

d. found only in cartilage.

. Tendons and ligaments are

a. referred to as osseous tissue.

b. dense fibrous connective tissue.

¢. composed of transitional epithelial tissue.

d. composed of cells that are called squamous, cuboi-
dal, or columnar.

Which of the following tissues allows the urinary blad-
der to expand as it fills with urine?

a. Dense fibrous

b. Transitional epithelium

¢. Simple squamous

d. Neuroglial tissue




Integumentary System and Body Temperature

Objectives
1. List seven functions of the skin. 3. List the factors that influence the color of the skin.
2. Discuss the structure of the skin, including the following: 4. Describe the accessory structures of the skin: hair, nails,
e Describe the two layers of skin: the epidermis and the and glands.
dermis. 5. Define thermoregulation, and describe the way that the
e Define stratum germinativum and stratum corneum. body conserves and loses heat.
e List the two major functions of the subcutaneous layer. 6. Differentiate between insensible and sensible perspiration.

Key Terms

apocrine glands (p. 102) hypothermia (p. 103) shell temperature (p. 103)
ceruminous glands (p. 102) insensible perspiration (p. 103) shivering thermogenesis (p. 103)
core temperature (p.103) integument (p. 95) stratum corneum (p. 96)
cutaneous membrane (p.95) keratin (p.96) stratum germinativum (p. 95)
dermatology (p. 95) melanin (p. 98) subcutaneous layer (p. 97)
dermis (p.95) nonshivering thermogenesis sudoriferous glands (p. 102)
eccrine glands (p. 102) (p. 104) thermoregulation (p. 103)
epidermis (p. 95) pyrexia (p.104) vernix caseosa (p.101)
evaporation (p. 105) sebaceous glands (p. 101)

hyperthermia (p. 103) sensible perspiration (p. 103)

Oh no, a zit! How many times have you looked in the FUNCTIONS OF THE INTEGUMENTARY
mirror only to see a pimple, rash, wrinkle, or unwant- SYSTEM

ed hair? No other organ in the body is so scrutinized,
scrubbed, lifted, and painted over as the skin. Yet, The integumentary (in-teg-yoo-MEN-tar-ee) system

year after year, the skin withstands the effects of harsh is a complex organ that performs many different
weather, the burning rays of the sun, constant bathing, functions:

friction, injury, and microorganisms that are constantly ° Acts as a mechanical and chemical barrier.
trying to penetrate its surface. Mechanically, the skin keeps harmful substances

out of the body and helps retain water and electro-

lytes. Chemically, the acid pH of the skin surface

Oh no ... a zit! serves as a protective barrier.

* Protects the internal structures and organs from in-
juries caused by blows, cuts, harsh chemicals, sun-
light, burns, and pathogenic microorganisms.

e Participates in the immune response against invad-
ing microbes by housing specialized cells, called
dendritic or Langerhans cells. When the skin is bro-
ken, the dendritic cells alert the immune system so
that it can ward off infection.

* Performs an excretory function. Although excretion
is a minor role, the skin is able to excrete water, salt,
and small amounts of waste, such as urea.

The skin, its accessory structures (sweat glands, oil Acts as a gland by synthesizing vitamin D when
glands, hair, and nails), and the subcutaneous tissue exposed to sunlight. Vitamin D is necessary for the
below the skin form the integumentary system. absorption of calcium from the digestive tract.
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e Performs a sensory role by housing the sensory re-
ceptors for touch, pressure, pain, and temperature.
In this way, the skin helps to detect information
about the environment.

e Plays an important role in the regulation of body
temperature.

1. List the functions of the integumentary system.
2. Explain how the skin acts as both a mechanical and
chemical barrier.

STRUCTURE OF THE SKIN

The skin is called the integument or cutaneous mem-
brane and is considered an organ; it is the largest organ
in the body. The skin has two distinct layers—the out-
er, or surface, layer is the epidermis; the inner layer is
the dermis. The dermis is anchored to a subcutaneous
layer (Fig. 7.1). Study of the skin and skin disorders is
referred to as dermatology.

Hair shaft

Touch
receptors

Sebaceous
gland

Nerve
ending

Pressure
receptor

Adipose
tissue

LAYERS OF THE SKIN

EPIDERMIS

The epidermis (ep-i-DER-mis) is the thin outer layer
of the skin and is composed of stratified squamous
epithelium. Like all epithelial tissue, the epider-
mis is avascular; it has no blood supply of its own.
Oxygen and nutrients, however, diffuse into the
lower epidermis from the rich supply of blood in the
underlying dermis. The epidermis can be divided
into five layers. Two of the layers are the deeper stra-
tum germinativum and the more superficial stratum
corneum.

The stratum germinativum (jer-mi-nah-TIV-um) lies on
top of the dermis and thus has access to a rich supply of
blood. The cells of this layer are continuously dividing,
producing millions of cells per day. As the cells divide,
they push the older cells up toward the surface of the
epithelium. As the cells move away from the dermis, two
changes take place. First, as they move away from their
source of nourishment, the cells begin to die. Second,
the cells undergo a process of keratinization, whereby a

Stratum
/ corneum
Epidermis
— 11— Stratum
~] germinativum
Free nerve
endings

— Dermis

| Subcutaneous
layer

Nerve (pain)

Sweat gland

Fig. 7.1 The Skin.




LN Go Figure (Refer to Fig. 7.1)

1. T/F __ The stratum germinativum and the stratum
corneum are epidermal layers.

2. T/F __ Most blood vessels are located within the
epidermis.

3. The dermis sits on the (stratum
germinativum, stratum corneum, epidermis, hypodermis).

tough protein, keratin (KER-ah-tin), is deposited within
the cell. The keratin hardens and flattens the cells as they
move toward the surface of the skin. In addition to hard-
ening the cells, the keratin makes the skin water resistant.

If Toad Did It?

Did Toad have anything to do with the wart on Witch Helga’s
nose? No. A wart is an epidermal growth on the skin and is
caused by a virus. Although Toad is innocent of this charge,
there are several other health concerns. Toad skin can harbor
and therefore transmit Salmonella, and some toad skins se-
crete toxins that are harmful to pets and humans. However,
from Toad’s perspective, handling can damage his skin.

The stratum corneum is the surface layer of the epi-
dermis and is composed of about 30 layers of dead
flattened keratinized cells. The dead cells are continu-
ously sloughed off, exfoliated (eks-FOH-lee-a-tid), or
desquamated (des-kwah-MAY-tid) through wear and
tear. The dead sloughed cells are called dander; when
dander is clumped together by the oil on the skull, it is
called dandruff. The sloughed cells are replaced by oth-
er cells that are constantly moving up from the deeper
layers. You shed about 40,000 skin cells each min-
ute; each month you have a new layer of epithelium.
Interesting fact: the ink used in creating a tattoo must
be deposited into the dermis because of the sloughing
characteristic of the epidermis. Ouch!

DERMIS

The dermis is located beneath the epidermis and is the
largest portion of the skin; it is composed of dense fi-
brous connective tissue. It contains numerous collagen
and elastin fibers surrounded by a gel-like substance.
The fibers make the dermis strong and stretchable;
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note how well the skin stretches during pregnancy and
weight gain. Sometimes, however, excessive stretching
of the skin causes small tears in it, seen as white lines.
These lines are called stretch marks, or striae (STRYE-ay).
The thickness of the epidermis and dermis varies accord-
ing to their location on the body. Look at the skin on the
palms of your hands and the soles of your feet; it is much
thicker there than it is over your inner arm or eyelids.

What's in That Bathtub Ring and What Are You Dusting?

The bathtub ring—what’s in it? Dirt, grime...and, yes, a piece
of yourself—dead skin (stratum corneum). How much dead
skin? A person sheds about 1.5 Ib per year, or about 105 Ib
over a lifetime. This means that you will scrape the equivalent
of your entire body from the sides of your tub and watch it
go down the drain. Also, about 75% of household dust is
human skin flakes. What doesn’t wash down the drain gets
sucked up by a vacuum cleaner.

Dead skin on your furniture? Dust not only looks
nasty but also feeds critters such as the house dust mite
(Dermatophagoides). Those who have been diagnosed as
having house dust allergy will be relieved to know that they
are really allergic to the inhaled feces of the dust mite.

The wavy boundary between the epidermis and
dermis resembles the ridges of corrugated cardboard.
These interlocking ridges prevent the slippage of the
skin layers. More importantly, for you forensic sleuths,
the ridges form the fingerprints. And here is a problem
that had baffled investigators in child abduction cases.
Why do a child’s fingerprints vanish so quickly from
the crime scene? Finally, the answer! An adult’s finger-
prints are oil based. On the other hand, a child’s finger-
prints—before puberty, when the oil-secreting glands
kick in—are water based. When the water evaporates,
the fingerprints evaporate. Not good for evidence
collecting.

Although derived from the epidermis, the accessory
structures such as the hair and certain glands are em-
bedded within the dermis. Also located within the der-
mis are blood vessels, nervous tissue, and some muscle
tissue. Many of the nerves have specialized endings
called sensory receptors that detect pain, temperature,
pressure, and touch.

1. List the two layers of the skin.

2. What “happens” in the stratum germinativum?

3. Describe two changes that the cells undergo as they are
pushed upward to the stratum corneum.

THE SKIN TELLS A STORY

The skin tells a story: skin often reveals what is going
on “underneath” it all. The skin tells stories of systemic
disease, drug reactions, exposure to irritants, and emo-
tional distress.
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e Systemic disease may be characterized by lesions or . Do You Know...

changes in the skin. For example, a person with her- . .
pes zoster (shingles)—an inflammation of nerves How You Inject a Medication Into the Subcutaneous Layer?

caused by the chickenpox virus—develops painful When you are injecting medication subcutaneously, you have
skin lesions along the path of the nerve. A person to use the right-sized needle and insert the needle at the
with a severe generalized staphylococcal infection proper angle. The needle must penetrate the epidermis and
may develop scalded skin syndrome, a condition dermis such that the tip of thelneelzdle}s Iooateq in the subcu-
in which the skin appears scalded and peels off in taneous layer, where the medication is deposited.
layers.

* Drug reactions are often revealed by skin changes.
For example, a person allergic to penicillin may
develop hives, or wurticaria (er-ti-KAIR-ee-ah).

Similarly, a person allergic to sulfa drugs may de- = Skin
velop a generalized rash that can progress to a lethal —Subcutaneous
condition called Stevens-Johnson syndrome. _| tissue
e Chronic irritation causes skin changes. For exam-
ple, constant irritation or rubbing of an area causes il
the rate of epidermal cell division to increase, pro- _
ducing a thickened area called a callus. Constant
rubbing of a toe by a poorly fitting shoe can also
produce an overgrowth of epidermal cells arranged
in a conical shape. This overgrowth is called a corn. THE SKIN: DRUGS, AND CHEMICALS
® The skin mirrors your emotional temperature. How The skin can absorb many chemicals; this is good news
many times have you become stressed out and then and bad news. The good news is concerned with drug
broken out? The skin truly reveals on the outside absorption.
what is going on inside! * Transdermal. Drugs can be placed on the surface

of the skin and absorbed transdermally (across
Do You Know. .. the skin) to achieve a systemic effect (through-
. . out the body). For example, nitroglycerin can

?
About Margarita Dermatitis? be applied using an adhesive patch on the skin.
Exposure to the ultraviolet radiation of sunshine while you are The drug penetrates the skin, is absorbed by the

mixing up tangy margaritas can cause a severe skin reaction dermal blood vessels, and is transported by the
called margarita dermatitis. This is a phytophotodermatitis blood throughout the body, where it exerts its
(from the words parts meaning “plant,” “light,” “skin,” and effects ’

“inflammation”) that resembles a second-degree burn: blis- o Intradermal. The skin can also be used to detect al-

tering, pain, and related misery. The skin reaction is appar- . L. R . .
lergies by injecting antigens (possible allergic sub-

ently caused by exposure of skin to the lime juice used in g . -
preparing a margarita. Although lime is the usual toxic culprit, stances) intradermally. An allergic response will

the dermatitis can also develop in response to other citrus appear as a skin reaction (redness, swelling, and
fruits as well as celery. If left untreated, severe dermatitis may itching).
cause an irreversible hyperpigmentation of the affected skin. e Topical. Drugs can also be applied topically; the drug
So party on...in the shade. is meant to exert its effect locally, on the surface of
the skin.
e Subcutaneous. Last, the subcutaneous route is a
SUBCUTANEOUS LAYER common way to inject drugs for faster systemic
The dermis lies on the subcutaneous layer. This layer effects.
is not considered part of the skin; it lies under the skin The bad news? Skin can absorb toxins; these include
and is therefore called the subcutaneous layer, or hy- pesticides, cleaning fluids, the acetone in nail polish re-
podermis. The subcutaneous layer is composed pri- mover, mercury, common skin lotions, and many other
marily of loose connective and adipose tissue. It has toxic chemicals that we encounter daily. Farm workers
two main roles: to help insulate the body from extreme exposed to chemical sprays are commonly treated for
temperature changes in the external environment and pesticide poisoning.
to anchor the skin to the underlying structures. A few Interesting! Green, a favorite color in Victorian
areas of the body have no subcutaneous layer; there England, sometimes proved to be a lethal fashion
the skin anchors directly to the bone. Look at the skin statement. Seems that green was made from an ar-
over your knuckles. It is wrinkled and creased because senic-based dye that was readily absorbed across
it attaches directly to bone. Imagine what you would the skin. Not so today...green is good and safe. Do
look like if all your skin were anchored directly to un- not underestimate the ability of the skin to absorb

derlying bone. toxins!



1. List four “skin routes” of drug administration.

2. Explain why systemic drug effects are achieved using the
transdermal route, whereas local effects are achieved by
applying a drug topically.

SKIN COLOR

Why are there different colors of skin? Skin color is de-
termined by many factors: some genetic, some physi-
ologic, and some caused by disease. When we think of
skin color, we generally think of black, brown, yellow,
and white—as well as the many shades in between!
These skin colors are genetically determined.

Deep within the epidermal layer of the skin are cells
called melanocytes (meh-LAN-oh-sytes). They secrete a
skin-darkening pigment called melanin, which stains
the surrounding cells, causing them to darken. The more
melanin secreted, the darker the skin color. Interestingly,
we all have the same numbers of melanocytes. What
determines our skin color is not the numbers of mela-
nocytes but the amount of melanin secreted. Can mela-
nocytes increase their secretion of melanin? Yes! When
exposed to the ultraviolet radiation of sunlight, the me-
lanocytes secrete more melanin. The skin darkens in an
attempt to protect the deeper layers from the harmful
effects of radiation. This effort creates the famous sum-
mer tan. The yellowish tint of carotene in most persons
is hidden by the effects of melanin. Because some peo-
ple of Asian descent have little melanin in their skin, the
carotene gives their skin a yellow tint.

What accounts for the pinkish color of fair-skinned per-
sons, especially newborns? It’s because so little melanin is
produced in the skin that the blood in the dermal blood
vessels is visible, thereby giving the skin a pinkish tinge.

THE WHAT-IFS OF SKIN COLOR CHANGE

* What If the melanocytes do not function? If the me-
lanocytes completely fail to secrete melanin, the skin,
hair, and colored part of the eye (iris) are white. This
condition is referred to as albinism. Other persons de-
velop a condition called vitiligo (vit-i-LYE-go), which
involves a loss of pigment (melanin) only in certain
areas, creating patches of white skin. Melanin can
also stain unevenly. Freckles and moles are examples
of melanin that becomes concentrated in local areas.

* What If there is a change in dermal blood flow?
Poorly oxygenated blood has a bluish tinge and
causes the skin to look blue. This condition is called
cyanosis (sye-ah-NO-sis). Embarrassment causes the
blood vessels in the skin to dilate, which increases
blood flow to the skin, causing the person to blush
or flush. What about the saying, “He was white as a
sheet”? In a person who is scared the blood vessels
in the skin constrict, so that the amount of oxygen-
ated blood decreases. The resulting pale or ashen
color is called pallor.

* What If a person has a condition that increases the
amount of bilirubin in the blood? A person with
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liver disease is unable to excrete a pigment called
bilirubin (bil-ih-ROO-bin). This pigment is instead
deposited in the skin, causing it to turn yellow—a
condition known as jaundice.

* What If a person eats excessive amounts of dietary
carotene (i.e., carrots, sweet potatoes)? The skin may
come to appear more yellow. This color change is
most often observed in infants who are new to their
veggies, especially carrots.

About Your “Tats” and an Imaging Procedure?

We are an increasingly tattooed society with beautiful and
sometimes extensive body art. But can a tattooed individual
safely undergo magnetic resonance imaging (MRI)? Here’s the
problem: MRI uses magnetic forces to accomplish the imag-
ing of internal structures. Metals are affected by these mag-
netic forces and can distort them. There are numerous heavy
metals in tattoo ink, including lead, copper, zinc, chromium,
nickel, and mercury. The more colorful your tattoo, the wider
the variety of heavy metals in the ink. So, is it safe for a tat-
tooed person to have an MRI? The answer is...generally yes.
There have been rare instances where serious problems arose
because of the metals. However, the more common and less
serious experiences are complaints of minor tingling or burning
at the tattoo site. Complications are more common if you are
heavily tattooed, have more colorful tattoos, or have old tat-
toos, because the older inks contained more metal. The newer
inks are better regulated and have fewer metals. In addition to
the concern for burns, tattoo ink is also capable of distorting
the results of the MR, yielding less than satisfactory images.

On a precautionary note, if you are tattooed or have
permanent eyeliner, inform your physician and MRI technician.
The alerted physician may indicate that the procedure is safe
or prescribe a different diagnostic procedure. The physician
and technician will be aware of the possibility of burns.

&4 Re-mhink

Describe the underlying causes of the following color chang-
es: cyanosis, flushing, pallor, jaundice, tanning, and vitiligo.

sum It Up!

The integumentary system is composed of the skin and ac-
cessory organs (hair, nails, and glands). It is a complex organ
that performs many functions. It affords protection for the entire
body, acts as a barrier, regulates temperature, detects sensa-
tions (e.g., touch, pressure, temperature, and pain), synthesizes
vitamin D, participates in the immune response, and acts as an
excretory organ. The skin is composed of two layers: the epider-
mis and dermis. The dermis sits on a subcutaneous layer called
the hypodermis. There are different colors of skin. Our natural
skin color is genetically determined; we are light skinned, dark
skinned, and many shades in between. Our skin color changes
in response to certain stimuli or underlying conditions; these
changes include tanning, blushing, cyanosis, and jaundice. The
skin can also reveal certain disease states, such as allergic re-
sponses, infections, liver disease, and stress. The skin often an-
nounces on the outside what is happening on the inside.
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ACCESSORY STRUCTURES OF THE SKIN

The skin is the home of several accessory structures,
including the hair, nails, and glands.

HAIR

Thousands and thousands of years ago, we humans
were a hairy lot. Like our furry friends, our pets, we de-
pended on a thick crop of hair to keep us warm. Today,
most of the hair covering our bodies is sparse and very
fine, with the exception of the hair on our heads (and
for some, that too is sparse). The main function of our
sparse body hair is to sense insects on the skin before
they can sting us. Some body parts are hairless. These
include the palms of the hands, soles of the feet, lips,
nipples, and parts of the external reproductive organs.

Some areas of hair perform other functions. For ex-
ample, the eyelashes and eyebrows protect the eyes
from dust and perspiration. The nasal hairs trap dust
and prevent it from being inhaled into the lungs. The
hair of the scalp helps keep us warm and, of course,
plays an important cosmetic role.

Hair growth and distribution are influenced by the
sex hormones estrogen and testosterone. The onset
of puberty is heralded by the growth of hair in the
axillary and pubic areas in males and females. In the
man, the surge of testosterone also produces a beard
and hairy chest. Estrogen, of course, does not have
this effect. When a woman has too much testoster-
one, excessive hair growth occurs, including facial

Arrector
pili muscle

Sebaceous
gland

Hair follicle

Hair root

Dermal blood
vessel

hair. The excessive growth of hair is called hirsutism
(HER-soo-tiz-em), from a Greek word meaning “shag-
gy.” One more thing: apparently hair growth responds
rather well to mind-body signals. When men who
have been at sea for an extended period of time are
told that they are going ashore, their beards have a
growth spurt.

Forensically, hair is a gold mine. For example, ar-
senic is called inheritance powder because it is a long-
time favorite for dispatching wealthy family members.
Chronic arsenic poisoning is difficult to detect medi-
cally, but analysis of the hair can detect not only the
presence of arsenic but also the time course of the in-
gestion and/or poisoning.

PARTS OF A HAIR

The chief parts of a hair are the shaft (the part above
the surface of the skin) and the root (the part that ex-
tends from the dermis to the surface) (Fig. 7.2). Each
hair arises from a group of epidermal cells that pen-
etrate the dermis. This downward extension of epider-
mal cells forms the hair follicle. The epidermal cells of
the hair follicle receive a rich supply of blood from the
dermal blood vessels. As these cells divide and grow,
the older cells are pushed toward the surface of the
skin. As they move away from their source of nourish-
ment, the cells die. Like other cells that compose the
skin, the hair cells also become keratinized. The hair
that we brush, blow dry, and curl every day is a collec-
tion of dead, keratinized cells.

Hair shaft

~ — Epidermis

— Dermis

| Subcutaneous
layer

Fig. 7.2 Hair Follicle and Parts of the Hair.




L_N Go Figure (Refer to )

1. From what skin layer does the hair follicle arise?
(hypodermis, SC layer, epidermis,
stratum corneum)
2. In what layer are the arrector pili muscles?
(dermis, epidermis, SC layer, hypodermis)

HAIR COLOR

Hair color is determined by the type and amount of
melanin secretion. An abundance of melanin pro-
duces dark hair, whereas less melanin produces
blond hair. With age, the melanocytes become less
active; the absence of melanin produces white hair.
Gray hair is caused by a mixture of pigmented and
nonpigmented hairs. Interestingly, red hair is caused
by a modified type of melanin that contains iron.
And...redheads require more anesthesia before sur-
gery than people with other colored hair. And then
there is Maxine. When she saw her first gray hair, she
thought she would dye!

CURLY, WAVY, OR STRAIGHT

Curly, wavy, or straight—this is determined by the
shape of the hair shaft. A round shaft produces straight
hair, whereas an oval shaft produces wavy hair. Curly
and kinky strands of hair are the result of flat hair
shafts. Hair can be curled by chemically flattening the
hair shafts.

STANDING ON END...AND THE GOOSE BUMP

How does Frightened Kitty get her hair to stand on
end? Attached to the hair follicle is a group of smooth
muscle cells called the arrector pili (ah-REK-tor PYE-
lye) muscles (see Fig. 7.2). Contraction of these muscles
causes the hair to stand on end. When frightened, the
cat’s brain sends its panic message along the nerves
to these muscles. The muscles then contract and pull
the hair into an upright position. Kitty looks more fero-
cious with her fur standing on end, and the spiked look
helps frighten off her attackers. Her fur also stands on
end when she is cold; the raised fur traps heat and
helps keep her warm.

Although humans may not benefit as much from
hair as do our furry friends, we respond to fear and
cold in the same way. Contraction of the arrector pili
muscles also causes our hair to stand on end. As the
hair stands, it pulls the skin up into little bumps. This
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reaction is the basis of goose flesh, or goose bumps.
Unlike Kitty’s hair, the erect human hair does not do
much to trap heat.

HAIR LOSS

Cosmetically, hair is important. Hair loss to the point
of baldness is distressing—enter the combover. Loss
of hair is called alopecia (al-o-PEE-sha), which comes
from a word meaning “fox mange.” The most com-
mon type of baldness is male-pattern baldness, which
is a hereditary condition characterized by a gradual
loss of hair with aging—hair today, gone tomorrow!
A second common cause of hair loss is related to drug
toxicity, as with chemotherapy or radiation therapy.
Anticancer drugs are so cytotoxic that they often
destroy hair-producing epithelial cells. When drug
therapy is terminated, the cells regenerate and start
to grow hair again. Interestingly, the new hair may be
a different color or texture from the original (predrug)
hair.

1. What is the function of the hair follicle?

2. What effect do the sex hormones, such as estrogen and
testosterone, have on hair growth and distribution?

3. Differentiate between hirsutism and alopecia.

NAILS

Nails are thin plates of stratified squamous epithe-
lial cells that contain a very hard form of keratin
(Fig. 7.3). The nails are found on the distal ends of
the fingers and toes and protect these structures from
injury.

Each nail has the following structures: a free edge,
a nail body (fingernail), and a nail root. The cells of
the nail body develop and are keratinized in the nail
root. The extent of nail growth is represented by the
half-moon-shaped lunula (LOO-nyoo-lah), located at
the base of the nail. As the nail body grows, it slides
over a layer called the nail bed, a part of the epidermis.
The pink color of nails is caused by the blood vessels
in the underlying dermal layer beneath the nail. The
cuticle is a fold of stratum corneum that grows onto the
proximal portion of the nail body.

Interesting! The fingernail on the middle finger
grows the fastest, whereas the thumb nail grows the
slowest.

THE NAILS TELL STORIES

Like the skin, the nails also tell stories. The condition
of the nails provides important diagnostic information
regarding systemic disease. Nails should be examined
for shape, dorsal curvature, adhesion to the nail bed,
color, and thickness.
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Fig. 7.3 Nail.

THE WHAT-IFS OF NAILS

* What If a person suffers from chronic poorly oxy-
genated blood? Chronic lung and heart disease
cause clubbing, a condition indicating that the
fingertips have received an insufficient supply of
oxygenated blood over a period of time. Clubbing
involves changes in the fingertips and nails; the fin-
gertips enlarge, and the nails become thick, hard,
shiny, and curved at the free end. With severe club-
bing, the nail may detach from its base.

* What If a hemorrhaging person has insufficient
oxygen in his blood? Hemorrhaging (bleeding) di-
minishes the amount of oxygenated blood delivered
to the fingers. Nail color should be pink. Poor blood
flow and therefore poor oxygenation makes the
nails appear bluish.

* What If the nails appear brittle? Nails may also be
described as brittle; often the brittle nails detach
from the nail bed. This is generally caused by poor
oxygenation, thyroid gland dysfunction, and nutri-
tional anemia.

1. What is clubbing, and why is it indicative of heart and/or
lung disease?

GLANDS

Two major exocrine glands are associated with the skin:
the sebaceous glands and the sweat glands (Fig. 7.4).
Most sebaceous (seh-BAY-shus) glands, or oil
glands, are associated with hair follicles and are found
in all areas of the body that have hair. They secrete an
oily substance called sebum that flows into the hair root
and then out onto the surface of the skin. A small num-
ber of sebaceous glands open directly onto the surface
of the skin. The sebum lubricates and helps waterproof
the hair and skin; it also inhibits the growth of bacteria
on the surface of the skin. With aging, sebum produc-
tion gradually decreases. This change partly accounts
for the dry skin and brittle hair seen in older persons.
The sebaceous glands play a unique role in the fetus.
Babies are born with a covering resembling cream
cheese called the vernix caseosa (VERN-iks kay-see-
OH-sah), which is secreted by the sebaceous glands.

LN Go Figure (Refer to )

Circle the structure that is not part of the nail (free edge,
lunula, cuticle).

Sebaceous
gland

~ Epidermis

- Dermis

Subcu-
- taneous
layer

Apocrine gland N

(sweat gland) Eccrine gland

(sweat gland)

Fig. 7.4 Skin Glands: Sebaceous Glands and Sweat Glands
(Apocrine and Eccrine Glands).

LN Go Figure (Refer to )

1. Which word describes apocrine and eccrine?
(sebaceous, mucus, sweat, keratin)
2. Which word is not descriptive of the sudoriferous
glands? (eccrine, sebum, apocrine, sweat)

The vernix caseosa protects the skin of the fetus from
the macerating effects of amniotic fluid.

THE WHAT-IFS OF SEBACEOUS GLANDS

* What If a sebaceous gland becomes blocked by
sebum? Sometimes the sebaceous glands become
blocked by accumulated sebum and other debris.
When the sebum is exposed to the air and dries
out, it turns black, forming a blackhead. When the
blocked sebum becomes infected with staphylococ-
ci, it is a pimple (pustule). The formation of black-
heads and pimples is common among adolescents




because sebaceous gland activity responds to the
hormonal changes associated with puberty.

* What If the sebaceous glands on a newborn’s scalp
oversecretes sebum, producing oily scales? This is
called cradle cap because it occurs during the cradle
period.

About Blackheads and Worms?

There is a long history of persons squeezing (not a good
ideal) or expressing the contents (sebum) of a blackhead or
comedo. The expressed sebum resembles a long worm. The
ancients concluded that the skin was being eaten into by a
worm; hence the word comedo (from a Latin word meaning
“to eat into”).

The sweat glands, or sudoriferous (soo-dor-IF-er-us)
glands, are located in the dermis (see Fig. 7.4). As the
name implies, these glands secrete sweat; the sweat is se-
creted into a duct that opens onto the skin as a pore. An
individual has approximately 3 million sweat glands.

Two types of sweat glands are the apocrine and ec-
crine sweat glands. The apocrine (AP-oh-krin) glands
are usually associated with hair follicles and are found
in the axillary and genital areas. The apocrine glands re-
spond to emotional stress and become active when the
person is frightened, upset, in pain, or sexually excited.
Because the development of these glands is stimulated
by the sex hormones, they become more active during
puberty. The sweat produced by these glands does not
have a strong odor. If allowed to accumulate on the skin,
however, the substances in sweat are degraded by bac-
teria into chemicals with a strong unpleasant odor. This
is called body odor and is the reason we use deodorant.

‘Bout Them “Apples”™?

In some species of animals, the olfactory area of the brain,
the “smell brain,” is the largest part of the brain. The sur-
vival of these animals depends heavily on the sense of smell.
Humans also have a smell brain that, although very small,
plays a powerful role in our emotional responses and is re-
sponsible for some very strange responses. For example,
in Elizabethan times, lovers exchanged “love apples.” And
where did they get them? They made them. A woman peeled
a common apple and placed it in her armpit until it was satu-
rated with her perspiration (thanks to the apocrine glands).
The sweat-soaked apple was then given to her lover to
smell—for his pleasure, at his Ieisure.

