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MCGRAW-HILL  EDUCATION TEACHING AND  
  Learning Tools

Concept Overview Interactive 
modules have assessable, auto 

graded learning activities in 
Connect®, can be used as a self 

study tool for students and are also 
provided separately to instructors 

as classroom presentation tools.

McGraw-Hill Education A&P: We have learning down to a science!

At McGraw-Hill Education we work every day to unlock the full potential of each learner. Our 
mission is to accelerate learning through intuitive, engaging, efficient and effective experiences— 
grounded in research. MHE Anatomy & Physiology is your trusted, data-driven partner in 
A&P education. Since 2009, our adaptive programs in A&P have hosted 600,000 unique users 
who have answered more than 600 million probes, giving us the only data-driven solutions to 
help your students get from their first college-level course to program readiness.
	 LearnSmart® Prep is an adaptive learning tool that prepares students for college level 
work in Anatomy & Physiology. Prep for Anatomy & Physiology now comes standard to 
students with Connect. The tool individually identifies concepts the student doesn’t fully 
understand and provides learning resources to teach essential concepts so he or she enters 
the classroom prepared. Data driven reports highlight areas where students are struggling, 
helping to accurately identify weak areas.

WWW.APREVEALED.COM

An Interactive Cadaver 
Dissection Experience 
This unique multimedia  tool is 
designed to help  you master human 
anatomy  and physiology with: 

g Content customized 
to your course

g Stunning cadaver specimens

g Vivid animations

g Lab practical quizzing

my Course Content    
g  Maximize effi ciency by studying 

exactly what’s required. 

g  Your instructor selects the content 
 that’s relevant to your course. 

Dissection 
g  Peel layers of the body to reveal 

structures beneath  the surface. 

Animation    
g  Over 150 animations make anatomy 

and physiology easier to visualize 
and understand.

Histology 
g  Study interactive slides that 

simulate what you see in lab. 

Imaging 
g  Correlate dissected anatomy 

with X-ray, MRI, and CT scans. 

Quiz   
g  Gauge profi ciency with  customized 

quizzes and lab practicals that 
cover only what you need for 
your course.

mymymymymymymymymyymy

Anatomy & Physiology Revealed® is now available in Cat and Fetal Pig versions!

Physiology Interactive Lab 
Simulations (Ph.I.L.S.) 4.0

Ph.I.L.S. 4.0 is the perfect way to reinforce 
key physiology concepts with powerful lab 
experiments. Created by Dr. Phil Stephens 
at Villanova University, this program offers 
42 laboratory simulations that may be used 
to supplement or substitute for wet labs. All 
42 labs are self-contained experiments—no 
lengthy instruction manual required. Users 

can adjust variables, view outcomes, make predictions, draw conclu-
sions, and print lab reports. This easy-to-use software offers the flex-
ibility to change the parameters of the lab experiment. There are no 
limits!

Laboratory Manual

The Laboratory Manual to accompany 
Seeley’s Anatomy & Physiology, au-
thored by Eric Wise of Santa Barbara 
City College, contains 43 laboratory ex-
ercises that are integrated closely with 
the textbook. Each exercise demon-
strates the anatomical and physiologi-
cal facts and principles presented in 
the textbook by investigating specific 

concepts in greater detail. Key features of the lab manual include 
over 12 new cat dissection photos and many new human cadaver 
images, step-by-step explanations and a complete materials list 
for each experiment, precisely labeled, full-color drawings and 
photographs, self-contained presentations with the essentials 
background needed to complete each exercise, and extensive lab 
reports at the end of every exercise.
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viii

WHAT SETS  
  Seeley 
 APART?

Seeley Learning System—Emphasis on  
Critical Thinking
An emphasis on critical thinking is integrated throughout this textbook. This approach can be 
found in questions starting each chapter and embedded within the narrative; in clinical material 
that is designed to bridge concepts explained in the text with real-life applications and scenarios; 
in end-of-chapter questions that go beyond rote memorization; and in a visual program that 
presents material in understandable, relevant images.

▶	 Problem-solving perspective from the book’s inception
▶	 Pedagogy builds student comprehension from knowledge to application (Predict questions, 

Critical Thinking questions, and Learn To Predict Answer)

Seeley’s Anatomy & Physiology is written for the two-semester anatomy and physiology course. The writing is 
comprehensive enough to provide the depth necessary for those courses not requiring prerequisites, and yet is 
presented with such clarity that it nicely balances the thorough coverage. Clear descriptions and exceptional 
illustrations combine to help students develop a firm understanding of the concepts of anatomy and physiology 
and to teach them how to use that information.

What Makes this Text
a Market Leader?

Predict Questions  challenge students to use their understanding of  
new concepts to solve a problem. Answers to the questions are provided  
at the end of the book, allowing students to evaluate their responses and to 
understand the logic used to arrive at the correct answer. All Predict question 
answers have been rewritten in teaching style format to model the answer 
for the student. Helps students learn how to think critically.

Critical Thinking  These innovative exercises encourage 
students to apply chapter concepts to solve a problem. These 
questions help build student's knowledge of anatomy & 
physiology while developing reasoning and critical thinking skills.
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Clinical Emphasis—Case Studies  
Bring Relevance to the Reader

▶	 Chapter opening photos and scenarios have been 
correlated to provide a more complete story and begin 
critical thinking from the start of the chapter 

▶	 Learn to Predict and chapter Predict questions with 
unique Learn to Predict Answers

▶	 Clinical Impact boxes (placed at key points in the text)
▶	 Case Studies
▶	 Clinical Genetics essays have been updated and 

streamlined for accuracy and impact
▶	 Diseases and Disorders tables
▶	 Systems Pathologies with System InteractionsClinical Impact boxes  These in-depth boxed essays explore relevant 

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

Systems Pathologies boxes These spreads explore a specific condition or disorder related to a particular body system. Presented in a simplified 
case study format, each Systems Pathology vignette begins with a patient history followed by background information about the featured topic.
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Exceptional Art—Always created from the student perspective
A picture is worth a thousand words—especially when you’re learning anatomy  
and physiology. Because words alone cannot convey the nuances of anatomy or  
the intricacies of physiology, Seeley’s Anatomy & Physiology employs a dynamic  
program of full-color illustrations and photographs that support and further clarify  
the textual explanations:

▶	 Fundamental figures teamed with special online support and now linked to APR
▶	 Homeostasis figures were revised to draw a correlation from the  

text description of feedback system components to the figure. Maintains 
consistency throughout each organ system 

▶	 All figures were visually linked to create consistency throughout the  
text. The same colors are always used for the same type of arrow, cytoplasm 
in a cell, symbols for ions, and molecules, etc.

▶	 Step-by-step process figures
▶	 Atlas-quality cadaver images
▶	 Illustrated tables
▶	 Photos side-by-side with illustrations
▶	 Color saturation of art makes the art more engaging
▶	 Macro-to-micro art

Clearly labeled photos of dissected human 
cadavers provide detailed views of anatomical 
structures, capturing the intangible characteristics  
of actual human anatomy that can be appreciated 
only when viewed in human specimens.
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Specialized Figures Clarify Tough Concepts
Studying anatomy and physiology does not have to be an intimidating task mired in  
memorization. Seeley’s Anatomy & Physiology uses two special types of illustrations to 
help students not only learn the steps involved in specific processes, but also apply the 
knowledge as they predict outcomes in similar situations. Process figures organize the  
key occurrences of physiological processes in an easy-to-follow format. Homeostasis 
figures summarize the mechanisms of homeostasis by diagramming how a given  
system regulates a parameter within a narrow range of values.

