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Preface

Mastery of the science of human anatomy and physiology is important for students who are planning careers in health-
related fields such as medicine, nursing, dentistry, medical technology, physical therapy, and athletic training. The focus
of the second edition of Schaum’s Qutline of Human Anatomy and Physiology is on presenting practical information that
students will be able to apply to real-world situations they might encounter in their chosen discipline. In addition, numer-
ous examples throughout this study outline reinforce the principle that learning anatomy and physiology helps students
become better acquainted with themselves. The integration of anatomy and physiology in this study outline provides stu-
dents with a focused perspective of body structure and function. The organization, level of rigor, and clinical focus of this
study outline is especially appropriate for students preparing for health-related careers. In addition, this study outline pro-
vides students with an organized means of preparing for aspects of national MCAT, DAT, or allied health board certifica-
tion examinations.

The topic sequence and content of this edition is designed to accompany any human anatomy and physiology textbook. If
used as a supplement to a text and class notes, this study outline will improve a student's efficiency of study and perfor-
mance on course examinations.

The organization of Schaum’s Outline of Human Anatomy and Physiology is carefully designed to enhance learning. Each
chapter is composed of objective—survey—problems modules. An objective represents a major topic and level of compe-
tency that a student should strive to achieve. A topic survey follows the objective and is identified with a magnifying glass
icon. The survey is a carefully phrased body of information that gives the essence of the topic introduced in the objective.
The problems and answers that follow the survey will test a student's understanding of the subject and provide additional
information to meet the objective at the desired level,

Set off from the text narrative are short paragraphs highlighted by accompanying topic icons. This interesting information
is relevant to the discussion that precedes it. The three icons used are as follows:

Clinical information is indicated by a physician’s staff.
Developmental information of practical importance is indicated by a human embryo.

Information relevant to the body processes that maintain homeostasis (a state of dynamic equilibrium)
~=F=s I1s indicated by a balance.

S8l

Schaum’s Qutline of Human Anatomy and Physiology is much more than just words. Because anatomy and physiology are
visually oriented sciences, the preparation of an effective art program was a top priority in this edition. An abundance of
carefully rendered figures supplements the text to maximize the learning effort. In addition to the anatomical renderings,

flowchart figures are used throughout this study guide to clarify physiological processes. Each figure is placed as close as
possible to its text reference.

New features to this edition include developmental, homeostatic, and additional clinical concepts related to the major top-
ics. These new pedagogical features provide information concerning the development of body organs and facilitate the stu-
dents comprehension of interactions of body systems. New figures, figure captions, and tables have been added to further
complement the written material. Also, the labeling has been completely redone to enhance and improve the illustrations.
At the close of each chapter is a set of review questions with complete answers by which students can measure their under-
standing of the concepts and information. Key clinical terms are defined at the end of chapters. The Qutline is completed
with a comprehensive index.

Several individuals assisted in the preparation of this outline, and sincere thanks is extended to each. Christopher H. Creek
and Scott Schwendiman rendered the illustrations. Rendell Ashton and Joseph Ashton provide student input regarding the
effectiveness of the questions. Special appreciation is expressed to Ann Mirels for her exceptional input as a copy editor.
Michael W. Hancock and John L. Crawley were indispensible in the layout of the final product. Finally, we are apprecia-
tive of Maureen Walker of McGraw-Hill for her encouragement and editorial assistance in the completion of this project.

KENT M. VAN DE GRAAFF
R. WARD RHEES
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Introduction to the
Human Body /

Objective A To describe anatomy and physiology as scientific disciplines and to explain
how they are related.

Anatomy and physiology are subdivisions of the science of biology, which

S{I'VeY) is the study of living organisms, both plant and animal. Human anatomy has

" to do with body structure and the relationships between body structures.

Human physiology is concerned with the functions of the body parts. In
general, function is determined by structure.

