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Before you look up details and information within a chapter, read the Chapter-
Opening Roadmap, which visually groups and organizes “big picture” concepts 
and shows how they are related. To focus your studying, review the numbered 
Key Concept Headings, Learning Outcomes, and summaries.

UNIQUE! Chapter Roadmaps  
provide a visual overview of the key 
concepts in the chapter and show 
how they relate to each other. Each 
key concept “brick” in the roadmap 
corresponds to a numbered section 
within the chapter.

Each numbered section within the 
chapter begins with a Key Concept 
Heading that helps you quickly grasp 
the “big idea” of the discussion that 
follows.

281

Joints

The graceful movements of ballet dancers and the rough- 
and-tumble grapplings of football players demonstrate the 
great variety of motion allowed by joints, or articulations—
the sites where two or more bones meet. Our joints have two 
fundamental functions: They give our skeleton mobility, and 
they hold it together, sometimes playing a protective role in  
the process.

8.1  Joints are classified into  
three structural and three functional 
categories
Learning Outcomes

 ✔ Define joint or articulation.
 ✔ Classify joints by structure and by function.

Joints are classified by structure and by function. The structural 
classification focuses on the material binding the bones together 
and whether or not a joint cavity is present. Structurally, there 
are fibrous, cartilaginous, and synovial joints (Table 8.1 on  
p. 285). Only synovial joints have a joint cavity.

The functional classification is based on the amount of move-
ment allowed at the joint. On this basis, there are synarthroses 
(sin0ar-thro9sēz; syn 5 together, arthro 5 joint), which are immov-
able joints; amphiarthroses (am0fe-ar-thro9sēz; amphi 5 on both 
sides), slightly movable joints; and diarthroses (di0ar-thro9sēz;  
dia 5 through, apart), or freely movable joints. Freely movable joints 
predominate in the appendicular skeleton (limbs). Immovable and 
slightly movable joints are largely restricted to the axial skeleton.  
This localization of functional joint types makes sense because 
the less movable the joint, the more stable it is likely to be.

In general, fibrous joints are immovable, and synovial joints 
are freely movable. However, cartilaginous joints have both rigid 

8
Joints determine how bones move relative to each other

In this chapter, you will learn that

and finally, exploring

then askingby first asking

Developmental Aspects 
of Joints

focusing on

8.1 How are joints classified?

then exploring

8.2 Fibrous joints 8.4 Synovial joints8.3 Cartilaginous
joints

8.5 Selected
synovial joints

looking closer at

Movement of
synovial joints

8.6 What happens
when things go wrong?

Watch a video to learn how 
the chapter content is used 
in a real health care setting. 

Go to Mastering A&P® > Study Area > 
Animations and Videos or use quick 
access URL https://bit.ly/3P8hiZa

CAREER CONNECTION

M08_MARI1803_12_GE_C08.indd   281 22/07/22   13:42See p. 281 Learning Outcomes are presented at 
the beginning of each chapter section 
to give you a preview of essential 
information to study.

Career Connection Videos 
feature a health care professional 
who describes how the chapter 
content relates to their everyday 
work. You can access all of the 
Career Connections videos through 
an open access web page at https://
bit.ly/3P8hiZa.

Identify “Big Picture” Concepts  
Before Exploring Details
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5

eccrine glands, they lie deeper in the dermis or even in the sub-
cutaneous tissue, and their ducts empty into hair follicles.

Apocrine secretion contains the same basic components as 
true sweat, plus fatty substances and proteins. Consequently, it 
is viscous and sometimes has a milky or yellowish color. The 
secretion is odorless, but when bacteria on the skin decom-
pose its organic molecules, it takes on a musky and generally  
unpleasant odor, the basis of body odor.

Apocrine glands begin functioning at puberty under the  
influence of the male sex hormones (androgens) and play little 
role in maintaining a constant body temperature. Their precise 
function is not yet known. Three lines of evidence suggest that 
they may be the human equivalent of other animals’ sexual 
scent glands: (1) Sexual foreplay increases their activity; (2) 
they enlarge and recede with the phases of a woman’s menstrual 
cycle; and (3) behavioral studies show that their secretions may 
act as pheromones (chemical messengers released by one indi-
vidual that trigger a response in other members of the same 
species).

Two important types of modified apocrine glands are:
●● Ceruminous glands. Ceruminous glands (sĕ-roo9mĭ-nus; cera 

5 wax) are modified apocrine glands found in the lining of the 

so-called pores of a person’s complexion, which are openings 
of hair follicles.)

Eccrine gland secretion, commonly called sweat, is a hypo-
tonic filtrate of the blood that passes through the secretory cells 
of the sweat glands and is released by exocytosis. It is 99% water, 
with some salts (mostly sodium chloride), traces of metabolic 
wastes (urea, uric acid, and ammonia), and a microbe-killing 
peptide called dermcidin. Normally, sweat is acidic with a pH 
between 4 and 6.

Sweating’s major role is to prevent the body from overheat-
ing. Heat-induced sweating begins on the forehead and spreads 
inferiorly over the remainder of the body. Emotionally induced 
sweating—the so-called “cold sweat” brought on by fright or 
nervousness—begins on the palms, soles, and axillae (armpits) 
and then spreads to other body areas.

Apocrine Sweat Glands
The approximately 2000 apocrine sweat glands (ap9o-krin) are 
largely confined to the axillary and anogenital areas. In spite 
of their name, they are merocrine glands, which release their 
product by exocytosis like the eccrine sweat glands. Larger than 

Table 5.1 Summary of Cutaneous Glands
ECCRINE SWEAT GLANDS APOCRINE SWEAT GLANDS SEBACEOUS GLANDS

Functions ●● Temperature control

●● Some antibacterial properties

May act as sexual scent glands ●● Lubricate skin and hair

●● Help prevent water loss

●● Antibacterial properties

Type of 
Secretion

Hypotonic filtrate of blood plasma Filtrate of blood plasma with added 
proteins and fatty substances

Sebum (an oily secretion)

Method of 
Secretion

Merocrine (exocytosis) Merocrine (exocytosis) Holocrine

Secretion 
Exits Duct At

Skin surface Usually upper part of hair follicle; 
rarely, skin surface

Usually upper part of hair follicle; 
sometimes, skin surface

Body Location Everywhere, but especially palms, 
soles, forehead

Mostly axillary and anogenital regions Everywhere except palms and soles
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Chapter 5 The Integumentary System 193

5

5.8  First and foremost, the skin is a 
barrier
Learning Outcome

 ✔ Describe how the skin accomplishes at least five different 
functions.