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

NEW Correlated With APR! Homeostasis  
figures with in-art explanations and  
organ icons

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

▶	 More succinct explanations
▶	 Small icon illustrations included in boxes depict  

the organ or structure being discussed.
▶	 All homeostasis figures were revised to draw a 

correlation from the text description of feedback 
system components to the figure. Maintains 
consistency throughout each organ system.
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Learn to Predict and Learn to Predict Answer—
Helping students learn how to think

▶	 Part of the overall critical thinking Predict questions that appear 
throughout each chapter, a special Learn to Predict question now opens 
every chapter. This specifically written scenario takes knowledge acquired 
from previous chapters and ties it into content in the current chapter.

▶	 The Learn to Predict Answer box at the end of each chapter teaches 
students step-by-step how to answer the chapter-opening critical 
thinking question. This is foundational to real learning and is a 
crucial part of helping students put facts together to reach that 
“aha” moment of true comprehension.

Learn to Predict
While weight training, Pedro strained his 
back and damaged a vertebral disk. The 
bulged disk placed pressure on the left 
side of the spinal cord, compressing the 
third lumbar spinal nerve, which inner-
vates the following muscles: psoas major, 
iliacus, pectineus, sartorius, vastus lateralis, 
vastus medius, vastus intermedius, and 
rectus femoris. As a result, action potential 
conduction to these muscles was reduced. 
Using your new knowledge about the 
histology and physiology of the 
muscular system from chapter 9 and 
combining it with the information 
about gross muscle anatomy in this 
chapter, predict Pedro’s symptoms and 
which movements of his lower limb 
were affected, other than walking on a 
flat surface. What types of daily tasks 
would be difficult for Pedro to perform?

Photo: The man in this photo has clearly defined muscles. 
Which muscles can you identify?
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What’s New and Improved?
The eleventh edition of Seeley’s Anatomy & Physiology is the result of extensive analysis of the text. 
The outcome is a retention of the beloved features that foster student understanding with an 
emphasis on a sharper focus within many sections, affording an even more logical flow within the 
text. Throughout every chapter the writing style is clean and more accessible to students.

Learning Outcomes and Assessment—Helping instructors  
track student progress

▶	 UPDATED! Learning Outcomes are carefully written and labeled to outline expectations for each section
▶	 UPDATED! Online student questions and test bank questions are correlated with Learning Outcomes to further 

scaffold and measure student progress and understanding
▶	 NEW! Microbes In Your Body feature discussing the many important, and sometimes little known, roles of 

microbes and the physiology of homeostasis
▶	 UPDATED! The Clinical Genetics feature has been updated and streamlined to provide the newest and most 

accurate information available
▶	 NEW! Online clinical study questions are based from clinical features within the text including Microbes in your 

Body and System Pathologies, and are correlated with Leaning Outcomes and HAPS Learning Objectives to further 
develop and measure higher level thinking and application of learned content

▶	 NEW! LearnSmart Based questions help further correlate and emphasize related content and scaffold learning. 

ELEVENTH EDITION  
  Changes

147CHAPTER 5   Integumentary System

varied appearance. Some are open sores that 
bleed, ooze, or crust for several weeks. Others 
are reddish patches; shiny, pearly, or translu-
cent bumps; or scarlike areas of shiny, taut 
skin. Removal or destruction of the tumor cures 
most cases.

Squamous cell carcinoma is the second 
most common type of skin cancer. Squamous 
cell carcinoma affects cells in the stratum 
spinosum and can appear as a wartlike growth; 
a persistent, scaly red patch; an open sore; or 
an elevated growth with a central depression. 
These lesions may bleed.  Removal or destruc-
tion of the tumor cures most cases.

Melanoma (mel′ă-nō′mă) is the least 
common, but most deadly, type of skin cancer, 
accounting for over 77% of the skin cancer 
deaths in the United States. Because they arise 
from melanocytes, most melanomas are black 
or brown, but occasionally a melanoma stops 
producing melanin and appears skin-colored, 
pink, red, or purple. About 40% of melanomas 
develop in preexisting moles. Treatment of 
melanomas when they are confined to the epi-
dermis is almost always successful. However, 
if a melanoma invades the dermis and metas-
tasizes to other parts of the body, it is difficult 
to treat and can be deadly.

Early detection and treatment of mela-
noma before it metastasizes can prevent death. 
Melanoma can be detected by routine examina-
tion of the skin and application of the ABCDE 
rule, which states the signs of melanoma: A 
stands for asymmetry (one side of the lesion 
does not match the other side), B is for border 
irregularity (the edges are ragged, notched, or 
blurred), C is for color (pigmentation is not 
uniform), D is for diameter (greater than 6 mm), 
and E is for evolving (lesion changes over time). 

kin cancer is the most common type of 
cancer. Most skin cancers result from 
damage caused by the ultraviolet (UV) 

 radiation in sunlight. Some skin cancers are 
induced by chemicals, x-rays, depression of 
the immune system, or inflammation, whereas 
others are inherited.

UV radiation damages the genes (DNA) 
in epidermal cells, producing mutations. If 
a mutation is not repaired, the mutation is 
passed to one of the two daughter cells when 
a cell divides by mitosis. If mutations affect-
ing oncogenes and tumor suppressor genes in 
epidermal cells accumulate, uncontrolled cell 
division and skin cancer can result (see Clinical 
Genetics, “Genetic Changes in Cancer Cells,” 
in chapter 3).

The amount of protective melanin in the 
skin affects the likelihood of developing skin 
cancer. Fair-skinned individuals, who have less 
melanin, are at an increased risk of develop-
ing skin cancer compared with dark-skinned 
individuals, who have more melanin. Long-
term or intense exposure to UV radiation also 
increases the risk. Thus, individuals who are 
older than 50, who have engaged in repeated 
recreational or occupational exposure to the 
sun, or who have experienced sunburn are 
at increased risk. Most skin cancers develop 
on the parts of the body that are frequently 
exposed to sunlight, such as the face, neck, 
ears, and dorsum of the forearm and hand. A 
physician should be consulted if skin cancer 
is suspected.

There are three types of skin cancer: basal 
cell carcinoma, squamous cell carcinoma, and 
melanoma (figure 5A). Basal cell carcinoma, 
the most common type, affects cells in the 
stratum basale. Basal cell carcinomas have a 

Clinical 
GENETICS Skin Cancer

Evolving lesions change size, shape, elevation, 
or color; they may bleed, crust, itch, or become 
tender.

In order for cancer cells to metastasize, 
they must leave their site of origin, enter the cir-
culation, and become established in a new loca-
tion. For example, melanoma cells first spread 
within the epidermis. Some of those cells may 
then break through the basement membrane 
and invade the dermis; from there, they may 
enter lymphatic or blood vessels and spread to 
other parts of the body. The ability of cancer 
cells to metastasize requires an accumulation of 
mutations that enables the cells to detach from 
similar cells, recognize and digest the basement 
membrane, and become established elsewhere 
when surrounded by different cell types.