Some of these secretions act as sex attractants. Watch
how eagerly Rover sniffs when a potential mate is in
the immediate area. These sex attractants are called
pheromones (FAIR-o-mohns). The vaginal secretions
of an ovulating female contain pheromones called
copulines. The copulines can cause a testosterone surge
(and an urge to merge) in the male.
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The eccrine (EK-rin) glands are the more numerous
and widely distributed of the sweat glands. They are
located throughout the body and are especially numer-
ous on the forehead, neck, back, upper lip, palms, and
soles. Unlike apocrine glands, the eccrine glands are
not associated with hair follicles.

The sweat secreted by the eccrine glands plays an
important role in the regulation of body temperature.
As sweat evaporates from the skin surface, heat is lost.
These are the glands that sweat profusely on hot days
or during periods of strenuous exercise. Unlike the
apocrine glands, which become active during puberty,
the eccrine glands function throughout an entire life-
time. Eccrine secretion is composed primarily of water
and a few salts.

Modified sweat glands include the mammary
glands and ceruminous (ser-ROO-mi-nus) glands. The
mammary glands are located in the breasts and secrete
milk. (The secretion of milk is discussed further in
Chapter 26.) The ceruminous glands are found in the
external auditory canal of the ear. They secrete ceru-
men (seh-ROO-men), or ear wax. This yellow, sticky,
waxlike secretion repels insects and traps foreign
material. Silkworms and spiders use modified sweat
glands to secrete silk and weave intricate webs.

Think all sweat looks the same? Not so! Some dyes,
foods, and drugs are excreted in the sweat and may
color the sweat in a variety of bright hues. This condi-
tion is called chromhidrosis.

&4 Re-Think

1. What are the two major exocrine glands of the skin?
2. List the two types of sudoriferous (sweat) glands.
3. What is the function of vernix caseosa?

Sum It Up!

The skin is the home of several accessory structures, in-
cluding the hair, nails, and glands. There are two major exo-
crine glands: the sebaceous glands and the sweat glands
(also called sudoriferous glands). There are two types of
sweat glands: the eccrine glands and the apocrine glands.
Modified sweat glands include the ceruminous glands,
which secrete ear wax, and the mammary glands, which
secrete milk.
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BODY TEMPERATURE

Body temperature refers to the average temperature of
the body and is measured by a thermometer. Normal
body temperature is said to be 98.6°F, although it can
range from 97° to 100°FE. The temperature fluctuates
about 1.8°F in a 24-hour period, being lowest in the
early morning and highest in the late afternoon. Body
temperature also differs from one part of the body to
another. The inner parts of the body (cranial, thoracic,
and abdominal cavities) reflect the higher core temper-
ature. The more surface areas (skin and mouth) reflect
the cooler shell temperature. For example, the rectal
temperature measures core temperature and ranges
between 99° and 99.7°F, whereas the oral and axillary
temperatures are about 1°F lower.

Body temperature is maintained by balancing heat
production and heat loss. The regulation of body tem-
perature is called thermoregulation. Failure to thermo-
regulate causes body temperature to fluctuate outside
the normal range; an excessive decrease in body tem-
perature is called hypothermia, and an excessive in-
crease is called hyperthermia. Extreme changes in body
temperature can be fatal.

HEAT PRODUCTION

Heat is thermal energy and is produced by the millions of
chemical reactions occurring in the cells of the body. The
heat is picked up and distributed throughout the body by
the blood. In the resting state, the greatest amount of heat
is produced by the muscles, liver, and endocrine glands.
The amount of heat produced can be affected by many
factors, such as food consumption, the amounts and
types of hormones secreted, and physical activity. With
exercise, the amount of heat produced by the muscles
may increase enormously. The hormonal effects on heat
production are dramatically illustrated by persons with
thyroid gland disease. The hypothyroid person generally
has a lower-than-normal body temperature and com-
plains of being cold. The hyperthyroid person has an ele-
vated temperature and complains of being hot. In fact, an
extreme hyperthyroid state (thyroid storm) can elevate
body temperature into a range that is potentially lethal.

HEAT LOSS

Most heat loss (80%) occurs through the skin; heat loss is
achieved through changing the amount of blood deliv-
ered to the skin and also through the secretion of sweat.
The remaining 20% is lost through the respiratory system
(lungs) and in the excretory products (urine and feces).

1. Differentiate between core and shell temperature.
2. What is the origin of body temperature?
3. Define thermoregulation.

REGULATION OF TEMPERATURE

Normal body temperature is regulated by several
mechanisms. The thermostat of the body is located in
a part of the brain called the hypothalamus (Fig. 7.5).
The hypothalamus (hye-poh-THAHL-ah-mus) senses
changes in body temperature and sends information to
the skin (blood vessels and sweat glands) and skeletal
muscle.

How does the body respond to temperature eleva-
tion? In two ways: by increasing blood flow to the skin
and by sweating. The blood vessels of the skin dilate,
thereby allowing more blood to flow to the skin. This
activity transfers heat from the deeper tissues to the
surface of the body. Note how flushed our jogger is be-
cause of the blood coming to the surface. Heat radiates
from the warm reddened skin blood to the surround-
ing environment, thereby lowering body temperature.
Temperature elevation also stimulates the activity of
the sweat glands. As the sweat evaporates from the
surface of the body, heat is lost. Under extreme condi-
tions of heat, 12 L of sweat can be secreted in a 24-hour
period.

MORE ABOUT SWEATING AND CHILLING

Perspiration is the polite word for sweat, the salty wa-
tery secretion of the sweat glands. Perspiration can be
classified as sensible perspiration and insensible per-
spiration. Sensible perspiration refers to the activity of
the eccrine glands on a hot day; these glands secrete
sweat onto the surface of the skin. As the sweat evapo-
rates, heat is lost. A significant amount of water can be
lost with profuse sweating, so much so that the person
may become dehydrated, experience low blood vol-
ume, shock, and die. Insensible perspiration, also called
insensible water loss, refers to the secretion of a small
amount of sweat; it occurs before one is aware of or
senses the sweating, hence the word insensible. It also
includes the water lost through evaporation from the
lungs (approximately 500 mL/day).

Chilling: Check out some of the heat-losing mecha-
nisms of our animal friends. Squirrels cool off by wav-
ing their bushy tails, and elephants flap their wonder-
ful ears. And we all know that Rover pants. On a less
appealing note, the vulture cannot sweat and cools it-
self by excreting waste along its own legs. The vulture?
Not a house-friendly pet.

What about Mr. Ear Mulffs in Fig. 7.5? How does his
body respond as his temperature decreases? He elicits
the help of his blood vessels and skeletal muscles. First,
the blood vessels in the skin constrict, reducing blood
flow to the skin. This response traps the blood and heat
in the deeper tissues, preventing heat loss. Second, the
sweat glands become less active, also preventing heat
loss through evaporation. Third, skeletal muscles con-
tract vigorously and involuntarily, causing shivering
and an increase in the production of heat. The shivering
is called shivering thermogenesis, the making of heat
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Fig. 7.5 Temperature Regulation.

through vigorous skeletal muscle contraction. These
three activities raise body temperature. Contraction of
the arrector pili muscles causes goose bumps, indicat-
ing a decline in body temperature, but it also contrib-
utes minimally to heat conservation. In furry animals,
the story is a little different; contraction of the arrec-
tor pili muscles pulls the fur upright, thereby trapping
warm air. So, it’s not good to shave Rover in the winter.

NEWBORNS AND BODY TEMPERATURE

In the delivery room, everyone is relieved when the
baby (neonate) takes its first breath and delivers its
first wail. Next to establishing respiratory activity,
however, is the infant’s need to conserve body heat. In
short, the neonate produces only about two-thirds of
the heat produced by an adult but loses twice as much.

Several factors contribute to the excess heat loss.

* The neonate generally has a large surface area,
which increases heat loss. (The curled-up position
of the infant decreases surface area and conserves
heat.) Interestingly, considerable heat is lost from
the head area; hence, the use of caps in the newborn
nursery.

* The neonate generally has only a thin layer of sub-
cutaneous fat. (Fat acts as an insulator, thus prevent-
ing heat loss.)

* The neonate cannot shiver. (Shivering produces
heat.)

LN Go Figure (Refer to )

1. Circle the correct response. Physiologically, why is
the jogger flushed? (nonshivering thermogenesis,
vasodilation, eccrine activity, insensible perspiration)

2. The is the part of the brain called the
body’s thermostat.

3. Whose skin blood vessels are constricted? (jogger or Mr.
Ear Muffs)

The neonate, like a squirrel, produces heat by a pro-
cess called nonshivering thermogenesis. A neonate has
brown adipose tissue (BAT), or brown fat, scattered
throughout its body, especially around the neck and
shoulder area. Metabolism of BAT generates more heat
than the metabolism of ordinary adipose tissue (white
fat). The heat produced by BAT is picked up by the
blood and dispersed throughout the body.

Although we are generally concerned about exces-
sive heat loss in the neonate, we must also be con-
cerned about excess heat. An infant has a very limited
capacity to dissipate heat and is therefore at risk for
hyperthermia. Do not leave the baby in a hot car!

TRANSFER OF HEAT: TERMINOLOGY

Four terms are used describe heat transfer: radiation,
conduction, convection, and evaporation.
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* Radiation means that heat is lost from a warm object
(the body) to the cooler air surrounding the warm
object. Thus a person loses heat in a cold room.

e Conduction is the loss of heat from a warm body to a
cooler object in contact with the warm body. For ex-
ample, a person (warm object) becomes cold when
sitting on a block of ice (cooler object). Clinically,
a cooling blanket may reduce a dangerously high
fever.

* Convection is the loss of heat by cool air currents
moving over the surface of the skin. For example, a
fan moves air across the surface of the skin, thereby
constantly removing the layer of heated air next to
the body.

e Evaporation is the process whereby a liquid turns
into a gas in response to temperature. However,
it’s not all about the temperature; humidity is a
big factor. For example, during strenuous exercise,
sweat on the surface of the skin evaporates and
cools the body. The evaporation of water is asso-
ciated with the loss of a considerable amount of
heat. On a hot, humid day, water cannot evaporate
from the surface of the skin; thus heat loss is di-
minished. This is why we feel the heat so intensely
on a hot, humid day.

1. Explain why shivering and vasoconstriction increase
body temperature.
2. List two physiologic mechanisms that cool the body.

Ramp It Up!

Temperature Terms and the Body Thermostat

Unlike your cold-blooded pet boa, you are warm blooded
and therefore maintain your body temperature within a nar-
row range. Body temperature, however, changes under many
clinical conditions and gives rise to several confusing terms.
Refer to the diagram of the thermometer as we define these
terms. The temperatures on the thermometer were recorded
orally; temperatures recorded by other techniques (rectal or
axillary) are higher or lower.
e Normothermia. This refers to the normal range of body
temperature from 97° to 99.6°F (36.1° to 37.6°C).
e fever (pyrexia). The right side of the thermometer
illustrates an increase in temperature, called a fever,
or pyrexia. Pyrogenic cytokines, often secreted by
pathogens, increase the hypothalamic set point
(thermostat). Then, vasoconstriction (to conserve
heat) and shivering (to produce heat) cause the body
temperature to reach the elevated set point. The set
point can be lowered, usually by resolving its cause
(often infection) or by the use of a fever-lowering drug
(e.g., aspirin), called an antipyretic. Then the body loses
heat through vasodilation and sweating. Laypersons
often describe this late phase as one in which the “fever
has broken.” A very high, life-threatening fever is called
hyperpyrexia (105.8°F [41°C]).

e Hyperthermia. The left side of the thermometer
illustrates hyperthermia and hypothermia.
Hyperthermia refers to an elevation of body
temperature caused by the body’s inability to get
rid of excess heat; the body simply cannot cool
itself. The cause of hyperthermia is most often
environmental; the person is subjected to prolonged
exposure to high temperatures, as in the case of
an infant left in a car during the hot weather. Unlike
fever, hyperthermia is not caused by resetting the
thermostat; the set point is normal. Treatment
measures focus on cooling the body; antipyretics
are not effective because the set point is normal.

In the advanced state (104°F [40°C]), hyperthermia
is called heat stroke or sunstroke and represents
thermoregulatory failure. Without immediate
treatment, death ensues.

e Hypothermia. This refers to a decrease in body
temperature that is usually caused by prolonged
exposure to cold, as in falling through ice into cold
water. The body’s temperature falls so low that the
body cannot sustain its metabolism. Death usually
ensues when the body temperature drops below 95°F

(85°C).
“La"
42 | || - 1076
41 | || = 105.8
. — — Fever
Hyperthermia 40 - || - 1040 (pyrexia)
39 || o 102.2
38 || | 100.4
37 = || - 986
— — Normothermia
36 — || - 98
35 — || - 950
Hypothermia — -
34 — || —.932
Ranges Temperature recorded orally
C = Celsius

F = Fahrenheit

WHEN SKIN IS BURNED

Large areas of skin are often lost because of burns. Burns
are classified according to the depth of the burn and
the extent of the surface area burned (Fig. 7.6A). On the
basis of depth, burns are classified as partial-thickness
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Fig. 7.6 (A) Parts of the skin damaged by burns. Partial-thickness (first- and second-degree burns) and full-thickness

burns (third-degree burns). (B) The rule of nines.

burns or full-thickness burns. Partial-thickness burns
are further divided into first-degree and second-degree
burns. A first-degree burn is red, painful, and slightly
edematous (swollen). Only the epidermis is involved.
Sunburn is an example of a first-degree burn. A second-
degree burn involves damage to both the epidermis and
dermis. With little damage to the dermis, the symptoms
of a second-degree burn include redness, pain, edema,
and blister formation. With greater damage to the der-
mis, the skin may appear red, tan, or white.
Full-thickness burns are also called third-degree
burns. With a burn this severe, both the epidermis and
dermis are destroyed, often with destruction of the

LN Go Figure (Refer to )

1. A person is burned over his entire posterior body.
Indicate the percent (%) of the burn surface.

2. T/F __ A person is burned over his entire posterior body;
this means that he has sustained full-thickness burns
over half his body.

deeper underlying layers as well. Although first- and
second-degree burns are painful, third-degree burns
are painless because the sensory receptors have been
destroyed. Third-degree burns may appear white, tan,
brown, black, or deep cherry red.
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The extent of the burn injury is initially evaluated
according to the rule of nines (see Fig. 7.6B). In this sys-
tem, the total body surface area is divided into regions.
The assigned percentages are related to the number 9.
For example, the head and neck are considered to be
9% of the total body surface area. Each upper limb is
9%, whereas each lower limb is 18% (9 x 2). Note the
percentages assigned to each specific body region. To
determine proper treatment, the clinician must evalu-
ate the depth and extent of the burn injury.

Severe burns are associated with eschar (ESS-kahr)
formation. Eschar is dead, burned tissue that forms a
thick, inflexible, scab-like layer over the burned surface.
Eschar is a problem for two reasons. First, it may sur-
round an area, such as a leg, and act like a tourniquet,
thereby cutting off the flow of blood to the extremity.
More seriously, if the eschar surrounds the chest, it pre-
vents chest expansion and breathing. Second, eschar,
which is initially sterile, becomes a breeding ground
for bacteria and secretes potentially lethal toxins into
the blood. These toxins adversely affect various organs
in the body, such as the lungs and kidneys. Because es-
char can have such serious consequences, it is often slit
(escharotomy) to allow expansion of the burned area
or removed to rid the body of a source of toxin.

1. Explain why an extensive body burn causes fluid and
electrolyte imbalance.

2. Explain how the “rule of nines” allows one to quickly
assess the extent of a burn.

Sum It Up!

Body temperature is caused by metabolizing cells.
Metabolism, in turn, is affected by several factors: food
consumption, hormones, exercise, and disease states.
Thermoregulatory mechanisms balance heat production
and heat loss. These mechanisms include the coordinated
activities of the hypothalamus, blood vessels, skeletal mus-
cle (shivering), and sweat glands (sensible perspiration).
Conservation of heat in a newborn is a delivery room chal-
lenge. Because the skin performs so many vital functions,
extensive burns severely compromise many organ systems,
often causing death. An initial assessment of burns includes
the extent of the burn surface and the depth of the burn.

& As You Age

1. Aging causes a generalized thinning of the epidermis;
the epidermal cells reproduce more slowly and are
larger and more irregular. These changes result in
thinner, more translucent skin.

2. Melanocyte activity decreases, resulting in decreased
protection from ultraviolet light and greater susceptibility
to sunburn and skin cancer. Selected melanocytes
increase melanin production, resulting in brown spots,
or age spots, especially in areas exposed to the sun.

3. The dermis becomes thinner, with a decreased amount
of collagen and decreased number of elastin fibers. The
result is increased fragility of the skin as well as more
wrinkles. The skin also heals more slowly.

4. There are fewer dermal blood vessels with a slower rate
of repair. This change causes the skin to become more
susceptible to small hemorrhages and pressure ulcers.

5. Blood vessels in the subcutaneous tissue decrease, so
drugs administered subcutaneously are absorbed more
slowly.

6. The amount of adipose tissue in the subcutaneous
layer decreases, resulting in more wrinkled skin that
has a lower ability to maintain body temperature. The
person tends to feel cold.

7. Sebaceous gland activity decreases, resulting in dry,
coarse, itchy skin.

8. Sweat gland activity decreases, resulting in a
decreased ability to regulate body temperature as well
as intolerance to cold.

9. The rate of melanin production by the hair follicle
decreases. As a result, hair may become lighter in
color, turning gray or white. Hair does not replace itself
as often and becomes thinner.

10. Blood supply to the nail bed decreases. Consequently
the nails can become dull, brittle, hard, and thick; their
growth rate also slows.

By voer.
¢ The beneficial effect of exercise on the skin is primarily
due to improved blood flow. The blood delivers oxygen
and nutrients and also removes waste. Consequently,
skin color and tone improve.

e Because exercise lowers stress levels, exercise improves
some chronic skin conditions such as acne.
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cutaneous

dermis
epidermis

melanocyte

thermogenesis

xeroderma

Gancers of the Skin
nonmelanomas

malignant
melanoma

Cutaneous Lesions
macule

papule

pustule

wheal

vesicle

ulcer
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WORD PART
MEANING OR
DERIVATION

skin
pertaining to
skin

upon

skin

black

cell

heat
production
dry

skin

not
black
tumor

melas-, for “dark”
tumor

-ule means “little one”

word meaning
“pustule”

word meaning “swell
up”

word meaning “to
go around,” as a
wheel

Means “little bladder”

means “wound”

DESCRIPTION

Cutaneous means “relating to the skin,”.

The dermis is the thick layer of skin under the epidermis.

The epidermis is the layer that lies upon the dermis and forms
the outer layer of skin.

A melanocyte is an epidermal cell that secretes melanin, a
pigment that darkens the skin.

Thermogenesis refers to the production of heat by physiologic
processes; there is shivering and nonshivering thermogenesis

Xeroderma refers to dry skin.

Nonmelanomas are neoplasms that arise from epithelial tissue
and most commonly occur on sun-exposed areas of the body.
Actinic keratosis (kerat/o- = hard), or solar keratosis, is a
premalignant form of squamous cell carcinoma. Basal cell
carcinoma (BCC) is the most common skin cancer and arises
from epidermal basal cells that fail to mature and keratinize.
Squamous cell carcinoma (SCC) arises from squamous
epithelial cells.

Malignant melanoma is a malignant neoplasm of the
melanocytes. Because of its tendency to metastasize
extensively, it is the most deadly form of skin cancer.

A macule is a flat lesion, also called a blemish. Macules include
freckles, flat moles (nevi), vitiligo, port-wine stains, the rashes
of measles and smallpox, some drug-induced reactions, and
petechiae (pinpoint hemorrhages under the skin). A congenital
nevus is a birthmark. There are many types of nevi, including
hemangiomas (strawberry marks), which are vascular nevi.

An elevated lesion that looks like a solid blister. Examples of
papules include elevated moles (nevi), lichen planus, insect
bites, some skin cancers, and verrucae (warts). A wart
is a contagious viral infection caused by one of the many
human papillomaviruses (HPVs). A nodule is a firm papule
that extends into the dermis or subcutaneous tissue. Nodules
include cysts, lipomas, and fiboromas.

A small pus-containing elevation of the skin that is seen in conditions
such as acne and impetigo. A pimple is a small pustule.

Also called a hive. Multiple hives are called urticaria, a pruritic or
itchy skin eruption. Urticaria is usually an allergic response to
medication, food, or insect venom.

Also called a blister. A vesicle is a round lesion filled with serous
fluid. Vesicular lesions characterize herpes zoster (shingles),
herpes simplex infection, and contact dermatitis. A larger
vesicle is called a bulla.

A crater-like lesion formed by the loss of the epidermis and
dermis. Examples include a decubitus ulcer and a chancre.
A decubitus ulcer is a pressure-induced ulcer. A chancre,
meaning “little ulcer,” is the lesion that develops in syphilis.




Integumentary System and Body Temperature CHAPTER 7

Q [ EL e UM e I DU IDIRIG TG Disorders of the Integumentary System—cont’d

MEDICAL TERM WORD PARTS

Disorders of Pigmentation

hypopigmentation hypo-
-pigment-
-a/tion

hyperpigmentation  hyper-
-pigment-
-a/tion

Infections of the Skin

bacterial bacteri-
-al

viral

fungal infections

infestations and
insect bites

Disorders of the Hair and Nails

onychocryptosis

onychomycosis

paronychia

onych/o-
-crypt/o-
-0sis
onych/o-
-myc/o-
-0sis
para-
-onych/o-
-ia

WORD PART
MEANING OR
DERIVATION

insufficient
pigment

state or condition
more than normal
coloring matter
state or condition

bakteérion, for “staff”’
pertaining to

means “poison”

means “mushroom,”

in reference to the
appearance of
fungi

nail

hidden, secret
condition of
nail

fungus
condition of
alongside of
nail

condition of

DESCRIPTION

Vitiligo and albinism are conditions of hypopigmentation, in
which the melanocytes fail to secrete melanin.

Hyperpigmentation is a condition wherein there is an abnormally
high amount of pigment in the skin. Dermal melanocytosis
(mongolian spots) is congenital; the spots appear as a
blue-gray pigmentation in the sacral area. Melasma, related
to hormone sensitivity, occurs during pregnancy (“mask of
pregnancy”) and with the use of oral contraceptives. Lentigo
refers to brown to black flat lesions, called “liver spots,” often
seen in older persons (senile lentigo). The spots may occur in
sun-exposed areas (solar lentigo).

Impetigo (from a word meaning “to attack”) is a bacterial
infection that appears most often on the face and is caused
by beta-hemolytic streptococci or staphylococci. A furuncle
is a deep staphylococcal infection around a hair follicle. A
carbuncle is a group of interconnecting furuncles. Cellulitis
is an inflammation of the subcutaneous tissue and is most
commonly caused by S. aureus or streptococci.

The most common viral infections of the skin are herpes simplex,
herpes zoster, and warts. Herpes comes from a word meaning
“to creep along,” a reference to the progression of vesicular
development. The varicella zoster virus causes chickenpox
(see Chapter 5). Warts (verrucae) are hyperkeratotic papular
growths caused by the human papillomavirus (HPV).

Dermatophytosis, or “ringworm,” refers to infection by a group
of fungi called dermatophytes; it occurs primarily in the skin,
nails, and hair. Ringworm conditions are named according
to location: tinea pedis (athlete’s foot), tinea cruris (“jock
itch”), tinea capitis (scalp), tinea corporis (body), tinea
faciei (face), tinea manuum (hands). Candidiasis, also called
moniliasis, is a yeast infection caused by Candida albicans.
Cutaneous candidiasis appears primarily in moist areas such
as the thigh and beneath the breasts.

There are numerous possibilities with regard to insect bites and
infestations. Infestation with lice is called pediculosis (head,
body, and pubic). Scabies develops in response to a parasitic
mite that seeks out skin creases or folds in which to deposit
eggs.

An onychocryptosis is an ingrown nail, usually on the big toe. It
is most often caused by improper cutting of the toenails or the
wearing of tight shoes.

Onychomycosis is called “ringworm of the nail,” a fungal

infection.

A paronychia is a skin infection around the nail, usually at the
site of a hangnail or cuticle.

Continued
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WORD PART
MEANING OR
MEDICAL TERM WORD PARTS  DERIVATION
trichotillomania trich/o- hair
-tilo- means “l pull out”
-mania abnormal impulse
Skin Diseases
acne Means “point,” as
in the point of a
pimple
dermatitis dermat/o- skin
-itis inflammation
psoriasis psor- means “to have the
itch”

DESCRIPTION

Trichotillomania is an impulse-control disorder in which the
person compulsively twists strands of hair until they break off.

Acne vulgaris—common acne—is characterized by scaly red
skin, comedones (whiteheads and blackheads), papules,
nodules, and pustules. These changes are caused by plugging
of the sebaceous ducts (by sebum and dead skin cells).

Dermatitis is a general term referring to inflammation of the
skin. There are different forms of dermatitis, including contact
(poison ivy), seborrheic (greasy oil/sebum), and atopic
dermatitis (eczema).

An autoimmune disease often confused with eczema. Psoriasis
affects the life cycle of skin cells, causing them to build up on
the surface of the skin.

Get Ready for Exams!

Summary Outline

The integumentary system includes the skin, accessory
structures, and subcutaneous tissue that covers the body,
protects the internal organs, and plays an important role in
the regulation of body temperature.

l. Structures: Organs of the Integumentary System
A. Skin

1. Called the cutaneous membrane or integument.

2. Functions: acts as mechanical barrier, protects
internal organs, performs immune function,
excretes waste, synthesizes vitamin D, houses
sensory receptors, contributes to temperature
regulation.

3. Has two layers: an outer layer called the epidermis
and an inner layer called the dermis.

4. The epidermis has five layers. The stratum ger-
minativum is the layer in which cell division takes
place. The outer layer is the stratum corneum and
consists of flattened, dead, keratinized cells.

5. The dermis is the largest part of the skin and
contains blood vessels, nerves, and sensory
receptors.

6. The dermis lies on the subcutaneous tissue.

7. Skin color is determined by many factors, some
genetic, some physiologic, and some caused by
disease. Melanin causes skin to darken. Caro-
tene causes skin to appear yellow. The amount of
blood in the skin affects skin color (e.g., flushing),
as does the appearance of abnormal substances
such as bilirubin (jaundice) and a low blood oxy-
gen content (cyanosis).

B. Accessory structures of the skin

1. The location of the hair determines its function.
Eyebrows and eyelashes protect the eyes from
dust and perspiration.

2. Main parts of a hair: shaft, root, and follicle

3. Hair color: determined by the amount and type of
melanin

4. Nails are thin plates of stratified squamous epithe-
lial cells that contain a hard form of keratin.

5. There are two major exocrine glands: sebaceous
glands and sweat glands.

6. Sebaceous glands secrete sebum (lubricates hair
and skin). In the fetus, these glands secrete vernix
caseosa, a cheeselike substance that coats the
skin of a newborn.

7. There are two types of sweat glands (sudorifer-
ous glands): apocrine glands and eccrine glands
(especially important in temperature regulation).

8. Modified sweat glands: Mammary glands secrete
milk; ceruminous glands secrete ear wax.

C. Subcutaneous tissue (hypodermis)
1. Anchors the dermis to underlying structures
2. Acts as an insulator; it prevents heat loss

Il. Regulation of Body Temperature (Thermoregulation)
A. Body temperature
1. Core temperature/shell temperature
2. Range and circadian rhythm
3. Thermogenesis definition: shivering and nonshiv-
ering thermogenesis
. Heat production: heat produced by metabolizing cells
C. Heat loss; most of the heat (80%) is lost through the
skin.
D. Heat is increased/conserved (when body temperature
decreases) by
1. Vasoconstriction.
2. Shivering thermogenesis.
3. Decreased sweating.
E. Heat is eliminated (when temperature increases) by
1. Vasodilation.
2. Increased sweating.
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F. Newborns and body temperature
1. Heat conservation
2. Heat production: nonshivering thermogenesis/
brown fat
lll. When Skin Is Burned
A. Physiologic effects
1. Short-term effects (e.g., fluid and electrolyte
losses, shock, inability to regulate body tempera-
ture, infection, eschar formation)
2. Long-term effects (e.g., scarring, loss of function,
and cosmetic and emotional problems)
B. Classification of burns
1. Classified according to the thickness of the burn
(partial, full); also first-, second-, and third-degree
burns
2. The rule of nines is a way to evaluate burns.

Matching: Skin
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

a. keratin 1. ___ Thin outer layer of skin

b. dermis 2. ___ Layer that sits on the

C. subcutaneous hypodermis and supports the
layer epidermis

d. epidermis 3. ___ A protein that flattens,
hardens, and makes the skin
water resistant

4. Alayer of insulation

5. Contains the stratum germin-
ativum and stratum corneum

6. Contains blood vessels

that nourish the stratum
germinativum

Matching: Glands
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

a. eccrine 1. ___ Oil glands

b. sebaceous 2. Glands that secrete vernix

C. ceruminous caseosa

d. mammary 3. __ Glands that play a crucial role in

body temperature regulation
4. Modified sweat glands that
secrete ear wax
5. Modified sweat glands that
secrete milk

6. __ Classified as sudoriferous

7. ___ Most related to blackheads,
pimples, and cradle cap

8. ___ Secretes sweat during intense

exercise

Matching: Colors
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

a. jaundice 1. ___ Tanning pigment
b. cyanosis 2. Condition in which the skin has
c. melanin a bluish tint because of poor
d. vitiligo oxygenation
e. pallor 3. ___ Yellowing of the skin because of
bilirubin
4. ___ Patches of white skin caused by
loss of pigmentation
5. ___ Ashen color due to decreased
amount of oxygenated
blood
Multiple Choice
1. Which of the following is most apt to increase body
temperature?
a. Dilation of the blood vessels in the skin
b. Shivering

c¢. Secretion of the eccrine glands
d. Secretion of sebum

. The stratum germinativum

a. is a dermal layer.

b. gives rise to epidermal cells.

¢. contains the blood vessels that nourish the
epidermis.

d. is part of the hypodermis.

. The epidermis is nourished by the

a. air in the environment that diffuses into the
pores.

b. blood vessels in the hair shafts.

¢. blood vessels in the underlying dermis.

d. oxygen and glucose in the sebum.