1.1  What are the subspecialties of human anatomy?

These include: gross anatomy, the study of structures observed with the unaided eye; microscopic
anatomy, the study of structures observed with the aid of a microscope (cytology is the study of
cells and their organelles, and Aistology is the study of tissues that make up organs); developmental
anatomy, the study of structural changes from conception to birth; and pathological anatomy
(pathology), the study of structural changes caused by disease.

1.2 What are the subspecialties of human physiology?

These include cellular physiology, the study of the interactions of cell parts and the specific
functions of the organelles and the cell in general; developmental physiology, the study of
functional changes that occur as an organism develops; and pathological physiology, the study of
the functional changes that occur as organs age or become diseased.

Objective B To describe the human organism with reference to a classification scheme
and to list the physical requirements for life.

Homo sapiens, as we have named ourselves, is a biological organism that

has features in common with all living animals. Because we have

3 characteristics unique to us, we are a species within a classification scheme
// based on similarity of structural features.

1.3  Explain why humans are classed among the animals.

We breathe, eat and digest food, excrete body wastes, locomote, and reproduce our own kind, as do
other animals. Being composed of organic materials, we decompose in death as other animals
(chiefly microorganisms) consume our flesh. The processes by which our bodies produce, store,
and utilize energy are similar to those used by all living organisms. The same genetic code that
regulates our development is found throughout nature. The fundamental patterns of development
observed in many animals are also seen in the formation of the human embryo.

1.4  What are the basic physical requirements for the survival of an organism?
Water, for a variety of metabolic processes; food, to supply energy, raw materials for building new

living matter, and chemicals necessary for vital reactions; oxygen, to release energy from food
materials; seat, to promote chemical reactions; and pressure, to allow breathing.

1.5  Classify human beings using taxonomic categories.

The descending series is shown in table 1.1. Homo sapiens is the only extant (existing) hominid.
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Table 1.1 Classification of Human Beings

Taxon Grouping Characteristics
Kingdom Animalia Cells having a visible nucleus but lacking walls,
plastids, and photosynthetic pigments
Phylum Chordata Notochord; dorsal hollow nerve cord;

pharyngeal pouches
Subphylum Vertebrata Cartilaginous or bony endoskeleton; vertebral

column
Class Mammalia | Hair; mammary glands; three auditory ossicles;
attached placenta; muscular diaphragm
Order Primates Prehensile hands with digits modified for
grasping; large brains
Family Hominidae | Large, well-developed cerebrum; flattened face;
Genus Homo bipedal posture and locomotion; well-developed
Species sapiens vocal structures; opposable thumb

Objective C To describe the levels of organization of the human body.

The chemical and cellular levels are respectively the basic structural and
$4rvey) functional levels. Each level of body organization (fig. 1.1) represents an
association of units from the preceding level. Although the cells in the adult
body number in the trillions, there are only a few hundred specific kinds.

Chemical| Cellular Tissue Qrgan System Organism
__1_.. - . - -
s h Digestive
tomac
Atomn Colls system
° 9| 0o )
Molecule

Epithelial
cells

Figure 1.1 Levels of body organization. The chemical, cellular, and tissue levels are
microscopic, whereas the organ, system, and organismic levels are macroscopic.

1.6 How are similar cells bound together?

Similar cells are uniformly spaced and bound together as tissue by nonliving matrix, which the
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1.7

1.8

1.9

1.10

cells secrete. Matrix varies in composition from one tissue to another and may take the form of a
liquid, semisolid, or solid. Blood tissue, for example, has a liquid matrix, while bone cells are
bound by a solid matrix. Not all similar cells, however, have a binding matrix; secretory cells, for
instance, are solitary amidst a tissue of cells of another kind.

Define the term tissue and explain why the study of tissues is important.

A tissue is an aggregation of similar cells bound by supporting matrix that performs a specific
function. Histology is the microscopic science concerned with the study of tissues. Pathology is the
medical science concerned with the study of diseased tissues. Tissues are described in chapter 4.

List the four principal types of tissues and describe the functions of each.

Epithelial tissue (epithelium) covers body and organ surfaces, lines body cavities and lumina
(hollow portions of body tubes), and forms various glands. Epithelial tissue is involved with
protection, absorption, excretion, and secretion.