Like the skin of a grape, our skin keeps its contents juicy and 
whole. The skin and its appendages perform a variety of functions, 
including protection, body temperature regulation, cutaneous sen-
sation, metabolic functions, blood reservoir, and excretion.

Protection
Given its superficial location, the skin is our most vulnerable 
organ system, exposed to microorganisms, abrasion, tempera-
ture extremes, harmful chemicals, and UV radiation. The skin 
constitutes at least three types of barriers: chemical, physical, 
and biological.

Chemical Barriers
Chemical barriers include skin secretions and melanin. 
Although the skin’s surface teems with bacteria, the low pH of 
skin secretions—the acid mantle—retards their multiplication. 
In addition, dermcidin in sweat and bactericidal substances 
in sebum kill many bacteria outright. Skin cells also secrete 
natural antibiotics called defensins that literally punch holes in 
bacteria, making them leak like sieves. Wounded skin releases 
large quantities of protective peptides called cathelicidins that 
are particularly effective in preventing infection by group A 
streptococcus bacteria.

As discussed earlier, melanin provides a chemical pigment 
shield to prevent UV damage to skin cells.

Physical Barriers
The continuity of skin and the hardness of its keratinized cells 
provide physical barriers. As a physical barrier, the skin is a 
remarkable compromise. A thicker epidermis would be more 
impenetrable, but we would pay the price in loss of suppleness 
and agility.

The outstanding barrier capacity of the skin arises from the 
structure of its stratum corneum, which has been compared 
to bricks and mortar. Multiple layers of dead flat cells are the 
bricks and the glycolipids surrounding them are the mortar.  
Epidermal continuity works hand in hand with the acid man-
tle and chemicals in skin secretions to ward off bacterial  

external ear canal. Their secretion mixes with sebum produced 
by nearby sebaceous glands to form a sticky, bitter substance 
called cerumen, or earwax, that is thought to deter insects and 
block entry of foreign material.

●● Mammary glands. Mammary glands, another type of spe-
cialized sweat gland, secrete milk. Although they are prop-
erly part of the integumentary system, we will consider the 
mammary glands in Chapter 27 with female reproductive 
organs.

Sebaceous Glands
The sebaceous glands (se-ba9shus; “greasy”), or oil glands 
(Figure 5.9a), are simple branched alveolar glands that are found 
all over the body except in the thick skin of the palms and soles. 
They are small on the body trunk and limbs, but quite large on 
the face, neck, and upper chest. These glands secrete an oily sub-
stance called sebum (se9bum). The central cells of the alveoli 
accumulate oily lipids until they become so engorged that they  
burst, so functionally these glands are holocrine glands (  p. 156).  
The accumulated lipids and cell fragments constitute sebum.

Most, but not all, sebaceous glands develop as outgrowths 
of hair follicles and secrete sebum into a hair follicle, or occa-
sionally to a pore on the skin surface. Arrector pili contractions 
force sebum out of the hair follicles to the skin surface.

Sebum softens and lubricates the hair and skin, prevents hair 
from becoming brittle, and slows water loss from the skin. Per-
haps even more important is its bactericidal (bacterium-killing) 
action. Sebaceous glands increase their activity during puberty 
under the influence of male sex hormones.

Table 5.1 summarizes the three types of cutaneous glands.

Check Your Understanding
17. Which cutaneous glands are associated with hair follicles?
18. When Anthony returned home from a run in 30°C weather, 

his face was dripping with sweat. Why?
19. What is the difference between heat-induced sweating 

and a “cold sweat,” and which variety of sweat gland is 
involved?

20.  APPLY  Sebaceous glands are not found in thick skin. Why is 
their absence in those body regions desirable?

For answers, see Answers Appendix.

  HOMEOSTATIC  
IMBALANCE 5.7

Acne is an active inflammation of the sebaceous glands  
accompanied by “pimples” (pustules or cysts), whiteheads, 
or blackheads on the skin. If  
accumulated sebum blocks 
a sebaceous gland duct, 
it can cause a whitehead 
(closed comedone) or a 
blackhead (open come-
done). Acne is associated 
with infection by Propioni-
bacterium acne. It can range 
from mild to so severe  
that it leads to permanent 
scarring.

Overactive  sebaceous 
glands can cause sebor-
rhea (seb0o-re9ah; “fast-
f lowing sebum”), known 
as “cradle cap” in infants 
(Figure 5.10). Seborrhea begins on the scalp as pink, raised 
lesions that gradually become yellow to brown and begin to 
slough off oily scales. 

Figure 5.10 Cradle cap 
(seborrhea) in a newborn.

CLINICAL 
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Summary Tables present key information and serve as “one-stop shopping” study tools. 

Text Recall icons guide you to review 
specific pages where a concept was first 
introduced.

Building Vocabulary Coaching Activities in Mastering A&P® are a fun way to learn word roots and 
A&P terminology while building and practicing important language skills.

Pace Yourself:  
Learn & Review the Basics

A01_MARI1803_12_GE_FM.indd   3 05/08/2022   19:31



Anatomy and Physiology is a visual science. To succeed, you need to practice and develop visual 
literacy skills for understanding and interpreting information. To help you achieve this goal, the text 
and associated figures are tightly integrated so that you do not have to flip pages back and forth to 
connect visuals with words.

26 Focus Figures walk you through 
complex processes using exceptionally 
clear, easy-to-follow illustrations with 
integrated text explanations.

3 Dendritic cell activates CD4 cell, which forms 
a clone of helper T (TH) cells and memory cells.

4a Dendritic cell and TH cell 
together activate CD8 cell, which 
forms a clone of cytotoxic T (TC) 
cells and memory cells.