. Which of the following is true of the stratum

corneum?

a. Continuously produces epidermal cells

b. Secretes keratin for making the skin water
resistant

¢. Is the dead layer that is sloughed off

d. Continuously secretes bilirubin

. Which of the following best describes the function of

the stratum germinativum?
a. Desquamation

b. Mitosis

¢. Keratinization

d. Shivering thermogenesis

. Secretion of the eccrine glands

a. “oils” the hair shafts.

b. produces vernix caseosa that protects the skin of
the fetus.

¢. lowers body temperature.

d. tans the skin.

. Cyanosis occurs when

a. the blood in the cutaneous blood vessels is
unoxygenated.

b. bilirubin deposits in the skin and mucous membrane.

¢. cutaneous blood vessels dilate.

d. sebum is exposed to air and changes color.
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11.
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. Which of the following pertains to the terms apocrine,

sudoriferous, eccrine, and sebaceous?
a. Sweat glands

b. Vernix caseosa

¢. Sebum

d. Exocrine glands

. Shivering thermogenesis

a. is due to metabolism of brown fat.

b. increases body temperature.

¢. is primarily due to the contraction of the arrector pili
muscles.

d. is triggered by hypoxemia and cyanosis.

Blushing, flushing, and pallor are due to

a. deposition of melanin in the dermal cells.

b. changes in blood flow through the dermal blood
vessels.

c. the rate of keratinization of the epidermal cells.

d. staining of tissues by bilirubin.

Which of the following is true of the group of smooth

muscle cells attached to a hair follicle?

a. Called the arrector pili muscles

b. Cause “goose bumps” when contracted

¢. Contract in response to fear and exposure to cold
temperatures

d. All of the above

Integumentary System and Body Temperature

12.

13.

14.

15.

Which of the following is least descriptive of the seba-
ceous glands?

a. Sebum

b. Vernix caseosa

¢. Oily

d. Sweat

With which skin function are the words core and shell
most concerned?

a. Bilirubin metabolism

b. Vitamin D synthesis

¢. Thermoregulation

d. Skin color determination

Which of the following word roots refers to nail?
a. Trich/o-, as in trichotillomania

b. Onych/o, as in paronychia

¢. Melan/o, as in melanoma

d. Dermat/o, as in dermatologist

Pyrexia, antipyretic, and pyrogenic all refer to

a. pathogens.

b. fever.

¢. infection.

d. antibiotics.



Skeletal System

Objectives

1. List the functions of the skeletal system and the
classification of bones by size and shape.
2. Differentiate between the composition and location of
compact and spongy bone.
. Describe the structure of a long bone.
4. Describe the roles of osteoblasts and osteoclasts and
explain how bones grow in length and width.

5. List the bones of the axial skeleton and label important
landmarks on selected bones.

6. List the bones of the appendicular skeleton and label
important landmarks on selected bones.

7. List the main types and functions of joints and describe the
types of joint movement.

W

Key Terms

abduction (p. 141)

adduction (p.141)
appendicular skeleton (p. 120)
articulation (p.117)

axial skeleton (p. 120)
circumduction (p. 141)
compact bone (p.115)
diaphysis (p.116)

extension (p.141)
flexion (p.141)

fontanels (p.124)
haversian system (p. 115)
ossification (p.117)
osteoblasts (p.115)
osteoclasts (p.118)
osteocytes (p.115)

pelvic girdle (p.120)
periosteum (p. 116)
pronation (p. 132)
spongy bone (p. 115)
supination (p.132)
suture (p.124)
synovial joints (p. 137)
thoracic cage (p.128)

epiphyseal disc (p.118) osteon (p.115)

epiphysis (p.116)

vertebral column (p. 120)

pectoral girdle (p.130)

The skeletal system consists of the bones, joints, and
cartilage and ligaments associated with the joints. Bone
tissue is living and metabolically active, but because it
contains so much nonliving material, such as calcium
and phosphorus, it appears dead or dried up. In fact,
the word skeleton comes from a Greek word meaning
“dried-up body.”

The skeletal system, however, is anything but
dead. It contains 206 bones that are very much alive
and perform a number of important functions. This is
how busy bone is: the average 70-year-old person has
replaced seven complete skeletons during his or her
lifetime!

About Growing Down With Osteoporosis?

Osteoporosis is a common bone disorder, especially in
postmenopausal women and in response to a decline in
estrogen. It is characterized by a decline in bone-making
activity and the loss of bone tissue. As tissue is lost, the
bones weaken and break. Common sites of fracture

caused by osteoporosis are the hips, wrists, and vertebrae.
Osteoporosis may also affect the vertebral column. As the
vertebrae collapse, nerves may be pinched, causing severe
pain. The collapsed vertebrae also cause a shortening of the
vertebral column (growing down) and a change in its curva-
ture. This change in shape, in turn, may impair the function-
ing of organs such as the lungs.

Is estrogen deprivation the only culprit in our bone-
crumbling experience? No! We have long known that
osteoporosis is associated with other factors: sedentary
lifestyle, the frequent ingestion of sodas with their high
phosphate content, the long-term use of steroids, and the
ingestion of thyroid hormone—containing weight-reduction
pills.

ARRANGEMENT AND FUNCTIONS OF
BONES

The bones of the skeletal system are arranged to pro-
vide a framework for our bodies (Fig. 8.1), giving us
our basic shape. The skeletal system does this and
more.
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Fig. 8.1 Skeleton. Axial skeleton (pink) and appendicular skeleton (tan).



L_N Go Figure (Refer to )
1. List the two divisions of the skeletal system. ( ,
- )

2. T/F__The appendicular skeleton contains the bones of
the upper and lower limbs.

3. Circle the bone that is not part of the appendicular
skeleton. (femur, humerus, sternum, tibia)

THE SKELETAL SYSTEM: WHAT IT DOES

In addition to shaping us up, the skeletal system per-

forms other functions.

* The bones of the lower extremities support the
weight of the body.

* The bones support and protect the soft body organs.

e With the assistance of muscles, the skeletal system
enables the body to move about.

* Bones store a number of minerals, the most impor-
tant being calcium and phosphorus.

* Bones participate in the regulation of plasma
calcium.

* Red bone marrow produces blood cells.

MANY SIZES AND SHAPES OF BONES

Bones come in many sizes and shapes, from the pea-

sized bones in the wrist to the 24-in femur in the

thigh. The size and shape of a bone reflect its function

(Fig. 8.2). The long, strong femur in the thigh, for

example, supports a great deal of weight and can with-

stand considerable force. Some of the skull bones, on
the other hand, are thin, flat, and curved. Their func-
tion is to encase and protect the brain.

Bones are classified as follows:

* Long bones. Long bones are longer than they are
wide. They are found in the arms, forearms, palms,
fingers, thighs, legs, and instep. Although it is
obvious that the femur (thigh) and the humerus
(arm) are long bones, even small bones such as the
metacarpals and finger bones are considered long
bones.

e Short bones. Short bones are shaped like cubes and
are found primarily in the wrists and ankles.

e Flat bones. Flat bones are thin, flat, and curved. They
form the ribs, breastbone, cranium, and bones of the
shoulder girdle.

e Irreqular bones. Irregular bones are differently
shaped and are not classified as long, short, or flat.
They include the hip bones, vertebrae, and various
bones in the skull.

BONE TISSUE AND BONE FORMATION

Bone is also called osseous tissue, and the process
of bone formation is called ossification. Bone cells,
called osteoblasts, secrete an intercellular matrix

Skeletal System CHAPTER 8

containing calcium, other minerals, and protein
fibers. The osteoblasts mature into osteocytes that
sit within the hard bone matrix and maintain the
bone.

COMPACT AND SPONGY BONE

There are two types of bone: compact and spongy
(Fig. 8.3). Compact bone refers to dense, hard bone
tissue found primarily in the shafts of long bones and
on the outer surfaces of other bones. Spongy bone is
located primarily at the ends of long bones and in the
center of other bones. Spongy or cancellous bone is less
dense than compact bone.

Compact and spongy bone tissues look differ-
ent under the microscope. Compact bone is tightly
packed, so its density can provide a great deal of
strength (see Fig. 8.3B). The microscopic unit of
compact bone is the osteon, or haversian (hah-VER-
shun) system. Each haversian system consists of
layers of mature osteocytes arranged in concentric
circles around large blood vessels. The area sur-
rounding the osteocytes is filled with protein fibers,
calcium, and other minerals. The protein fibers pro-
vide elasticity, and the minerals make bone tissue
hard and strong. Each haversian system looks like
a long cylinder.

Compact bone consists of many haversian sys-
tems running parallel to each other. Communicating
blood vessels run laterally and connect the haver-
sian systems with each other and with the perios-
teal lining that surrounds the bone. The network of
blood vessels ensures that the bone tissue receives
an adequate supply of oxygen and nutrient-rich
blood.

Spongy, or cancellous, bone has a much different
structure than compact bone (see Fig. 8.3B). Unlike
compact bone, spongy bone does not contain haversian
systems. In spongy bone, the bone tissue is arranged in
plates called trabeculae (trah-BEK-yoo-lay). These bony
plates are separated by holes that give spongy bone a
punched-out Swiss cheese appearance. The holes are
important for two reasons: (1) they decrease the weight
of the bone, and (2) they contain red bone marrow. The
red bone marrow richly supplies the spongy bone with
blood and also produces blood cells for use through-
out the body. Spongy bone is located in the short, flat,
and irregular bones. It is also found in the ends of long
bones.

1. What are the four shapes/sizes of bone?
2. What are two types of bone tissue?
3. Describe the structure of an osteon, or haversian system.
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Irregular bone

Short bones

Long bone

Fig. 8.2 Types of Bones: Long, Short, Flat, and Irregular.

LN Go Figure (Refer to )

1. T/F__ Most long bones are located in the upper and

lower limbs.

2. What type of bone forms vertebrae in the spinal column?

(long, short, irregular, flat)

PARTS OF LONG BONES

Long bones are made up of the following parts (see
Fig. 8.3A):

Diaphysis. The diaphysis (dye-AF-i-sis) is the long
shaft of the bone. It is composed primarily of compact
bone and therefore provides considerable strength.
Epiphysis. The enlarged ends of the long bone are the
epiphyses. The epiphysis (eh-PIF-i-sis) of a bone ar-
ticulates, or meets, with a second bone at a joint. Each
epiphysis consists of a thin layer of compact bone
overlying spongy bone. The epiphyses are covered
by cartilage.

Epiphyseal disc. A growing long bone contains a band
of hyaline cartilage located near its ends. This band

of cartilage is the epiphyseal disc, or growth plate. It
is here that longitudinal bone growth occurs.
Medullary cavity. The medullary cavity is the hol-
low center of the diaphysis. In infancy, the cavity
is filled with red bone marrow for blood cell pro-
duction. In the adult, the medullary cavity is filled
with yellow bone marrow and functions as a stor-
age site for fat. The inside of the medullary cavity
is lined with connective tissue called the endosteum
(en-DOS-tee-um).

Periosteum. The periosteum is a tough, fibrous con-
nective tissue membrane that covers the outside of
the diaphysis. It is anchored firmly to the outside
of the bone on all surfaces except the articular car-
tilage. The periosteum protects the bone, serves as
a point of attachment for muscle, and contains the
blood vessels that nourish the underlying bone.
Because the periosteum carries the blood supply to
the underlying bone, injury to this structure has se-
rious consequences for the health of the bone. As in
the case of any other organ, the loss of blood supply
can cause its death.
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Fig. 8.3 Bone. (A) Anatomy of a long bone. (B) Compact and spongy bone.
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1. The ends of a long bone are referred to as the

(diaphysis, periosteum, bone marrow, epiphyses)

The osteon or Haversian system forms

. (bone marrow, epiphyseal
discs, compact bone, spongy bone)

. The outer connective tissue lining of the diaphysis
is called the . (medullary cavity,
periosteum, bone marrow, epiphyseal discs)

2.

o Articular cartilage. The articular cartilage is found on
the outer surface of the epiphysis. It forms a smooth,
shiny surface that decreases friction within a joint.
Because a joint is also called an articulation, this car-
tilage is called articular cartilage.

The process of bone formation is called ossification. It
begins in the late embryonic period with the formation
of fibrous connective tissue and hyaline cartilage that is
shaped like a miniskeleton (Fig. 8.4). As the fetus matures,
the cartilage and connective tissue change into bone, a
process called ossification. This occurs in two ways: intra-
membranous ossification and endochondral ossification.

OSSIFICATION OF FLAT BONES

In the fetus, the flat bones (those in the skull) consist
of thin connective tissue membranes. Ossification be-
gins when osteoblasts, or bone-forming cells, migrate
to the region of the flat bones. The osteoblasts secrete
calcium and other minerals into the spaces between
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Fig. 8.4 Ossification: Intramembranous, Endochondral
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1. T/F__ Intramembranous ossification is illustrated by the
red area in the skull.

2. T/F__ Endochondral ossification, represented by the
blue, refers to the replacement of the cartilage by bone.

the membranes, thereby forming bone. This type of os-
sification involves the replacement of thin membrane
with bone; it is called intramembranous ossification.

OSSIFICATION OF LONG BONES

Most bones are formed by endochondral ossification
as bone tissue replaces cartilage. The fetal skeleton is
composed largely of cartilage, and the layout of the
cartilage in the fetus provides a model for bone for-
mation (see Fig. 8.4). As the fetus matures, osteoblasts
invade the cartilage and gradually replace the carti-
lage with bone. This process continues in each long
bone until all but the articular cartilage and epiphy-
seal disc have been replaced by bone. By the time the
fetus has fully matured, most cartilage of the body
has been replaced by bone. Only isolated pieces of
cartilage remain, such as the bridge of the nose, parts
of the ribs, and the epiphyses of long bones.

GROWING BONES

Maturation from infancy to adulthood is characterized
by two types of bone growth: (1) bones grow longitu-
dinally and thus determine the height of an individual

and (2) bones grow thicker and become wider to sup-
port the weight of the adult body.

GROWING TALLER

Longitudinal bone growth occurs at the epiphyseal
disc (also called the growth plate; see Fig. 8.3A). The car-
tilage adjacent to the epiphysis continues to multiply
and grow toward the diaphysis. The cartilage next to
the diaphysis, however, is invaded by osteoblasts and
becomes ossified. As long as the cartilage continues to
form within the epiphyseal disc, the bone continues to
lengthen. Longitudinal bone growth ceases when the
epiphyseal disc becomes ossified and fused.

The epiphyseal disc is sensitive to the effects of cer-
tain hormones, especially growth hormone and the
sex hormones. Growth hormone stimulates growth
at the epiphyseal disc, making the child taller. The
sex hormones estrogen and testosterone, however,
cause the epiphyseal disc to fuse, thereby inhibiting
further longitudinal growth. Because the epiphyseal
disc is especially sensitive to the effects of the female
hormone estrogen, girls tend to be shorter than boys.
After puberty, which is associated with increasing
plasma levels of sex hormones, longitudinal growth
gradually ceases.

The What-Ifs of the Epiphyseal Disc

* What If there is an oversecretion or undersecretion
of growth hormone? Gigantism occurs with hyper-
secretion, whereas a type of dwarfism develops
with hyposecretion.

* What If the epiphyseal disc is injured? Longitudinal
bone growth is impaired in the injured bone. A child
who injures the epiphyseal disc in a leg bone, for
example, may end up with that leg considerably
shorter than the noninjured leg.

* What If a young athlete uses anabolic steroids to
enhance performance? Steroids induce premature
fusion of the epiphyseal plate, thereby permanently
stunting growth.

GROWING THICKER AND WIDER

During and long after longitudinal bone growth has
ceased, bones continue to increase in thickness and width.
The bones are continuously being reshaped in a process
called bone remodeling. This is accomplished by the
combined actions of osteoblasts, which are bone-forming
cells, and osteoclasts, which are bone-destroying cells.
Osteoblasts on the undersurface of the periosteum con-
tinuously deposit bone on the external bone surface.

Fig. 8.5 depicts osteoblastic activity, which is like the
work of a bricklayer. Whereas osteoblasts build new
bone, osteoclasts, found on the inner bone surface sur-
rounding the medullary cavity, break down bone tis-
sue, thereby hollowing out the interior of the bone.
Osteoclastic activity is like sculpting. The bricklayer
and the sculptor gradually create a large, wide, hollow
bone that is strong but not too heavy.



Fig. 8.5 Bone Remodeling: Osteoblasts and Osteoclasts.
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1. Identify the inside sculpting person as either “osteoclast
guy” or “osteoblast guy.” ( )

2. ldentify the outside bricklayer as either “osteoclast guy”
or “osteoblast guy.” ( )

The process whereby osteoclasts break down bone ma-
trix is called bone resorption (not to be confused with reab-
sorption). Bone resorption not only widens bone but also
moves calcium from the bone to the blood. In this way,
bone resorption also plays a crucial role in the regulation
of blood calcium levels. The influence of parathyroid hor-
mone on bone resorption is described in Chapter 14.

Factors that stimulate bone growth are weight bearing
and exercise; both activities keep calcium in the bone and
increase bone mass. The bones of bedridden or sedentary
people tend to lose mass and are more easily broken when
stressed. The weightlessness experienced by astronauts
similarly causes a loss of bone mass and leads to easily
broken bones. The beneficial effects of exercise and weight
bearing on bone strength cannot be overemphasized.

1. Referencing the long bone, describe the function of the
diaphysis, epiphysis, epiphyseal disc, and the red bone
marrow.

2. Differentiate between the functions of osteoblasts and
osteoclasts.

3. Describe how a bone grows in length and in width.

4. Describe how bone resorption is involved in bone
growth.

BUMPS AND GROOVES

The surface of bone appears irregular and bumpy as
a result of numerous ridges, projections, depressions,
and grooves called bone surface markings. The pro-
jecting bone markings (the markings that stick out)
serve as points of attachment for muscles, tendons,
and ligaments. The grooves and depressions form the
routes traveled by blood vessels and nerves as they
pass over and through the bones and joints. The pro-
jections and depressions also help form joints. The
rounded head of the proximal arm bone, for example,
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JELEX: RN Bone Markings

BONE MARKINGS DEFINITION
Projections or Processes

Condyle A large rounded knob that usually
articulates with another bone

Epicondyle An enlargement near or above a
condyle

Head An enlarged and rounded end of a
bone

Facet A small flattened surface

Crest A ridge on a bone

Process A prominent projection on a bone

Spine A sharp projection

Tubercle (tuberosity) A knoblike projection

Trochanter A large tubercle (tuberosity) found

only on the femur
Depressions or Openings

Foramen An opening through a bone;
usually serves as a passageway
for nerves, blood vessels, and
ligaments

Fossa A depression or groove

Meatus A tunnel or tubelike passageway

Sinus A cavity or hollow space

fits into a round depression in a shoulder bone, form-
ing the shoulder joint. The specific bone markings are
summarized in Table 8.1. Note the various markings
on individual bones as they are described.

BROKEN BONES

Occasionally a bone breaks, or fractures (Fig. 8.6). A
simple fracture is a break in which the overlying skin
remains intact; local tissue damage is minimal. A com-
pound fracture is a broken bone that has also pierced
the skin. The ends of the broken bone usually cause
extensive tissue damage. The risk of infection is a con-
cern with a compound fracture.

A greenstick fracture is an incomplete break in the
bone and usually occurs in children. Why is it called a
greenstick fracture? If you were to bend a branch of a
young tree, the branch would not snap and break apart
completely. It would, instead, bend and perhaps break
incompletely. The branch responds this way because it
is young and pliable, much like a child’s bone.

There are many other types of bone fractures. For
example, there is a spiral fracture, in which the line of
the fracture extends in a spiral direction along the di-
aphysis. It is caused when the bone is subjected to a
twisting type of force. There is a comminuted fracture,
in which there are more than two bone fragments; the
small fragments seem to be floating. An impacted frac-
ture is a comminuted fracture in which the two parts
of the broken bone have been jammed into each other.
The list of fractures goes on!
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Closed (simple)

Open (compound)

Incomplete (greenstick)

Fig. 8.6 Common Types of Fractures: Simple, Compound, Incomplete (Greenstick).

LN Go Figure (Refer to )

1. Which type of fracture is most apt to be associated
with the development of an infection? (simple,
compound, greenstick)

2. What type of fracture most often occurs in a young
child? (simple, compound, greenstick)

Sum It Up!

The skeletal system consists of bones, joints, cartilage, and liga-
ments found in and around the joints. Bones are composed of
two types of osseous tissue: compact (dense bone) and spongy
(cancellous bone). Bones come in a variety of sizes and shapes
and are classified as long, short, flat, or irregular. We begin life
in the womb as a skeleton-like frame made of cartilage and
thin connective tissue membrane. With maturation, the process
of ossification changes most of the cartilage and certain con-
nective tissue membranes into bone. As a person matures, the
skeleton enlarges as the bones grow longer, wider, and thicker.

DIVISIONS OF THE SKELETAL SYSTEM

The skeleton is divided into the axial skeleton and ap-
pendicular skeletons (see Fig. 8.1). The axial (AK-see-
all) skeleton includes the bones of the cranium, face,

middle ear bones, hyoid bone, vertebral column, and
bony thorax. The appendicular skeleton includes the
bones of the pelvic girdle, the upper extremities (arms,
forearms, wrist, palms, and fingers), and lower limbs
(thighs, legs, ankles, instep, and toes). The names of
the 206 bones of the skeleton are listed in Table 8.2.

AXIAL SKELETON
SKULL

The skull sits on top of the vertebral column and is
formed by two groups of bones: the cranium and the
facial bones (Fig. 8.7).

Cranium

The cranium is a bony structure that encases and

protects the brain. The cranium is composed of eight

bones, most of which are curved.

* Frontal bone. The frontal bone forms the forehead
and the upper part of the bony structure surround-
ing the eyes. It extends back toward the coronal
suture.

* Parietal bones. The two parietal (pah-RYE-i-tal) bones
form the upper sides of the head and the roof of the
cranial cavity (top of the head).
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BONES NUMBER BONES NUMBER
Axial Skeleton (80) Thoracic Cage (25)

Skull (28) True ribs 14
Cranium (8) False ribs 10
Frontal 1 Sternum 1
Parietal 2 Appendicular Skeleton (126)

Temporal 2 Pectoral Girdle (4)

Occipital 1 Scapula 2
Sphenoid 1 Clavicle 2
Ethmoid 1 Upper Limbs (60)

Facial (14) Humerus 2
Maxilla 2 Radius 2
Zygomatic 2 Ulna 2
Palatine 2 Carpals 16
Mandible 1 Metacarpals 10
Lacrimal 2 Phalanges 28
Nasal 2 Pelvic Girdle (2)

Inferior concha 2 Coxal bones 2
T 1 Lower Limbs (60)

: Femur 2
/\,\Z;OI’IZ/SSEar Bones (6) Tibia 5
INCUS 5 Fibula 2
Stapes > Patella 2
Hyoid Bone (1) il 14
Vertebral Column (26) Metatarsals 10
Cervical vertebrae 7 Phalanges 28
Thoracic vertebrae 12 Total Number of Bones 206
Lumbar vertebrae (5)

Sacrum 1
Coccyx 1

e Temporal bones. The two temporal bones are on the
lower walls of the head, close to the ears (commonly
called the temples). The temporal bone also houses
most of the structures of the ear. Several important
bone markings are found on the temporal bones.

They include the following:

* External auditory meatus (mee-AY-tus), an open-
ing for the ear

* Zygomatic (zye-goh-MAT-ik) process, which ar-
ticulates with the cheekbone (not to be confused
with the zygomatic bones)

* Styloid process, a sharp projection used as a point
of attachment for several muscles associated with
the tongue and larynx

* Mastoid process, which forms a point of attach-
ment for some of the muscles of the neck. The
mastoid process, felt as a bump just behind the
earlobe, contains tiny air-filled sacs that com-
municate with the middle ear. Hence, the rela-
tionship between middle ear infections, inflam-
mation of the mastoid process (mastoiditis), and
infection of the brain.

Here’s an interesting note about the temporal bone.
Tempor is a Latin word meaning “time.” As men age,
over time, they usually develop their first gray hairs
over the temple area. So, the name of the temporal
bone is a reference to aging.

* Occipital bone (see Fig. 8.7C). The occipital (ok-SIP-
it-al) bone is located at the back and base of the cra-
nium; it has a number of bone markings. You can
feel the occipital protuberance as a large bump at
the lower back of the head; it is the site of attach-
ment of the nuchal ligament, which attaches the
skull to the vertebral column. A large hole in the oc-
cipital bone, called the foramen magnum, allows the
brain stem to extend downward and become the
spinal cord. On either side of the foramen magnum
are bony projections, called occipital condyles (KON-
dylz), that sit on the first vertebra of the vertebral
column. Unfortunately, the foramen magnum can
act as a death trap, because it provides the only es-
cape hatch in the cranium in the event that the brain
swells. The increased intracranial pressure created
by the swollen brain pushes the brain through the
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Fig. 8.7 Bones of the Skull. (A) Side view. (B) Frontal view. (C) Base of the skull.

foramen magnum and into the spinal region. The
downward displacement or herniation of the brain
exerts pressure on the brain stem, causing respira-
tory arrest and death.

Sphenoid bone. The sphenoid (SFEE-noyd) bone is a
butterfly-shaped bone that forms part of the floor

and sides of the cranium (see Fig. 8.7C). The sphe-
noid bone also helps form the orbits surrounding
the eyes. Several foramina within the bone allow
for the passage of nerves and blood vessels that are
concerned with vision. As the name implies, the
sphenoidal sinus has its home in this bone. In the
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1. The foramen magnum, best viewed in 8.7C, is a large

circular opening in the bone. (frontal,
ethmoid, temporal, occipital)

2. The coronal suture joins the and

bones. (frontal, zygomatic, occipital,
parietal)

3. T/F_ Most of the facial bones are flat bones.

midline of the sphenoid bone is a depression called
the sella turcica (Turk’s saddle); it forms the seat for
the pituitary gland (not shown).

Ethmoid bone. The ethmoid bone is a porous, irregularly
shaped cranial bone located in the upper nasal cavity be-
tween the eye orbits. It separates the nasal cavity from
the brain. There are three parts of the ethmoid bone: a
perpendicular plate that forms most of the upper nasal
septum; the labyrinth, which contains air-filled spaces
that constitute the ethmoidal sinus; and the cribriform
plate. The cribriform plate is a thin, porous bone orient-
ed horizontally and perpendicularly that is attached to
the meninges. The meninges are membranes that sur-
round the brain and contain cerebrospinal fluid (CSF).
The cribriform plate houses the olfactory bulbs and has
small foramina that allow for the passage of the olfactory
nerves. The olfactory system is necessary for the sense of
smell.

The What-Ifs of the Ethmoid Bone

What If a sharp upward blow to the face (i.e., the
meeting of the face with the steering wheel in a car
wreck) drives the horizontally oriented ethmoid
bone into the brain? The bone can sever parts of the
brain, causing brain damage and death. The trauma
also tears the meninges, thereby causing CSF to leak
through the nose (called CSF rhinorrhea)—an im-
portant diagnostic sign.

What If injury or damage to the cribriform plate, as in
cocaine snorting, creates a direct communication be-
tween the nasal cavity and the brain? Microorganisms
enter the brain, causing brain infection and death.
What If a trauma-related event fractures the crib-
riform plate, thereby damaging the olfactory bulbs
and nerves? Such a person would lose the sense of
smell, a condition called anosmia.

Facial Bones

The face has 14 facial bones, most of which are paired
(see Fig. 8.7B). Only the mandible and vomer are single
bones.

Mandible. The mandible (MAN-di-bal), the low-
er jaw bone, carries the lower teeth. The an-
terior portion of the mandible forms the chin.
The mandible forms the only freely movable
joint in the skull. Two posterior upright pro-
jections on the mandible have bony processes
that articulate with the temporal bones at the
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temporomandibular joint (TM]). The TM] can
be felt as the depression immediately in front
of the ear. Tension or stress often causes pain in
the TM]J. This condition is often associated with
tooth grinding (bruxism) during sleep. Bony
processes on the mandible serve as points of at-
tachment for chewing muscles.

* Maxilla. Two maxillary bones fuse to form the upper
jaw. The maxilla (mak-SIH-lah) carries the upper
teeth. An extension of the maxilla, the palatine pro-
cess, forms the anterior portion of the hard palate
(roof) of the mouth (see Fig. 8.7C). These bones also
form parts of the nasal cavity and eye orbits.

® Palatine bones. Two palatine (PAL-ah-tine) bones
form the posterior part of the hard palate and the
floor of the nasal cavity. The palate separates the na-
sal cavity from the oral cavity. Failure of the palatine
and/or maxillary bones to fuse causes a cleft pal-
ate (an opening in the roof of the mouth), making
suckling very difficult for an infant and contributing
to a host of other developmental issues (i.e., dental,
cosmetic, speech). Fortunately, a cleft palate can be
repaired surgically.

e Zygomatic bones. The zygomatic bones are the
cheekbones. They also form a part of the orbits of
the eyes.

* Nasal bones. There are two nasal bones; they form the
bridge of the nose. They also support cartilage that
shapes the lower part of the nose. Feel the bridge of
your nose and the cartilage.

o Other facial bones. Several other bones complete the
facial structure, including the lacrimal bones, vo-
mer, and inferior nasal conchae.

About Two Drug-Induced Jaw-Breaking Events?

The mandible often takes it on the chin! A rather common
mandibular event is the alcohol-fueled Saturday night brawl
that often culminates in a broken jaw. Unlike a broken leg
bone, which can be immobilized by a cast, the mandible
(lower jaw) can be immobilized only by wiring it to the maxilla
(upper jaw). Can’t talk, can’t eat, can’t expel vomit. In fact,
people with wired jaws must have access to wire cutters in
case they vomit. What about nutrition? Puréed food is deliv-
ered through a straw.