Basal cell carcinomas very rarely metas-
tasize, and only 2–6% of squamous cell car-
cinomas metastasize. Compared with kerati-
nocytes, melanocytes are more likely to give 
rise to  tumors that metastasize because, in their 
developmental past, they had the ability to 
migrate and become established in new loca-
tions. In the embryo, melanocytes are derived 
from a population of cells called neural crest 
cells (see chapter 13). A gene called Slug 
regulates neural crest cell migration. In normal 
melanocytes, the Slug gene is inactive, but in 
metastasizing melanoma cells it is reactivated. 
The reactivation of embryonic genes, such as 
Slug, may also play a role in other metasta-
sizing cancers.

Most skin cancers result from a series  
of genetic changes in somatic cells. Some 
people, however, have a genetic susceptibility 
to developing skin cancer. Xeroderma pig-
mentosum (zēr′ō-der′mă pig′men-tō′sŭm) is 
a rare, inherited disorder in which a DNA 

FIGURE 5A Cancer of the Skin 

(a) Basal cell carcinoma (b) Squamous cell carcinoma (c) Melanoma

S
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Fundamental Figures—  
Integrated with special  
Connect® assets!

▶	 Special icons now link fundamental figures with 
corresponding modules within APR

▶	 Additional online Connect® resources support 
these important figures

▶	 Grouped together, the fundamental figures 
represent an excellent summary and study tool

xiv
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xv

Chapter 1
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ Added a “Microbes in Your Body” boxed reading.

■■ Rewrote section on negative feedback for clarity and in 
response to heat map data and reviewer feedback.

■■ Added a predict question on negative feedback because it is a 
fundamental concept.

■■ Provided a clear example of the value of etymology and 
anatomical terminology to provide a point of reference for 
students to see the value of hard work.

■■ Revised figure 1.15 to add a photo of serous membranes to 
provide clarity.

■■ Revised figure 1.16 to add a photo of mesentery for clarity.

Chapter 2
■■ Major revision and expansion of the section on Electrons 

and Chemical Bonding. New text describes how electron 
shells and electronegativity underlie bond formation. A 
new figure (figure 2.4) illustrating this concept has been 
added. In addition, figure 2.6 and table 2.4 have been  
modified.

■■ Clinical impact on atomic particles has been shortened to focus 
on practical applications of X-rays.

■■ Synthesis and Decomposition Reactions were rewritten along 
with a simplification of figure 2.10 to focus on the key details of 
hydration and dehydration reactions.

■■ Reversible Reactions was rewritten and an analogy using a 
football team was added to clarify the concepts of reversible 
reactions and equilibrium.

■■ The properties of water were rewritten to emphasize the 
distinction between adhesion and cohesion and to emphasize 
the physiological functions of water in body temperature, 
protection, and as a mixing medium.

■■ Protein Structure section has been rewritten with a new 
summary paragraph added to highlight the key points of 
primary to quaternary structures. In addition, description of an 
enzyme active site has been rewritten and expanded to include 
how knowledge of the structure of an active site can be used to 
design drugs to treat diseases, such as Gleevec® for cancer 
treatment.

Chapter 3
■■ Added a “Microbes in Your Body” boxed reading.

■■ Added Clinical Impact box on Tays-Sachs disease.

■■ Added new section 3.11, Cellular Aspects of Aging.

Chapter 4
■■ Functions of epithelial tissues have been rewritten to 

emphasize dual role of the epithelium as a barrier while 
also permitting passage of molecules, along with improved 
labeling of epithelial tissues showing lateral surfaces in 
figure 4.1.

■■ Cells of Connective Tissue has been rewritten to better 
distinguish the cells involved in matrix formation, maintenance, 
remodeling. 

■■ Structure and function of components of the extracellular 
matrix have been clarified, especially ground substance, 
reticular fibers, and proteoglycans. In addition, terminology 
has been made consistent (intercellular matrix changed to 
extracellular matrix in table 4.7).

■■ Clarification of the concept and functions of tissue membranes.

Chapter 5
■■ Added a “Microbes in Your Body” boxed reading.

■■ Converted Clinical Impact Burns to new section 5.6, Burns.

Chapter 6
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ Added a “Microbes in Your Body” boxed reading.

■■ Provided hierarchical organization reminders and referenced 
previous chapters where helpful (e.g., section 6.2 referred to 
chapter 1 to remind students of cellular development).

■■ Topic sentences added to many paragraphs to help students 
focus on concepts.

■■ Added a new predict question to section 6.3 where previously 
there was none.

■■ Reorganized section on spongy and compact bone for clarity.

Chapter-by-Chapter Changes
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xvi

■■ Relevant information from several Clinical Impacts (shoulder, 
elbow, arch) has been moved into the text.

■■ Mechanisms that strengthen the hip joint have been emphasized.

Chapter 9 
■■ Major reorganization of chapter outline. The sections were 

placed to fall in a more logical sequence. This reduced 
repetitious information.

■■ Used heat map to target areas of difficulty for students.

■■ Figure 9.3 was redrawn in a hierarchical organization so 
students can keep track of the relationships amongst fiber 
and muscle structures.

■■ The section on energy sources was completely revised and 
updated.

■■ Table 9.4 (formerly 9.3) was split into a process figure 
comparing resting and exercising muscles and a table 
specifying nutrients and products for each of the three 
main pathways for ATP production.

■■ The “Learn to Predict” questions were separated from the 
vignette for clarity.

Chapter 10
■■ Heat map data was utilized to identify sections in the chapter, 

which are difficult for students. These sections were edited for 
clarity.

■■ The “Learn to Predict” questions were separated from the 
vignette for clarity.

■■ Much of the terminology was clarified. For example, reminders 
about structures and their makeup were provided: tendons 
and ligaments, agonists and antagonists, fixators of prime 
movers, etc.

■■ Clarified examples of types of lever systems seen within the 
muscular system.

■■ Some figures had cadaver photos added (e.g., figure 10.7 
and 10.21).

■■ Clarified the muscles classified as the rotator cuff.

■■ Clarified usage of movements at joints.

■■ Updated “coxal” to “hip.”

Chapter 11
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ “Neuroglia” and “neuroglial” were changed to “glia” and “glial” to 
more accurately reflect the modern usage.

■■ Revised figure 11A for a more logical and clear layout.

■■ Some boxed readings were converted into chapter text to draw 
attention to this important information.

■■ Rewrote the analogy for the all-or-none principle of action 
potentials to be a more modern example for students to relate to.

■■ Added Vitamin D3 as a calcium homeostasis hormone to 
section 6.9.

■■ Revised and updated the Systems Pathology boxed reading, 
“Osteoporosis” to include new thoughts and research on 
proton pump inhibitors and new medications.

Chapter 7
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ Changed the primary term from “coxal” to “hip” to reflect the 
more widely accepted and used term.

■■ Added an x-ray of a normal spine for clarity to the Clinical 
Impact “Abnormal Spinal Curvatures.” 

■■ Revised Clinical Impact boxed reading “Herniated Intervertebral 
Disk.” Added an MRI image of fused cervical vertebrae.

■■ Revised the Clinical Impact boxed reading “Carpal Tunnel 
Syndrome” to add a clearer image of the median nerve passage. 
Also, information was revised to reflect the most up-to-date 
information as to causes of the syndrome.

■■ Throughout, revised skeletal art for clarity and to increase the 
realism to help students more readily apply the text information 
to actual skulls and other anatomical models. 