Connective tissue binds, supports, and protects body parts.
Muscle tissue contracts to produce movement of body parts and permit locomotion.

Nervous tissue initiates and transmits nerve impulses that coordinate body activities.

Use an example to define the term organ and describe the function of that organ.

A bone, such as the femur, is an organ because it is composed of several tissue types that are
integrated to perform a particular function. The components of the femur include bone tissue,
nervous tissue, vascular (blood) tissue, and cartilaginous tissue (at a joint). Not only does the
femur, as part of the skeletal system, help to maintain body support, it also serves the muscular
system by providing a place of attachment for muscles, and the circulatory system by producing
blood cells in the bone marrow.

Vital body organs are those that are essential for critical body

functions. Examples are the heart in pumping blood, the liver in

processing foods and breaking down worn blood cells, the kidneys in

filtering blood, the lungs in exchanging respiratory gasses, and the

brain in controlling and correlating body functions. The reproductive
organs are not vital body organs, nor are the organs within the appendages. Death of
a person occurs when one or more of the vital body organs falters in its function.

Define the term system as it applies to body organization.

A system is an organization of two or more organs and associated structures working as a unit to
perform a common function or set of functions, for example, the flow of blood through the body in
the case of the circulatory system. Some organs serve more than one body system. The pancreas
serves the digestive system in production and secretion of digestive chemicals (pancreatic juice)
and the endocrine system in the production of hormones (chemical messengers, insulin, and
glucagon). The basic structure and function of each of the body systems is presented in fig. 1.2
through fig. .11.

With the exception of the reproductive system, all of the organs that make
up the body systems are formed within the 6-week embryonic period (from
the beginning of the third week to the end of the eighth week) of prenatal
development. Not only are the vital body organs and systems formed
during this time, many of them become functional. For example, 25 days
after conception the heart is pumping blood through the circulatory system. The
organs of the reproductive system form between 10 and 12 weeks after conception,
but they do not mature and become functional until a person goes through puberty
at about age 12 or 13.
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DEFINITION The integument (skin) and structures
derived from it (hair, nails, and oil sweat glands).

FUNCTIONS Protects the body, regulates body
temperature, eliminates wastes, and receives certain
stimuli (tactile, temperature, and pain).

Figure 1.2 Integumentary system.

Deltoid

Pectoralis
major

Rectus
abdominis

Sartorius

Vastus lateralis

Tibialis
anterior

DEFINITION Skeletal muscles of the body and their
tendinous attachments.

FUNCTIONS Effects body movements, maintains
posture, and produces body heat.

Figure 1.4 Muscular system.

Upper extremity

Lower extremity

DEFINITION Bones, cartilage, and ligaments (which
guy the bones at the joints).

FUNCTIONS Provides body support and protection,
permits movement and leverage, produces blood cells
(hemopoiesis), and stores minerals.

Figure 1.3 Skeletal system.

Spinal cord

DEFINITION Brain, spinal cord, nerves, and sensory
organs such as the eye and the ear.

FUNCTIONS Detects and responds to changes in
internal and external environments, enables reasoning
and memory, and regulates body activities.

Figure 1.5 Nervous system.
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Tongue
Pituitary gland Oral cavity Salivary glands
Teeth
Thyroid and Pharyric
parathyroid glands Esophagus
Liver pY Stomach
Adrenal gland Gallbladder == Pancreas

DEFINITION The hormone-producing glands.

FUNCTIONS Controls and integrates body functions
via hormones secreted into the bloodstream.

Figure 1.6 Endocrine system.

MNasal cavity

Nostril Fharyr

Trachea
Lung

DEFINITION The body organs concerned with
movement of respiratory gases (O, and CO») to and

from the pulmonary blood (the blood within the lungs).

FUNCTIONS Supplies oxygen to the blood and
eliminates carbon dioxide; also helps to regulate acid-
base balance.

Figure 1.8 Respiratory system.

Duodenum

Small intestine ﬁ‘/

Large ir i
—%‘— Rectum

DEFINITION The body organs that render ingested
foods absorbable.