A second mandibular malady is a drug-induced “Fossy
jaw.” Alendronate (Fosamax), which belongs to a group of
drugs called bisphosphonates, is used in the prevention and
treatment of osteoporosis in postmenopausal women. It
works by inhibiting bone resorption by osteoclasts. A rare but
distressing side effect of Fosamax is osteonecrosis of the jaw,
characterized by loose teeth and a crumbling jaw bone —hence
the term dead jaw, or Fossy jaw. In addition to osteonecrosis,
a small group of patients treated with bisphosphonates also
experienced a distinctive type of low-energy fracture of the
femur. One theory has suggested that by suppressing bone
turnover (diminished osteoclastic activity), normal wear-and-
tear microscopic bone cracks are not repaired daily and
ultimately progress to bone weakening and fracture.
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1. Sinuses are cavities located in the
facial and cranial bones. (bone-filled, sebum-filled, air-
filled, blood-filled)

2. T/F __ Inflammation of the frontal sinuses is most apt to
present as discomfort of the lower jaw.

1. What are the two groups of bones that form the skull?

2. List the cranial bones that articulate with the parietal
bone.

3. What are the functions of the foramen magnum and
occipital condyles?

4. With regard to head injury, why is the foramen magnum
called a death trap?

Sinuses

Sinuses are air-filled cavities located in several of the
bones of the skull. They perform two important func-
tions: (1) they lessen the weight of the skull and (2)
they modulate the sound of the voice.

The four sinuses are called the paranasal sinuses because
they surround and connect with the nasal structures
(Fig. 8.8). The names of the four sinuses reflect their lo-
cation within the various skull bones: frontal sinus, eth-
moidal sinuses, sphenoidal sinus, and maxillary sinuses.

Because the sinuses connect with the nasal passages
and the throat, infections may spread from the nose
and throat into the sinuses. An inflammation of the
sinus is called sinusitis. Why do allergies sometimes

make your face hurt? Allergies often cause the mucous
membranes that line the facial sinuses to oversecrete
mucus, and mucus forms an excellent medium for
bacterial growth. As the mucus accumulates and the
membranes swell, pressure and discomfort are often
experienced in the facial region overlying the sinuses
(around the eyes and nose).

Sutures: How the Skull Bones Are Held Together
The bones of the adult skull form a unique type of
joint called a suture (see Fig. 8.7A). The sutures join
the bones of the skull, much like a zipper. The major
sutures include the coronal suture, the lambdoidal su-
ture, the squamosal suture, and the sagittal suture (not
shown). Unlike other joints in the body, no significant
movement occurs between cranial bones.

The Infant Skull
The infant skull has two unique features: fontanels and
unfused sutures.

Fontanels (FON-tah-nels) are sheets of fibrous mem-
branes located between the infant cranial bones. These
membranes have not yet been converted to bone by
intramembranous ossification. Because they are soft
to touch, they are called a baby’s soft spots. Also, the
rhythm of the baby’s pulse can be felt in these soft spots,
so they are called fontanels, meaning “little fountains.”

The two major fontanels are the larger, diamond-
shaped anterior fontanel and the smaller, posterior
occipital fontanel. Two smaller fontanels are located
more laterally—the anterolateral and posterolateral
fontanels (Fig. 8.9). By the time a child reaches 2 years
of age, these fontanels have been gradually converted
to bone and can no longer be felt.

The fontanels are one reason why the skull
bones of an infant are more movable than those of
an adult. Another reason is that the sutures of the
infant skull are not fused. Unfused sutures allow
the skull to be compressed during birth. They also
allow for the continued growth of the brain and
skull after birth and throughout infancy. This also
explains why your adorable newborn may look
like a “conehead.” The fetal skull is too large to fit
through the birth canal, so the movable bones over-
lap, thereby decreasing the diameter of the head.
Fortunately, the pointy skull is reshaped shortly
after birth. All sutures usually fuse by early adult-
hood (20s or early 30s).

The What-Ifs of the Fontanels and Sutures

* What If the sutures of the infant skull fuse too early
after birth? This condition, called microcephalia,
prevents the growth of the brain and is character-
ized by a small cranium, restricted brain growth,
and impaired intellectual functioning.

* What If the skull expands excessively, in response
to “water on the brain”? Impaired drainage of



Skeletal System CHAPTER 8

Anterior fontanel

Frontal bone

bone

/-"/ P
Posterior
fontanel

LN Go Figure (Refer to )

1. T/F__ Fontanels are the same as sinuses.

2. The intramembranous membrane of the anterior fontanel
connects the and bones.
(occipital, maxillary, parietal, frontal)

cerebrospinal fluid results in an accumulation of ex-
cess fluid within the brain of an infant, forcing the
bones apart and enlarging the skull.This is called
hydrocephalus.

* What If an infant is severely dehydrated? The fon-
tanels appear sunken, an indication of low blood
volume, dehydration, and impending shock.

1. Why does your face “hurt” in response to sinusitis?

2. What are fontanels?

3. Why is it important that the infant’s sutures are
unfused?

BONES ASSOCIATED WITH THE SKULL

Seven bones are associated with but not part of the
skull. They are a single hyoid bone and the six bones
or ossicles of the middle ear.

Hyoid Bone

The hyoid (HYE-oyd) bone is a U-shaped bone lo-
cated in the upper neck. It anchors the tongue and
is associated with swallowing. The hyoid bone is of-
ten fractured during strangulation or death by hang-
ing. Watch for this during an autopsy, you forensic
sleuths!

Bones of the Middle Ear
Each ear contains three small bones called ossicles (see
Chapter 13 for the role of the ossicles in hearing).

Parietal

Occipital
bone

Frontal bone

—

Anterolateral
fontanel

Posterolateral
fontanel

Fig. 8.9 Fontanels in the Infant Skull.

VERTEBRAL COLUMN

The Back and Its Stack of Bones
The vertebral column, also called the backbone or
spine, extends from the skull to the pelvis (Fig. 8.10).
The vertebral column consists of 26 bones, called
vertebrae (VER-teh-bray), aligned and stacked in a
column. Sitting between each vertebra is a cartilagi-
nous disc. The vertebral column performs four ma-
jor functions:
* Forms a supporting structure for the head and

thorax
¢ Forms an attachment for the pelvic girdle
* Encases and protects the spinal cord
* Provides flexibility for the body

The vertebrae are named according to their loca-
tion. Seven cervical vertebrae (C1-C7) are located in
the neck region. If you bend your head forward and
run your hand down the cervical vertebrae, you will
feel a large bump; this large vertebra is C7, which
is called the vertebra prominens (VER-teh-bra PRAH-
meh-nenz) and is used as a landmark in assessing
surface anatomy. Twelve thoracic vertebrae (T1-T12)
are located in the chest region, and the five lumbar
vertebrae (L1-L5) are located in the lower back re-
gion. If you place your hands on your hips, you are
at the level of L4. In addition, five sacral vertebrae
fuse into one sacrum. The sacrum forms the poste-
rior wall of the pelvis. How did the sacrum get its
name? The ancients thought that the seat of the soul
was located at the base of the spine and therefore
called the sacred area the “sacrum.” The tailbone is
called the coccyx (KOHK-iks) because it resembles
the beak of a cuckoo bird.

VERTEBRAE

Characteristics of Vertebrae
The vertebra is an irregular bone that contains several
distinct structures (Fig. 8.11).
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LN Go Figure (Refer to )

1. The fused vertebrae below L5 are known as the
. (atlas, sacrum, thorax, cervical

vertebrae)

2. T/F __ 7,12, and 5, are the numbers of vertebrae found
in the sacrum, coccyx, and tailbone.

3. T/F __ All spinal curvatures are abnormal.

* Body. The body of the vertebra is composed of
spongy bone and bone marrow. It is padded by a
cartilaginous disc and supports the weight of the
vertebra sitting on top of it. Some processes pro-
vide sites of attachment for ligaments, tendons, and
muscles; other processes articulate with bones such
as the ribs.

Why Your Spine Hates Texting?

Poor spine! All hunched over from heavy backpacks and
various other totes. Not only do we get to carry all our stuff
everywhere, but something new is bothering the spine. The
latest in spine aggravation is “texting,” the nonstop bending of
our heads to check and dispatch our messages. The texting
craze has us permanently hunched, even while sitting. “Text
neck” is a disorder that has been implicated as a major source
of chronic back pain. An explanation: Your “squash” weighs
about 10 to 12 Ib, a weight that is easily supported by your
spine and muscles. When your head tips forward, as in texting,
the spine and muscles experience a much heavier weight,
maybe as much as 60 Ib. Over time, the increased weight
causes wear and tear on the spine and chronic back pain.

o Vertebral foramen. The vertebral foramen is the
opening for the spinal cord; the vertebral foramen
of the stacked vertebrae forms the vertebral canal.
Note that the spinal cord descends from the base
of the brain through the vertebral foramen of the
stack of vertebrae (vertebral canal). Injury to the
vertebral column at any point can compress or sev-
er the spinal cord, causing paralysis. You must use
extreme caution while treating or moving a person
with a spinal cord injury. Immobility is a key term
in the first-aid treatment of suspected spinal cord
injury.

® Spinous processes. The vertebrae are aligned so that
if you run your hand down your back, you will feel
the spinous processes. For this reason, the vertebral
column is also called the spine. Note that the ver-
tebrae become larger as the vertebral column de-
scends. The larger lower vertebrae support a heavi-
er load.

The bodies of the vertebrae are padded and sepa-
rated by cartilaginous discs. The intervertebral discs
contain an inner gelatinous mass called the nucleus
pulposus, which is surrounded by a ring of fibrocar-
tilage. The discs act as shock absorbers and as “spac-
ers” between vertebrae, allowing peripheral nerves
to connect to the spinal cord without being squashed.
(Ouch!)

Do You Know...

Why You Are 1% Shorter When You Go to Bed at Night Than
When You Arise in the Morning?

During the day, while you are standing, the weight of the
body squeezes water out of the discs, thereby decreasing
your height. At night, when the compression on the discs
is relieved, the discs absorb water, swell, and restore your
height.

Two Special Vertebrae: Atlas (C1) and Axis (C2)
The first and second cervical vertebrae have several spe-
cial features and names (see Fig. 8.11). The first cervical
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1. T/F __The atlas and axis are thoracic vertebrae.
2. On which vertebra do the occipital condyles sit?
(lumbar, thoracic, atlas, C7)
3. Which two vertebrae form a joint at the dens thereby
allowing you to gesture “no”?
(atlas, C2, C7, L5)?

vertebra (C1) is called the atlas. The atlas has no body
but does have depressions into which fit the bony pro-
jections (occipital condyles) of the occipital bone of the
skull. The atlas supports the skull and allows you to nod
“yes.” The atlas is named after a figure in Greek mythol-
ogy, Atlas, who carried the earth on his shoulders.

The second cervical vertebra (C2) is called the axis.
The axis has a projection, called the dens (nicknamed

N
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Fig. 8.11 Anatomy of a Vertebra: The Atlas (C1) and Axis (C2) and a Thoracic Vertebra.

for the toothlike odontoid process), which fits into the
atlas and acts as a pivot or swivel for the atlas. The axis
allows your head to rotate from side to side as you say
“no.” A strong blow to the top of the head can force the
dens through the foramen magnum and into the base
of the brain, causing sudden death. Not good! In chil-
dren, the fusion between the dens and the axis is in-
complete. Shaking a child can easily dislocate the dens,
causing injury to the spinal cord and brain.

Curvatures

When viewed from the side, the vertebral column
has four normal curvatures (see Fig. 8.10): the cervi-
cal, thoracic, lumbar, and sacral curves. The directions
of the curvatures are important. The cervical and the
lumbar curvatures bend toward the front of the body.
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Fig. 8.12 Abnormal Curvatures of the Vertebral Column: Scoliosis, Kyphosis, and Lordosis.

LN Go Figure (Refer to )

1. Which curvature is called scoliosis?
(kyphosis, swayback, lordosis, lateral curvature)
2. What is a commonly used word describing kyphosis?
(hunchback, swayback, scoliosis, coccyx)
3. T/F__ Scoliosis can adversely affect the structure of the
thoracic (chest) cage.

The thoracic and sacral curvatures bend away from the
front of the body. These curves center the head over the
body, thereby providing the balance needed to walk in
an upright position.

The curvature of the fetal spine is different. Its
single C-shaped curve bends away from the front of
the body. Its shape reflects the curled-up position of
the fetus during its 9 months in its cozy but cramped
uterine living quarters. The cervical curvature devel-
ops about 3 to 4 months after birth as infants start to
hold up their heads. The lumbar curvature develops
at about 1 year of age, when children begin standing
and walking.

Fig. 8.12 illustrates several abnormal curvatures of
the spine. Scoliosis (skoh-lee-OH-sis) refers to a lateral
curvature, usually involving the thoracic vertebrae. If
severe, a lateral curvature can compress abdominal or-
gans. It can also diminish expansion of the rib cage and
therefore impair breathing. Kyphosis (kye-FOH-sis) is
an exaggerated thoracic curvature; it too can impair
breathing and is sometimes called hunchback. It may
be caused by osteoporosis in adults and in adolescents
who engage in spine-loading sports such as weight
lifting. Lordosis is an exaggerated lumbar curvature
and is sometimes called swayback; it is often associated
with increased abdominal weight, as in pregnancy and
obesity.

1. How does the structure and function of C1 and C2 differ
from that of other vertebrae?

2. What is the function of the vertebral foramen?

3. Why are the lumbar vertebrae larger than the cervical
vertebrae?

4. List the four curvatures of the vertebral column.

THORACIC CAGE

The term thorax (THOH-raks) refers to the chest region.

The thoracic cage is the skeletal part of the chest and is

composed of the sternum, ribs, and thoracic vertebrae

(Fig. 8.13). The bony, cone-shaped thoracic cage per-

forms three main functions:

e Surrounds and protects the lungs, heart, large blood
vessels, and some of the abdominal organs, such as
the liver, spleen, and kidneys.

e Plays a crucial role in breathing. If you put your
hand on your chest and take a deep breath, you will
feel your thoracic cage move up and out.

e Helps support the bones of the shoulder.

Sternum

The sternum, or breastbone, is a dagger-shaped bone
located along the midline of the anterior chest. Its three
parts are the manubrium (man-OO-bree-ahm), body,
and xiphoid (ZYE-foyd) process. The manubrium,
meaning handle-like, is the superior part of the ster-
num. The suprasternal notch, also called the jugular
notch, is a depression on the top of the manubrium. On
each side of the suprasternal notch are the sternocla-
vicular joints, the points at which the manubrium ar-
ticulates (forms joints) with the clavicles (collarbones).
The manubrium also articulates with the body of the
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1. What is the name of the joint located at the level
of the second rib? (xiphoid process,
sternomanubrial joint, sternoclavicular joint, suprasternal
notch)
2. Which words best describe rib numbers 1 to 7?
(false ribs, floating ribs, xiphoid process, true
ribs)

sternum, forming the sternomanubrial joint, also called
the angle of Louis. Palpate your suprasternal notch
and slide your fingertips downward to the first hori-
zontal ridge that you feel. The sternomanubrial joint

is located at the level of the second rib and is there-
fore a landmark used in counting ribs. The body is the
longest part of the sternum and extends to the xiphoid
process. The xiphoid process is the tip of the sternum
and serves as a point of attachment for some abdomi-
nal muscles. The xiphoid is fragile and is easily bro-
ken during attempts at cardiopulmonary resuscitation
(CPR).

Ribs

Twelve pairs of ribs attach posteriorly to the thoracic
vertebrae. Anteriorly, the top seven pairs of ribs at-
tach directly to the sternum by costal cartilage and are
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called true ribs. The next five pairs attach indirectly
to the sternum by cartilage or do not attach at all and
are called false ribs. The bottom two pairs of false ribs
lack sternal attachment and are therefore called float-
ing ribs. Because of their location and lack of sternal
support, the floating ribs are easily broken. They are a
favorite target of boxers who try to disable their spar-
ring opponents by breaking them. Note that the ribs
are numbered, which allows us to describe the loca-
tion of thoracic structures. The spaces between the ribs
(intercostal spaces) are also numbered. For example,
the heart is located between the second rib and fifth
intercostal space (the space between the fifth and sixth
ribs). You will spend a lot of time counting ribs and
intercostal spaces as part of your clinical practice.

Lines, Margins and Angles

The lines, margins, and angles are commonly used

clinically (see Fig. 8.13).

* Midsternal line—an imaginary line drawn vertical-
ly from the suprasternal notch through the middle
of the sternum.

* Midclavicular lines (right and left)—imaginary lines
drawn vertically from the midpoints of the clavicles
(collarbones) and parallel to the midsternal line.

¢ Costal margins—the edges of the cartilage that form
an angle as they converge near the xiphoid process.

* Costal angle—the angle formed by the intersection
of the costal margins; it should be less than 90 de-
grees. The costal angle can change size; for example,
during pregnancy, the angle increases. It also in-
creases when the chest diameter expands with cer-
tain lung diseases, such as emphysema.

* Angle of Louis (sternomanubrial joint)—a joint that
is referenced in counting ribs. The joint is located at
the level of the second rib.

1. What bones form the thoracic cage?

2. With what bony structures do the ribs articulate?

3. Differentiate between the true, false, and floating ribs.

4. Why is the sternomanubrial joint an important landmark?

Sum It Up!

The skeleton is divided into the axial and appendicular skel-
etons. The axial skeleton includes the bones of the skull (fa-
cial and cranial), hyoid bone, bones of the middle ear, bones
of the vertebral column, and bones of the thoracic cage (ribs
and sternum). The skull contains the facial bones, cranial
bones, and air-filled cavities called sinuses. The skull of a
newborn contains fontanels, which are membranous areas
that allow brain growth. The vertebral column is formed from
24 vertebrae, one sacrum, and one coccyx. The vertebrae
are separated by cartilaginous discs. The vertebral column
of the adult has four curvatures: cervical, thoracic, lum-
bar, and sacral. The thoracic cage is a bony cone-shaped
cage formed by the sternum, 12 pairs of ribs, and thoracic
vertebrae.

APPENDICULAR SKELETON

The appendicular skeleton is composed of the bones
of the shoulder girdle, upper limbs, pelvic girdle, and
lower limbs (see Fig. 8.1). The primary function of the
appendicular skeletal system is movement. Skeletal
muscles and ligaments connect the bones of the appen-
dicular skeleton to each other and to the axial skeleton.

SHOULDER GIRDLE

The shoulder girdle is also called the pectoral girdle. Each
shoulder girdle contains two bones: one clavicle (KLAV-
i-kul) and one scapula (SKAP-yoo-lah) (Fig. 8.14). The
shoulder girdle supports the upper limbs and serves as
a place of attachment for muscles. The shoulder girdle is
designed for great flexibility; move your shoulder and
arm around and note how many different movements
you can make. Compare this with the limited movement
you have at the elbow and the knee.

Clavicle

The clavicle is also called the collarbone. It looks like a
long, slender, S-shaped rod and articulates with both
the sternum and scapula. The clavicle helps stabilize
the shoulder; the attachment, however, is weak. The
clavicle is easily dislocated and is the most frequently
broken bone in the body.

Scapula

The scapula, also called the shoulder blade or wing bone, is
alarge flat bone shaped like a triangle. The two scapulae
are located on the posterior thorax overlying rib num-
bers 2 to 7. Two large processes on the scapula allow it
to articulate with the clavicle; they serve as points of at-
tachment for arm and chest muscles. The glenoid cavity
on the scapula is the site where the head of the humerus
(arm bone) fits, thereby allowing you to rotate your arm
at the shoulder. Note the acromion process and coracoid
process on the scapula near the glenoid cavity. Both pro-
cesses serve as points of attachment for ligaments and
muscles. The acromion process forms the “pointy” part
of the shoulder and articulates with the clavicle.

About Xtreme Modeling, Surgical Removal of Ribs, and Toe
Cleavage?

The saying, “You can never be too thin” (or off balance) has
taken on a new meaning. In addition to a starvation diet,
Xtreme Modeling has taken surgical aim at the skeletal sys-
tem. It’s called “remodeling the model.” How so? Surgeons
have successfully shortened or removed toes, thereby allow-
ing the foot to fit into stylish “pointy” shoes. More importantly,
toe removal also creates revealing toe cleavage. The toe is
not the only osseous victim of this skeletal redesign. Removal
of the lower floating ribs further slims the slim. When accom-
panied by high colonic irrigations (enemas), our remodeled
model easily slips into the elusive size 0. Of obvious concern:
the risk of general anesthesia, the loss of ribs that normally
protect the kidneys, and the loss of toes that assist in walk-
ing, balance, and overall comfort! Go figure!
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Fig. 8.14 Bones of the Shoulder and Upper Limb. (A) Shoulder girdle, arm, forearm, and hand. (B) Position of the

radius and ulna during supination and pronation.

UPPER LIMBS

The upper limbs (also called upper extremities) con-
tain the bones of the arm (humerus), forearm (ulna
and radius), and hand (carpals, metacarpals, and
phalanges).

Humerus

The humerus is the arm bone. The proximal humerus
(closest to the chest) contains a head, which fits into
the glenoid cavity of the scapula, allowing the arm
to rotate at the shoulder joint. At the distal end of the
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L_N Go Figure (Refer to )

1. Into which structure does the head of the humerus fit?
(olecranon fossa, glenoid cavity, elbow,
acromium process)
2. These bones articulate both with the metacarpals and
the distal radius. (humerus, phalanges,
carpals, acromion/coracoid processes)

humerus (at the elbow) are several processes that al-
low it to articulate with the bones of the forearm. The
olecranon (oh-LEK-rah-non) fossa is a depression of
the humerus that holds the olecranon process of the
ulna when the elbow is extended (not bent). Like other
bones, the humerus contains numerous bony projec-
tions for muscle attachments and grooves for the pas-
sage of nerves and blood vessels.

Radius

The radius is one of two bones of the forearm. It is lo-
cated on the lateral or thumb side when the palm of the
hand is facing forward. The head of the proximal ra-
dius articulates with the humerus and proximal ulna,
whereas the distal end articulates with the distal ulna
and the carpal or wrist bones. The radial tuberosity at
the proximal end of the radius is the site of attachment
for one of the muscles responsible for bending the fore-
arm at the elbow.

Ulna

The ulna is the second bone of the forearm. The lon-
ger of the two bones, the ulna, is located on the me-
dial or little finger side of the forearm. It has process-
es and depressions that allow it to articulate with the
humerus and radius proximally and with the radius
distally. The olecranon process of the ulna is what
you feel as the bony point of the elbow. Note that
the distal ends of both the ulna and radius have a
pointed styloid process; the styloid processes can be
felt at the wrist.

Also note the relationship of the radius to the ulna
when the hand moves from a palm-up (supination) to a
palm-down (pronation) position. When the palm is up,
the two bones are parallel. When the palm is down, the
two bones cross to achieve this movement.

Hand

The hand is composed of a wrist, palm, and fingers.
The wrist contains eight bones called carpal bones,
which are tightly bound by ligaments. Five metacar-
pal bones form the palm of the hand; each metacar-
pal bone is aligned with a finger. Feel your metacarpal
bones on the back of your hand; note how each aligns
with your fingers. The heads of the metacarpal bones
are prominent as the knuckles when a fist is made. The
14 finger bones are called phalanges (fah-LAN-jeez), or
digits. Note that each digit has three bones except the
thumb (called the pollex), which has only two bones.

&4 Rre-hink

1. List the bones of the pectoral girdle.

2. List the bones of the upper limbs

3. What “happens” at the glenoid cavity?

4. What bones form the elbow? What is the olecranon
process?

Do You Know...
About Dr. Pollex and Mr. Blackberry’s Thumb?

Mr. Blackberry went to his family physician, Dr. Pollex, with a
chief complaint of extreme pain in his left thumb. He writhed
in pain and sobbed uncontrollably as he punched numbers
into his cell and frantically sent text messages to everyone
he had ever met. Dr. Pollex, however, was all over it. “Thumb
abuse!” he roared. He explained to Mr. Blackberry. “Your
thumb [pollex] was not designed to click away 24/7; it’s ach-
ing for relief. The sheath around your thumb is inflamed and
swollen.” The digit doc assured Mr. Blackberry that with rest
and retraining, he would quiet down the tenosynovitis and
would once again be clicking away. Thumb pain resulting
from repetitive thumb-clicking marathons is a malady called
Blackberry thumb, a reference to the once popular hand-
held device. Blackberry thumb is a catch-all phrase that de-
scribes a repetitive stress injury (RSI) as a result of overuse of
small thumb-operated devices.

Pelvic Girdle

The pelvic girdle is composed of two coxal bones that

articulate with each other anteriorly and with the sa-

crum posteriorly (Fig. 8.15A). The pelvic girdle per-

forms three functions:

e It bears the weight of the body.

e Itserves as a place of attachment for the thighs.

e It protects the organs located in the pelvic cavity,
including the urinary bladder and reproductive
organs.

Pelvis
The pelvis is formed by the pelvic girdle, sacrum, and
CoCCyX.

Male and Female Differences. The differences be-
tween the female and male pelvis are related to the
childbearing role of the female. In general, the female
pelvis is broader and shallower than the male pelvis.
The male pelvis is narrow and funnel shaped (see
Figs. 8.15C and D).

Coxal Bone

The coxal bone is the hip bone (see Fig. 8.15B). Each
coxal bone is composed of three parts: the ilium, ischi-
um, and pubis. The three bones join together to form
a depression called the acetabulum (ass-it-TAH-buhl-
um). The acetabulum is important because it receives
the head of the femur and therefore enables the thigh
to rotate at the hip joint.
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1. Into which coxal structure does the head of the femur fit?
(liac crest, symphysis pubis, acetabulum,
obturator foramen)
2. The two pubic bones meet anteriorly as the
. (obturator foramen, greater sciatic notch,
acetabulum, symphysis pubis)

llium. The ilium (IL-ee-um) is the largest part of the
coxal bone. The ilium is the flared upper part of the
bone and can be felt at the hip. The outer edge of
the ilium is called the iliac crest. The ilium connects in
the back with the sacrum, forming the sacroiliac joint.
The greater sciatic notch is the site where blood ves-
sels and the sciatic nerve pass from the pelvic cavity
into the posterior thigh region. Like the sternum, the
ilium produces blood cells and is a site for bone mar-
row biopsy.

Ischium. The ischium (ISH-ee-um) is the most in-
ferior part of the coxal bone. The ischium contains
three important structures: the ischial tuberosity, is-
chial spine, and lesser sciatic notch. The ischial tu-
berosity is the part of the coxal bone on which you
sit. The ischial spine projects into the pelvic cavity
and narrows the outlet of the pelvis. If the spines of
a woman’s two ischial bones are too close together,
the pelvic outlet becomes too small to allow for the
birth of a baby. The measurement of the distance
between the two spines therefore provides valuable
information about the adequacy of the pelvis for
childbearing.

Pubis. The pubis is the most anterior part of the
coxal bone. The two pubic bones meet in front as
the symphysis (SIM-fi-sis) pubis. A disc of cartilage
separates the pubic bones at the symphysis pubis.
In women, the disc expands in response to the hor-
mones of pregnancy, thereby enlarging the pelvic
cavity to provide a bigger space for the growing fe-
tus. The symphysis pubis is a forensic gold mine. It
is an accurate indicator of age, gender, and evidence
of past pregnancies.

A large hole called the obturator foramen is formed
as the pubic bone fuses with a part of the ischium. The
obturator is the largest foramen in the body.

What is meant by the true pelvis and false pelvis?
The false pelvis is the area surrounded by the flaring
parts of the two iliac bones (see Fig. 8.15C). The true
pelvis lies lower and is smaller than the false pelvis.
The true pelvis is a ring formed by the fusion of the
pelvic bones. The pelvic brim is the border between
the false and true pelves. The true pelvis has an inlet
and outlet area. In women, the size of these areas is
important because they must be large enough to allow
for childbirth.

1. Name the three bones that form the coxal bone.

2. What is the function of the acetabulum?

3. Locate the symphysis pubis. Explain how it affects the
size of the pelvis during pregnancy.

LOWER LIMBS

The lower limbs (also called the lower extremities) in-
cludes the bones of the thigh, kneecap, leg, and foot
(Fig. 8.16).

Femur

The femur is the thigh bone; it is the longest and stron-
gest bone in the body. The femur articulates proximal-
ly with the coxal bone to form the hip joint and distally
with the bones of the leg to form the knee joint. The
head of the femur sits in the acetabulum of the coxal
bone and allows the thigh to rotate at the hip joint. The
head of the femur attaches to the rest of the femur by
the neck. Anumber of bony processes are on the femur.
The most important are the greater and lesser trochan-
ters (tro-KAN-ters). These trochanters provide sites of
attachment for many powerful muscles.

In older persons, the neck of the femur is easily bro-
ken during a fall and is known as a broken hip. The forced
immobility (bed rest) associated with a broken hip often
results in serious complications. For example, because
of the weight of the injured leg, an immobile bedridden
person may experience an outward rotation of the hip. If
allowed to develop, this outward rotation makes walking
very difficult and therefore delays rehabilitation. Other
hazards of immobility, such as blood clots and pneumo-
nia, contribute to the seriousness of a fractured hip.

Patella

The patella is the kneecap. It is a triangular bone locat-
ed within a tendon that passes over the knee. It both
articulates with the distal femur and protects the ante-
rior surface of the knee joint. Interestingly, an infant is
born without kneecaps; somewhere between the ages
of 2 and 6 years, in response to weight bearing, a small
sesamoid bone (one that looks like a sesame seed) in the
patellar region enlarges, thereby forming the kneecap.

Tibia and Fibula
The tibia and the fibula form the leg. The tibia is the
shinbone and articulates with the distal femur at the
knee. The tibia is the larger weight-bearing bone of
the leg. A protuberance called the tibial tuberosity is
the site of attachment for the muscles and ligaments
from the thigh. At the distal end of the tibia, a protu-
berance called the medial malleolus (mah-LEE-oh-lis)
articulates with the talus, a tarsal bone. The medial
malleolus can be felt as a large bump on the inner
ankle area.

The fibula (FIB-yoo-lah) is a long, thin bone po-
sitioned laterally alongside the tibia in the leg. The
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LN Go Figure (Refer to )

1. Which bone articulates with both the coxal bone and the
tibia? (calcaneus, fibula, femur, patella)

2. The medial and lateral malleoli are closest to the
joint. (hip, ankle, knee)

proximal end of the fibula articulates laterally with the
tibia. It does not articulate with the femur, is not part
of the knee, and bears much less weight than does the
tibia. The distal end forms the lateral malleolus, which
articulates with the talus. The lateral malleolus can be
felt as a large bump on the outer ankle area. The articu-
lation of the distal tibia (medial malleolus) and fibula
(lateral malleolus) with the talus forms the ankle joint
or talocrural joint. Skiers often twist their ankles and
break the fibula at the lateral malleolus. You don’t need
snow, however, to hobble. Just roll the ankle and you
too can be on crutches!