Chapter 8
■■ Fibrous joint revisions include addition of realignment of teeth 

by braces as an example of type of movement allowed by 
gomphoses fibrous joint. 

■■ Cartilaginous joint revisions include adding the importance of 
intervertebral disks as shock absorbers between vertebrae.

■■ Synovial joint revisions were made to clarify the structure and 
function of the fibrous capsule, synovial membrane and 
synovial fluid. In addition, the definition of a meniscus as a type 
of articular disk has been clarified and the importance of 
articular disks in joint protection has been emphasized.

■■ Some types of movement have been clarified with new 
examples and updated. Circular movements have been 
exemplified by shaking of the head “no.” Circumduction has 
been clarified as movement of the arm in an “arc” when 
throwing a baseball. Opposition has been updated to include 
all fingers, not just the little finger.

■■ A major revision of the Flexion and Extension section updated the 
definition of these movements from anatomical coordinates 
(coronal plane) to the more commonly accepted angle of the joint. 
In addition, the section now introduces hyperextension as 
extension beyond 180 degrees that can be either a normal 
movement (like looking up at the stars) or an abnormal movement 
that results in injury. A new figure 8.9 illustrates flexion, extension, 
and hyperextension of the elbow, knee, neck, and wrist.

■■ Major revision of the temporomandibular joint to update the 
current view of the steps involved in opening and motions of 
the jaw that allow chewing and grinding in mastication. In 
addition, the Clinical Impact on TMJ Disorders has been 
updated with new perspectives on therapies.

Chapter-by-Chapter Changes
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xviiChapter-by-Chapter Changes

■■ Projection in the somatic sensory cortex has been rewritten and an 
example of knowing where to slap a mosquito has been added.

■■ Clinical Impact on ALS has been updated to include rates of 
progression of the disease, with the example of Stephen 
Hawking.

Chapter 15
■■ Improved accuracy of Neural Pathways for Olfaction. 

Chapter 16
■■ Revised section 16.6, Functional Generalizations About 

the Autonomic Nervous System, to fully describe each 
generalization relative to the information presented in 
the chapter.

Chapter 17
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ Rewrote the analogy about the difference between the nervous 
system and the endocrine system using twitter as a delivery 
system.

■■ Table 17.2 was completely revised for clarity. New figures for 
hormone molecules replaced the previous figures. The table is 
also now more clearly laid out.

■■ Figure 17.5 was edited to show a portion of the blood stream 
and the relationship for Ca2+-regulating hormone secretion.

■■ The boxed reading of agonists and antagonists was integrated 
into the chapter text to better highlight this information.

Chapter 18
■■ Used heat map to target areas of difficulty for students.

■■ Explanations were clarified and comparisons to everyday 
situations and structures were made to allow for greater 
understanding.

■■ Etymologies were given where helpful.

■■ The “Learn to Predict” questions were separated from the 
vignette for clarity.

■■ Clarified the explanation of releasing and inhibiting hormones.

■■ Revised figure 18.12 for consistency.

■■ Revised figure 18.7 for consistency.

■■ Added a “Microbes in Your Body” boxed reading.

Chapter 19
■■ Revised figure 19.1 clearly identifying buffy coat in centrifuged 

blood sample.

■■ Revised ABO Blood Group to better explain the nomenclature 
of antigens, antibodies, and blood types.

■■ The boxed reading on abnormal membrane potentials was 
converted into regular text to highlight this material.

■■ The analogy for saltatory conduction of action potentials was 
rewritten to be more relatable to everyday life.

Chapter 12
■■ The Stretch Reflex section has been rewritten to match the 

Process Figure. Importantly, the section now begins with the 
readily recognized knee jerk reflex to describe the stretch reflex. 
The knee jerk had previously been a Clinical Impact.

■■ Reciprocal innervation has been rewritten to emphasize that it 
reinforces the withdrawal reflex by allowing the coordinated 
contraction of flexor muscles and relaxation of the opposing 
extensor muscles.

■■ Text was rewritten so that information on innervation 
and function was consistently introduced upfront for 
each nerve.

■■ Clinical Impacts were updated (Bionic Sensors), renamed to 
highlight the relevant disorder (Crutch Paralysis, Funny Bone), 
or integrated into the text (Carpal Tunnel Syndrome).

Chapter 13
■■ Development of the CNS now includes an expanded 

description of the notochord. In addition, the anatomical terms 
in table 13.2 are now matched to the text.

■■ Reticular formation role in arousal and awareness is now 
included.

■■ Hypothalamic functions have been clarified.

■■ Clinical Impact on traumatic brain injuries has been updated 
to include professional athletes and portions have been 
integrated into the text since this is an increasingly relevant 
pathology.

■■ The clinical importance of hemorrhagic bleeding has been 
emphasized by moving this information from a Clinical Impact 
into the main text in the Blood Supply to the Brain section.

■■ The clinical importance of the blood-brain barrier has been 
emphasized by inclusion of material previously in the Clinical 
Impact on Drugs and the Blood-Brain Barrier.

Chapter 14
■■ The section on Sensation has been revised with changes in 

Table 14.1. For example, the field sobriety test as an example of 
proprioception has been added.

■■ Likewise, the section on Sensory Receptors has similarly been 
revised.

■■ The section on Sensory Pathways, especially the Anterolateral 
System, has been revised to more closely follow the figures.

■■ Figures 14.8, 14.9, and 14.10 have been clarified by inclusion  
of numbers to more easily follow the sensory pathway. 
Figure 14.10 has been simplified by removing anatomical 
sections not included in the posterior spinocerebellar tract.
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xviii Chapter-by-Chapter Changes

■■ Clinical Impact on Dental Caries has been integrated into 
the text.

■■ Mumps has been updated to include the efficacy of the 
measles/mumps/rubella (MMR) vaccination program.

■■ The Salivary Glands section has been revised and updated to 
emphasize the protective functions and de-emphasize the 
relatively minor digestive functions of saliva.

■■ Lipid emulsification has been rewritten to emphasize the role 
of bile.

Chapter 25
■■ Updated nutrition label information to represent newest FDA 

recommendations

■■ Revised anaerobic respiration description to better explain 
lactate production

Chapter 26
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ Revised section 26.1 for clarity.

■■ Heavily revised section 26.2 for a more clear and 
simple explanation of the relationship amongst these 
structures.

■■ Added a clear definition of a countercurrent mechanism to 
section 26.3.

■■ Revised the explanation of ADH secretion for clarity.

■■ The boxed reading on urine concentration was integrated into 
the chapter text for clarity.

■■ Added a “Microbes in Your Body” boxed reading.

■■ The Clinical Impact boxed reading on Urinary Bladder Control 
was rewritten for improved understanding.

■■ The Clinical Impact boxed reading on Polycystic Kidney 
Disease was revised to become a Clinical Genetics boxed 
reading.

Chapter 27
■■ The “Learn to Predict” questions were separated from the 

vignette for clarity.

■■ Figure 27.3 was revised for consistency.

■■ Figure 27.4 was revised for consistency.

■■ Section 27.3 introduction was rewritten to help students relate 
to knowledge they had learned in previous chapters.

■■ Figure 27.8 was revised for consistency.

■■ Figure 27.9 was revised for consistency.

■■ Figure 27.10 was revised for consistency.

■■ Figure 27.12 was revised for consistency.