FUNCTIONS Mechanically and chemically breaks
down foods for cellular use and eliminates undigested
wastes.

Figure 1.7 Digestive system.

Common carotid
artery

Subclavian artery

Heart

Abdominal aorta

Common iliac
artery

DEFINITION The heart and the vessels that carry
blood or blood constituents (lymph) through the body.

FUNCTIONS Transports respiratory gases, nutrients,
wastes, and hormones; protects against disease and
fluid loss; helps regulate body temperature and acid-
base balance.

Figure 1.9 Circulatory system.
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Kidney
Ureter

Urinary bladder
Urathra

DEFINITION The organs that operate to remove wastes
from the blood and to eliminate urine from the body.

FUNCTIONS Removes various wastes from the blood;
regulates the chemical composition, volume, and
elecrolyte balance of the blood; helps maintain the acid-
base balance of the body.

Figure 1.10 Urinary system.

Uterine tube

Seminal vessicle
Ovary

Prostate

DEFINITION The body organs that produce, store, and transport reproductive cells (gametes, or sperm and ova).
FUNCTIONS Reproduce the organism, produce sex hormones.
Figure 1.11 Male and female reproductive systems.
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Objective D To list the body systems and to describe the general functions of each.

1.11

1.12

1.13

Which body systems function in support and movement?

The muscular and skeletal systems are frequently referred to as the musculoskeletal system because
of their combined functional role in body support and locomotion. Both systems, along with the
movable (synovial) joints, are studied extensively in kinesiology (the mechanics of body motion).
The integumentary system also provides some support, and its flexibility permits movement.

Which body systems function in integration and coordination?

The endocrine system and nervous system maintain consistency of body functioning, the former by
secreting hormones (chemical substances) into the bloodstream and the latter by producing nerve
impulses (electrochemical signals) carried via neurons (nerve cells).

Which body systems are involved with processing and transporting body
substances?

Nutrients, oxygen, and various wastes are processed and transported by the digestive, respiratory,
circulatory, lymphatic, and urinary systems. The lymphatic system, which is generally considered
part of the circulatory system, is composed of lymphatic vessels, lymph fluid, lymph nodes, the
spleen, and the thymus. It transports lymph from tissues to the bloodstream, defends the body
against infections, and aids in the absorption of fats.

.. Diseases or functional problems of the circulatory system are of major clinical
importance because of the potential for disruption of blood flow to a vital
organ. Arteriosclerosis, or hardening of the arteries, is a generalized
degenerative vascular disorder that results in the loss of elasticity and

thickening of the arteries. Atherosclerosis is a type of arteriosclerosis in which
plaque material called atheroma forms on the inside lining of vessels. A thrombus is
a clot within a vessel. An aneurysm is an expansion or bulging of an artery, whereas
a coarctation is a constriction of a segment of a vessel.

Objective E To explain what is meant by homeostasis.

1.14

1.15

Homeostasis is the process by which a nearly stable internal environment is

$4r'vey) maintained in the body so that cellular metabolic functions can proceed at
maximum efficiency. Homeostasis is maintained by effectors (generally
muscles or glands), which are regulated by sensory information from the
internal environment.

What major regulatory process does the body use to maintain homeostasis?

Essentially all the control systems of the body are regulated by negative feedback. 1f a factor of the
internal environment deviates from a set point, then the system that monitors that factor initiates a
counterchange (hence “negative”) that returns the factor to its normal state. A specific example is
presented in fig. 1.12.

What is the relationship between homeostasis and pathophysiology?

They are opposed in meaning in the sense that health reflects homeostasis, whereas abnormal
function—i.e., pathophysiology—marks a deviation from homeostasis. Pathophysiology is the basis
for diagnosing disease and instituting treatment intended to restore normal function.
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Fight or flight
response—accompanying
stress

Controlled condition

Baroreceptors

Nerves sensitive to pressure in

blood vessels
Nerve
\ input

4 Blood pressure

Return to homeostasis;
blood pressure drops to
normal

Control center
Vasomotor area

)/Nerve

output

Response

J Heartrate

4 Biood pressure

4 Cardiac output

Figure 1.12 Homeostasis of blood pressure. Feedback mechanisms in the form of input

(stimulus), a monitoring center, and output (response) maintain dynamic
constancy.