4b TH cell activates a B 
cell, which forms a clone 
of plasma cells and 
memory B cells.

2 Dendritic cells migrate to 
a lymph node where they 
activate T lymphocytes.

1 Dendritic cells (APCs) engulf 
viruses and dead virus-infected cells.

5b Plasma cells release 
antibodies, which travel (via 
blood) to site of infection.

5a TC cells migrate 
to site of infection. 
They attack and kill 
the infected cells.

Antibodies neutralize viruses by covering 
the proteins that allow the virus to bind to 
and enter our cells. No entry = no infection.

Agglutination and complement 
activation enhance phagocytosis by 
neutrophils and macrophages.

Lymph node

TH cells

TH cell

Memory CD8 T cell

TC cells

Memory CD4 T cell

TH cell

Dendritic cell

CD4 cell

B cell

CD8 cell

Memory B cell

Perforins

Plasma
cells

Antibodies

(via TC cells) targets 
intracellular viruses by 
killing infected cells.

targets extracellular 
(free) viruses.

Third Line of Defense: Adaptive Defenses  

Cellular immunity

Humoral immunity

841

Virus-infected cells release interferon to 
warn nearby uninfected cells.

Phagocytes (e.g., resident macrophages) 
engulf viruses and “sound the alarm” by 
releasing inflammatory chemicals. 

Inflammation brings more immune cells and 
plasma proteins to the area by dilating 
arterioles and increasing capillary permeability.

Complement activation enhances inflammation 
and causes opsonization of virus particles.

NK cells recognize and kill 
virus-infected cells.

Mucus

Virus

Cilia

Bronchiole

Inflammatory
chemicals

VirusArteriole
dilates

  Capillary
permeability

C3b

Perforins

Let’s look at how the body defends against
its first exposure to influenza virus.

Cilia sweep contaminated mucus toward the
pharynx, where it is swallowed and digested. 

Mucus traps viruses.

Second Line of Defense: Innate Internal Defenses

First Line of Defense: Surface Barriers 

The mucous membrane lining the airways helps
prevent the virus from entering the body. 

840

The immune system has three lines of defense  
against foreign invaders.

FOCUS F IGURE 21.1 An Example of a Primary Immune Response

See pp. 
840–841

Focus Figure 
“Mini-Animation” 
Coaching Activities 
bring some of the 
Focus Figures to life 
using short video 
segments.

Blue text represents the voice of an A&P 
instructor, highlighting important points to 
remember.

31 unique In-Line Figures are 
strategically placed within the text to 
visually reinforce the text discussion.
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Activation and Differentiation of B Cells
An immunocompetent but naive B 
lymphocyte is activated when match-
ing antigens bind to its surface recep-
tors and cross-link adjacent receptors 
together. Antigen binding is quickly 
followed by receptor-mediated endo-
cytosis of the cross-linked antigen-receptor complexes. As we 
described previously, this is called clonal selection and is fol-
lowed by proliferation and differentiation into effector cells 
(Figure 21.11). (As we will see shortly, interactions with T cells 
are usually required to help B cells achieve full activation.)

Most cells of the clone differentiate into plasma cells, the 
antibody-secreting effector cells of the humoral response. 
Plasma cells develop the elaborate internal machinery (largely 
rough endoplasmic reticulum) needed to secrete antibodies 
at the unbelievable rate of about 2000 molecules per second. 
Each plasma cell functions at this breakneck pace for 4 to 5 
days and then dies. The secreted antibodies, each with the same 

21.5  In humoral immunity, 
antibodies are produced that target 
extracellular antigens
Learning Outcomes

 ✔ Define humoral immunity.
 ✔ Describe the process of clonal selection of a B cell and 
recount the roles of plasma cells and memory cells in 
humoral immunity.
 ✔ Compare and contrast active and passive humoral 
immunity.
 ✔ Describe the structure and functions of antibodies and 
name the five antibody classes.

Now that you understand the common steps in lymphocyte 
maturation and activation, let’s examine how this basic pattern 
applies to B lymphocytes. When a B cell encounters its antigen, 
that antigen provokes the humoral immune response, in which 
antibodies specific for that antigen are made.

Primary response
(initial encounter
with antigen)

Antigen

Antigen binds to a
receptor on a
specific B
lymphocyte (clonal
selection). (B
lymphocytes with
noncomplementary
receptors remain
inactive.)

Proliferation to
form a cloneActivated B cells

Plasma cells
(effector B cells)

Secreted
antibody
molecules

Memory B cell—
primed to respond
to same antigen

Clone of cells
identical to
ancestral cells

Secondary response 
(can be years later)

Memory
B cells

Plasma
cells

Secreted
antibody
molecules

Adaptive defenses Humoral immunity

Subsequent 
challenge by the 
same antigen 
results in a larger, 
more rapid 
response.

Figure 21.11 Clonal selection of a B cell.

Antigen

Cross-linked
receptors
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Study the Figures  
as You Read the Text
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As you build your knowledge and confidence in A&P, practice responding to the more challenging 
questions—you are likely to encounter similar questions on a test or licensing exam. Your extra effort 
will pay off at exam time!

A greater variety and range of 
self-assessment questions have 
been added to the Check Your 
Understanding sections within 
each chapter and include Apply, 
Predict, What If?, Draw, and Make 
Connections. Dozens of new visual 
questions ask you to label structures 
or interpret visual information.

Chapter 11 Fundamentals of the Nervous System and Nervous Tissue 431

11

Some Definitions: Voltage, Resistance, Current
Voltage, the measure of potential energy generated by separated 
electrical charges, is measured in either volts (V) or millivolts 
(1 mV = 0.001 V). Voltage is always measured between two 
points and is called the potential difference or simply the 
potential between the points. The greater the difference in 
charge between two points, the higher the voltage.

The flow of electrical charge from one point to another is a 
current, and it can be used to do work—for example, to power 
a flashlight. The amount of charge that moves between the two 
points depends on two factors: voltage and resistance. Resis­
tance is the hindrance to charge flow provided by substances 
through which the current must pass. Substances with high 
electrical resistance are insulators, and those with low resis-
tance are conductors.