■■ The Clinical Impact boxed reading Acidosis and Alkalosis was 
integrated into the chapter text to highlight this important 
information.

Chapter 20
■■ Added a “Microbes in Your Body” boxed reading.

■■ Updated Clinical Impact, Cardiopulmonary Resuscitation (CPR)

■■ Revised Cardiac Muscle description, comparing and contrasting 
structure of cardiac muscle cells to skeletal muscle cells

■■ Revised figure 20.12, providing a clear depiction of cardiac 
muscle cell anatomy

■■ Revised figure 20.14, adding information about muscle tension 
changes associated with stimulation in both cardiac muscle and 
skeletal muscle.

■■ Corrected the description of the dicrotic notch, adding 
information about the dicrotic wave.

Chapter 21
■■ Revised Capillary Exchange and Regulation of Interstitial Fluid 

Volume to more accurately and sequentially represent the 
factors affecting Net Filtration Pressure.

■■ Revised figure 21.36 to better represent fluid volume 
differences.

■■ Corrected descriptions of septic shock and blood poisoning in 
Clinical Impact, Circulatory Shock.

Chapter 22
■■ Added a “Microbes in Your Body” boxed reading.

■■ Updated figures 22.18, 22.21, and 22.25 to show plasma cells 
producing antibodies.

■■ Updated Clinical Impact, Acquired Immunodeficiency 
Syndrome.

Chapter 23
■■ Used heat map to target areas of difficulty for students.

■■ The “Learn to Predict” questions were separated from the 
vignette for clarity.

■■ The description of the anatomy in section 23.2 was heavily 
revised for clarity.

■■ Revised figure 23.13 to look more realistic.

■■ Heavily revised the section “Pleural Pressure” in section 23.3 for 
logical flow and clearer explanations.

■■ “Minute ventilation” was changed to “minute volume” to more 
accurately reflect the widely accepted term.

■■ Heavily revised section 23.5 for clarity.

■■ Heavily revised section 23. 6 for clarity.

■■ Figure 23.22 was revised for consistency.

Chapter 24
■■ Neural control of the muscularis and the enteric nervous system 

of the digestive tract have been clarified.
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xixChapter-by-Chapter Changes

Chapter 29
■■ Updated Clinical Impact, Fetal Monitoring, to include new 

cell-free fetal DNA testing for chromosomal abnormalities.

■■ Updated Clinical Genetics, The Human Genome Project.

Chapter 28
■■ Added a “Microbes in Your Body” boxed reading.

■■ Added new Section 28.2, Meiosis.

■■ Clearly define menstrual, ovarian, and uterine cycle.
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1

The Human Organism

W hat lies ahead is an astounding adventure—learning about the structure and 
function of the human body and the intricate checks and balances that reg-
ulate it. Renzo’s (the dancer featured in this chapter’s “Learn to Predict”) 

response to eating the energy bar is a good example of how important this system of 
checks and balances is in the body. Perhaps you have had a similar experience, but 
with a different outcome. You have overslept, rushed to your 8 a.m. class, and missed 
breakfast. Afterwards, on the way to Anatomy & Physiology class, you bought an 
energy bar from the vending machine. Eating the energy bar helped you feel better. The 
explanation for these experiences is the process of homeostasis; for you, homeostasis 
was maintained, but for Renzo, there was a disruption in homeostasis. Throughout this 
book, the major underlying theme is homeostasis. As you think about Renzo’s case, you 
will come to realize just how capable the human body is of an incredible coordination 
of thousands upon thousands of processes. Knowing human anatomy and physiology 
is also the basis for understanding disease. The study of human anatomy and physiol-
ogy is important for students who plan a career in the health sciences because health 
professionals need a sound knowledge of structure and function in order to perform 
their duties. In addition, understanding anatomy and physiology prepares all of us to 
evaluate recommended treatments, critically review advertisements and reports in the 
popular literature, and rationally discuss the human body with health professionals and 
nonprofessionals. 

Module 1  
Body Orientation

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

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

After reading about homeostasis 
in this chapter, create an explanation 
for Renzo’s blood sugar levels before 
and after his visit to the doctor.

1

1
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2 PART 1    Organization of the Human Body

1.1  Anatomy and Physiology

LEARNING OUTCOMES

After reading this section, you should be able to

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

	 B.	Define physiology and describe the levels at which 
physiology can be studied.

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

Anatomy is the scientific discipline that investigates the body’s 
structures—for example, the shape and size of bones. In addi-
tion, anatomy examines the relationship between the structure 
of a body part and its function. Thus, the fact that bone cells are 
surrounded by a hard, mineralized substance enables the bones 
to provide strength and support. Understanding the relationship 
between structure and function makes it easier to understand and 
appreciate anatomy. Anatomy can be studied at different levels. 
Developmental anatomy studies the structural changes that occur 
between conception and adulthood. Embryology (em-brē-ol′ō-jē), 
a subspecialty of developmental anatomy, considers changes from 
conception to the end of the eighth week of development.

Some structures, such as cells, are so small that they must 
be studied using a microscope. Cytology (sī-tol′ō-jē; cyto, cell) 
examines the structural features of cells, and histology (his-
tol′ō-jē; hist, tissue) examines tissues, which are composed of 
cells and the materials surrounding them.

Gross anatomy, the study of structures that can be examined 
without the aid of a microscope, can be approached either systemi-
cally or regionally. A system is a group of structures that have one 
or more common functions, such as the cardiovascular, nervous, 
respiratory, skeletal, or muscular systems. In systemic anatomy, 
the body is studied system by system. In regional anatomy, the 
body is studied area by area. Within each region, such as the head, 
abdomen, or arm, all systems are studied simultaneously. The 
regional approach is taken in most graduate programs at medical 
and dental schools. The systemic approach is used in this and most 
other introductory textbooks. 

Surface anatomy involves looking at the exterior of the body 
to visualize structures deeper inside the body. For example, the 
sternum (breastbone) and parts of the ribs can be seen and palpated 
(felt) on the front of the chest. Health professionals use these struc-
tures as anatomical landmarks to identify regions of the heart and 
points on the chest where certain heart sounds can best be heard. 
Anatomical imaging uses radiographs (x-rays), ultrasound, mag-
netic resonance imaging (MRI), and other technologies to create 
pictures of internal structures (table 1.1). Anatomical imaging has 
revolutionized medical science. Some scientists estimate that the 
past 20 years have seen as much progress in clinical medicine as 
occurred in all of medicine’s previous history. Anatomical imaging 
has made a major contribution to that progress. Anatomical imag-
ing allows medical personnel to look inside the body with amazing 
accuracy and without the trauma and risk of exploratory surgery. 
Although most of the technology used in anatomical imaging is 

very new, the concept and earliest technology are quite old. In 
1895, Wilhelm Roentgen (1845–1923) became the first medical 
scientist to use x-rays to see inside the body. The rays were called 
x-rays because no one knew what they were. Whenever the human 
body is exposed to x-rays, ultrasound, electromagnetic fields, or 
radioactively labeled substances, a potential risk exists. This risk 
must be weighed against the medical benefit. Numerous studies 
have been conducted and are still being done to determine the 
effects of diagnostic and therapeutic exposure to x-rays. The risk 
of anatomical imaging is minimized by using the lowest possible 
doses providing the necessary information. No known risks exist 
from ultrasound or electromagnetic fields at the levels used for 
diagnosis. Both surface anatomy and anatomical imaging provide 
important information for diagnosing disease. 