Objective F To describe the anatomical position.

All terms of direction that describe the relationship of one body part to

§ @ another are made in reference to a standard anatomical position (fig. 1.13).
In the anatomical position, the body is erect, feet are parallel and flat on the

I/ floor, eyes are directed forward, and arms are at the sides of the body with
the palms of the hands turned forward and the fingers pointing downward.

]

1.16 Why are the palms given an orientation that seems unnatural?

During early embryonic development, the palms are supine (facing forward or upward). Later, an
axial rotation of each forearm puts the palms in a prone position (facing backward or downward).
Thus, the anatomical position orients the upper extremities as in early development.
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Objective G To identify the planes of reference used to locate and describe structures

within the body.

/A set of three planes (imaginary flat surfaces) passing through the body is
SUFVEY! frequently used to depict structural arrangement. The three planes are

iy

termed the midsagittal, coronal, and transverse planes.

Coraonal plane

Transverse plane

Midsagittal plane

Figure 1.13 For descriptive purposes, Figure 1.14 Planes of reference through
the anatomical position provides a the body.
standard reference framework
for the body.

1.17

1.18

Distinguish between the principal body planes.

The midsagittal plane is the plane of symmetry of the body, dividing it into right and left halves.
Sagittal (parasagittal) planes run parallel to the midsagittal plane; they divide the body into
unequal right and left portions. Coronal {frontal) planes divide the body into front and back
portions. Transverse (horizontal or cross-sectional) planes divide the body into superior (upper)
and inferior (lower) portions. These planes are shown in fig. 1.14.

With reference to the planes of the body, discuss the advantage of CT (CAT) scans
and MRIs over conventional X rays.

Conventional radiographs (X ravs) are of limited clinical value because they are taken on a vertical
plane, and thus images of various structures are often superimposed. One major advantage of
computerized tomographic images (CT scans) and magnetic resonance images (MRIs) is that they
can display images along transverse or sagittal planes. These images are similar to those that could
otherwise be obtained only in actual sections through the body.
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Objective H To identify and locate the principal body regions.

The principal body regions are the head, neck, trunk, upper extremity (two),
and lower extremity (two). The trunk (torso) is frequently divided into the
thorax and abdomen.

1.19 State the regions that contain the brachium, cubital fossa, popliteal fossa, and
axilla.

Specific structures or clinically important areas within the principal regions have anatomical names

(see fig. 1.15). Learning the specific regional terminology provides a foundation for learning the
names of underlying structures later on.

Head

Cervical
Neck region
Deltoid (shoulder)
Anterior thorax region
Posterior
thorax Axillary region
Breast (axilla)
Brachium
Cubital fossa
Upper Lumbar S Elbow
extremity ' region
Umbiticus L. } Antebrachium
Abdomen (forearm)
K
Pubic area Buttod
Wrist
Palmar surface
of the hand
i Thigh
Lower . i ) Popliteal fossa
axtremity Patsllar ragion
Leg Calf of leg
} = Ankle
Plantar surface
(a) (b)

Figure 1.15  The principal body regions. (a) An anterior view and (b) a posterior view.

Objective I To identify and to locate the principal body cavities and the organs within
them.

Body cavities are confined spaces in which organs are protected, separated,
and supported by associated membranes. As shown in fig. 1.16, the
posterior (dorsal) cavity includes the cranial and vertebral cavities (or
vertebral canal) and contains the brain and spinal cord. The anterior
(ventral) cavity includes the thoracic, abdominal, and pelvic cavities and
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contains visceral organs. The abdominal cavity and the pelvic cavity are frequently
referred to collectively as the abdominopelvic cavity. Body cavities serve to
segregate organs and systems by function. The major portion of the nervous system
occupies the posterior cavity; the principal organs of the respiratory and circulatory
systems are in the thoracic cavity; the primary organs of digestion are in the
abdominal cavity; and the reproductive organs are in the pelvic cavity.