Ohm’s law gives the relationship between voltage, current, 
and resistance:

Current (I ) =
voltage (V )

resistance (R)

Ohm’s law tells us three things:
●● Current (I) is directly proportional to voltage: The greater the 

voltage (potential difference), the greater the current.
●● There is no net current flow between points that have the 

same potential.
●● Current is inversely related to resistance: The greater the 

resistance, the smaller the current.

In the body, electrical currents reflect the flow of ions across 
cellular membranes. (Unlike the electrons flowing along your 
house wiring, there are no free electrons “running around” in 
a living system.) Recall that there is a slight difference in the 
numbers of positive and negative ions on the two sides of cellu-
lar plasma membranes (a charge separation), so there is a poten-
tial across those membranes. The plasma membranes provide 
the resistance to current flow.

Role of Membrane Ion Channels
Recall that plasma membranes are peppered with a variety of 
membrane proteins that act as ion channels (  p. 100). Each 
of these channels is selective as to the type of ion (or ions) it 
allows to pass. For example, a potassium ion channel allows 
only potassium ions to pass.

Membrane channels are large proteins, often with several 
subunits. Some channels, leakage or nongated channels, are 
always open. Other channels are gated: Part of the protein 
forms a molecular “gate” that changes shape to open and close 
the channel in response to specific signals. There are three main 
types of gated channels:

●● Chemically gated channels, also known as ligand­gated 
channels, open when the appropriate chemical (in this case a 
neurotransmitter) binds (Figure 11.7a).

●● Voltage­gated channels open and close in response to 
changes in the membrane potential (Figure 11.7b).

11.4  The resting membrane 
potential depends on differences in ion 
concentration and permeability
Learning Outcomes

 ✔ Describe the relationship between current, voltage, and 
resistance.
 ✔ Identify different types of membrane ion channels.
 ✔ Define resting membrane potential and describe its 
electrochemical basis.

Like all cells, neurons have a resting membrane potential. 
However, unlike most other cells, neurons can rapidly change 
their membrane potential. This ability underlies the function of 
neurons throughout the nervous system. In order to understand 
how neurons work, let’s first explore some basic priciples of 
electricity and revisit the resting membrane potential.

Basic Principles of Electricity
The human body is electrically neutral—it has the same number 
of positive and negative charges. However, there are regions 
where one type of charge predominates, making those regions 
positively or negatively charged. Because opposite charges 
attract, energy must be used (work must be done) to separate 
them. On the other hand, the coming together of opposite 
charges liberates energy that can be used to do work. For this 
reason, any situation in which there are separated electrical 
charges of opposite sign has the potential to do work. We call 
this potential energy.

Check Your Understanding
5. How does a nucleus within the brain differ from a nucleus 

within a neuron?
6. How is a myelin sheath formed in the CNS, and what is its 

function?
7. What is the structural classification of the neuron shown 

below? What is its usual functional classification? Name 
the parts labeled a–d.

8.  APPLY  Which structural and functional type of neuron 
is involved in sensing the smell of your perfume? Which 
type is needed to transfer the impulses to the brain for 
integration?

a d

c
b

Central
process

9.  MAKE CONNECTIONS  Which part of the neuron is its fiber? 
How do nerve fibers differ from the fibers of connective 
tissue (see Chapter 4) and the fibers in muscle (see 
Chapter 9)?

For answers, see Answers Appendix.
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“Draw” questions ask you to create 
visuals that reinforce important concepts by 
drawing a structure, annotating a figure, or 
creating a summary table.

All of the End-of-Chapter Review 
questions are now organized into 3 levels 
of difficulty based on Bloom’s Taxonomy 
categories:
Level 1: Remember/Understand
Level 2: Apply/Analyze
Level 3: Evaluate/Synthesize
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●● The conducting zone consists of all of the respiratory pas-
sageways from the nose to the respiratory bronchioles. These 
provide fairly rigid conduits for air to reach the gas exchange 
sites. The conducting zone organs also cleanse, humidify, 
and warm incoming air. As a result, air reaching the lungs 
has fewer irritants (dust, bacteria, etc.) than when it entered 
the body, and it is warm and damp, like the air of the tropics.

The Larynx
Basic Anatomy
The larynx (lar9ingks), or voice box, extends for about  
5 cm from the level of the third to the sixth cervical vertebra. 
Superiorly it attaches to the hyoid bone and opens into the 
laryngopharynx. Inferiorly it is continuous with the trachea 
(Figure 22.5b).

The larynx has three functions:

●● Provide a patent (open) airway
●● Act as a switching mechanism to route air and food into the 

proper channels
●● Voice production [because it houses the vocal folds (vocal 

cords)]

The framework of the larynx is an intricate arrangement  
of nine cartilages connected by membranes and ligaments 
(Figure 22.6). Except for the epiglottis, all laryngeal carti-
lages are hyaline cartilages.

The large, shield-shaped thyroid cartilage is formed by the 
fusion of two cartilage plates at the midline. It resembles an 
upright open book, with the book’s “spine” lying in the ante-
rior midline of the neck. This “book spine” is the laryngeal 
prominence (lah-rin9je-al), which can be seen externally as the 
Adam’s apple (Figure 22.6a). The thyroid cartilage is typically 
larger in males than in females because male sex hormones 
stimulate its growth during puberty. Inferior to the thyroid car-
tilage is the ring-shaped cricoid cartilage (kri9koid), perched 
atop and anchored to the trachea inferiorly.

Three pairs of small cartilages—arytenoid (ar0ĭ-te9noid), 
cuneiform (ku-ne9ĭ-form), and corniculate cartilages—form 
part of the lateral and posterior walls of the larynx. The most 

directly posterior to the larynx, where the respiratory and diges-
tive pathways diverge, and extends to the inferior edge of the 
cricoid cartilage. The laryngopharynx is continuous with the 
esophagus posteriorly.

The esophagus conducts food and fluids to the stomach; air 
enters the larynx anteriorly. During swallowing, food has the 
“right of way,” and air passage temporarily stops.