However, no two humans are structurally identical. Ana-
tomical anomalies are physical characteristics that differ from the 
normal pattern. Anatomical anomalies can vary in severity from 
relatively harmless to life-threatening. For example, each kidney 
is normally supplied by one blood vessel, but in some individuals 
a kidney is supplied by two blood vessels. Either way, the kid-
ney receives adequate blood. On the other hand, in the condition 
called “blue baby” syndrome, certain blood vessels arising from 
an infant’s heart are not attached in their correct locations; blood 
is not effectively pumped to the lungs, and so the tissues do not 
receive adequate oxygen.

Physiology is the scientific investigation of the processes or 
functions of living things. The major goals when studying human 
physiology are to understand and predict the body’s responses to 
stimuli and to understand how the body maintains conditions within 
a narrow range of values in a constantly changing environment.

Like anatomy, physiology can be considered at many levels. 
Cell physiology examines the processes occurring in cells, and 
systemic physiology considers the functions of organ systems. 
Neurophysiology focuses on the nervous system, and cardio-
vascular physiology deals with the heart and blood vessels. 
Physiology often examines systems rather than regions because a 
particular function can involve portions of a system in more than 
one region.

Studies of the human body must encompass both anatomy 
and physiology because structures, functions, and processes 
are interwoven. Pathology (pa-thol′ō-jē) is the medical science 
dealing with all aspects of disease, with an emphasis on the 
cause and development of abnormal conditions, as well as the 
structural and functional changes resulting from disease. Exer-
cise physiology focuses on the changes in function and structure 
caused by exercise.

ASSESS YOUR PROGRESS

	 1.	 How does the study of anatomy differ from the study of 
physiology?

	 2.	 What is studied in gross anatomy? In surface anatomy?

	 3.	 What type of physiology is employed when studying the 
endocrine system?

	 4.	 Why are anatomy and physiology normally studied 
together?
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3CHAPTER 1   The Human Organism

TABLE 1.1 Anatomical Imaging

Imaging Technique Image Clinical Examples

X-ray This extremely shortwave electromagnetic radiation (see chapter 2) moves 
through the body, exposing a photographic plate to form a radiograph (rā′dē-
ō-graf). Bones and radiopaque dyes absorb the rays and create underexposed 
areas that appear white on the photographic film. Many of us have had an 
X-ray, either to visualize a broken bone or at the dentist. However, a major 
limitation of radiographs is that they give only flat, two-dimensional (2-D) 
images of the body.

Ultrasound Ultrasound, the second oldest imaging technique, was first developed in the 
early 1950s from World War II sonar technology. It uses high-frequency sound 
waves, which are emitted from a transmitter-receiver placed on the skin over 
the area to be scanned. The sound waves strike internal organs and bounce 
back to a receiver on the skin. Even though the basic technology is fairly old, 
The most important advances in this field occurred only after it became possi-
ble to analyze the reflected sound waves by when a computer could be used 
to analyze the pattern of reflected sound waves and transfer. Once a com-
puter analyzes the pattern of sound waves, the information is transferred to a 
monitor to be visualized as a sonogram (son′ō-gram) image. One of the more 
recent advances in ultrasound technology is the ability of more advanced 
computers to analyze changes in position through “real-time” movements. 
Among other medical applications, ultrasound is commonly used to evaluate 
the condition of the fetus during pregnancy.

Computed 
Tomography (CT)

   
(a)	 (b)

Computed tomographic (tō′mō-graf′ik) (CT) scans, developed in 1972 and 
originally called computerized axial tomographic (CAT) scans, are computer-
analyzed x-ray images. A low-intensity x-ray tube is rotated through a 
360-degree arc around the patient, and the images are fed into a computer. 
The computer then constructs the image of a “slice” through the body at the 
point where the x-ray beam was focused and rotated (a). Some computers are 
able to take several scans short distances apart and stack the slices to pro-
duce a 3-D image of a body part (b).

Digital Subtraction 
Angiography (DSA)

Digital subtraction angiography (an-jē-og′ră-fē) (DSA) is one step beyond 
CT scanning. A 3-D radiographic image of an organ, such as the brain, is made 
and stored in a computer. Then a radiopaque dye is injected into the blood, 
and a second radiographic computer image is made. The first image  
is subtracted from the second one, greatly enhancing the differences revealed 
by the injected dye. These dynamic computer images are the most common 
way angioplasty, is performed. Angioplasty uses a tiny balloon to unclog  
an artery.

Magnetic Resonance 
Imaging (MRI)

Magnetic resonance imaging (MRI) directs radio waves at a person lying 
inside a large electromagnetic field. The magnetic field causes the protons of 
various atoms to align (see chapter 2). Because of the large amounts of water 
in the body, the alignment of hydrogen atom protons is most important in this 
imaging system. Radio waves of certain frequencies, which change the align-
ment of the hydrogen atoms, then are directed at the patient. When the radio 
waves are turned off, the hydrogen atoms realign in accordance with the mag-
netic field. The time it takes the hydrogen atoms to realign is different for vari-
ous body tissues. These differences can be analyzed by computer to produce 
very clear sections through the body. The technique is also very sensitive in 
detecting some forms of cancer far more readily than can a CT scan.

Positron Emission 
Tomography (PET)

Positron emission tomographic (PET) scans can identify the metabolic states 
of various tissues. This technique is particularly useful in analyzing the brain. 
When cells are active, they are using energy The energy they need is supplied 
by the break down of glucose (blood sugar). If radioactively treated (“labeled”) 
glucose is given to a patient, the active cells take up the labeled glucose. As 
the radioactivity in the glucose decays, positively charged subatomic particles 
called positrons are emitted. When the positrons collide with electrons, the two 
particles annihilate each other and gamma rays are given off. The gamma rays 
can be detected, pinpointing the cells that are metabolically active.
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	 1.	 Chemical level. The chemical level involves interactions 
between atoms, which are tiny building blocks of matter. 
Atoms combine to form molecules, such as water, sugar, 
lipids, and proteins. The function of a molecule is intimately 
related to its structure. For example, collagen molecules are 
ropelike protein fibers that give skin structural strength and 
flexibility. With old age, the structure of collagen changes, 
and the skin becomes fragile and more easily torn. We present 
a brief overview of chemistry in chapter 2.

	 2.	 Cell level.  Cells are the basic structural and functional 
units of plants and animals. Molecules combine to form 
organelles (or′gă-nelz; little organs), which are the small 
structures inside cells. For example, the nucleus is an 
organelle that contains the cell’s hereditary informa-
tion, and mitochondria are organelles that manufacture 

1.2 � Structural and Functional  
Organization of the Human Body

LEARNING OUTCOMES

After reading this section, you should be able to
	 A.	Name the six levels of organization of the body and 

describe the major characteristics of each level.
	 B.	List the 11 organ systems, identify their components,  

and describe the major functions of each system.

The body can be studied at six levels of organization: the chemi-
cal, cell, tissue, organ, organ system, and whole organism levels 
(figure 1.1).

    Chemical level. Atoms
(colored balls) combine
to form molecules.

    Cell level. Molecules
form organelles, such as
the nucleus and mitochondria,
which make up cells.