How do we remember the positions of the leg
bones? The tibia is the Thick Inner Bone; the fibula is
LAteral to the tibia.

Foot

One-quarter of all the bones in the body are in the feet.
Each foot (Fig. 8.17) has an ankle, instep, and five toes.
Seven tarsal bones form the ankle. The most proximal
of the tarsal bones, the talus, articulates with the tibia
and fibula. Most of the weight of the body is supported
by two of the tarsal bones, the talus and the calcaneus
(kal-KAY-nee-us), or heel bone. The posterior end of
the calcaneus is the point of attachment of the calca-
neal tendon (Achilles) for the calf muscles in the pos-
terior leg.

The arched instep of the foot is formed by five meta-
tarsal bones. The ball of the foot is formed by the distal
ends of the metatarsals. The tarsals, metatarsals, and
associated tendons and ligaments form the arch of the
foot. If the ligaments and tendons weaken, the arches
can fall, and the person is said to have flat feet. The toes
contain 14 phalanges. The great toe is called the hallux.

Foot Notes and Toe Woes: We all know about the
thrill of victory (looking great in heels and flaunting
the latest in toe cleavage). What about the “agony of
de-feet”? Think about it. Sometimes we jam our square
feet into pointy shoes, creating an unnatural, uncom-
fortable, and crippling tiptoe gait. The entire weight
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Fig. 8.17 Bones of the Foot: Tarsals, Metatarsals, and Phalanges. Arches support the structure of the foot.

LN Go Figure (Refer to )

1. T/F __ The tarsal bone and the calcaneus are both

metatarsal bones that articulate with the hallux. °
2. The distal tibia and fibula both articulate with the
. (calcaneus, hallux, femur, talus)

bone. Pump bump is so common that it has its own
medical name: the Haglund deformity.

Knee pain. The shift in weight adds unnatural stress
to the knee joint; knee joint replacement is more
common in women and is often related to wearing
abusive footwear.

Last but not least. There have been several document-
ed cases of death associated with falling while wear-
ing platform shoes.

What to do? Although it can be performed, the sur-
gical removal of toes is not the answer. Instituting a
fashion change is certainly less painful than redesign-
ing the foot. In any event, heels are definitely an ana-
tomical step in the wrong direction!

About Those Men in Heels?

High heels were originally worn by men. Persian horseback rid-
ers used heels to help their feet stay in the stirrups. They were
first used for riding and not walking! The high-heel trend eventu-
ally spread to the upper crust in Europe, among both men and
women, for walking. The wealthy and well shod thus gave rise
to the expression “well heeled.” The trend died down for men,

of the body is pushed forward to the balls of the feet.
What do we get for this stylish effort?

* Bunions. Bunions develop in response to excessive
force, whereby the big toe is compressed and forced
toward the second toe. The joint becomes distorted,
inflamed, and painful.

* Neuromas. The shift of body weight to the balls of the
feet causes painful and debilitating nerve growths
(neuromas) between the toes.

Metatarsalgia. The shift of body weight causes meta-
tarsalgia, or pain in the ball of the foot.

Shortening of the Achilles tendon. The tiptoe position
causes contraction of the Achilles tendon; the shortened
tendon then makes the use of flat shoes uncomfortable.
Pump bump. Excess pressure of the heel of the shoe
on bone causes an enlargement (bump) on the heel

who wisely retreated to the comfortable low-heeled shoe for
walking, while fashionable women retained the high-heel look
and continued to dance around in physiologically unfit props.

Want to change the spiked-heel craze? Be brave like King
Charles VIl in instituting fashion change! He had six toes on
each foot, a condition called polydactyly. Did he wear heels?
No, he made it fashionable to wear the very comfortable
albeit ugly square-toed shoes. You don’t have to go ugly,
but you do have to be kinder to those distal digits if you want
them to walk you into your 90s!




&4 Re-Think

1. List the bones that articulate with the femur.
2. What bones articulate at the knee?
3. What bones form the ankle? foot?

Sum It Up!

The appendicular skeleton includes bones of the pectoral
girdle (clavicle, scapula), upper limbs (humerus, radius, ulna,
carpals, metacarpals, phalanges), pelvic girdle (coxal bones),
and lower limbs (femur, patella, tibia, fibula, tarsals, metatar-
sals, phalanges).

JOINTS (ARTICULATIONS)

A joint, also called an articulation or arthrosis, is a
meeting site—a meeting between two bones, between
a bone and cartilage, and between a bone and teeth.
Joints perform two functions: they hold the bones
together and provide flexibility to a rigid skeleton.
Without joints, we would move around stiffly, like
robots. Think of how awkward a basketball player
would look with a completely rigid skeleton. The
branch of science that studies joints is called arthrology;
the branch of medicine that studies disease of the joints
is called rheumatology.

Joints can be classified into three groups according
to the amount of movement: immovable, slightly mov-
able, and freely movable (Table 8.3). Joints can also be
classified anatomically according to the types of tis-
sues—fibrous, cartilaginous, or synovial—that bind
the bones at the joint. This text prefers the functional
classification.

What Do Dripping “Humors” Have to Do With Gout?

The typical cartoon of a person experiencing gout is that
of an older, red-faced, obese, well-heeled man. His el-
evated, throbbing big toe fits the picture perfectly. Gout is
caused by an increase of uric acid in the blood. The uric
acid deposits in joints, where it forms tiny sharp crystals
(called tophi) that inflame the joint and cause intense pain.
Foods high in uric acid can bring on an attack of gout. A
diet of meat and alcohol (the rich man’s diet) can cause it;
hence the caricature of a glutton—wealthy, obese, and red-
faced—comes to mind. The term gout comes from gutta,
a Latin word meaning “to drop.” It was originally believed
that gout was caused by unhealthy humors (fluids) or poi-
sons that dropped or dripped into the joints, particularly
the joint of the great toe. This disease was so common
that the pubs often had gout stools for their portly persons
Remember this:

G great toe

(0] one joint, usually the great toe
U uric acid

T tophi

Y Yikes, that hurts!
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JOINT CLASSIFICATION
IMMOVABLE JOINTS

Immovable joints permit no movement. The sutures in
the skull are immovable joints. The sutures are formed
as the irregular edges of the skull bones interlock and
are bound by fibrous connective tissue. When fused,
they look like zippers. Sutures are found only in the
skull.

SLIGHTLY MOVABLE JOINTS

Slightly movable joints permit limited movement.
Limited movement is usually achieved by bones con-
nected by a cartilaginous disc. For example, movement
of the spinal column occurs at the intervertebral discs.
Also, during pregnancy, the symphysis pubis allows
the pelvis to widen. A cartilaginous joint is called a
symphysis.

FREELY MOVABLE JOINTS

Freely movable joints provide much more flexibility

and movement than the other two types of joints. Most

of the joints of the skeletal system are freely movable.

All freely movable joints are known as synovial (si-NO-

vee-all) joints (Fig. 8.18). The most prominent charac-

teristic of a synovial joint is the synovial or joint cavity,

a small space between the articulating bones. A typical

synovial joint such as the knee includes the following

structures:

e Articular cartilage. The articulating surface of each of
the two bones is lined with articular cartilage, form-
ing a smooth surface within the joint. The articular
cartilage reduces friction and exerts a cushioning ef-
fect within the joint.

e Joint capsule. The joint capsule, or articular capsule,
is made of fibrous connective tissue. It encloses the
joint in a strong sleeve-like covering. The outermost
layer of the capsule is continuous with the perios-
teum of the articulating bones. The innermost layer
is called the synovial membrane; it secretes synovial
fluid into the joint cavity.

e Synovial fluid. Synovial fluid nourishes and lubricates
the inner joint surfaces in the joint cavity. Synovial
fluid gets its name from an ovum or egg because the
thick consistency of the synovial fluid resembles the
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JELIEREE Types of Joints

DESCRIPTION
Suture, or “zipper”
Disc of cartilage between two bones

EXAMPLES
Cranial bones

Immovable
Slightly movable
Freely movable

Intervertebral discs; symphysis pubis
Shoulder (scapula and humerus): hip (coxal bone and femur)

Ball and socket

Hinge Elbow (humerus and ulna, humerus and radius): knee (femur
and tibia); fingers

Pivot Atlas and axis; allows for rotation (side-to-side movement) of
the head, indicating “no

Saddle Thumb (carpometacarpal joint); sternoclavicular joint

Gliding Carpals

Condyloid Temporal bone and mandible (jaw); knuckles

Patella

Joint cavity
(filled with
synovial fluid)

Articular

cartllage
Synovial
membrane

ol
Capsule Lateral

meniscus
Tibia

Fig. 8.18 Synovial Joint (Knee) Structures.

LN Go Figure (Refer to )

1. The knee joint is classified as being both
, and . (synovial,
symphysis, suture, freely movable).
2. T/F __ Synovial fluid is found within the joint cavity.

small sacs of synovial fluid that serve to reduce fric-
tion. Bursae are most often located outside the joint,
between tendons and bone, muscles and bone, and
between ligaments and bone. Overuse of a joint may
cause a painful inflammation of the bursae, called
bursitis.

* Supporting ligaments and menisci. Surrounding and
within the joint are supporting ligaments. There

consistency of an egg white. Warming-up exercises

stimulate the secretion of synovial fluid, thereby re-
ducing wear and tear within the joints.

® Bursae. Some synovial joints, like the shoulder and
knee joints, contain bursae (sing., bursa). Bursae are

are collateral ligaments found on the sides of the
knee and cruciate ligaments (anterior and posterior)
found inside the knee joint. Some synovial joints
also contain crescent-shaped pads of fibrocartilage
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LN Go Figure (Refer to )

1. What is the name of the elbow joint?
(talocrural, radiocarpal, humeroulnar, glenohumeral)
2. The tibiofemoral joint is better known as the
joint. (knee, ankle, hip, shoulder)
3. Which of the following joints is located in the lower
extremities? (radiocarpal, humeroulnar,
talocrural, sternomanulbrial)

called menisci. The menisci act as shock absorbers
and play a role on weight distribution within the
joint.

* Nerves. Synovial joints contain many nerve endings
that supply the articular capsule. Some nerve end-
ings convey pain to the brain and spinal cord. Other
nerve endings respond to stretch; this information
is used by the nervous system to reflexively coordi-
nate skeletal muscle movement.

NAMING OF JOINTS

The joints of the body are often named according to
the bones they connect. Refer to Fig. 8.19 as we iden-
tify several joints. The temporomandibular joint
connects the temporal bone in the skull with the
mandible (lower jaw). The tibiofemoral joint is the
articulation between the tibia and the femur—the
knee. The knuckles refer to the metacarpophalangeal
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joints. The name indicates that the metacarpal bone
articulates with a phalange (finger). Some names
specify the bony process rather than the bone. For
example, the glenohumeral joint names the glenoid
cavity of the scapula and humerus, the arm bone that
fits into the glenoid cavity. The acromioclavicular joint
is the articulation between the acromion process of the
scapula and the clavicle.

FREELY MOVABLE (SYNOVIAL) JOINTS:
CLASSIFICATION ACCORDING TO MOVEMENT

The body contains many types of freely movable sy-
novial joints. The type of motion and the degree of
flexibility vary with each type of joint. For example,
if you move your elbow, your arm and forearm will
move like two boards joined by a hinge. This mo-
tion is very different from the arm-swinging motion
at the shoulder joint. Both the elbow and shoulder
joints are freely movable, but the types of movement
differ.

Six types of freely movable joints are classified ac-
cording to the type of movement allowed by the joint
(Fig. 8.20; see Table 8.3).

HINGE JOINT

The hinge joint allows movement similar to the move-
ment of two boards joined together by a hinge. The
hinge allows movement in one direction, where the
angle at the hinge increases or decreases. Hinge joints
include elbows, knees, and fingers. Move each of these
joints to clarify the movement described here. Move
your knee and identify the hinge.

BALL-AND-SOCKET JOINT

A ball-and-socket joint is formed when the ball-
shaped end of one bone fits into the cup-shaped
socket of another bone, allowing the bones to move
in many directions around a central point. The
shoulder and hip joints are ball-and-socket joints.
The head of the humerus fits into the glenoid cavity
of the scapula in the shoulder joint. The head of the
femur fits into the acetabulum of the coxal bone in
the hip joint.

Move your shoulder all around (as in pitching a
softball) and note the freedom of movement. Compare
this movement with the limited movement at the el-
bow or knee hinge joints. Although the ball-and-socket
joint allows for a wide range of movement, it also pre-
disposes the joint to easy displacement. When a strong
force (as in falling) is applied to the shoulder, for ex-
ample, a dislocation may occur.

PIVOT JOINT

A pivot joint allows for rotation around the length of
a bone. The pivot joint allows only for rotation. An ex-
ample is the side-to-side movement of the head indicat-
ing “no.” This rotation occurs as the atlas (first cervical
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Fig. 8.20 Freely Movable Joints.

LN Go Figure (Refer to )

1. The joint that allows your head to turn indicating “no” is a
joint. (hinge, ball and socket, saddle,

pivot)
2. Which of the following is a ball-and-socket joint?
(elbow, wrist, humeroulnar, glenohumeral)
3. Which of the following is not a freely movable joint?
(saddle, ball and socket, hinge, suture)

vertebra) swivels around, or pivots, on the axis (second
cervical vertebra). This joint is called the atlantoaxial joint.

SADDLE JOINT

Asaddlejoint is formed when the surfaces of both ar-
ticulating bones are saddle shaped; the saddle shape
of one bone is concave whereas the saddle shape of
the second bone is convex. The position of the articu-
lating bones is like that of a rider in a saddle. The
clearest example of a saddle joint is the carpometa-
carpal joint at the base of the thumb, which gives the
thumb a wide range of motion. Move your thumb
all around to check out its versatility. Now touch the
tip of each finger with your thumb, a movement re-
ferred to as opposition. Interestingly, having an op-
posable thumb is one of the bragging points for be-
ing classified as human!

GLIDING JOINT

A gliding joint is formed by the interaction of the flat
surfaces of the articulating bones. It allows for a lim-
ited but complex gliding movement. Gliding joints are
found in the wrist (intercarpal joints), ankle (intertarsal
joints), and vertebral column.

CONDYLOID JOINT

A condyloid (KON-di-loyd) joint is formed when the
oval articular surface of one bone fits into the oval de-
pression of the second articulating bone. The radiocar-
pal joint (wrist) and the metacarpophalangeal joints
(knuckles) at the bases of the fingers are examples of
condyloid joints.

CLINICALLY “BIG” SYNOVIAL JOINTS

KNEE

The knee joint, called the tibiofemoral joint, is the
largest and most complex freely movable joint in the
body. It is a hinge joint. In addition to all the struc-
tures contained in a synovial joint, the knee joint
contains extra cushioning in the form of pads of car-
tilage. These pads absorb the shock of walking and
jumping. Two crescent-shaped pads of cartilage, the
medial meniscus (min-ISS-kiss) and lateral menis-
cus, rest on the tibia. Like other synovial joints, the
knee joint is reinforced and aligned by supporting
ligaments, the cruciate (KROO-she-ate) ligaments
in particular. There is an anterior cruciate ligament
(ACL) and a posterior cruciate ligament (PCL). All
athletes are very aware of these joint-stabilizing
structures. Football penalties, in particular, acknowl-
edge the seriousness of the hinged nature of the knee
by assessing a 15-yard penalty for clipping—an at-
tempt to convert a hinge joint to a ball-and-socket
arrangement.

In addition to the stabilizing influence of the joint
ligaments, joints are stabilized by the surrounding large
skeletal muscles. For instance, the knee joint is stabilized
by the quadriceps tendon anteriorly and hamstring
muscles posteriorly. Strengthening of these surrounding



muscles diminishes the risk of knee injury. Moreover,
therapy for knee injury or surgery often involves the
strengthening of the surrounding muscles.

SHOULDER

The shoulder joint is called the glenohumeral joint,
indicating that the head of the humerus fits into the
glenoid cavity of the scapula. The shoulder joint is a
ball-and-socket joint that permits the greatest range
of motion. The joint is stabilized by surrounding
skeletal muscles, tendons, and ligaments. The ro-
tator cuff muscles and tendons, in particular, hold
the head of the humerus in the glenoid cavity. The
wide range of motion of the shoulder joint comes at
a price. The shoulder joint is the most frequently dis-
located joint.

ELBOW

The elbow is a hinge joint formed by two articulations:
the humeroulnar joint and the humeroradial joint. The
olecranon process of the ulna forms the pointy part of
the elbow when it is flexed. The elbow is a hinge joint
that is very stable; nonetheless, it can be injured. For
example, “nursemaid’s elbow” is caused by an impa-
tient parent or “nursemaid” dragging a toddler by the
arm. The upward twisting pull causes a partial dislo-
cation of the child’s elbow and possible damage to the
growth plate (epiphyseal disc).

There is a third joint in the elbow region called the
proximal radioulnar joint; it does not, however, con-
tribute to the hinge movement.

HIP

The hip, called the coxal joint, is a ball-and-socket joint
formed where the head of the femur articulates with
the acetabulum, the depression formed by the three
coxal bones. The hip is strengthened by surrounding
muscles, tendons, and ligaments. A fractured hip refers
to a break in the neck of the femur.

1. Give one example of each type of joint: immovable,
slightly movable, and freely movable.

2. Classify each of the following freely movable joints:
tibiofemoral, humeroulnar, glenohumeral, atlas-axis,
talocrural, and hip.

Types of Joint Movements
Movements at freely movable joints occur when the
muscles that lie across the joints contract and exert
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pressure on the attached bone. These movements are

illustrated in Fig. 8.21 and defined as follows:

e Flexion. Flexion is the bending of a joint that decreas-
es the angle between the bones (e.g., bending the leg
at the knee or the fingers).

* Extension. Extension is the straightening of a joint

so that the angle between the bones increases (e.g.,

straightening the leg at the knee or the fingers to

open the hand).

Plantar flexion. This is bending the foot down, as in

toe dancing.

* Dorsiflexion. This is bending the foot up toward the

leg.

Hyperextension. This is overextending the joint beyond

its normally straightened position, as in moving the

hand toward the upper surface of the wrist.

Abduction. Abduction is movement away from the

midline of the body (as when you move your leg

sideways, away from your body).

Adduction. Adduction is movement toward the mid-

line of the body (as when you return your leg to-

ward your body).

Inversion. This is turning the sole of the foot inward

so that it faces the opposite foot.

Eversion. This is turning the sole of the foot outward.

Supination. This is turning the hand so that the palm

faces upward.

Pronation. This is turning the hand so that the palm

faces downward.

o Circumduction. Circumduction This is a combina-
tion of movements, as in the circular arm move-
ment that a softball pitcher makes while pitching
the ball.

Refer to Figs. 8.19 and 8.21 and describe the types of joint
movements of the following parts: left hand at the wrist, right
leg at the knee, right forearm at the elbow, left forearm at the
elbow, and right hand at the wrist.

sum It Up!

A joint, or articulation, is the place where two or more bones
meet. The three types of joints are immovable joints, slightly
movable joints, and freely movable joints. Freely movable
joints are synovial joints. Types of freely movable joints in-
clude hinge, ball-and-socket, pivot, gliding, saddle, and
condyloid joints. Because of the diverse types of joints, the
skeleton is capable of a variety of movements.
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Fig. 8.21 Types of Movements at Joints.
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1. T/F __The only part of the skeleton that can be flexed or
extended is the leg (at the knee).

2. T/F __ Adduction moves a body part toward the midline.

3. Which of the following best describes a tippy-toe
stance? (pronation, eversion, plantar
flexion, dorsiflexion)

&\ As You Age

1. Because of loss of calcium and organic material, bones
are less strong and more brittle. Many older women
develop osteoporosis. As a result, bones fracture more
easily. Moreover, fractured bones heal incompletely and
more slowly.

2. As sex hormones in the blood decrease, there is a
decrease in new bone growth and in bone mass, thus
increasing the susceptibility to osteoporosis.

3. Tendons and ligaments are less flexible. As a result,
joints have a decreased range of motion. A thinning of
the articular cartilage and bony overgrowths in the joints
contributes to joint stiffness.

4. The intervertebral discs shrink. Because of the
compressed discs and the loss of bone mass, body
height decreases and the thoracic spine curves (causing
kyphosis).

Note: The Medical Terminology and Disorders table
appears in Chapter 9.

Get ready for exams!

Summary Outline

The skeletal system supports the weight of the body, sup-
ports and protects body organs, enables the body to move,
acts as a storage site for minerals, helps regulate plasma
calcium levels, and produces blood cells.

. Bones: An Overview
A. Sizes, shapes, and markings
1. Bones are classified as long, short, flat, and irregular.
2. Bone markings: projections and depressions;
function as sites of muscle attachments and pas-
sages for nerves and blood vessels
3. Composed of compact (dense) bone and spongy
(cancellous) bone
B. Parts of a long bone
1. Diaphysis (shaft)
2. Epiphyses (ends), covered by articular cartilage
3. Other components: medullary cavity, periosteum,
bone marrow, epiphyseal disc, endosteum, and
articular cartilage
C. Ossification
1. Intramembranous
2. Endochondral
D. Bone growth
1. Bones grow longitudinally at the epiphyseal disc,
determining height.
2. Bones grow thicker and wider to support the
weight of the body.
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. Exercise, especially weight-bearing exercise, increases

bone density through an increase in mineral deposition
and synthesis of collagen. This observation is attested
to by the loss of bone seen in bedridden persons and

astronauts.

. Exercise increases the production and distribution of

synovial fluid within the joints. Synovial fluid is absorbed
by the articular cartilage, causing it to swell and affording
increased padding within the joints. Exercise lubricates the
joints.

. Exercise makes the ligaments stronger and more

resistant to injury.

. Exercise stimulates the pituitary gland to secrete growth

hormone, which, in turn, stimulates bone growth.

. Exercise stimulates the bone to secrete osteocalcin,

which, in turn, enhances the activity of insulin to lower
blood glucose.

. Exercise increases capillarization, thereby improving

blood flow and the delivery of oxygen and nutrients.

. Exercise prevents age-related bone fragility and delays

the worsening of conditions such as osteoarthritis.

Il. Divisions of the Skeletal System. The names of the

206 bones of the skeleton are listed in Table 8.2.
A. Axial skeleton

1. The axial skeleton includes the bones of the skull
(cranium and face), hyoid bone, bones of the
middle ear, bones of the vertebral column, and
thoracic cage.

2. The skull of a newborn contains fontanels, which
are membranous areas that allow brain growth.

3. The skull contains air-filled cavities called sinuses.

4. The vertebral column is formed from 24 vertebrae,
one sacrum, and one coccyx. The vertebrae are
separated by cartilaginous discs. The vertebral
column of the adult has four curvatures: cervical,
thoracic, lumbar, and sacral.

5. The thoracic cage is a bony cone-shaped cage
formed by the sternum, 12 pairs of ribs, and tho-
racic vertebrae.

B. Appendicular skeleton

1. The appendicular skeleton includes the bones of
the limbs (arms and legs) and the bones of the hip
and pectoral (shoulder) girdles.

2. The pectoral (shoulder) girdle consists of the
scapula and clavicle.

3. The pelvic girdle is formed by the two coxal bones
and is secured to the axial skeleton at the sacrum.
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lll. Joints —A joint or articulation is the site where two

bones meet.
A. Types of joints (based on the degree of movement)

1. Immovable joints

2. Slightly movable joints

3. Freely movable joints or synovial joints —struc-
tures within a synovial joint (knee) are the articular
cartilage, joint capsule, synovial membrane, syno-
vial fluid, bursae, and supporting ligaments.

4. The types of freely movable joints include hinge,
ball-and-socket, pivot, gliding, saddle, and condy-
loid joints.

B. Joint movement

Flexion, extension, and hyperextension
Abduction and adduction

Inversion and eversion

Supination and pronation
Circumduction

Plantar flexion and dorsiflexion

SR~ N =

Matching: Long Bone
Directions: Match the following words with their descriptions.

TrmemeaeDe

epiphysis 1. __ Shaft of a long bone
spongy bone 2. ___ Site of longitudinal bone
epiphyseal disc growth
diaphysis 3. ___ Bone-building cell
medullary cavity 4. ___ Site of blood cell
haversian system production
osteoblast 5. __ Tough outer covering of
osteoclast the bone
red bone marrow 6. ___ Enlarged end of a long
periosteum bone

7. ___ Cancellous bone

8. _ Osteon

9. __ Bone-eroding cell that

helps in bone remodeling
10. _ Hollow center of a long

bone

Matching: Names of Bones
Directions: Match the following words with their descriptions.

S I

femur 1. ___ Manubrium, body, xiphoid
scapula process

mandible 2. Acetabulum, formed by parts
ulna of this bone

sternum 2. ___ Contains the glenoid cavity
coxal bone that holds the head of the
tibia humerus

calcaneus 4. ___ Contains the “pointy”

frontal olecranon process
phalanges . ___ Thethick inner bone of the leg

. ___ Fingers and toes
. ___ The head of this bone
that articulates with the

5
6. _  Heel bone
7
8

acetabulum
9. __ Lower jaw bone
10. __ Forms the forehead

Matching: Joints and Joint Movement
Directions: Match the following words with their descrip-
tions. Some words may be used more than once.

a. balland socket 1. ___ Type of joint movement at
b. adduction the elbow (angle decreases)
¢. flexion 2. ___ Turning the forearm so that
d. pronation the palm of the hand “looks”
e. dorsiflexion at the sky
f. circumduction 3. _ Movement away from the
g. extension midline of the body
h. plantar flexion 4.  Toe dancing
i. abduction 5. _ Movement of the ulna
j. supination toward the humerus
6. _ Type of joint at the shoulder
and hip
7. __ Shoulder movement, as in
pitching a softball
8. _ Movement toward the
midline of the body
9. ___ Turning the forearm so that
the hand “looks” at the floor
10. __ Straightening the bended knee
Multiple Choice

1. Which of the following bones form the upper limbs?
a. Femur, tibia, fibula
b. Carpals, tarsals, phalanges
¢. Humerus, ulna, radius
d. Manubrium, body, xiphoid process

2. Osteoclastic activity
a. is responsible for longitudinal bone growth.
b. lowers blood calcium levels.
¢. stimulates bone breakdown.
d. regulates the production of blood cells.

3. The medial and lateral malleoli are closest to the
a. hip.
b. ankle.
¢. hallux.
d. tibiofemoral joint.

4. Which of the following is most descriptive of the radio-
carpal, humeroulnar, metacarpophalangeal, and distal
radioulnar joints?

a. Classified as sutures

b. Permit hinge movement only

¢. Permit ball-and-socket movement
d. Located in the upper limbs

5. Which of the following is not true of the acetabulum?
a. Formed by the ilium, ischium, and pubis
b. Receives the head of the femur
¢. Articulates with the greater trochanter
d. Forms a ball-and-socket joint
6. Which of the following is a correct combination?
a. Occipital bone, pectoral girdle
b. Foramen magnum, suture
¢. Maxilla, cranium
d. Mandible, facial bone
7. The atlas and axis
a. are pelvic bones.
b. are processes located on the posterior scapula.
¢. form the glenoid cavity.
d. are vertebrae that allow the head to move.



10.

. To determine the approximate length of the humerus,

you would measure from the

a. olecranon process to the styloid process of the
radius.

b. acromion to the olecranon process.

¢. suprasternal notch to the xiphoid process.

d. greater trochanter to the medial malleolus.

. Depression of the red bone marrow

a. causes a life-threatening decline in blood cells.
b. stunts longitudinal bone growth.
¢. causes arthritis.

d. causes loss of bone mineralization and osteoporosis.

Identify the movement at the elbow that decreases the
angle at the humeroulnar joint.

a. Extension

b. Adduction

¢. Pronation

d. Flexion

11. Which of the following is not true of the skull?

a. The joint between the frontal and parietal bones is
called the coronal suture.

b. The lambdoidal suture is an immovable joint.

¢. Cranial bones include the zygomatic, frontal, occipi-
tal, and temporal bones.

d. Facial bones include the maxilla, mandible, and
zygomatic bones.

12.

13.

14.

15.
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Which of the following is true of the foramen magnum?

a. It is a large hole through which the brain exits the
cranium.

b. It is located within the frontal bone.

¢. Itis part of C1, the atlas.

d. Itis a suture between the frontal and parietal bones.

The manubriosternal joint identifies the location of the

a. foramen magnum.

b. glenohumeral joint.

¢. second rib.

d. vertebra prominens.

C1to C7,T1to T12, and L1 to L5 are

a. responsible for the lumbar curve.

b. vertebrae.

¢. cranial sutures.

d. part of the appendicular skeleton.

The epiphyseal disc is

a. located in the medullary cavity.

b. composed of cartilage and involved in the growth of
long bones.

¢. composed exclusively of osteoclasts.

d. the site of blood cell formation.




Muscular System

Objectives

1.
2.

Identify three types of muscle tissue.

Compare the structure of the whole muscle and the

structure of a single muscle fiber.

Describe the sliding filament mechanism of muscle

contraction.

. Explain the role of calcium and adenosine triphosphate
(ATP) in muscle contraction.

. Describe the relationship between skeletal muscles

and nerves, including the motor unit and its relationship

to recruitment, and the events that occur at the

neuromuscular junction.

3.

Key Terms

acetylcholine (ACh) (p.151)
actin (p. 148)

antagonist (p. 157)
aponeurosis (p. 148)
cardiac muscle (p. 148)
contraction (p. 147)
cross-bridges (p. 149)
fascia (p. 148)

insertion (p.157)

motor unit (p. 151)

muscle fibers (cells) (p. 148)

myosin (p. 148)

(NMJ) (p.151)
origin (p. 156)
prime mover (p. 157)
recruitment (p. 151)
relaxation (p. 149)
sarcomeres (p. 148)

(SR) (p.148)

myoglobin (p. 156)

neuromuscular junction

sarcoplasmic reticulum

skeletal muscle (p. 146)
sliding filament mechanism (p. 148)

6. Discuss single-fiber and whole-muscle responses,
including the following:

Define twitch and tetanus.