STRUCTURE DESCRIPTION, GENERAL AND DISTINCTIVE FEATURES FUNCTION

Nose (external 
nose and nasal 
cavity)

Jutting external portion is supported by bone and cartilage. Internal 
nasal cavity is divided by midline nasal septum and lined with mucosa.

Roof of nasal cavity contains olfactory epithelium.

Produces mucus; filters, warms, and moistens 
incoming air; resonance chamber for speech

Receptors for sense of smell

Paranasal 
sinuses

Mucosa-lined, air-filled cavities in cranial bones surrounding nasal cavity 
(  p. 245).

Lighten skull; may also warm, moisten, and filter 
incoming air

Pharynx Passageway connecting nasal cavity to larynx and oral cavity to 
esophagus. Three subdivisions: nasopharynx, oropharynx, and 
laryngopharynx.

Houses tonsils (lymphoid tissue masses involved in protection against 
pathogens).

Passageway for air and food 
 

Facilitates exposure of immune system to inhaled 
antigens

Table 22.1 The Upper Respiratory System

Check Your Understanding
1. Air moving from the nose to the larynx passes by a number 

of structures. List (in order) as many of these structures as 
you can.

2. Name the two types of mucous membrane found in the 
nasal cavity.

3.  DRAW  Create a summary table to help you study the 
pharynx by comparing and contrasting its three parts. For 
each part, identify what it conducts (air, food, or both), the 
type of epithelium found there, and the associated tonsils.

For answers, see Answers Appendix.

22.2  The lower respiratory system 
consists of conducting and respiratory 
zone structures
Learning Outcomes

 ✔ Distinguish between conducting and respiratory zone 
structures.
 ✔ Describe the structure, function, and location of the 
larynx, trachea, and bronchi.
 ✔ Describe the makeup of the respiratory membrane, and 
relate structure to function.
 ✔ Identify the organs forming the respiratory 
passageway(s) in descending order until you reach the 
alveoli.

Anatomically, the lower respiratory system consists of the lar-
ynx, trachea, bronchi, and lungs. Functionally, the respiratory 
system as a whole consists of two zones:

●● The respiratory zone, the actual site of gas exchange, is 
composed of the respiratory bronchioles, alveolar ducts, and 
alveoli, all microscopic structures.
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a membrane attack complex (MAC)]. Specifically, in complement-mediated 
cell lysis, MAC complexes cause a target cell (usually a bacterium) to become 
leaky. This allows water to enter and cytoplasmic contents to exit the cell, kill-
ing the cell. In contrast, cytotoxic T cells and NK cells kill their targets (usually 
virus-infected cells) by releasing perforins and granzymes onto the identified 
target cell. Perforins form a pore in the target cell membrane, and granzymes 
enter through this pore, activating enzymes that trigger apoptosis (cell suicide). 
23. The cell being activated is a CD4 cell and so could become either a helper T 
cell or a regulatory T cell. 24. HIV is particularly hard for the immune system to 
defeat because (1) it destroys helper T cells, which are key players in adaptive 
immunity and (2) it has a high mutation rate and so it can avoid detection by the 
immune system by changing its surface antigens. 25. Binding of an allergen onto 
specific IgE antibodies attached to mast cells triggers the mast cells to release 
histamine.

Review Questions 1. d; 2. b; 3. d; 4. d; 5. a; 6. a; 7. c; 8. d; 9. d; 10. (1)b, g;  
(2)d, i; (3)a, e; (4)a, e, f, h; (5)e, h; (6)c, f, g; 11. d; 12. The antibody classes and 
their likely locations in the body are: IgM—attached to B cell plasma membrane 
as a monomer and in plasma as a pentamer; IgA—dimers found in secretions 
such as saliva, tears, intestinal juice, and milk; IgD—attached to B cell plasma 
membrane as a monomer; IgG—in plasma; IgE—attached to mast cells in skin, 
mucosae of the gastrointestinal and respiratory tracts, and tonsils.

Chapter 22
Check Your Understanding 1. The structures that air passes by are the nasal 
cavity (nares, nasal vestibule, nasal conchae), nasopharynx, oropharynx, and  
laryngopharynx. 2. The nasal cavity contains both respiratory mucosa and olfactory 
mucosa. 3. ❯ 4. The epiglottis 
seals the larynx when we 
swallow. 5. The incomplete, 
C-shaped cartilage rings of 
the trachea allow it to expand 
and contract and yet keep it 
from collapsing. 6. The many 
tiny alveoli together have a 
large surface area. This and the thinness of their respiratory membranes make 
them ideal for gas exchange. 7. The peanut was most likely in the right main 
bronchus because it is wider and more vertical than the left. 8. The two circula-
tions of the lungs are the pulmonary circulation, which delivers deoxygenated 
blood to the lungs for oxygenation and returns oxygenated blood to the heart, 
and the bronchial circulation, which provides systemic (oxygenated) blood to 
lung tissue. 9. Angiotensin converting enzyme is found in the plasma membrane 
of lung capillary endothelial cells. This is a good location for it because all of the 
blood in the body passes through the lung capillaries about once every minute. 
Angiotensin converting enzyme is part of the renin-angiotensin-aldosterone 
hormone cascade, which increases blood pressure. 10. The driving force for 
pulmonary ventilation is a pressure gradient created by changes in the thoracic 
volume. 11. The partial vacuum (negative pressure) inside the pleural cavity is 
caused by the opposing forces acting on the visceral and parietal pleurae. The 
visceral pleurae are pulled inward by the lungs’ natural tendency to recoil and 
the surface tension of the alveolar fluid. The parietal pleurae are pulled outward 
by the elasticity of the chest wall. If air enters the pleural cavity, the lung on 
that side will collapse. This condition is called pneumothorax. 12. A lack of 
surfactant increases surface tension in the alveoli and causes them to collapse 
between breaths. (In other words, it markedly decreases lung compliance.)  
13. ❯ Intrapulmonary pressure 
increases during expiration and 
decreases during inspiration. When 
intrapulmonary pressure is zero rela-
tive to atmospheric pressure, air flow 
is zero. This occurs at the three points 
labeled in the graph, which are between 
inspiration and expiration. After air 
flow stops, it changes direction.  