    Tissue level. Similar cells
and surrounding materials
make up tissues.

    Organ level. Different
tissues combine to form
organs, such as the
urinary bladder.

    Organ system level.
Organs, such as the
urinary bladder and
kidneys, make up an 
organ system.

    Organism level. Organ
systems make up an
organism.

Kidney

Ureter

Urinary bladder
Urethra

Urinary system

Urinary
bladder

Smooth
muscle
tissue

Smooth muscle cell

Nucleus
Molecule

(DNA)

Atoms

Epithelium

Connective tissue

Connective tissue

Smooth muscle tissue

Organism

Wall of urinary bladder

1

1

2

3

4

5

6

2

3

4

5
6

Mitochondria

FUNDAMENTAL Figure

PROCESS FIGURE 1.1  Levels of Organization for the Human Body
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5CHAPTER 1   The Human Organism

adenosine triphosphate (ATP), a molecule cells use for 
energy. Although cell types differ in their structure and 
function, they have many characteristics in common. 
Knowledge of these characteristics, as well as their varia-
tions, is essential to understanding anatomy and physiol-
ogy. We discuss the cell in chapter 3.

	 3.	 Tissue level. A tissue is composed of a group of similar cells 
and the materials surrounding them. The characteristics of the 
cells and surrounding materials determine the functions of the 
tissue. The body is made up of four basic tissue types: epithe-
lial, connective, muscle, and nervous. We discuss tissues in 
chapter 4.

	 4.	 Organ level. An organ is composed of two or more tissue 
types that perform one or more common functions. The uri-
nary bladder, heart, stomach, and lung are examples of organs 
(figure 1.2).

	 5.	 Organ system level. An organ system is a group of organs 
that together perform a common function or set of functions 
and are therefore viewed as a unit. For example, the uri-
nary system consists of the kidneys, ureter, urinary bladder, 
and urethra. The kidneys produce urine, which the ureters 

transport to the urinary bladder, where it is stored until being 
eliminated from the body through the urethra. In this text, we 
consider 11 major organ systems: the integumentary, skeletal, 
muscular, nervous, endocrine, cardiovascular, lymphatic, 
respiratory, digestive, urinary, and reproductive systems. Fig-
ure 1.3 presents a brief summary of these organ systems and 
their functions.

	 6.	 Organism level. An organism is any living thing considered 
as a whole—whether composed of one cell, such as a bac-
terium, or of trillions of cells, such as a human. The human 
organism is a network of organ systems, all mutually depen-
dent on one another.

ASSESS YOUR PROGRESS

	 5.	 From simplest to complex, list and define the body’s six 
levels of organization.

	 6.	 What are the four basic types of tissues?

	 7.	 Referring to figure 1.3, which two organ systems are 
responsible for regulating the other organ systems? Which 
two are responsible for support and movement?

What did scientists learn from the Human 
Microbiome Project? Human health is depen-
dent upon the health of our microbiota, espe-
cially the “good” bacteria. In fact, it seems that 
our microbiota are so completely intertwined 
with human cells that it has been suggested 
that humans are like corals. Corals are marine 
organisms that are collections of different life 
forms, all existing together. More specifically, 
the human microbiome is intimately involved 
in the development and maintenance of the 
immune system. And more evidence is mount-
ing for a correlation between a host’s micro-
biota, digestion, and metabolism. Researchers 
have suggested that microbial genes are more 
responsible for our survival than human genes. 
There are even a few consistent pathogens that 
are present without causing disease, suggest-
ing that their presence may be good for us. 
However, there does not seem to be a universal 
healthy human microbiome. Rather, the human 
microbiome varies across lifespan, ethnicity, 
nationality, culture, and geographic location. 
Instead of being a detriment, this variation may 
actually be very useful for predicting disease. 
There seems to be a correlation between auto-
immune and inflammatory diseases (Crohn’s 
disease, asthma, multiple sclerosis), which have 

become more prevalent, and a “characteristic 
microbiome community.” Early research seems 
to indicate that any significant change in the 
profile of the microbiome of the human gut 
may increase a person’s susceptibility to auto
immune diseases. It has been proposed that these 
changes may be associated with exposure to 
antibiotics, particularly in infancy. Fortunately, 
newer studies of microbial transplantations have 
shown that the protective and other functions of 
bacteria can be transferred from one person to 
the next. However, this work is all very new, and 
much research remains to be done.

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

Predict 2
After reading this box and the section on 
homeostasis in this chapter, predict some 
possible consequences of high-dose, intra-
venous (IV) antibiotic administration on the 
homeostasis of a person’s digestive function.

MICROBES
              In Your Body Getting to know your bacteria

id you know that you have more 
microbial cells than human cells in 
your body? Astoundingly, for every 

cell in your body, there are 10 microbial cells. 
That’s as many as 100 trillion microbial cells, 
which can collectively account for between 2 
and 6 pounds of your body weight! A microbe 
is any living thing that cannot be seen with the 
naked eye (for example, bacteria, fungi, and 
protozoa). The total population of microbial 
cells on the human body is referred to as the 
microbiota, while the combination of these 
microbial cells and their genes is known 
as the microbiome. The microbiota includes 
so-called good bacteria, which do not cause 
disease and may even help us. It also includes 
pathogenic, or “bad,” bacteria.

With that many microbes in and on our 
bodies, you might wonder how they affect 
our health. To answer that question, in Octo-
ber 2007 the National Institutes of Health 
(NIH) initiated the 5-year Human Microbiome 
Project, the largest study of its kind. Five 
significant regions of the human body were 
examined: the airway, skin, mouth, gastroin-
testinal tract, and vagina. This project identi-
fied over 5000 species and sequenced over 20 
million unique microbial genes. 

D
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6 PART 1    Organization of the Human Body

FIGURE 1.2  Major Organs of the Body 

Predict 3
In one type of diabetes, the pancreas fails to produce insulin, a chemical 
normally made by pancreatic cells and released into the blood. List as 
many levels of organization as you can at which this disorder could be 
corrected.

1.3  Characteristics of Life

LEARNING OUTCOME

After reading this section, you should be able to

	 A.	List and define the six characteristics of life.

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

	 1.	 Organization refers to the specific interrelationships among 
the parts of an organism and how those parts interact to perform 

specific functions. Living things are highly organized. All 
organisms are composed of one or more cells. Some cells in turn 
are composed of highly specialized organelles, which depend 
on the precise organization of large molecules. Disruption of 
this organized state can result in loss of functions, or even death.

	 2.	 Metabolism (mĕ-tab′ō-lizm) refers to all of the chemical 
reactions taking place in the cells and internal environment 
of an organism. It includes an organism’s ability to break 
down food molecules, which the organism uses as a source 
of energy and raw materials to synthesize its own molecules. 
Energy is also used when one part of a molecule moves rela-
tive to another part, changing the shape of the molecule. In 
single-celled organisms and certain human cells, this change 
in molecular shape can cause the whole cell to change shape. 
Sometimes this change in cell shape can allow the entire 
organism or cell to move to a different location. Metabolism 
is necessary for other vital functions, such as responsiveness, 
growth, development, and reproduction.