Identify the sources of energy for muscle

contraction.
e Trace the sequence of events from nerve

stimulation to muscle contraction.

. Define muscle terms, and state the basis for
naming muscles.

. ldentify and list the actions of the major
muscles.

smooth muscle (p. 147)
sphincter (p. 158)
striated (p. 147)
synergist (p.157)
tendon (p. 148)
tetanus (p.153)
thick filament (p. 148)
thin filament (p. 148)
tonus (p. 156)
troponin-tropomyosin
complex (p. 148)
twitch (p. 155)

The word muscle comes from the Latin word mus,
meaning “little mouse.” As muscles contract, the
muscle movements under the skin resemble the move-
ment of mice scurrying around—thus the name mus,
or muscle. Muscle tissue makes up 40% to 50% of body
weight.

Muscles perform the following functions:

By pulling on underlying bones, the muscles
enable the body to move about. Muscles also pro-
pel body contents such as air, blood, and food to
move.

Muscles maintain the stability of joints, thereby con-
tributing to the flexibility of the skeletal system.
Muscle contraction generates heat, thereby contrib-
uting significantly to body temperature.

Muscles contribute to the ability to communicate
through speaking, writing, facial expressions, and
other nonverbal means.
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TYPES AND FUNCTIONS OF MUSCLES

The three types of muscles are skeletal, smooth, and car-
diac (Fig. 9.1). Smooth muscle is discussed throughout
the text, and cardiac muscle is discussed in Chapters 16
and 17. In this chapter, the focus is on skeletal muscle.

SKELETAL MUSCLE

Skeletal muscle is generally attached to bone. Because
skeletal muscle can be controlled by choice (I choose to
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Cellular appearance:

Intercalated discs
.
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Skeletal muscle

Location:

Smooth muscle

Cardiac muscle

Overlying Organs or Heart
skeleton viscera (stomach)
Description:
Striated Nonstriated Striated
voluntary involuntary involuntary
Fig. 9.1 Three Types of Muscle: Skeletal, Smooth, and Cardiac.
L N Go Figure (Refer to ) Smooth muscle contraction has two unique char-

1. Identify the muscle type: striated, voluntary, movement of
bones. (cardiac, smooth, skeletal)
2. T/F __ All types of muscles are striped or striated.

move my arm), it is also called voluntary muscle. The skel-
etal muscle cells are long, shaped like cylinders or tubes,
and composed of proteins arranged to make the muscle
appear striped, or striated (STRYE-ay-ted). Skeletal mus-
cles produce movement, maintain body posture, and
stabilize joints. They also produce considerable heat and
therefore help maintain body temperature. If damaged,
skeletal muscle has a limited capacity for regeneration.

SMOOTH MUSCLE

Smooth muscle is generally found in the walls of
the viscera, such as the stomach, and is called vis-
ceral muscle. It is also found in tubes and passage-
ways such as the bronchioles (breathing passages)
and blood vessels. Because smooth muscle functions
automatically, it is called involuntary muscle. Unlike
skeletal muscles, smooth muscle does not appear
striped, or striated, and is therefore called nonstri-
ated muscle.

acteristics in comparison with skeletal muscle con-
traction. First, smooth muscle contraction is slower
and continues for a longer period. This characteristic
allows for a continuous partial contraction of the
smooth muscle, called smooth muscle tone. Smooth
muscle tone plays an important role physiologically.
For example, the muscle tone of the smooth muscle
in blood vessels helps maintain blood pressure. If the
muscle tone were to decrease, the person might expe-
rience a life-threatening decline in blood pressure. In
addition to its contractile ability, smooth muscle has a
greater degree of stretchiness as compared with skel-
etal muscle. This allows the walls of organs such as
the uterus, urinary bladder, and stomach to expand
to store their contents temporarily. Contraction of the
smooth muscle of the organ then expels its content.
For example, the urinary bladder expands to store
urine. When the bladder fills, the smooth muscle of
the urinary bladder contracts, thereby expelling the
urine. Similarly, contraction of the smooth muscles
of the stomach mixes solid food into a paste and
then pushes it forward into the intestine. If injured,
smooth muscle has a better capacity for regeneration
than does skeletal muscle.
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CARDIAC MUSCLE

Cardiac muscle is found only in the heart, where it func-
tions to pump blood throughout the body. Cardiac mus-
cle cells are long branching cells that fit together tightly
at junctions called intercalated discs. These tight-fitting
junctions promote rapid conduction of electrical signals
throughout the heart. Cardiac muscle is classified as stri-
ated and involuntary muscle. If damaged, as in a heart
attack, cardiac muscle has no capacity for regeneration.

STRUCTURE OF THE WHOLE MUSCLE
MUSCLE

If you touch your anterior thigh, you will feel a large mus-
cle. What you are actually feeling are thousands of elongat-
ed muscle fibers (cells), blood vessels, and nerves that are
packaged together by various layers of connective tissue.

LAYERS OF CONNECTIVE TISSUE

A large skeletal muscle is surrounded by layers of
tough connective tissue called fascia (FASH-uh)
(Fig. 9.2A). This outer layer of fascia is called the epi-
mysium. Another layer of connective tissue, called the
perimysium, surrounds smaller bundles of muscle fi-
bers. The bundles of muscle fibers are called fascicles
(FAS-i-kuls). Individual muscle fibers are found within
the fascicles and are surrounded by a third layer of con-
nective tissue called the endomysium. The epimysium,
perimysium, and endomysium extend toward and at-
tach to the bone as a tendon, a long cordlike structure.
In the limbs, the extensive amount of fascia separates
the muscles into isolated sections or compartments.

What Muscle Compartments Have to Do With Crush Injuries?

In the limbs, the extensive amount of fascia separates the mus-
cles into isolated compartments. Each muscle compartment
also receives blood vessels and nerves necessary for muscle
function. With a severe crush injury, the muscle is damaged;
it becomes inflamed and leaks fluid into the compartment.
Pressure within the compartment increases and compress-
es the nerves and blood vessels. Deprived of its oxygen and
nourishment, the muscle and nerves begin to die—a condition
called compartment or crush syndrome. Immediate treatment
involves reduction of the compartment pressure by surgically
slicing the fascia lengthwise. Failure to restore blood flow to
the muscle results in permanent muscle and nerve damage.

MUSCLE ATTACHMENTS

Muscles form attachments to other structures in three
ways: (1) the tendon attaches the muscle to the bone,
(2) muscles attach directly (without a tendon) to a bone
or to soft tissue, and (3) a flat sheetlike fascia called
aponeurosis (ap-oh-nyoo-ROH-sis) connects muscle to
muscle or muscle to bone.

1. List the three types of muscles.

2. With regard to muscle types, what is meant by striated/
nonstriated and voluntary/involuntary?

3. How does the arrangement of the connective tissue
of muscle relate to the development of compartment
syndrome?

STRUCTURE AND FUNCTION OF A
SINGLE MUSCLE FIBER

MYOFIBRILS AND SARCOMERES: STRUCTURE

The muscle cell is an elongated muscle fiber (see

Fig. 9.2B). Each muscle fiber is composed of long cy-

lindrical structures called myofibrils (my-oh-FYE-brils).

Each muscle fiber has the following components:

e Sarcolemma. The muscle fiber is surrounded by a
muscle membrane called a sarcolemma.

e Transverse tubules. At several points, the cell membrane
sarcolemma, penetrates deep into the interior of the
muscle fiber, forming transverse tubules (T tubules).

e Sarcoplasmic reticulum (SR). Within the muscle fiber
and surrounding the myofibrils is a specialized en-
doplasmic reticulum called the sarcoplasmic reticu-
lum (SR). In the unstimulated muscle, the envelope-
like SR is the storage site of calcium (Ca?*).

* Sarcomeres. Each myofibril is made up of a series of
contractile units called sarcomeres (SAR-koh-meers)
(see Fig. 9.2C). Each sarcomere extends from Z line to
Zline and is formed by a unique arrangement of con-
tractile proteins, referred toas thinand thick filaments.
The thin filaments extend toward the center of the
sarcomere from the Z lines. The thin filament is com-
posed of two proteins called actin and the troponin-
tropomyosin  (troh-POH-nin—-troh-poh-MY-oh-sin)
complex. The actin contains binding sites for the
myosin. The thicker myosin filaments sit between
the thin filaments. Extending from the thick myosin
filaments are structures called myosin heads. The ar-
rangement of the thin and thick filaments in each
sarcomere gives skeletal and cardiac muscle their
striated appearances. Be sure you understand sarco-
mere structure; otherwise, you will not understand
how the sliding filaments cause muscle contraction.

FUNCTION: HOW MUSCLES CONTRACT
SLIDING FILAMENT MECHANISM

The sliding filament mechanism describes how muscle
contracts. Muscles can only pull, not push! To pull,
muscles contract. When muscles contract, they shorten.
Muscles shorten because the sarcomere length shortens,
and the sarcomere length shortens because the thin and
thick filaments slide past each other. Note how much
shorter the contracted sarcomere appears compared
with the relaxed sarcomere (see Fig. 9.2C). The follow-
ing statements explain how the sarcomere shortens.
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A The whole muscle

Triceps
muscle (cut)

Bone

Tendon . _
Perimysium
Blood
vessels
Epimysium
B Muscle fiber
(cell)
Sarcoplasmic _
reticulum Endomysium
Cell membrane T tubule

(sarcolemma)

Muscle fiber

Myofibrils
Fascicle

C sarcomere

/ Myosin head

Cross-bridge

i

z
Thin Thick Thin Thick

Relaxed sarcomere Contracted sarcomere

Fig. 9.2 Muscle Structure. (A) Structure of a whole muscle attached to the bone by a tendon. (B) Structure of a muscle
fioer (muscle cell). (C) Sarcomeres, relaxed and contracted.

L N Go Figure (Refer to ) * When the contractile apparatus is stimulated, the

0 ) sarcomere is flooded with calcium. This enables the

1. The perimysium bundles groups of muscle fibers; myosin heads to make contact with special sites on

the bundles are called ________. (cross-bridges, the actin, forming temporary connections called
fascicles, fascia, sarcomeres)

2. In what structure are the cross-bridge forming contractile cross-bridges.

proteins located? (fascia, sarcomeres, T-tubules, * Once the cross-bridges are formed, the myosin
fascicles) heads rotate, pulling the actin toward the center
3. What “slides”? and (actin, perimysium, of the sarcomere. The rotation of the myosin heads
myosin, fascia) causes the thin filaments to slide past the thick fila-

ments. (Sarcomere length shortens.)
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* Muscle relaxation occurs when the cross-bridges are THE ROLE OF CALCIUM AND ADENOSINE

broken, and the thin and thick filaments return to TRIPHOSPHATE

their original positions. (The sarcomere lengthens.)

Because of this sliding activity of the thin and
thick filaments, muscle contraction is called the slid-
ing filament mechanism of muscle contraction. Repeat:
Sarcomere length shortens not because the thin and
thick filaments shrink or shrivel up, but because they
slide past one another. The sliding is like a trombone.
The trombone shortens because the parts slide past one
another, not because the metal shrinks. The thin and
thick filaments do the same thing—they slide.

Calcium and adenosine triphosphate (ATP) play impor-
tant roles in the contraction and relaxation of muscle.
Calcium is necessary for the formation of the actin-my-
osin connections called cross-bridges. Calcium is stored in
the sarcoplasmic reticulum (SR), away from the thin and
thick filaments. When the muscle membrane is stimu-
lated, calcium is released from the SR and floods the
sarcomere. The calcium exposes a site on the actin that is
necessary for the binding of the myosin heads, the forma-
tion of cross-bridges, and sarcomere shortening (muscle
contraction). When calcium is pumped back into the SR,
the cross-bridges are broken, and the muscle relaxes. The
energy released by ATP is necessary for cross-bridges
to both form and disengage. (See the Ramp It Up!: The
Troponin-Tropomyosin Complex and Calcium box for
further details of calcium and the thin filament.)

Ramp It Up!

The Troponin-Tropomyosin Complex and Calcium

Muscle contraction occurs when the myosin heads bind to actin, thereby causing the thin and thick filaments to slide past one
another. The sliding occurs only in the presence of calcium. What role does calcium play in muscle contraction and relaxation?
Panel A illustrates the components of the thin filament in the relaxed state. The thin filament is composed of two proteins:
actin and the troponin—-tropomyosin complex. (The cup-shaped troponin sits on the tropomyosin.) The actin protein contains
sites to which myosin heads bind. In the relaxed state the myosin-binding sites on actin are blocked by the troponin—tropomyosin
complex. Thus cross-bridge formation and muscle contraction cannot occur.
Panel A: Thin Filament

Thin filament

Tropomyosin Myosin-binding sites

Myosin heads

Panel B illustrates the effects of calcium. When the calcium is released from the sarcoplasmic reticulum, it
floods the troponin sites. The activation of the troponin with calcium causes the tropomyosin to move, thereby
exposing the myosin-binding sites on actin. The myosin heads can now bind to the actin, forming cross-bridges.
The swiveling of the cross-bridges causes the sliding movements of the thin and thick filaments and muscle
contraction. What causes the muscle to relax? Calcium is pumped back into the SR away from the troponin. The
troponin-tropomyosin complex then moves back to its original position (panel A) where it blocks the myosin-
binding sites on actin. Thus the removal of calcium causes muscle relaxation.

An interesting clinical point! When muscle tissue (skeletal and cardiac) is injured, the contents of the muscle
cell leak into the blood. Thus following a heart attack, troponin and creatine phosphokinase, normally found
within the cell, elevate in the blood and act as biological markers in the diagnosis of a heart attack.

Panel B: Effect of Calcium

Myosin cross-bridges Trop;omyosin



1. Why is calcium necessary for muscle contraction? (Use the
words actin, myosin, cross-bridges, and sliding filaments.)
2. What is the relationship of calcium to muscle relaxation?

Sum It Up!

The three types of muscle are skeletal, smooth, and cardiac.
A whole muscle is composed of many muscle fibers (muscle
cells) arranged in bundles. Each muscle fiber contains actin-
containing thin filaments and myosin-containing thick fila-
ments, arranged into a series of sarcomeres. In accordance
with the sliding filament mechanism, the sliding interaction of
the actin and the myosin heads causes shortening of sarco-
mere length and muscle contraction.

SKELETAL MUSCLES AND NERVES
SOMATIC MOTOR NEURON

Skeletal muscle contraction can take place only when
the muscle is first stimulated by a nerve. The type of
nerve that supplies the skeletal muscle is a somatic
motor nerve (Fig. 9.3A). A motor nerve, composed of
many nerve cells called motor neurons, emerges from
the spinal cord and travels to the skeletal muscle. The
interaction of the motor neuron and the muscle is de-
scribed in terms of the motor unit and neuromuscular
junction.

What the “Stiffness of Death” Is?

Both the formation of cross-bridges (muscle contraction) and
the detachment of cross-bridges (muscle relaxation) depend
on ATP. When a person dies, calcium leaks out of the SR,
causing the muscles to contract. In addition, the production
of ATP ceases. The deficiency of ATP prevents the detach-
ment of the cross-bridges, so muscles remain contracted and
become stiff. This change is called rigor mortis, or “stiffness of
death.” An assessment of rigor mortis often helps determine
the exact time of death. For example, rigor begins 2 hours
after death, peaks in 12 hours, and subsides in 36 hours. By
assessing the degree of rigor, one can therefore determine the
time of death. This fact has been used successfully in mur-
der mysteries. By altering the environmental temperature, the
murderer can alter the time course of rigor mortis and there-
fore make it difficult to determine the time of death.

THE MOTOR UNIT

As a motor neuron approaches the skeletal muscle, it
forms many branches. Each branch innervates a sin-
gle muscle fiber. The motor unit (see Fig. 9.3A) con-
sists of a single motor neuron and the muscle fibers
that are supplied by the motor neuron. Each mus-
cle is innervated by many motor neurons, thereby

Muscular System CHAPTER 9

forming many motor units. The strength of muscle
contraction can vary, depending on the number of
motor units that are stimulated. A stronger force of
muscle contraction develops if many motor units are
stimulated at the same time; a weaker force of mus-
cle contraction develops when fewer motor units
are stimulated. For example, the muscles in the arm
contract when they lift a pencil; they contract more
forcefully when lifting a 100-Ib weight. The conse-
quence of activation of additional motor units is
called recruitment.

THE NEUROMUSCULAR JUNCTION

The area where the motor neuron meets the muscle
is called the neuromuscular junction (NMJ). The NM]
includes the membrane at the end of the neuron, the
space between the neuron and the muscle, and the re-
ceptors on the muscle membrane. What happens at
the NMJ? Four steps are involved in the transfer of
the information from neuron to muscle at the NM]J

(see Fig. 9.3B).

* Step 1. Stimulation of the neuron causes an elec-
trical signal, or nerve impulse, to move along
the neuron toward the ending of the neuron.
Stored within its ending are vesicles, or membra-
nous pouches, filled with a chemical substance
called a neurotransmitter. The neurotransmitter
at the NMJ is acetylcholine (ass-ee-til-KOH-leen)
(ACh).

o Step 2. The nerve impulse causes the vesicles to
move toward and fuse with the membrane at the
end of the neuron. ACh is released from the ves-
icles into the space between the neuron and the
muscle membrane.

o Step 3. ACh diffuses across the space and binds to
the receptor sites on the muscle membrane.

o Step 4. The ACh stimulates the receptors and
causes an electrical signal to develop along the
muscle membrane. The ACh then unbinds the
receptor site and is immediately destroyed by
an enzyme that is found within the NM], near
the muscle membrane. The name of the enzyme
is acetylcholinesterase (ass-ee-til-koh-lin-ES-ter-
ase) or cholinesterase. The free binding sites are
then ready for additional ACh when the neuron is
stimulated again.

THE STIMULATED MUSCLE MEMBRANE

What happens to the electrical signal that forms in
the muscle membrane? It travels along the mus-
cle membrane (sarcolemma) and triggers a series
of events that result in muscle contraction (see
Fig. 9.2B and C). Specifically, the electrical signal
travels along the muscle cell membrane and pen-
etrates into its interior through the T tubules. The
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Fig. 9.3 Innervation of a Skeletal Muscle. (A) Motor unit. (B) The four steps in the transmission of the signal at the

neuromuscular junction (NMJ).

LN Go Figure (Refer to )

1. T/F __ The motor unit includes both the nerve and the
muscle fibers.

2. Acetylcholine within the NMJ binds to
(muscle receptors, vesicles, motor neuron, ACh)

electrical signal stimulates the SR to release calcium.
The calcium floods the sarcomeres, thereby causing
the thin and thick filaments to slide past one an-
other, producing muscle contraction. Eventually, the

calcium is pumped back into the SR, causing muscle
relaxation.

DISORDERS OF THE NEUROMUSCULAR
JUNCTION

Certain conditions affect events at the NM]J (Fig. 9.4).

Myasthenia Gravis
Myasthenia gravis is a disease that affects the NM]J.
The symptoms of the disease are caused by damaged



Ramp It Up!

Nicotinic Muscle (Ny) at the Neuromuscular Junction

Electrical
signal

\ Motor

neuron
(Cholinergic fiber)

ﬂscle
\ membrane

Receptor sites
Nm

Acetylcholinesterase

Follow the sequence of events within the neuromuscular
junction (NMJ) as they are described. A nerve impulse trav-
els along a somatic motor neuron causing the release of
acetylcholine (ACh). The ACh diffuses across the NMJ and
binds to the muscle membrane receptors. The receptor on
the muscle membrane is a cholinergic receptors; it is called
a nicotinic receptor. Because it is located on the muscle
membrane, it is called a nicotinic muscle (N,,) receptor.
Activation of the Ny receptor causes a series of events
that result in muscle contraction. A great deal of pharma-
cology involves the Ny, receptor. For example, curare is a
skeletal muscle blocker because it blocks the Ny, recep-
tors. Receptor blockade, in turn, prevents skeletal mus-
cle contraction. What about a drug that activates the Ny
receptor? It stimulates muscle contraction. For example,
neostigmine (Prostigmin) is a drug that inactivates acetyl-
cholinesterase (the enzyme that destroys ACh), thereby
increasing the amount of ACh that can bind to the Ny, re-
ceptors. (Because this drug inactivates acetylcholinester-
ase, it is called an anticholinesterase agent.) You can now
understand why anticholinesterase agents improve the
symptoms of myasthenia gravis and reverse postoperative
sluggish intestinal activity. (Other nicotinic receptors are
described in Chapter 12.)

receptor sites (Ny; receptors) on the muscle mem-
brane. The receptor sites are altered so that they
cannot effectively bind ACh. Consequently, muscle
contraction is impaired, and the person experiences
extreme muscle weakness. (The word myasthenia
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means muscle weakness.) The muscle weakness first
becomes noticeable as low tolerance to exercise. As
the disease progresses, the person experiences diffi-
culty in breathing because the breathing muscles are
skeletal muscles.

Neuromuscular Blockade Caused by Curare
Curare is a drug classified as a skeletal muscle
blocker. Skeletal muscle blockers are often used
during surgery to promote muscle relaxation and
paralysis. Curare works by blocking the receptor
sites on the muscle membrane. Because the recep-
tors are occupied by the drug, the ACh cannot bind
with the receptor sites, and muscle contraction is
prevented.

Because the respiratory muscles are also af-
fected by curare, the patient must be mechanically
ventilated until the effects of the drug disappear.
Otherwise, the patient stops breathing and dies.
Historically, curare was used as a paralyzing drug
when hunting animals. The tip of an arrowhead
was dipped in curare. When the arrow pierced the
skin of the animal, the curare was absorbed and
eventually caused skeletal muscle blockade and
paralysis. Succinylcholine (Anectine) also blocks
Ny receptors and is used to induce muscle paral-
ysis for short-term critical care situations such as
intubation.

Effects of Neurotoxins on Muscle Function
Neurotoxins are chemical substances that in some
way disrupt the normal function of the nervous sys-
tem. Neurotoxins are produced by certain bacteria.
For example, Clostridium tetani (a bacterium) secretes
a neurotoxin that causes excessive firing of the mo-
tor nerves. This, in turn, causes excessive release of
ACh, overstimulation of the muscle membrane, and
severe muscle spasm and tetanic contractions—hence
the name tetanus. Because the muscles of the jaw are
the first muscles affected, the disease is often called
lockjaw.

A second neurotoxin is secreted by the bacterium
Clostridium botulinum. This bacterium appears most
often when food has been improperly processed
and canned. Infection with this organism causes
botulism, a very serious form of food poisoning.
The neurotoxin works by preventing the release of
ACh from the ends of the neurons within the NMJ.
Without ACh, the muscle fibers cannot contract, and
the muscles, including the breathing muscles, be-
come paralyzed. On a more positive note, the injec-
tion of small amounts of this “poison” (Botox) has
been used successfully to treat severe muscle spasm
(torticollis, cerebral palsy) and migraine headaches,
as well as, for cosmetic reasons, to erase muscle-in-
duced wrinkles.
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Fig. 9.4 Impaired Functioning at the Neuromuscular Junction (NMJ).

LN Go Figure (Refer to )

1. T/F __ Myasthenia gravis and curare blockade cause
muscle weakness or muscle paralysis due to insufficient
activation of muscle receptors.

2. T/F __ Excess neurotransmitter release can cause
muscle paralysis as in lockjaw.

Note that muscle paralysis can occur if there is an
excess or a deficiency of ACh activity. An excess of ACh

causes spastic paralysis, a state of continuous muscle
contraction. A deficiency of ACh activity causes flaccid
paralysis, a state in which the muscles are limp and
unable to contract.

1. Explain how the signal is passed from the nerve to the
muscle at the NMJ.
2. Explain the effects of curare at the NMJ.




The electrical signal (nerve impulse) travels down the
nerve to the terminal and causes the release of the
neurotransmitter ACh.

The ACh diffuses across the neuromuscular junction
and binds to the receptor sites.

Stimulation of the receptor sites causes an electrical
impulse to form in the muscle membrane. The
electrical impulse travels along the muscle membrane
and penetrates deep into the muscle through the
T-tubular system.

The electrical impulse stimulates the sarcoplasmic
reticulum to release calcium into the sarcomere area.

The calcium allows the actin, myosin, and ATP to
interact, causing cross-bridge formation and muscle
contraction. This process continues as long as
calcium is available to the actin and myosin.

Muscle relaxation occurs when calcium is pumped
back into the sarcoplasmic reticulum, away from the
actin and myosin. When calcium moves in this way,
the actin and myosin cannot interact, and the
muscle relaxes.

Fig. 9.5 Steps in the Electrical Stimulation of Skeletal Muscle
and Its Contractile Response. ACh, acetylcholine; ATP, adenosine
triphosphate.

LN Go Figure (Refer to )

1. T/ F __The steps in skeletal muscle contraction involve
events within the neuromuscular junction and within the
myofibrils (sarcomeres).

2. Which of the following activates the muscle membrane in
the neuromuscular junction? (actin, troponin,
myosin, ACh)

Sum It Up!

Fig. 9.5 summarizes the steps from the stimulation of the
somatic motor, the events at the NMJ, the stimulation of
the muscle membrane, and the contractile events within the
sarcomeres.
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You Can Shiver Your Way Into a Hyperthermic Death

Skeletal muscle contracts repetitively in response to a declin-
ing body temperature in an attempt to restore normal body
temperature. The shivering response is normal. So why is
prolonged shivering of clinical concern? Some drugs can
induce a syndrome referred to as malignant hyperthermia
(MH) in susceptible persons. MH is a condition character-
ized by intense and prolonged bouts of shivering causing
an acute and potentially lethal rise in body temperature. The
MH-inducing drugs are usually general anesthetics such as
halothane, and other perioperative drugs such as the muscle
blockers. In addition to the hyperthermia, the intense shiver-
ing can cause rhabdomyolysis, destruction of muscle cells,
and its associated hyperkalemia (high blood levels of K*) and
kidney failure. There is evidence that persons susceptible to
drug-induced MH may also respond similarly to intense ex-
ercise and exposure to hot environments.

What the Difference Is Between Isometric Contraction and
Isotonic Contraction?

An isotonic muscle contraction is a muscle contraction that
causes movement, as in liting a 20-Ib object. An isometric
muscle contraction is a muscle contraction that does not cause
movement. For example, if you try to lift a 1000-Ib object, your
muscles contract but do not move the object (it is too heavy).

As you sit reading this text, you can do isometric
exercises. Tighten the muscle in your thigh. Hold the tension
for 30 seconds and then relax the muscle. Repetition of this
type of exercise can provide you with a mini-workout without
leaving your desk.

MUSCLE RESPONSES

Muscle responses include those that characterize a
single muscle fiber and responses of whole muscles
(many muscle fibers bundled together):

o Twitchand Tetanus. If a single electrical stimulus is deliv-
ered to a muscle fiber, the fiber contracts and then fully
relaxes. This single muscle response is called a twitch.
Twitches are not useful physiologically. However, if the
muscle fiber is stimulated rapidly and repetitively, the
muscle fiber has no time to relax and therefore remains
contracted. Sustained muscle contraction is called teta-
nus. Tetanic muscle contraction of many muscle fibers
helps maintain posture. If the muscles that maintain
our upright posture merely twitched, we would be
unable to stand and would instead twitch and flop
around on the ground (not a pretty sight). (Do not con-
fuse the “tetanus” described in this section with the
disease called tetanus, or lockjaw.)

* Recruitment. As described previously, recruitment
of additional motor units increases the contractile
force of a muscle. Recruitment is characteristic of
the whole muscle, not a single muscle fiber.
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* Muscle tone. Muscle tone, or tonus, refers to a nor- Why are your muscles sore after a heavy workout?
mal, continuous state of partial muscle contraction. Following a heavy workout, muscles can develop an im-
Tone is caused by the contraction of different groups mediate and latent soreness. Why is this? Muscles gener-
of muscle fibers within a whole muscle. To maintain ate ATP aerobically and anaerobically through glycolysis.
muscle tone, one group of muscle fibers contracts Lactic acid is the end-product of glycolysis, and its brief
first. As these fibers begin to relax, a second group accumulation in the muscle tissue is thought to be the
contracts. This pattern of contraction and relaxation cause of the immediate soreness (30 to 60 minutes). The
continues to maintain muscle tone. Muscle tone lactic acid is rapidly removed from the muscle and me-
plays a number of important roles. For example, the tabolized. The latent soreness (1 to 3 days after the work-
tone of the skeletal muscles in the back of the neck out) is attributed not to lactic acid but to tears of the con-
prevents the head from falling forward. nective tissue in the muscles and muscle cell membranes.

1. What is the difference between a twitch and tetanus? What the Good News Is About Oxygen Debt?

2. Why can a whole muscle develop a greater force of
contraction than a single muscle fiber?
3. What causes muscle tone?

What'’s so great about oxygen debt? The payment of an oxy-
gen debt means that you continue to expend energy long
after you have come off the treadmill and have taken to your
couch. In other words, you continue to exercise metaboli-
ENERGY SOURCE FOR MUSCLE CONTRACTION cally while recovering from your workout. When a person ex-
ercises strenuously, he or she uses up much of the oxygen
available to skeletal muscles and relies more on anaerobic

Muscle contraction requires a rich supply of energy

gA.TPl As ATP is consumed by the contracting muscle, metabolism. Anaerobic metabolism generates lactic acid,
it is replaced in three ways: which is normally converted to glucose in the liver. The he-
1. Metabolism of creatine phosphate. The resting muscle patic conversion of lactic acid to glucose, however, requires

produces excess ATP and uses some of it to make
creatine (KREE-ah-tin) phosphate. Creatine phos-
phate is a storage form of energy that can be used
to replenish ATP quickly during muscle contrac-
tion. For example, a brief 15-second burst of intense
muscle activity is sustained by ATP and creatine
phosphate. When creatine phosphate supplies are
depleted (15 seconds), the muscle switches to gly-
colysis for its supply of ATP.

. Glycolysis. Glycolysis is a series of chemical reactions
that break down glucose anaerobically (without oxy-
gen), generating ATP. The glucose is obtained from
two sources: blood glucose and the glycogen that is
stored in skeletal muscle. Glycolysis provides enough
energy (ATP) for an additional 30 to 40 seconds of in-
tense muscle activity. In addition to ATP production,
glycolysis also produces lactic acid. Some of the lactic
acid is picked up by the blood and transported to the
liver, where it is used to make glucose.