Chapter 21
Check Your Understanding 1. The innate defense system is always ready to 
respond immediately, whereas it takes considerable time to mount the adaptive 
defense system. The innate defenses consist of surface barriers and internal 
defenses, whereas the adaptive defenses consist of humoral and cellular immu-
nity, which rely on B and T lymphocytes. 2. Surface barriers (the skin and 
mucous membranes) constitute the first line of defense. 3. Opsonization is the 
process of making pathogens more susceptible to phagocytosis by decorating 
their surface with molecules that phagocytes can bind. Antibodies and comple-
ment proteins are examples of molecules that act as opsonins. 4. Our own cells 
are killed by NK cells when they have been infected by viruses or when they 
have become cancerous. 5. Redness, heat, swelling, and pain are the cardinal 
signs of inflammation. Redness and local heat are both caused by vasodilation of 
arterioles, which increases the flow of blood (warmed by the body core) to the 
affected area. The swelling (edema) is due to the release of histamine and other 
chemical mediators of inflammation, which increase capillary permeability. 
This increased permeability allows proteins to leak into the interstitial fluid (IF), 
increasing the IF osmotic pressure and drawing more fluid out of blood vessels 
and into the tissues, thereby causing swelling. The pain is due to two things:  
(1) the actions of certain chemical mediators (kinins and prostaglandins) on 
nerve endings, and (2) the swelling, which can compress free nerve endings.  
6. A mutation in the gene that codes for interferon would make Julian particu-
larly susceptible to viruses. 7. Four key characteristics of adaptive immunity 
are that it involves B and T lymphocytes, it is specific, it is systemic, and it has 
memory. 8. A complete antigen has both immunogenicity and reactivity, whereas 
a hapten has reactivity but not immunogenicity. 9. Self-antigens, particularly 
MHC proteins, mark a cell as self. 10. Development of immunocompetence of 
a B or T cell is signaled by the appearance on its surface of specific and unique 
receptors for an antigen. In the case of a B cell, this receptor is a membrane-
bound antibody. (In T cells, it is simply called the T cell receptor.) 11. Dendritic 
cells, macrophages, and B cells can all act as APCs. Dendritic cells are most 
important for T cell activation. 12. In clonal selection, the antigen does the 
selecting. What is being selected is a particular clone of B or T cells that has 
antigen receptors corresponding to that antigen. 13. The T cell that would sur-
vive is (c), one that recognizes MHC but not self-antigen. 14. The secondary 
response to an antigen is faster than the primary response because the immune 
system has already been “primed” and has memory cells that are specific for 
that particular antigen. 15. An IgM antibody is shown at right. (You can tell 
because it consists of five Y-shaped parts—that is, it is a pentamer.) IgG antibody 
is most abundant in blood. IgM is secreted first in a primary immune response. 
IgA is most abundant in secretions. 16. Antibodies can bring about destruction 
of pathogen via “PLAN”—phagocytosis, lysis (via complement), agglutination, 
or neutralization. 17. Vaccinations protect by providing the initial encounter to 
an antigen—the primary response to that antigen. As a result, when the patho-
gen for that illness is encountered again, 
the pathogen elicits the much faster, more 
powerful secondary response, which is gen-
erally effective enough to prevent clinical 
illness. 18. ❯ The stem region determines 
the class of antibody. 19. Plasma cells make 
large amounts of antibodies—proteins that 
are exported from the cell. Rough endoplas-
mic reticulum is the site where proteins that 
are exported are synthesized. Ribosomes, 
the Golgi apparatus, and secretory vesicles 
are also required for protein synthesis and export, and so would also be abundant 
in these cells. 20. Class II MHC proteins display exogenous antigens. Class 
II MHC proteins are recognized by CD4 T cells. APCs display class II MHC 
proteins. 21. Helper T cells are central to both humoral and cellular immunity 
because they are required for activation of both cytotoxic T cells and most B 
cells. 22. (a) Immune cells that secrete proteins that form a pore are cytotoxic T 
cells and NK cells. In this case, perforins are the proteins that form the pore. (b) 
Complement proteins are plasma proteins that can form a pore [which is called 
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collagen, elastic, and reticular fibers. Of these, collagen fibers 
are by far the strongest and most abundant.

Collagen Fibers These fibers are constructed primarily of the 
fibrous protein collagen. Collagen molecules are secreted into 
the extracellular space, where they assemble spontaneously into 
cross-linked fibrils, which in turn are bundled together into the 
thick collagen fibers seen with a microscope. Because their fibrils 
cross-link, collagen fibers are extremely tough and provide high 
tensile strength (the ability to resist being pulled apart) to the 
matrix. Indeed, stress tests show that collagen fibers are stronger 
than steel fibers of the same size!

Elastic Fibers Long, thin, elastic fibers form branching networks 
in the extracellular matrix. These fibers contain a rubberlike pro-
tein, elastin, that allows them to stretch and recoil like rubber 
bands. Connective tissue can stretch only so much before its thick, 
ropelike collagen fibers become taut. Then, when the tension lets 
up, elastic fibers snap the connective tissue back to its normal 
length and shape. Elastic fibers are found where greater elasticity 
is needed, for example, in the skin, lungs, and blood vessel walls.

we use areolar connective tissue (ah-re9o-lar) as our prototype, 
or model (Figure 4.9 and Figure 4.11a). All other subclasses 
are simply variants of this plan.

Ground Substance
Ground substance is the unstructured material that fills the 
space between the cells and contains the fibers. It has three 
components:

●● Interstitial fluid. The ground substance consists of large 
amounts of fluid and functions as a molecular sieve through 
which nutrients and other dissolved substances can dif-
fuse between the blood capillaries and the cells. The fibers 
embedded in the ground substance make it less pliable and 
hinder diffusion somewhat.

●● Cell adhesion proteins. These proteins serve mainly as a con-
nective tissue glue that allows connective tissue cells to attach 
to the extracellular matrix.