	 3.	 Responsiveness is an organism’s ability to sense changes 
in its external or internal environment and adjust to those 
changes. Responses include actions such as moving toward 

Small intestine

Kidney
(behind stomach)

Stomach
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(behind stomach)

Diaphragm
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Larynx

Brain

Spinal cord

Esophagus

Carotid
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Aortic arch

Lung
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Liver

Kidney
(behind intestine)

Pancreas (behind 
stomach)

Gallbladder

Large
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Urinary
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7CHAPTER 1   The Human Organism

FIGURE 1.3  Organ Systems of the Body

food or water and moving away from danger or poor envi-
ronmental conditions. Organisms can also make adjustments 
that maintain their internal environment. For example, if the 

external environment causes the body temperature to rise, 
sweat glands produce sweat, which can lower body tempera-
ture down to the normal range.

Hair

Skin

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

Skull

Clavicle

Sternum
Humerus

Vertebral
column

Radius
Ulna

Femur

Ribs

Pelvis

Tibia

Fibula

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

Temporalis

Pectoralis 
major

Biceps
brachii

Rectus
abdominis

Sartorius

Quadriceps
femoris

Gastrocnemius

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

Thymus 

Lymphatic
vessel

Tonsils

Cervical
lymph 
node

Axillary
lymph 
node

Mammary
plexus

Thoracic 
duct

Spleen

Inguinal
lymph node

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

Nose

Nasal 
cavity

Pharynx
(throat)
Larynx

Trachea

Bronchi

Lungs

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

Oral cavity
(mouth)

Liver

Gallbladder

Appendix

Rectum

Anus

Pharynx
(throat)

Salivary 
glands

Esophagus

Stomach

Pancreas

Small
intestine

Large
intestine

Digestive System
Performs the mechanical and chemical 
processes of digestion, absorption of 
nutrients, and elimination of wastes. Consists 
of the mouth, esophagus, stomach, intestines, 
and accessory organs.
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FIGURE 1.3  (continued)

Brain

Spinal cord

Nerve

Cauda
equina

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

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

Hypothalamus

Pituitary

Thymus

Adrenals

Ovaries
(female)

Pineal 
gland

Thyroid
Parathyroids
(posterior 
part of 
thyroid)

Pancreas
(islets)

Testes
(male)

Superior
vena cava

Inferior
vena cava

Brachial
artery

Carotid
artery

Jugular
vein

Heart

Pulmonary 
trunk

Aorta

Femoral
artery and
vein

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

Kidney

Ureter

Urinary
bladder

Urethra

Urinary System
Removes waste products from the blood and 
regulates blood pH, ion balance, and water 
balance. Consists of the kidneys, urinary 
bladder, and ducts that carry urine.

Mammary 
gland
(in breast)

Uterine 
tube

Ovary

Uterus

Vagina

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

Seminal
vesicle

Prostate 
gland

Testis

Penis

Ductus
deferens

Epididymis

Male Reproductive System
Produces and transfers sperm cells to 
the female and produces hormones that 
influence sexual functions and behaviors. 
Consists of the testes, accessory structures, 
ducts, and penis.
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obtained only from humans because other organisms differ from 
humans in significant ways. A failure to appreciate the differences 
between humans and other animals led to many misconceptions 
by early scientists. One of the first great anatomists was a Greek 
physician, Claudius Galen (ca. 130–201). Galen described a large 
number of anatomical structures supposedly present in humans 
but observed only in other animals. For example, he described 
the liver as having five lobes. This is true for rats, but not for 
humans, who have four-lobed livers. The errors introduced by 
Galen persisted for more than 1300 years until a Flemish anato-
mist, Andreas Vesalius (1514–1564), who is considered the first 
modern anatomist, carefully examined human cadavers and 
began to correct the textbooks. This example should serve as a 
word of caution: Some current knowledge in molecular biology 
and physiology has not been confirmed in humans.

ASSESS YOUR PROGRESS

	10.	 Why is it important to recognize that humans share many, 
but not all, characteristics with other animals?

1.5  Homeostasis

LEARNING OUTCOMES

After reading this section, you should be able to

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

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

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

Homeostasis (hō′mē-ō-stā′sis) is the existence and maintenance of a 
relatively constant environment within the body. To achieve homeo-
stasis, the body must actively regulate conditions that are constantly 
changing. As our bodies undergo their everyday processes, we are 
continuously exposed to new conditions. These conditions are called 
variables because their values can change. For example, a small 
amount of fluid surrounds each body cell; for cells to function nor-
mally, the volume, temperature, and chemical content of this fluid 
must be maintained within a narrow range. 

One variable familiar to all of us is body temperature.  Body 
temperature is a variable that can increase in a hot environment 
or decrease in a cold one. Homeostatic mechanisms, such as 
sweating or shivering, normally maintain body temperature near 
an ideal normal value, or set point (figure 1.4). Note that these 
mechanisms are not able to maintain body temperature precisely 
at the set point. Instead, body temperature increases and decreases 
slightly around the set point to produce a normal range of values. 
As long as body temperature remains within this normal range, 
homeostasis is maintained. Keep in mind that the fluctuations are 
minimal, however. Note in figure 1.4 that the normal body tem-
perature range is no more than 1 degree Fahrenheit above or below 
normal. Our average body temperature is 98.6 degrees Fahrenheit. 

	 4.	 Growth refers to an increase in the size or number of cells, 
which produces an overall enlargement of all or part of an 
organism. For example, a muscle enlarged by exercise is 
composed of larger muscle cells than those of an untrained 
muscle, and the skin of an adult has more cells than the skin 
of an infant. An increase in the materials surrounding cells can 
also contribute to growth. For instance, bone grows because of 
an increase in cell number and the deposition of mineralized 
materials around the cells.

	 5.	 Development includes the changes an organism undergoes 
through time, beginning with fertilization and ending at death. 
The greatest developmental changes occur before birth, but 
many changes continue after birth, and some go on through-
out life. Development usually involves growth, but it also 
involves differentiation and morphogenesis. Differentiation 
involves changes in a cell’s structure and function from an 
immature, generalized state to a mature, specialized state. For 
example, following fertilization, immature cells differentiate 
to become specific cell types, such as skin, bone, muscle, or 
nerve cells. These differentiated cells form tissues and organs. 
Morphogenesis (mōr-fō-jen′ĕ-sis) is the change in shape of 
tissues, organs, and the entire organism. 

	 6.	 Reproduction is the formation of new cells or new organ-
isms. Without reproduction of cells, growth and development 
are not possible. Without reproduction of organisms, species 
become extinct.

ASSESS YOUR PROGRESS

	 8.	 What are the six characteristics of living things? Briefly  
explain each.

	 9.	 How does differentiation differ from morphogenesis?

1.4  Biomedical Research

LEARNING OUTCOME

After reading this section, you should be able to

	 A.	Explain why it is important to study other organisms 
along with humans.

Studying other organisms has increased our knowledge about 
humans because humans share many characteristics with other 
organisms. For example, studying single-celled bacteria provides 
much information about human cells. However, some biomedical 
research cannot be accomplished using single-celled organisms 
or isolated cells. Sometimes other mammals must be studied, as 
evidenced by the great progress in open heart surgery and kidney 
transplantation made possible by perfecting surgical techniques 
on other mammals before attempting them on humans. Strict laws 
govern the use of animals in biomedical research; these laws are 
designed to ensure minimal suffering on the part of the animal and 
to discourage unnecessary experimentation.

Although much can be learned from studying other organ-
isms, the ultimate answers to questions about humans can be 
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