. Aerobic (oxygen-requiring) metabolism. After 30 to 40
seconds, the supply of ATP from glycolysis is de-
pleted, and continued muscle activity relies on ATP
production by aerobic respiration. In the presence
of oxygen, pyruvic acid (formed from glycolysis)
enters the mitochondria and is broken down com-
pletely to CO,, H,O, and ATP. Aerobic metabolism
generates large amounts of ATP compared with gly-
colysis. The mitochondria receive their supply of
oxygen from two sources: the blood (oxyhemoglo-
bin) and myoglobin. Myoglobin is an oxygen-carry-
ing protein found in the muscle fibers. (Myoglobin
is the protein in meat that is responsible for its red
color.) Note the time sequence—creatine phosphate
and ATP, glycolysis, and finally aerobic metabolism.

oxygen. During strenuous exercise, the oxygen is used to
make ATP for skeletal activity; hepatic conversion of glucose
from lactic acid is delayed, creating an oxygen debt. When
the person stops exercising, the skeletal muscles decrease
his or her demand for oxygen. However, oxygen is required
to do the exercise-induced metabolic work of converting lac-
tic acid to glucose. So, 30 minutes of exercise is actually
more than 30 minutes of exercise.

MUSCLE FATIGUE

Muscle fatigue occurs if the muscle is not allowed to rest
and is defined as the inability of a muscle to contract force-
fully following prolonged activity. The cause of muscle fa-
tigue is unknown but is thought to be due to a number
of factors, such as a diminishment of ATP, local changes
in the electrolytes, and the accumulation of lactic acid.
Occasionally muscle fatigue is accompanied by cramping,
a painful condition due to sustained muscle contraction.

1. What is creatine phosphate?

2. What are the three ways that muscle obtains its energy
for muscle contraction?

3. Why does strenuous exercise cause an oxygen debt?

MUSCLE TERMS
ORIGIN AND INSERTION

The terms origin and insertion refer to the sites of mus-
cle attachment. Most muscles cross or span at least one
joint. When muscle contracts, one bone remains rela-
tively stationary or immovable. The origin of the muscle
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Scapula
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Fig. 9.6 Origin and Insertion: Prime Mover (Biceps Brachii) and
Antagonist (Triceps Brachii).

L Go Figure (Refer to )

1. T/F __ The origin and insertion of a muscle are usually
located on the same bone.
2. The insertion of the biceps brachii is located on the
. (ulna, humerus, acromion process, radius)

attaches to the stationary bone, whereas the insertion
attaches to the more movable bone (Fig. 9.6). For ex-
ample, the origin of the biceps brachii is the scapula,
and the insertion is on the radius. On contraction of the
biceps brachii, the radius (insertion) is pulled toward
the scapula (origin). Be sure that you understand origin
and insertion because these terms will be used to de-
scribe muscle actions.

PRIME MOVER, SYNERGIST, AND ANTAGONIST

Although most movement is accomplished through
the cooperation of groups of muscles, a single muscle
is generally responsible for most of the movement. The
“chief muscle” is called the prime mover. Assisting the
prime mover are “helper muscles” called synergists
(SIN-er-jists). Synergists are said to work with other
muscles. In contrast, antagonists are muscles that op-
pose the action of another muscle. For example, con-
traction of the biceps brachii flexes the forearm at the
elbow. The triceps brachii (posterior arm) is the an-
tagonist. It opposes the action of the biceps brachii by
extending the forearm (see Fig. 9.6).

THE WHAT-IFS OF MUSCLE OVERUSE AND
UNDERUSE

* What If muscles are overused? Overused muscles
increase in size. This response to overuse is called
hypertrophy. Athletes intentionally cause their mus-
cles to hypertrophy. Weight lifters, for example,
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develop larger muscles than couch potatoes. Like
skeletal muscle, cardiac muscle can also hypertro-
phy. Cardiac hypertrophy is undesirable and usual-
ly indicates an underlying disease, causing the heart
to overwork. Hypertension, for example, causes the
heart to push blood into blood vessels that are very
resistant to the flow of blood. This extra work causes
the heart muscle to enlarge.

* What If the muscles are underused? If muscles are
underused or not used, they will waste away, or de-
crease in size. This response is called muscle atro-
phy. A person with a broken leg in a cast, for exam-
ple, is unable to exercise that leg for several months.
This lack of exercise causes the muscles of the leg to
atrophy, which is called disuse atrophy. When weight
bearing and exercise are resumed, muscle size and
strength can be restored. Muscle atrophy can also
develop when the nerves to the muscle are severed,
which is called denervation atrophy. Finally, muscle
atrophy is part of the normal aging process; this is
called senile atrophy. Senile atrophy can be delayed
when the aging person carries out a regular exercise
routine. Muscle motto: use it or lose it.

* What If a muscle is immobilized for a prolonged
period of time? If a muscle is immobilized for a
prolonged period, it may develop a contracture,
an abnormal formation of fibrous tissue within the
muscle. It generally “freezes” the muscle in a flexed
position and severely restricts joint mobility.

HOW SKELETAL MUSCLES ARE NAMED

The names of the various skeletal muscles are gener-
ally based on one or more of the following character-
istics: size, shape, orientation of the fibers, location,
number of origins, identification of origin and inser-
tion, and muscle action.

SIZE

These terms indicate size: vastus (huge), maximus
(large), longus (long), minimus (small), and brevis
(short). Examples of skeletal muscles include the vas-
tus lateralis and gluteus maximus.

SHAPE

Various shapes are included in muscle names, such as
deltoid (triangular), latissimus (wide), trapezius (trap-
ezoid), rhomboideus (rhomboid), and teres (round).
Examples include the trapezius muscle, latissimus
dorsi, and teres major.

ORIENTATION OF FIBERS

Fibers are oriented, or lined up, in several direc-
tions: rectus (straight), oblique (diagonal), transverse
(across), and circularis (circular). Examples include the
rectus abdominis and the superior oblique.
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LOCATION

The names of muscles often reflect their location in
the body, such as pectoralis (chest), gluteus (buttock),
brachii (arm), supra (above), infra (below), sub (under-
neath), and lateralis (lateral). Examples include the bi-
ceps brachii, pectoralis major, and vastus lateralis.

NUMBER OF ORIGINS

A muscle may be named according to the number of
sites to which it is anchored: biceps (2), triceps (3), and
quadriceps (4). Examples include the biceps brachii,
triceps brachii, and quadriceps femoris.

ORIGIN AND INSERTION

Some muscles are named for sites of attachment both
at their origin and insertion. The sternocleidomastoid,
for example, has its origin on the sternum and clavicle
and its insertion on the mastoid process of the tempo-
ral bone. This information allows you to determine the
function of the muscle. The sternocleidomastoid flexes
the neck and rotates the head. As noted here, many
muscles have multiple points of origin and insertion.

MUSCLE ACTION

The action of the muscle may be included in the name.
For example, an abductor muscle moves the limb away
from the midline of the body, whereas an adductor
moves the limb toward the midline. In the same way, a
flexor muscle causes flexion, whereas an extensor mus-
cle straightens the limb. A levator muscle elevates a
structure, and a masseter muscle enables you to chew.
Examples include the adductor magnus, flexor digito-
rum, and levator palpebrae superioris.

&4 Rre-hink

1. Differentiate between the origin and insertion of a muscle.

2. Differentiate between a muscle that acts synergistically
and one that acts antagonistically.

3. What are the causes of muscle hypertrophy and muscle
atrophy?

4. What is the basis for the naming of the following
muscles: quadriceps femoris, rectus abdominis,
sternocleidomastoid, and vastus lateralis?

Sum It Up!

Contractile muscle responses are due to the characteristic
of the single muscle fiber (twitch, tetanus) and whole muscle
that consists of many muscle fibers (recruitment, tonus). A
whole muscle contracts more forcefully than a single muscle
fiber primarily because of recruitment. There are three en-
ergy sources for skeletal muscle contraction: aerobic me-
tabolism, anaerobic metabolism, and metabolism involving
creatine phosphate. Muscles are named according to their
size, shape, orientation of fibers, location, number of origins,
muscle action, and origin and insertion sites.

MUSCLES FROM HEAD TO TOE

Fig. 9.7 shows the major skeletal muscles of the body.
Details of muscle location and function are summa-
rized in Table 9.1.

MUSCLES OF THE HEAD

The muscles of the head are grouped into two categories:
the facial muscles and the chewing muscles (Fig. 9.8).

FACIAL MUSCLES

Many of the facial muscles are inserted directly into
the soft tissue of the skin and other muscles of the face.
When the facial muscles contract, they pull on the soft
tissue. This kind of muscular activity is responsible for
our facial expressions like smiling and frowning.

Frontalis. The frontalis (fron-TAL-is) is a flat muscle
that covers the frontal bone. It extends from the
cranial aponeurosis (origin) and inserts in the skin
above the eyebrows. Contraction of the muscle rais-
es the eyebrows, giving you a surprised look. It also
wrinkles your forehead horizontally.

Orbicularis oculi. The orbicularis (or-bik-yoo-LAR-
is) oculi is a sphincter muscle that encircles the eyes.
A sphincter (SFINGK-ter) is a ring-shaped muscle
that controls the size of an opening. Contraction of
the muscle closes the eye and assists in winking,
blinking, and squinting. It wrinkles the forehead
vertically.

Levator palpebrae superioris. The levator palpebrae
(leh-VAH-tor PAL-peh-bray) superioris muscle has
its origin in the bony orbit of the eye and inserts on
the skin of the upper eyelid. As its name implies, the
muscle elevates the eyelid (opens the eye).
Orbicularis oris. The orbicularis oris is a sphincter
muscle that encircles the mouth. Contraction of this
muscle assists in closing the mouth, forming words,
and pursing the lips. It is sometimes called the kiss-
ing muscle.

Buccinator. The buccinator (BUK-si-NAY-tor) is
a muscle that has its origin on the maxilla and
mandible and inserts into the orbicularis oris. The
buccinator is used in actions requiring compres-
sion of the cheeks, as in sucking, whistling, and
playing the trumpet. The buccinator may also be
considered a chewing muscle because, on contrac-
tion, it helps position the food between the teeth
for chewing. The buccinator is particularly impor-
tant for an infant because its contraction enables
the infant to suck; it therefore plays an important
role in the nourishment and comfort of a hungry
infant.

Zygomaticus. The zygomaticus (zye-goh-MAT-ik-us)
is a smiling muscle; it extends from the corners of
the mouth to the cheekbone (zygomatic bone).
Platysma. Want to pout? The platysma (plah-TIZ-
mah) is your muscle. It originates in the fascia of
the shoulder and anterior chest and inserts on the
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Fig. 9.7 Major Muscles of the Body. (A) Anterior view.

Continued
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Muscular System CHAPTER 9

skin in the throat area and the dreaded “turkey
neck” look.

L_N Go Figure (Refer to )

1. Which of the following muscles are located on the
medial thigh and move the thigh toward the midline
of the body? (linea alba, pectoralis major,
adductors, biceps brachii)

2. Which word best describes the location of the pectoralis
major muscle? (thigh, groin, lumbar, chest)

3. Which word describes the following: biceps femoris,
semitendinosus, semimembranosus?
(quadriceps femoris, abdominal, chest, hamstrings)

CHEWING MUSCLES

The chewing muscles are also called the muscles of

mastication (chewing). All of them are inserted on the

mandible, or lower jaw bone, and are considered some

of the strongest muscles of the body (see Table 9.1).

e Masseter. The masseter (MAS-eh-ter) is a muscle
that has its origin on the maxilla and zygomatic pro-
cess of the temporal bone and its insertion on the
mandible. It acts synergistically with the temporalis

mandible and tissue of the mouth and lower face.
In addition to pouting, it allows you to open your
mouth wide, per order of your dentist. Here’s an-
other platysmal downer—with aging, there is a
loss of muscle tone of the platysma, creating loose

muscle to close the jaw.

Temporalis. The temporalis (tem-poh-RAL-is) is a
fan-shaped muscle that extends from the flat por-
tion of the temporal bone (origin) to the manible
(insertion).

JELIERAM Muscles of the Body

MUSCLE
Head

Muscles of Facial Expression
Frontalis

LOCATION, DESCRIPTION

Flat muscle covering forehead; origin on cranial
aponeurosis; inserts on skin above eyebrows

FUNCTION

Raises eyebrows; surprised look; wrinkles
forehead horizontally

Orbicularis oculi

Circular muscle around eye

Closes eyes; winking, blinking, and
squinting. Also wrinkles forehead
vertically

Levator palpebrae superioris

Origin on bony orbit of eye; inserts on upper
eyelid

Elevates eyelid (opens eye)

Orbicularis oris

Encircles mouth

Closes, purses lips; kissing muscle

Buccinator Horizontal cheek muscle; origin on maxilla and Flattens cheek; trumpeter’'s muscle;
mandible; inserts on orbicularis oris whistling muscle; helps with chewing by
positioning food between teeth
Zygomaticus Origin on cheekbone (zygomatic bone); inserts Elevates corner of mouth; smiling muscle
on corner of mouth
Platysma Origin in fascia of shoulder and anterior chest; Pouting muscle; “open your mouth wide”

inserts on mandible, angle of lower mouth,
soft tissue of lower face

muscle

Chewing Muscles

Temporalis Flat fan-shaped muscle over temporal bone Closes jaw; retracts jaw
(origin); inserts on mandible

Masseter Covers lateral part of lower jaw; origin on maxilla, Closes jaw; retracts jaw
zygomatic process of the temporal bone;
inserts on mandible

Neck

Sternocleidomastoid Extends along each side of neck; strong, narrow Contraction of both muscles flexes the
muscles that extend obliquely from sternum head at the neck; contraction of one
and clavicle (origin) upward to mastoid process rotates head toward opposite side
of temporal bone (insertion)

Trapezius Large, flat, trapezoid-shaped muscle on back of Hyperextends head so as to look at sky;

neck and upper back; origin on occipital bone,
C7, and all thoracic vertebrae; inserts on
clavicle and scapula

lateral flexion of head (see actions on
shoulder)

Scalenes (3)

Origin on cervical vertebrae (C1-C7); insert
onribs 1 and 2

Act synergistically with
sternocleidomastoid to flex neck

Continued
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JELER AN Muscles of the Body—cont'd

MUSCLE
Muscles of the Trunk

External intercostals

Muscles Involved in Breathing

LOCATION, DESCRIPTION

Located between ribs (intercostal space); both
origin and insertion on ribs

FUNCTION

Breathing (enlarges thoracic cavity during
inhalation)

Internal intercostals

Located between ribs (intercostal space); both
origin and insertion on ribs

Breathing (decreases thoracic cavity in
forced exhalation)

Diaphragm

Dome-shaped muscle that separates thoracic
and abdominal cavities

Breathing —chief muscle of inhalation
(enlarges thoracic cavity)

Muscles of Abdominal Wall
External oblique

Internal oblique
Transverse abdominis
Rectus abdominis

As a group, muscles are arranged vertically,
horizontally, and obliquely to strengthen
abdominal wall

As a group, abdominal wall muscles
compress the abdomen, thereby aiding
in urination, defecation, childbirth, and
forced expiration (breathing); also flex
and rotate vertebral column

Muscles of Vertebral Column
Trapezius

See trapezius above (Neck)

Helps maintain spine in extension

Erector spinae

Extends length of vertebral column from
cranium to sacrum

Extends and laterally flexes vertebral
column; rotates head; assists in
maintenance of erect posture

Sternocleidomastoid

See above (Neck)

Flexes and rotates cervical vertebral column

Abdominal muscles

See above (Muscles of Abdominal Wall)

Flexes and rotates vertebral column

lliopsoas

Origin on ilium and lumbar vertebrae; inserts on
femur

Flexes vertebral column

Muscles of Pelvic Floor

Trapezius

Flat muscle sheets

Muscles of Shoulder (Pectoral) Girdle and Arm

See description above (Neck)

Support pelvic viscera; aid in urination and
defecation

Causes shrugging and medial rotation of
shoulders (by pulling shoulder blades or
scapulae together)

Serratus anterior

Forms upper sides of chest wall; origin on upper
ribs; inserts on scapula

Lowers shoulder and moves the arm
forward as in pushing a cart

Pectoralis major

Large muscle that covers upper anterior chest;
origin on clavicle, sternum, and cartilages of
upper ribs; inserts on anterior humerus

Adducts and medially rotates arm across
chest; flexes and extends arm at
shoulder

Latissimus dorsi

Large, broad, flat muscle on mid and lower back;
origin on lower vertebral column and lower ribs;
inserts on the humerus

Adducts and rotates arm medially, behind
the back; “swimmer’s muscle”

Deltoid

Thick muscle that covers shoulder joint; origin on
clavicle and scapula; inserts on humerus

Abducts arm as in “scarecrow” position;
flexes, extends, and rotates arm at
shoulder

Rotator cuff muscles:
Supraspinatus
Subscapularis
Infraspinatus
Teres minor

Group of four muscles that attaches humerus
(insertion) to scapula (origin); tendons form
cuff over proximal humerus

Adduct, extend, and rotate arm at
shoulder; the “cuff” stabilizes shoulder
joint

Teres major

Muscles That Move Forearm
Biceps brachii

Origin on scapula; inserts on humerus

Major muscle on anterior surface of arm; origin
on scapula; inserts on radius

Extends and adducts arm at shoulder;
medially rotates arm at shoulder

Flexes and supinates forearm at elbow
and flexes arm at shoulder; muscle used
to “make a muscle”; acts synergistically
with brachialis and brachioradialis

Triceps brachii

Origin on posterior surface of arm (scapula and
humerus); inserts on ulna

Extends forearm at elbow, extends arm at
shoulder; “boxer’s muscle”




JELIEEAN Muscles of the Body—cont’d
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MUSCLE LOCATION, DESCRIPTION

FUNCTION

Brachialis Origin on humerus; inserts on ulna

Flexes forearm at elbow

Brachioradialis Origin on humerus; inserts on radius

Flexes forearm at elbow

Supinator Origin on humerus and ulna; inserts on radius

Supinates forearm (palm turns upward or
faces forward, as in anatomical position)

Pronator teres Origin on humerus and ulna; inserts on radius

Muscles That Move Wrist, Hand, and Fingers
Flexor and extensor carpi
group

Origin on humerus and ulna; inserts on tendon
in wrist

Pronates forearm so that palm faces
downward or backward

Flex and extend hand at wrist; adduct and
abduct hand at wrist

Flexor and extensor
digitorum group

Muscles That Move Thigh and Leg
Gluteus maximus

Origin on humerus, ulna, and radius; inserts
on phalanges (fingers)

Largest and most superficial of gluteal muscles;
located on posterior surface of buttocks; origin
on ilium of coxal bone, sacrum, coccyx, and
local aponeurosis; inserts on femur

Flex and extend fingers; flex hand at wrist

Forms buttocks; extends and rotates
thigh laterally at hip; muscle for
sitting and climbing stairs; produces
backswing of leg while walking

Gluteus medius Thick muscle partly behind and superior to gluteus

maximus; origin on ilium; inserts on femur

Abducts and rotates thigh medially at hip;
common site of intramuscular injections

Gluteus minimus Smallest and deepest of gluteal muscles; origin

on ilium; inserts on femur

Abducts and rotates thigh medially at hip

lliopsoas Located on anterior surface of groin; origin on

ilium and lumbar vertebrae; inserts on femur

Flexes and rotates thigh laterally;
antagonist to gluteus maximus

Tensor fasciae latae Located on lateral thigh; origin on ilium; inserts

on tibia

Flexes and abducts thigh at hip

Adductor group
Adductor longus
Adductor brevis
Adductor magnus

As a group, located on anteromedial surface of
thigh

Adducts and medially rotates thigh;
muscles used by horseback riders to
stay on horse

on femur

Gracilis Located along medial thigh; origin on symphysis Adducts and medially rotates thigh at hip;
pubis; inserts on proximal tibia flexes leg at knee
Pectineus Located on medial thigh; origin on pubis; inserts Adducts and flexes thigh at hip

Quadriceps femoris
Rectus femoris
Vastus lateralis
Vastus medialis
Vastus intermedius

Located on anterior thigh; all insert on tibia;
rectus femoris originates on ilium (coxal bone);
other “quads” originate on femur

Group used to extend leg at the knee (e.g.,
kicking a football); rectus femoris can flex
thigh at hip; vastus lateralis is common
site for intramuscular injections in children

Biceps femoris
Semitendinosus
Semimembranosus

attaches to insertion on tibia; biceps femoris also
originates on femur and inserts on both tibia and
fibula

Muscles That Move Ankle and Foot

Tibialis anterior Located on anterior leg; origin on tibia; inserts

on tarsal and metatarsal bones

Sartorius Long muscle that crosses obliquely over anterior Allows you to sit in crossed-leg position;
thigh; origin on ilium; inserts on tibia flexes, abducts, laterally rotates thigh at
hip; flexes leg at knee
Hamstrings Located on posterior surface of thigh; as a group,  As a group, they flex leg at knee, extend

thigh at hip; antagonistic to quadriceps
femoris

Dorsiflexes and inverts foot

Peroneus longus Lateral surface of leg; origin on fibula and tibia;

inserts on metatarsal and tarsal bones

Plantar flexion and eversion of foot;
supports arch

Gastrocnemius Posterior surface of leg; large two-headed
muscle that forms calf; origin on femur;

inserts on calcaneus by way of Achilles tendon

Plantar flexion of foot; toe dancer muscle;
flexes leg at knee

Soleus Posterior surface of leg; origin on fibula and tibia;

inserts on calcaneus

Plantar flexion of foot

Continued
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Fig. 9.8 Muscles of the Head and Neck.

LN Go Figure (Refer to )

1. To which bone must the chewing muscles attach?
(frontal, zygomatic, masseter, mandible)
2. T/F __ All facial muscles attach to the mandible.

kd Rre-hink

1. Explain why the frontalis muscle can affect facial
expression.

2. List two chewing muscles.

3. On which facial bone must the chewing muscles insert?

About the “Droops and Drools” of Botox?

In the arsenal of antiaging drugs, Botox is a star. It is the
wrinkle-remover par excellence. Beware of Botox blunders,
however. Misplaced Botox around the eyelids can cause
droopy lids. Similarly, poor aim around the mouth region can
cause drooling. Mercifully, the effects of Botox gradually wear
off, although there may be many weeks during which you
sport the droop-and-drool look. Botched batches of Botox
have also caused severe, long-term paralysis.

MUSCLES OF THE NECK

Many muscles are involved in the movement of the head
and shoulders and participate in throat movements.

STERNOCLEIDOMASTOID

As the name implies, the sternocleidomastoid (STERN-
oh-KLYE-doh-MAS-toyd) muscle extends from the ster-
num and clavicle to the mastoid process of the temporal
bone in the skull. Contraction of both muscles on either
side of the neck causes flexion of the head. Because the
head bows as if in prayer, the muscle is called the pray-
ing muscle. Contraction of only one of the sternocleido-
mastoid muscles causes the head to flex and to rotate to-
ward the opposite direction. A spasm of this muscle can
cause torticollis, or wryneck. This condition is character-
ized by twisting of the neck and rotation of the head to
one side. Botox has been used successfully in the treat-
ment of torticollis. Although the sternocleidomastoid
muscle is the prime mover of neck flexion, three scalene
(SKAY-leen) muscles act synergistically to flex the neck.
The scalenes have their origin on the cervical vertebrae
(C1-C7) and insert on ribs 1 and 2.



TRAPEZIUS

The trapezius (trah-PEE-zee-us) has its origins at the
base of the occipital bone of the cranium and on the
spines of C7 to T12 of the upper vertebral column (see
Fig. 9.7B). The trapezius inserts on both the scapula
and clavicle. Contraction of the trapezius allows the
head to tilt back (hyperextension) so that the face looks
at the sky. The trapezius works antagonistically with
the sternocleidomastoid muscle, which flexes and
bows the head. The trapezius also causes lateral flexion
of the head and shrugs the shoulder. (Further descrip-
tion of the trapezius under Muscles of the Trunk.)

MUSCLES OF THE TRUNK

The muscles of the trunk are involved in breathing,
form the abdominal wall, move the vertebral column,
and form the pelvic region.

MUSCLES INVOLVED IN BREATHING

The muscles of the chest include the intercostal muscles
and the diaphragm. These muscles are primarily respon-
sible for breathing (Fig. 9.9). The intercostal muscles are
located between the ribs. They have their origin and in-
sertion on the ribs and are responsible for raising and
lowering the rib cage during breathing. The ribs that you
barbecue are the intercostals (bone appétit!).

The diaphragm is a dome-shaped muscle that sep-
arates the thoracic cavity from the abdominal cavity.

Right lung

Intercostal
muscles

Diaphragm

Fig. 9.9 Breathing Muscles: The Intercostal Muscles and the
Diaphragm.

LN Go Figure (Refer to )

1. What is the name of the dome-shaped muscle
that is considered the chief muscle of inhalation?
(intercostals, temporalis, diaphragm,
masseter)
2. T/F __ Allintercostal muscles attach to the sternum.
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The diaphragm is the chief muscle of inhalation, or the
breathing-in phase of respiration. Without the contrac-
tion and relaxation of the intercostal muscles and dia-
phragm, breathing cannot occur. The breathing mus-
cles are more fully described in Chapter 22.

MUSCLES THAT FORM THE ABDOMINAL WALL

The abdominal wall consists of four muscles (see

Fig. 9.7A) in an arrangement that provides consider-

able strength. The muscles are layered so that the fi-

bers of each of the four muscles run in four different
directions. This arrangement enables the muscles to
contain, support, and protect the abdominal organs.

Contraction of the abdominal muscles performs

other functions. It causes flexion and rotation of

the vertebral column and compression of the ab-
dominal organs during urination, defecation, and
childbirth.

The four abdominal muscles are as follows:

® Rectus abdominis. As the name implies, the fibers of
the rectus abdominis run in an up and down, or lon-
gitudinal, direction. They extend from the sternum
to the pubic bone. Contraction of this muscle flexes
the vertebral column.

e External obliqgue. Abdominal muscles called the exter-
nal oblique muscles make up the lateral walls of the
abdomen. The fibers run obliquely (slanted).

e Internal obliqgue. The internal oblique muscles are
part of the lateral walls of the abdomen. They add to
the strength provided by the external oblique mus-
cles; the fibers of the internal and external oblique
muscles form a crisscross pattern.

o Transversus abdominis. The transversus abdominis
muscles form the innermost layer of the abdomi-
nal muscles. The fibers run horizontally across the
abdomen.

To remember the abdominal muscles, think of that
spare TIRE:

transversus abdominis
internal oblique

rectus abdominis
external oblique

mx — -

The abdominal muscles are attached to fascia that
forms a large aponeurosis along the midline of the ab-
dominal wall. The aponeuroses of the abdominal mus-
cles on opposite sides of the midline of the abdomen
form a white line called the linea alba. The linea alba
extends from the sternum to the pubic bone.

1. Describe the movement of the head in response to
contraction of the right sternocleidomastoid muscle.

2. List the muscles of respiration.

3. Explain why the arrangement of the abdominal muscles
conveys added strength to the abdominal wall.
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MUSCLES THAT MOVE THE VERTEBRAL COLUMN

A number of muscles attach to the vertebrae and assist in
the movement of the vertebral column; the movements
include flexion, extension, hyperextension, lateral flex-
ion, and rotation of the vertebral column. Muscles that
move the vertebral column include the erector spinae,
sternocleidomastoid, trapezius, abdominal muscles, and
iliopsoas. Deep to the trapezius and the latissimus dorsi
is the erector spinae (eh-REK-tor SPIN-ay); it extends
the length of the vertebral column, from the sacrum to
the cranium. The erector spinae muscle causes extension
and lateral flexion of the vertebral column and rotation
of the head. This muscle assists in the maintenance of an
erect posture. With aging, this muscle loses contractile
strength and accounts in part for the stooped posture
of an older person. Hungry? The erector spinae are best
known by laypersons as pork chops and T-bone steaks.
Contraction of both sternocleidomastoid muscles
causes flexion of the head at the neck, whereas contrac-
tion of one muscle rotates the head in the opposite di-
rection (causes rotation of the cervical vertebral column).
The trapezius maintains the vertebral column in exten-
sion. The abdominal muscles cause flexion and rotation
of the vertebral column, and the iliopsoas (see discussion
later in the chapter) flexes the vertebral column at the hip.

MUSCLES THAT FORM THE PELVIC FLOOR

The pelvic floor consists primarily of two flat muscle
sheets and the attached fascia. These structures sup-
port the pelvic viscera and play a role in expelling the
contents of the urinary bladder and rectum.

MUSCLES OF THE SHOULDER (PECTORAL) GIRDLE
AND ARM

Many muscles move the shoulder and the arm. The

most important are the trapezius, serratus ante-

rior, pectoralis major, latissimus dorsi, deltoid, and

a group of muscles called the rotator cuff muscles (see

Fig. 9.7A and B).

e Trapezius. When contracted, the trapezius moves the
clavicle and scapula and allows for a shrugging and
rotating movement of the pectoral girdles. The tra-
pezius causes medial rotation by pulling the shoul-
der blades (scapulae) together posteriorly. The mus-
cle gets its name because the right and left trapezius
form the shape of a trapezoid.

e Serratus anterior. The serratus (sehr-AH-tis) anterior
is located on the sides of the chest and extends from
the upper ribs (origin) to the scapula (insertion). The
serratus muscle has a jagged shape, much like the
jagged edge of a serrated knife blade. When the ser-
ratus anterior contracts, the shoulders are lowered,
and the arm moves forward as if pushing a cart. The
trapezius and serratus anterior attach the scapula to
the axial skeleton.

e Pectoralis major. The pectoralis (pek-toh-RAL-is)
major is a large broad muscle that helps form the

. Do You Know...

What Is Wrong With Bulking Up?

Nothing is wrong with bulking up if it is done through weightlifting,
exercise, and a healthy diet. Bulking up with the use of steroids,
however, is dangerous. Steroids are thought to cause liver can-
cer, atrophy of the testicles in males, stunting of growth, and se-
vere psychotic mood swings, among other health-related effects.