●● Proteoglycans. The proteoglycans consist of a protein core 
to which large polysaccharides called glycosaminoglycans 
(GAGs) (gli0kos-ah-me0no-gli9kanz) are attached. The strand-
like GAGs [e.g., chondroitin sulfate and hyaluronic acid 
(hi0ah-lu-ron9ik)] stick out from the protein core like the fibers  
of a bottle brush. The proteoglycans tend to form huge aggre-
gates in which the GAGs intertwine and trap water, forming a 
substance that varies from a fluid to a viscous gel. The higher 
the GAG content, the more viscous the ground substance.

Connective Tissue Fibers
The fibers of connective tissue are proteins that provide sup-
port. Three types of fibers are found in connective tissue matrix: 

• Macrophage

Capillary

• Fibroblast

• Lymphocyte
  (a type of white blood cell)

• Fat cell

• Mast cell

• Neutrophil
  (a type of white blood cell)

Connective tissue is composed of (1) fibers, (2) ground substance, and (3) cells.

Extracellular matrix

Fibers
• Collagen fiber

• Elastic fiber

• Reticular fiber

CellsGround substance

Figure 4.9 Areolar connective tissue: A prototype (model) connective tissue. This 
tissue underlies epithelia and surrounds capillaries. (See Figure 4.11a for a micrograph.)

  HOMEOSTATIC  
IMBALANCE 4.2

Marfan syndrome is an inherited disorder that causes a change 
in the types of proteins that comprise elastic fibers. As a result 
of this change, the elasticity in tissues is reduced, leading to 
the overgrowth (aortic enlargement and long arms, legs, and 
fingers) and instability (lung collapse and eye problems) of tis-
sues. Although people suffering from Marfan syndrome are 
born with the condition, not all of them show symptoms at birth 
or during childhood; some only develop symptoms as adults.

CLINICAL 
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Homeostatic Imbalance discussions alert you to 
the consequences of body systems not functioning 
optimally. Relevant photos have been added to 
selected discussions for visual reinforcement.

NEW! Discussions have been added on Marfan 
syndrome, brittle bone disease, tetanus, and 
anxiety disorders.

Clinical Case Studies are provided at the end 
of Chapters 5–29 and challenge you to apply your 
knowledge to realistic clinical scenarios.
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One-Year-Old Girl with Retarded Growth
Miriam gave birth to a twin boy and girl a year ago. She 
is concerned about 
Theresa, her daughter, 
since her growth and 
development is much 
slower than that of her 
brother. Miriam visits 
a pediatric outpatient 
clinic, where she 
informs the physician 
that, apart from having retarded growth, Theresa has a poor 
appetite, suffers from constipation, and is lethargic. The phy-
sician orders blood tests to check Theresa’s growth hormone 
(GH), thyroid-stimulating hormone (TSH), and thyroxine 
(T4) levels.

1.  ✚ NCLEX-STYLE  Theresa’s retarded growth could be due to:
a. The positive feedback of GH on the hypothalamus
b. A pituitary tumor that is causing hypersecretion of GH
c. Hypersecretion of growth hormone–releasing hormone 

(GHRH) by the hypothalamus
d. Hyposecretion of GH by the anterior pituitary

Theresa’s blood tests indicate that her GH levels are 
normal, but her TSH levels are elevated, and her T4 levels 
are low. The physician tells Miriam that since Theresa’s GH 
levels are normal, her retarded growth is not due to pituitary 
dwarfism.

2.  ✚ NCLEX-STYLE  Given the levels of TSH and T4 in Theresa’s 
blood, which of the following is most likely the cause of her 
signs and symptoms?
a. She has a pituitary tumor, which is causing hypersecre-

tion of TSH.
b. Her thyroid gland is poorly developed.
c. She has Graves’ disease.
d. Her parathyroid glands are defective.

3. Miriam does not completely understand what Theresa’s 
blood tests indicate. She asks the physician if she needs to 
put Theresa on a high-calorie diet to speed up her growth. 
What would be the physician’s answer?

4. The physician diagnoses Theresa with congenital hypo-
thyroidism, and starts a treatment involving synthetic T4. 
For how long should Theresa be on this treatment? 

CLINICAL CASE STUDYwell, complains of repeated “colds,” and is extremely “puffy” 
(edematous). Explain the reason for these symptoms.

Level 3 Evaluate/Synthesize
20. Which type of hormone receptor—plasma membrane bound or 

intracellular—would be expected to provide the most long-lived 
response to hormone binding and why?

21. Name two endocrine glands (or regions) that are important in 
the stress response, and explain why they are important.

22. How are the hyperglycemia and lipidemia of insulin deficiency 
linked?

23. List some problems that elderly people might have as a result 
of decreasing hormone production.

24. Mary Morgan has just been brought into the emergency room 
of City General Hospital. She is perspiring profusely and is 
breathing rapidly and irregularly. Her breath smells like acetone 
(sweet and fruity), and her blood glucose tests out at 650 
mg/100 ml of blood. She is in acidosis. Which hormone drug 
should be administered, and why?

25. Kyle, a 5-year-old boy, has been growing by leaps and bounds; 
his height is 100% above normal for his age. He has been 
complaining of headaches and vision problems. A CT scan 
reveals a large pituitary tumor. (a) Which hormone is being 
secreted in excess? (b) What condition will Kyle exhibit if 
corrective measures are not taken? (c) What is the probable 
cause of his headaches and visual problems?

26. Aaron, a 42-year-old single father, goes to his physician 
complaining of nausea and chronic fatigue. He reports having 
felt fatigued and listless for about half a year, but he had 
attributed this to stress. He has lost considerable weight and, 
strangely, his skin looks tanned, even though he spends long 
hours at work and rarely ventures outside. His doctor finds 
very low blood pressure and a rapid, weak pulse. Blood tests 
show that Aaron does not have anemia, but his plasma glucose, 
cortisol, and Na+ are low, and his plasma K+ is high. His doctor 
orders an ACTH stimulation test, in which Aaron’s secretion 
of cortisol is measured after he is given a synthetic form of 
ACTH. (a) What would account for Aaron’s low plasma Na+ 
and high plasma K+? (b) What is the reason for doing an ACTH 
stimulation test? (c) Which gland is primarily affected if ACTH 
does not cause a normal elevation of cortisol secretion? What is 
this abnormality called? (d) Which gland is primarily affected if 
ACTH does cause an elevation of cortisol secretion?
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botulism, rabies, and tetanus (antitoxin) because these rapidly 
fatal diseases would kill a person before active immunity could 
be established. The donated antibodies provide immediate pro-
tection, but their effect is short-lived (two to three weeks).

almost six million deaths per year. While immunization programs 
to prevent the outbreak of life-threatening infectious diseases 
tend to focus on children, these vaccines can also be effective in 
adults. However, access to vaccines remains regrettably unequal 
both for children and adults globally.