Then there is “roid rage”—uncontrollable aggressive behav-
ior. “Roid rage” has been implicated in many instances of seri-
ous sports-related injuries and has sent many a steroid abuser
to prison for fighting, scrapping, brawling, and mauling—not a
pretty picture.

What about those who require long-term use of corticosteroids
for treatment of a disease? While both necessary and effective,
long-term use of steroids can cause a steroid-induced myopathy
characterized by weakness of the limbs of the upper and lower
extremities. Steroids must be used carefully.

anterior chest wall. It connects the humerus (arm)
with the clavicle (collarbone) and structures of the
axial skeleton (ribs and sternum). Contraction of
this muscle moves the arm across the front of the
chest, as if pointing to an object in front of the body.
It also flexes and extends the arm at the shoulder
joint. Many gym exercises are designed to hypertro-
phy the “pecs.”

e Latissimus dorsi. The latissimus (LAT-iss-im-ahs)
dorsi is a large broad muscle located in the middle
and lower back region. Its origin is on the lower tho-
racic vertebrae, lumbar vertebrae, sacrum, and lower
ribs; it inserts on the posterior humerus. Contraction
of this muscle lowers the shoulders and brings the
arm back, as if pointing to an object behind you. This
same backward movement occurs in swimming and
rowing. The pectoralis major and latissimus dorsi at-
tach the humerus to the axial skeleton.

* Deltoid. The deltoid forms the rounded portion of
the shoulder and forms the shoulder pad. The del-
toid extends from its origins on the clavicle and



scapula to its insertion on the humerus. Contraction
of the deltoid muscle abducts the arm, raising it to a
horizontal position (the scarecrow position). It also
flexes, extends, and rotates the arm at the shoulder
joint. Because of its size, location, and good blood
supply, the deltoid is a common site of an intramus-
cular injection.

e Teres major. The teres (TER-eez) major is a long,
round muscle that has its origin on the scapula and
inserts on the humerus. It extends the arm at the
shoulder joint and assists with the medial rotation
and adduction of the arm at the shoulder joint.

e Rotator cuff muscles. The rotator cuff muscles are
a group of four muscles that attach the humerus
(insertion) to the scapula (origin). They include the
subscapularis, infraspinatus, teres minor, and su-
praspinatus. (A mnemonic S.I.T.S. helps to remem-
ber the names of the rotator cuff muscles.) The ten-
dons of these muscles form a cap, or a cuff, over the
proximal humerus, thus stabilizing the joint cap-
sule. The muscles help rotate the arm at the shoul-
der joint. What about tennis buffs and their rotator
cuffs? One of the most common causes of shoulder
pain in athletes is known as impingement syndrome,
or rotator cuff injury. It is caused by repetitive over-
head motions and is commonly experienced by ten-
nis players, swimmers, and baseball pitchers. The
tendons are pinched and become inflamed, result-
ing in pain. If this continues, the inflamed tendon
can degenerate and separate from the bone. The
condition can be a career-ending sports injury.

* Note how many different movements are pos-
sible at the shoulder joint. The ball-and-socket
joint and the many muscles that attach to the
arm and pectoral girdle permit this freedom of
movement.

1. Identify the origins and insertions of the following
muscles: trapezius, pectoralis major, deltoid, and
latissimus dorsi. Citing the origins and insertions of each,
describe the movements caused by the contraction of
the muscles.

2. Why is the latissimus dorsi called the swimmer’s muscle?

3. List the rotator cuff muscles. Explain why they are called
rotator cuff muscles.

MUSCLES THAT MOVE THE FOREARM

Most of the muscles that move the forearm (ulna and
radius) are located along the humerus and are classi-
fied as flexors, extensors, supinators, or pronators. The
flexors, those that cause flexion at the elbow joint, in-
clude the biceps brachii, brachialis, and brachioradialis.
Extension is due to contraction of the triceps brachii.
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The triceps brachii (TRY-seps BRAYK-ee-eye) lies
along the posterior surface of the humerus; it has
its origins on the scapula and humerus and its in-
sertion on the ulna. Contraction causes extension of
the forearm at the elbow joint; it also extends the
arm at the shoulder joint. The triceps brachii is the
muscle that supports the weight of the body when a
person does push-ups or walks with crutches. It is
also the muscle that packs the greatest punch for a
boxer, hence the nickname “the boxer’s muscle” (see
Fig. 9.7B).

The biceps brachii is located along the anterior sur-
face of the humerus; its two heads attach to the scapula
(origin), and the distal end inserts on the radius of the
forearm. The biceps brachii acts synergistically with
the brachialis and brachioradialis to flex the forearm.
The biceps brachii and brachialis are the prime mov-
ers for flexion of the forearm. When someone is asked
to “make a muscle,” the biceps brachii becomes most
visible.

Pronation (palm down) is achieved by two pronator
muscles located along the anterior forearm (origin on
the humerus and ulna, insertion on the radius). The ac-
tions of the biceps brachii and a supinator muscle (ori-
gin on the humerus and ulna, insertion on the radius)
located along the posterior forearm cause supination

(palm up).

MUSCLES THAT MOVE THE WRIST, HAND, AND
FINGERS

More than 20 muscles move the wrist, hand, and fin-
gers. The muscles are numerous and small, making
the wrist, hand, and fingers capable of delicate move-
ments. The muscles are generally located along the
forearm and consist of flexors and extensors. The flex-
ors are located on the anterior surface of the forearm,
and the extensors are located on the posterior surface.
The tendons of these muscles pass through the wrist
into the hand and fingers. The flexor carpi radialis and
the flexor carpi ulnaris flex the hand at the wrist joint;
they also adduct and abduct the hand at the wrist.
Contraction of the flexor digitorum muscle (in the fore-
arm) pulls on the tendons of the phalanges, thereby
moving the fingers (like puppet strings). Imagine how
fat your fingers would be if they were filled with mus-
cle rather than tendons—your ring size would double
or triple!

The puppet string setup, with the muscles in the fore-
arm and tendons in the wrists and fingers, is responsible
for another clinical mishap. If the tendons in the wrist
are accidentally severed, the muscles in the forearm pull
the tendons up into the forearm. The tendons “disap-
pear” from the injured site. If the surgeon merely patch-
es up the wrist injury and fails to retrieve and reattach
the tendons, finger movement is lost.
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Carpal Tunnel Syndrome

Median nerve
Flexor retinaculum

Carpal tunnel \

Fig. 9.10 Carpal Tunnel.

L\ Go Figure (Refer to )
1. T/F __ The flexor retinaculum are muscles that flex the
fingers.

2. T/F __ Repetitive hand motion can cause inflammation of
the medial nerve.

The extensors of the wrist, hand, and fingers lie
along the posterior forearm. The extensor carpi radialis
longus extends and abducts the hand at the wrist. The
extensor carpi ulnaris extends and adducts the hand at
the wrist. The extensor digitorum extends the hand at
the wrist and extends the fingers.

The flexors of the fingers are stronger than the
extensors so that in a relaxed hand, the fingers are
slightly flexed. If a person is unconscious for an ex-
tended period, the fingers remain in a flexed posi-
tion. In response to inactivity, the tendons of the
fingers shorten, thereby preventing extension of the
fingers, which gives a clawlike appearance to the
hand. This problem can be prevented by an exercise
program that includes passive exercises of the hands
and fingers.

THE CARPAL TUNNEL

Most of the tendons of the muscles that supply the
hand pass through a narrow tunnel created by trans-
versely oriented carpal ligaments (flexor retinacu-
lum) and the carpal (wrist) bones (Fig. 9.10). The
flexor tendons in the carpal tunnel are encased in ten-
don sheaths and normally slide back and forth very
easily. However, repetitive motion of the hand and

fingers can cause the tissues within the carpal tunnel
to become inflamed and swollen. The swelling puts
pressure on the median nerve, which is also located
in the carpal tunnel. The irritated nerve causes tin-
gling, weakness, and pain in the hand and arm. The
condition, carpal tunnel syndrome, is a major cause
of disability in persons who must perform repetitive
wrist motion (e.g., pianists, machinists, butchers, and
keyboard operators).

1. Identify the origins and insertions of the following
muscles: biceps brachii, brachialis, triceps brachii, and
supinators. Citing the origins and insertions of each,
describe the movements caused by the contraction of
the muscles.

2. ldentify the muscles responsible for flexion of the forearm
at the elbow.

3. Which arm muscle supports body weight while walking
with crutches?

4. What are the actions of supinator and pronator muscles?

5. What is the location of the muscles that move the
fingers?

MUSCLES THAT MOVE THE THIGH, LEG, AND FOOT

The muscles that move the thigh, leg, and foot are
some of the largest and strongest muscles in the body.
These muscles not only move the lower extremities but
also provide stability for the joints and help maintain
posture.

MUSCLES THAT MOVE THE FEMUR (THIGH
BONE)

The muscles that move the thigh at the hip all attach
to some part of the pelvic girdle (coxal bones) and the
femur (thigh bone). These include the gluteal muscles,
the iliopsoas, the tensor fascia latae, and a group of ad-
ductor muscles (see Fig. 9.7).

The gluteal muscles are located on the posterior sur-
face and include the gluteus maximus, gluteus medius,
and gluteus minimus. The gluteus maximus is the larg-
est muscle in the bodys; it forms the area of the buttocks
and is the muscle on which you sit.

The gluteus maximus has its origins on the ilium
(coxal bone) and sacrum and inserts on the femur.
It rotates the thigh laterally and extends the thigh
at the hip, as in climbing stairs or walking. It pro-
duces the backswing of the leg while walking. The
gluteus medius and gluteus minimus have their
origins on the ilium (coxal bone) and insert on the
femur. They abduct and rotate the thigh medially at
the hip joint. Both the gluteus maximus and gluteus
medius are commonly used sites for intramuscular
injections.

The iliopsoas (il-ee-OHP-so-us) is located near the
groin; it has its origins on the lower vertebrae and



ilium (coxal bone) and its insertion on the femur.
Contraction of this muscle flexes and rotates the thigh
laterally.

The tensor fasciae latae (TEN-sor FASH-ee-ah LAT-
ah) is on the lateral thigh; it has its origin on the ilium
(coxal bone) and inserts on the tibia. Contraction of this
muscle flexes and abducts the thigh at the hip joint.

The adductor muscles are located on the medial sur-
face of the thigh; they have their origin on the lower
coxal bones and insert on the medial and posterior
surfaces of the femurs. This group of muscles rotate
and adduct the thighs, pressing them together. These
are the muscles that a horse rider uses to stay on the
horse. The five adductor muscles include the adduc-
tor longus, adductor brevis, adductor magnus, gracilis
(GRAH-sil-is), and pectineus (pek-TIN-ee-us). Injury
of any of the adductors, usually the adductor longus,
is referred to as a groin injury...painful and debilitat-
ing (see Table 9.1).

The quadriceps femoris, sartorius, and hamstring
muscles (described later) also move the thigh. The
quadriceps femoris flexes the thigh at the hip, whereas
the hamstrings extend the thigh at the hip. The sarto-
rius allows you to sit cross-legged on the floor.

Note the many types of movement that occur at the
hip, a ball-and-socket joint.

MUSCLES THAT MOVE THE LEG

The muscles that move the leg are located in the thigh.
The extensor muscles lie along the anterior and lateral
surfaces of the leg, whereas the flexors lie along the
posterior and medial surfaces. Muscles that move the
legs include the quadriceps femoris, sartorius, ham-
string group, and the gastrocnemius.

The quadriceps femoris is located on the anterior
thigh, is the most powerful muscle in the body, and has
four heads as its origin. All four parts of the muscle in-
sert on the tibia by the quadriceps ligament. (The quad-
riceps tendon extends distally to the tibial tuberosity as
the quadriceps ligament.) The “quads” straighten, or
extend, the leg at the knee, as in kicking a football. The
four heads of the muscle give rise to four parts of the
quadriceps femoris muscle, each of which has its own
name: the vastus lateralis, vastus intermedius, vastus
medialis, and rectus femoris. The vastus lateralis is fre-
quently used as an injection site for children because it
is more developed than the gluteal muscles.

The sartorius allows you to sit cross-legged on the
floor. It assists in knee and hip flexion, abduction,
and lateral rotation of the thigh. At one time tailors
used to sit cross-legged as they worked. The Latin
word for tailor is sartor, so this muscle was named
the sartorius.

The hamstrings are a group of muscles located on
the posterior surface of the thigh. All the muscles ex-
tend from the ischium (coxal bone) to the tibia. They
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flex the leg at the knee and are therefore antagonistic
to the quadriceps femoris. Because these muscles also
span the hip joint, they extend the thigh. The strong
tendons of these muscles can be felt behind the knee.
The tendons form the pit behind the knee called the
popliteal fossa. These same tendons are found in hogs.
In times past, butchers used these tendons to hang
the hams for smoking and curing—hence the name
hamstrings. The hamstring muscles include the biceps
femoris, semimembranosus, and semitendinosus. A
pulled hamstring gets an athlete off the field/court
quickly!

Because the gastrocnemius has its origin on the dis-
tal femur, it also flexes the leg at the knee. This large
calf muscle is described later.

What a Wolf Knows About the Hamstrings?

Hungry wolves spot their prey—and the chase is on. The
wolf will often attack the knee joint of its prey, severing the
tendons of the hamstrings. Once the tendons are severed,
the victim’s legs are useless. Dinner is served!

MUSCLES THAT MOVE THE FOOT

The muscles that move the foot are located on the an-
terior, lateral, and posterior surfaces of the leg. See Fig.
8.21 for movements of the foot. The tibialis anterior is
located on the anterior surface. It has its origin on the
tibia (shin bone) and inserts on the tarsal and metatar-
sal bones. It causes dorsiflexion and inversion of the
foot. There are a number of muscles that cause plantar
flexion. The peroneus (per-oh-NEE-us) longus muscle
is on the lateral surface. It everts (turns outward) the
foot, supports the arch of the foot, and assists in plan-
tar flexion. The gastrocnemius (GAS-trok-NEE-mee-
us) and soleus are the major muscles on the posterior
surface of the leg and form the calf of the leg. They
attach to the calcaneus (heel bone) by the calcaneal ten-
don, or Achilles tendon. Contraction of these muscles
causes plantar flexion. The tibialis posterior also assists
in plantar flexion and inverts the foot.

Plantar flexion aids in walking and allows a person
to stand on tiptoes. For this reason the gastrocnemius
is sometimes called the foe dancer’s muscle. Runners,
especially sprinters, occasionally tear or rupture the
Achilles tendon. Because the heel then cannot be lifted,
this injury severely impedes the ability of the runner
to perform.

Finally, there are the toes. Like the fingers, some of
the toes are tugged on by tendons whose muscles (flex-
ors and extensors) lie in the leg. Other muscles have
their origin in the tarsal and metatarsal bones.

Some muscles have acquired rather interesting
names. Fig. 9.11 shows the many interesting move-
ments we are able to make.
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Trumpeter's muscle
(buccinator)

Kissing muscle
(orbicularis oris)

Hamstrings

Smiling muscle
(zygomaticus)

/

Praying muscle
(sternocleidomastoid)

Lotus
position

Toe dancer's muscles
(gastrocnemius
and soleus)

Tailor's muscle
(sartorius)

Swimmer's muscle
(latissimus dorsi)

Achilles
tendon

Surprised! muscle
(frontalis)

Fig. 9.11 A Medley of Special Muscles.

LN Go Figure (Refer to ) &d Rre-hink

1. Damage to this structure is most apt to impair the Identify the origins and insertions of the following muscles:
function of the toe dancer’s foot. (Achilles gluteus maximus, quadriceps femoris, biceps femoris, tibialis
tendon, hamstrings, latissimus dorsi, frontalis) anterior, soleus, and gastrocnemius. Citing the origins and

2. Which muscle enables you to smile? (frontalis, insertions of each, describe the movements caused by the

hamstrings, zygomaticus, soleus) contraction of these muscles.




sum It Up!

The skeleton is stabilized and covered with muscle. The abil-
ity of the muscles to contract and relax allows the skeleton to
move about and engage in all the activities that make life so
enjoyable. The location and function of the major muscles of
the body are summarized in Table 9.1.

1. At about the age of 40, the number and diameter of
muscle fibers decrease. Muscles become smaller,
dehydrated, and weaker. Muscle fibers are gradually
replaced by connective tissue, especially adipose or fat
cells. By the age of 80, about 50% of the muscle mass
has been lost.

2. Mitochondrial function in muscles decreases, especially
in muscles that are not exercised regularly.

3. Motor neurons are gradually lost, resulting in muscle
atrophy.

4. These age-related changes lead to decreased muscle
strength and slowing of muscle reflexes.
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1. Exercise increases muscle size, enhances both the
speed and strength of muscle contraction, and delays
the onset of muscle fatigue.

2. Exercise-induced increase in muscle mass stabilizes joints,
thereby improving coordination, flexibility, and balance.

3. Exercise stimulates the pituitary secretion of growth
hormone which contributes to the increase in muscle mass.

4. Exercise strengthens ligaments and makes the joints less
prone to injury.

5. Exercise increases capillarization, the formation of new
blood vessels, thereby improving blood flow and the
delivery of oxygen and nutrients.

6. Exercise stimulates the skeletal muscle to secrete irisin,
the “exercise hormone,” that burns fat more efficiently
and reduces blood triglyceride levels.

7. Exercise helps to prevent obesity, thereby protecting
wear and tear of the weight-bearing joints. Every pound
gained is experienced as 4 Ib across the knee joints.

8. Exercise slows down the development of age-related
sarcopenia (muscle loss). Prevention of sarcopenia helps
to prevent falls, muscle fatigue, and loss of mobility.

WORD PART
MEANING OR
DERIVATION

MEDICAL TERM

adduction/ ad- to, toward, or near
abduction ab- away from
-duction from the word: “to lead”
myalgia my/o- muscle
-algia pain
myopathy my/o- muscle
-path/o- disease
-y process or condition
osteocyte oste/o- bone
-cyte cell
periosteum peri- around
-osteon bone
synergist syn- together
-erg- from a word: “to work”
-ist one that specializes in

arthralgia arthr/o- joint
-algia pain
arthritis arthr/o joint
-itis inflammation

DESCRIPTION

Adduction of the thigh indicates that the thigh is moving toward
the midline of the body, whereas abduction means it is moving
away from the midline of the body.

Myalgia means muscle pain, a characteristic of many
A myopathy is a muscle disease where the primary defect is
Osteocytes are bone cells. Osteoblasts (-blast = immature)

The periosteum is the membrane around a bone.

Refers to muscles that work together to generate a movement.

Arthralgia, also called noninflammatory joint pain, has multiple

Arthritis is inflammation of a joint. There are over 25 types

musculoskeletal disorders.

within the muscle itself and not in the neuromuscular junction
or brain.

mature into osteocytes (bone cells), while osteoclasts (-clast =
breakdown) break down osseous (bone) tissue.

Several muscles may work synergistically to flex the forearm.

causes: injury, infection, many diseases, or a reaction to
medications.

of arthritis; two common types are osteoarthritis and
rheumatoid arthritis. Osteoarthritis is called degenerative
or “wear-and-tear” arthritis, most frequently seen in older
persons. Rheumatoid arthritis (RA)—the most debilitating
type of arthritis—is an autoimmune disease characterized by
inflammation of the joints and systemic symptoms such as
fever, fatigue, and anemia.

Continued
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MEDICAL TERM
bursitis

fioromyalgia

fracture

luxation

multiple
myeloma

muscular
dystrophy

neoplasms
(bone)

osteomalacia

osteomyelitis

osteoporosis

plantar fasciitis

rhabdomyolysis

strains and
sprains

tendonitis

CHAPTER 9 Muscular System

Q V=R ET T ER TG Disorders of the Musculoskeletal System—cont’d

WORD PART
MEANING OR
WORD PARTS DERIVATION
burs- bursa
-itis inflammation
fibr/o- fiber
-my/o- muscle
-algia pain
from a word: “to break”
lux- from a word: “to
dislocate”
-ation condition or state
myel/o- bone marrow
-oma tumor
dys- painful, difficulty, or faulty
-troph/o- nourishment or
development
-y condition or process of
neo- new
plas/o- formation
oste/o- bone
-malacia softening
oste/o- bone
-myel/o- bone marrow
-itis inflammation
oste/o- bone
-por/os- from a word: “pore” or
“passage”
-0sis condition of
fasci/o- fascia
-itis inflammation of
rhabd/o- rod-shaped or striated
(skeletal)
-my/o- muscle
-lysis breakdown
tend/o- tendon
-itis inflammation

DESCRIPTION

Bursitis is the inflammation of one or more bursae, causing pain,
swelling, and restriction of movement. Common forms include
subacromial bursitis (painful shoulder), olecranon bursitis
(student’s elbow, water on the elbow), and prepatellar bursitis
(housemaid’s knee, carpet layer’s knee).

Fibromyalgia is a syndrome characterized by pain in the
muscles, tendons, and soft tissues. Although the joints are not
affected, the pain is experienced as originating in the joints.

Fracture refers to a broken bone. Most fractures are due to
traumatic injuries; a small number are a result of another
disease and are called pathological fractures.

Luxation refers to the displacement of a bone from its joint, with
tearing of ligaments, tendons, and articular capsule. A partial
dislocation is called a subluxation.

Also called plasma cell myeloma, multiple myeloma refers
to malignant tumors of the bone marrow in which there are
collections of abnormal plasma cells.

Muscular dystrophy (MD) is a group of inherited muscle disorders
that cause progressive muscle weakness and degeneration of
muscle tissue. Numerous disorders are included in this category,
with Duchenne MD being the most common.

Osteogenic sarcoma or osteosarcoma is a highly malignant
and rapidly metastasizing neoplasm. Osteoclastoma (tumor
originating from osteoclasts) or giant cell tumor is most often
nonmalignant, but highly destructive; it occurs in the long
bones of the lower extremities. Ewing sarcoma is a common
malignancy of bone and soft tissue. Pathological fractures
develop in response to the cancer-inducing osteonecrosis.

Osteomalacia refers to softening of the bones. The loss of
calcium and phosphorus is caused by vitamin D deficiency.
Osteomalacia in the growing bones of children is called rickets.

Osteomyelitis is a serious infection of the bone, bone marrow,
and surrounding tissue. It can be caused by many pathogens,
the most common being Staphylococcus aureus.

A loss of bone mass that makes the bones so porous that they
crumble under the ordinary stress of moving about. Osteoporosis is
related to the loss of estrogen in older women, a dietary deficiency
of calcium and vitamin D, and low levels of exercise. Osteopenia
(-penia = abnormal reduction) is indicative of early osteoporosis.

Plantar fasciitis is inflammation of the plantar fascia on the
bottom of the foot. It is usually exercise-induced and painful.

Rhabdomyolysis is the breakdown of muscle with the release of
myoglobin into the blood.

The two most common musculoskeletal injuries, usually as a
result of twisting forces associated with physical activity. A
sprain is an injury or tearing of the ligaments of a joint. A strain
is excess stretching of a muscle and its surrounding fascia.

Inflammation of a tendon causing pain and tenderness just
outside the joint. The joints most often affected are the elbows
(tennis elbow, golfer’s elbow), shoulders (pitcher’s shoulder,
swimmer’s shoulder), wrists, and heels (Achilles tendonitis).




Get Ready for Exams!

The purpose of muscle is to contract and to cause move-
ment.

. Muscle Function: Overview
A. Types and functions of muscles

1. Skeletal muscle is striated and voluntary; its pri-
mary function is to produce movement.

2. Smooth (visceral) muscle is nonstriated and invol-
untary; it helps the organs perform their functions
especially in moving contents from one part to
another.

3. Cardiac muscle is striated and involuntary; it is
found only in the heart and allows the heart to
function as a pump.

B. Structure of the whole muscle

1. Alarge muscle consists of thousands of single
muscle fibers (muscle cells).

2. Connective tissue binds the muscle fibers (cells),
blood vessels, and nerves together and attaches
muscle to bone and other tissue by tendons and
aponeuroses.

C. Structure and function of a single muscle fiber

1. The muscle fiber (cell) is a group of myofibrils sur-
rounded by a cell membrane (sarcolemma). The
cell membrane penetrates vertically to the interior
of the muscle as the transverse tubule (T tubule).

2. An extensive sarcoplasmic reticulum (SR) sur-
rounds the myofibrils and stores calcium.

3. Each myofibril consists of a series of sarcomeres.
Each sarcomere contains thin filaments (actin and
troponin—-tropomyosin complex) and thick fila-
ments (myosin).

D. How muscles contract

1. Electrical signals run along the muscle membrane.

2. Electrical signal enters the T-tubular system and
stimulates the SR to release calcium.

3. Muscles shorten or contract as the actin and myo-
sin (in the presence of calcium and ATP) interact
through cross-bridge formation, according to the
sliding filament mechanism.

4. Calcium is pumped back into the SR and the
muscles relax.

E. Skeletal muscles and nerves: for a skeletal muscle to
contract, it must be stimulated by a motor nerve.

1. Motor unit: formed by a motor neuron and the
muscle fibers that it innervates (forms the basis of
recruitment)

2. Neuromuscular junction (NMJ): the nerve terminal
(ending) containing neurotransmitter (ACh), the
space between the nerve terminal and muscle
membrane, and the muscle membrane with its
receptors

F. Muscle responses

1. Twitch and tetanus, a characteristic of the single

muscle fiber
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2. Recruitment engages many muscle fibers as
additional motor units are stimulated. A whole
muscle increases its force of contraction primarily

by recruitment.

G. Energy for muscle contraction can be obtained
from three sources: burning fuel aerobically, burn-
ing fuel anaerobically, and metabolizing creatine

phosphate.

H. Terms that describe muscle movement
1. Origin and insertion: the attachments of the

muscles

2. Prime mover: the muscle most responsible for the
movement achieved by the muscle group

3. Synergist or antagonist: works with or has an
opposing action

Il. Muscles from Head to Toe

A. Skeletal muscles are named according to size, shape,

orientation of fibers, location, number of origins,
place of origin and insertion, and muscle action.
B. See Table 9.1 for a list of the body’s muscles.

Matching: Muscle Terms

Directions: Match the following words with their descrip-
tions. Some words may be used more than once and others
not at all.

s

mFT o ST@meae

origin
sarcoplasmic
reticulum
smooth muscle
aponeurosis
actin
sarcomere
insertion
atrophy
synergist
skeletal muscle
myosin

tendon

. __ Cordlike structure that

attaches muscle to bone

___Type of muscle classified as
striated and voluntary

____Type of muscle that must
be stimulated by a somatic
motor nerve

___ Flat, sheetlike fascia that
attaches muscle to muscle
or muscle to bone

____The head of this contractile
protein binds to actin; forms
a cross-bridge

__ Calcium is stored within this
muscle structure

__ Series of contractile units
that make up each myofibril:
extends from Z line to Z line

___ The muscle attachment to
the movable bone

__ Useitorlose it

____Ahelper muscle
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Matching: Names of Muscles
Directions: Match the following words with their descrip-
tions. Some words may be used more than once and others

not at all.

a. quadriceps femoris 1. ___ A muscle of mastication
b. gastrocnemius 2. The major breathing

€. masseter muscle

d. hamstrings 3. ___ Major muscle of the

e. triceps brachii anterior chest; attaches
f. deltoid to the humerus

g. pectoralis major 4. ___ The shoulder pad;

h. latissimus dorsi pulls the arm into the

i. gluteus maximus scarecrow position

j. biceps brachii 5. ___ A muscle that flexes the
k. diaphragm arm at the elbow

6. ___ A muscle that lies along
the anterior thigh; flexes
the thigh at the hip and
extends the leg

7. ___ The muscle group that lies
along the posterior thigh;
flexes the leg at the knee

8. ___ The large muscle on
which you sit

9. __ Contraction of this muscle
causes plantar flexion

10. __ This muscle attaches

to the calcaneus by the
Achilles tendon

Multiple Choice
1. When the electrical signal travels along the T tubule and

stimulates the sarcoplasmic reticulum (SR),

a. calcium is released, causing cross-bridge formation
between actin and myosin.

b. acetylcholine (ACh) is released into the neuromuscu-
lar junction (NMJ).

¢. calcium is pumped into the SR from the sarcomere.

d. ACh binds to the receptor on the muscle membrane.

2. Which of the following does not occur within the neuro-

muscular junction (NMJ)?

a. ACh is released from the motor nerve terminal.
b. ACh diffuses across the junction.

¢. Actin and myosin “slide.”

d. ACh is inactivated by an enzyme.

3. When skeletal muscle is stimulated quickly and repetitively,

a. ACh within the NMJ is depleted.

b. the muscle tetanizes, and the force of contraction
increases.

¢. the sarcoplasmic reticulum is depleted of calcium,
and the muscle becomes flaccid.

d. the muscle merely twitches.

4. Which of the following pairs slides?

a. ACh and cholinesterase
b. Calcium and ATP

¢. Troponin and tropomyosin
d. Actin and myosin

5. Which of the following happens when calcium is

pumped back into the sarcoplasmic reticulum?

a. The muscle relaxes.

b. ACh binds to the muscle membrane receptors in the
NMJ.

10.

11.

12.

13.

14.

15.

¢. ACh is destroyed by cholinesterase.
d. Actin and myosin slide.

. Which of the following must occur to achieve flexion of

the forearm?

a. The triceps brachii contracts.

b. The biceps brachii and brachialis contract.
¢. The brachioradialis relaxes.

d. The deltoid and brachioradialis relax.

. Which of the following does not characterize the quad-

riceps femoris?

a. Has four heads, or points of attachment

b. Is the prime mover for extension of the leg

¢. Inserts on the proximal tibia at the tibial tuberosity
d. Causes plantar flexion, as in toe dancing

. Which of the following is true of the hamstrings?

a. Located along the anterior thigh

b. Is the prime mover for flexion of the leg

¢. Acts synergistically with the gastrocnemius to cause
dorsiflexion

d. Attaches to the Achilles tendon and inserts on the
calcaneus

. Which of the following is least descriptive of the mas-

seter and temporalis muscles?

a. Insert on the mandible

b. Muscles of mastication

¢. Nonstriated and involuntary

d. Innervated by somatic motor neurons

This muscle is best viewed on an a