Conventional vaccines have shortcomings. The biggest short-
coming is that they are not always as effective or long-lasting as 
we would like. In some individuals, contaminating proteins (for 
example, egg albumin) cause allergic responses to the vaccine.

Passive humoral immunity differs from active immunity, 
both in the antibody source and in the degree of protection it pro-
vides (Figure 21.13). Instead of being made by your plasma cells, 
ready-made antibodies are introduced into your body. As a result, 
your B cells are not challenged by antigens, immunological 
memory does not occur, and the protection provided by the “bor-
rowed” antibodies ends when they naturally degrade in the body.

Passive immunity is conferred naturally on a fetus or infant 
when the mother’s antibodies cross the placenta or are ingested 
with the mother’s milk. For several months after birth, the baby 
is protected from all the antigens to which the mother has been 
exposed.

Passive immunity can also be conferred artificially by 
administering exogenous antibodies (from outside your own 
body) as gamma globulin, harvested from the plasma of an 
immune donor. Exogenous antibodies are used to prevent hepa-
titis A (antiserum) and treat poisonous snake bites (antivenom), 

Adaptive defenses Humoral immunity

Antigen-binding
site

Heavy chain

Light chain

Stem region

Hinge region

Disulfide bond

(b)(a)

Light chain
constant region

Light chain
variable region

Heavy chain
constant region

Heavy chain
variable region

Figure 21.14 Antibody structure.  
(a) Schematic antibody structure (based 
on IgG) consists of four polypeptides—two 
short light chains and two long heavy chains 
joined together by covalent bonds between 

sulfur atoms called disulfide bonds (S–S). 
Each chain has a variable (V) region (which 
differs in antibodies made by different 
cells) and a constant (C) region (essentially 
identical in different antibodies of the same 

class). Together, the variable regions form 
the antigen-binding sites—two per antibody 
monomer. (b) Computer-generated image 
of antibody structure.

Susumu Tonegawa (b. 1939) 
is a Japanese scientist who won 
the Nobel Prize in Physiology or 
Medicine in 1987 for elucidating 
t h e  g e n e t i c  m e c h a n i s m s 
underlying adaptive immunity. 
A problem in adaptive immunity 
was that, although the presence 
of millions of different anti-
body proteins was known, there 
weren’t enough genes in the 
human genome to account for 
these. So how were all these 
different antibodies produced?  By comparing the DNA of 
mature and immature B cells, Tonegawa discovered that 
the regions of DNA that produce antibodies become greatly 
rearranged as the B cell matures, which is how a small 
number of antibody-producing genes generate the huge 
variety of antibodies seen.
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during, and after class.
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Activities teach complex physiology processes using 
exceptionally clear animations, interactive tutorials, games, 
and quizzes. IP2 features new graphics, quicker navigation, 
and a mobile-friendly design. New topics include Pulmonary 
Ventilation, Tubular Reabsorption and Secretion, and Urine 
Concentration and Volume. IP2 and IP animations can be 
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Dynamic Study Modules are manageable, mobile-
friendly sets of questions with extensive feedback 
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concepts. Instructors can select or deselect specific 
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• � Building Vocabulary Coaching Activities give you 
practice learning and using word roots in context as you 
learn new A&P terms.

• � Focus Figure “Mini-Animation” Coaching 
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include assessment questions.

• � Concept Map Coaching Activities support the 
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submit their own concept map for grading.
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the kinds of questions that will eventually appear on a 
licensing exam.

The Mastering A&P® Instructor Resources Area includes the following downloadable tools for instructors who adopt 
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•	 Ready-to-Go Teaching Modules provide teaching tools for 10 challenging topics in A&P.
•	 Customizable PowerPoint® lecture outlines include customizable images and provide a springboard 
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•	 Animations and videos bring A&P concepts to life and include A&P Flix 3-D Animations.
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Marieb and Smith’s Human Anatomy & Physiology Laboratory Manual facilitates and enriches 
the laboratory experience of  students and teachers specializing in nursing, physical therapy, 
pharmacology, respiratory therapy, and exercise science as well as those in biology and 
premedical programs. This text emphasizes the background discussions and terminology 
necessary to perform all experiments and eliminates the need for students to bring a textbook 
into the laboratory.

The twelfth edition continues to serve as a self-contained learning aid that helps students 
navigate complex exercises such as examining skeletal muscle cell anatomy, palpating skull 
markings, and opening the ventral body cavity. Each laboratory exercise is preceded by a Pre-
Lab Quiz and followed by an Exercise Review Sheet, which provide students with opportunities 
to recollect and apply the most important concepts learned.

Key Features

• Homeostatic Imbalance discussions direct students’ attention to conditions representing 
a loss of  homeostasis and foster an integrated understanding of  the human body.

• Group Challenge activities enhance collaborative group learning by challenging students 
to think critically, identify relationships between anatomical structures and physiological 
functions, and achieve a deeper understanding of  anatomy and physiology concepts.

• Clinical Application questions, newly added to each chapter’s Exercise Review Sheet, 
encourage students to apply lab concepts and critical-thinking skills to real-world clinical 
scenarios.

• PhysioEx™ 10.1 exercises, located at the back of  the laboratory manual, offer 
63 physiology lab activities that can be used to supplement wet labs.

Available separately for purchase is Mastering A&P for Human Anatomy & Physiology Laboratory 
Manual, the teaching and learning platform that empowers instructors to personalize learning 
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