Brain
Cranial
- num cavity
Thoracic
Pericardial cavity
cavity
Pleural cavity
Thoracic
cawvity
Vertebral
Diaphragm cavity
Abdominal Spt:al
cavity cor
Abdominopelvic
cavity Abdominal
cavity
Pelvic
cavity
Pelvic
cavity

(@) (b)

Figure 1.16 The principal body cavities. (a) An anterior view and (b) a midsagittal view.

1.20

1.21

1.22

What are visceral organs?

Visceral organs, or viscera, are those that are located within the anterior body cavity. Viscera of
the thoracic cavity include the heart and lungs. Viscera of the abdominal cavity include the
stomach, small intestine and large intestine, spleen, liver, and gallbladder.

Where are the pleural and pericardial cavities?

The thoracic cavity is partitioned into two pleural cavities, one for each lung, and the pericardial
cavity, surrounding the heart. The area between the two lungs is known as the mediastinum.

What is the clinical significance of the thoracic organs being in separate
compartments?

Because each thoracic organ is positioned in its own compartment, trauma is minimized and the
risk of disease spreading from one organ to another is reduced. Although the lungs function
together, they also work independently. Trauma may cause one lung to collapse, but the other will
remain functional.
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Objective J To discuss the types and functions of the various hody membranes.

1.23

1.24

1.25

1.26

Body membranes are composed of thin layers of connective and epithelial
tissue. They serve to cover, protect, lubricate, separate, or support visceral
organs or to line body cavities. The two principal types are mucous
membranes and serous membranes.

What are the functions of mucous membranes?

Mucous membranes secrete a thick, viscid substance, called mucus, that lubricates and protects
the body organs where it is secreted.

Which of the following organs are lined, at least in part, with mucous membranes?
(a) the trachea, (b) the stomach, (¢) the uterus, (d) the mouth and nose

The inside walls of ail the organs listed are lined with mucous membranes. Mucus in the nasal
cavity and trachea traps airborne particles; mucus in the oral cavity prevents desiccation (drying};
mucus coats the epithelial lining of the stomach to protect against digestive enzymes and
hydrochloric acid; and mucus in the uterus protects against the entry of pathogens.

Mucous membranes are the first line of defense in locations such as
the nasal and oral cavities and in the uterine cavity. Being warm,
moist, and highly vascular, mucous membranes are vulnerable to
pathogens. However, the acidic pH of the secreted mucus in these
locations effectively kills most microorganisms. Mucous membranes
occasionally do become infected, in which case other body immunity responses are
called into action. A cold or a sore throat is an infection of mucous membranes, and
swelling and congestion are among of the first responses to fight the infection.

Describe the composition and general locations of the serous membranes and
distinguish these membranes from mucous membranes.

Serous membranes line the thoracic and abdominopelvic cavities and cover visceral organs. They
are composed of thin sheets of epithelial tissue (simple squamous epithelium) that lubricate,
support, and compartmentalize visceral organs. Serous fluid is the watery lubricant they secrete.

Give the specific locations of the individual serous membranes.
See table 1.2 and fig. 1.17.

Table 1.2 Serous Membranes and Their Locations

Cavity Serous Membrane Location

Thoracic Visceral pleura Adhering to outer surface of lungs

Parietal pleura Lining thoracic walls and thoracic surface

of diaphragm

Visceral pericardium Covering outer surface of heart
(epicardium)

Parietal pericardium Durable covering surrounding heart

Abdominopelvic | Visceral peritoneum Covering abdominal viscera

Parietal peritoneum Lining abdominal wall

Mesentery Double fold of peritoneum connecting
parietal to visceral peritoneum
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Greater
omentum
(lifted)

Transverse
colon

Mesocolon

Small
intestine

Figure

1.27

Liver

l

Lesser omentum

Stomach
Pancreas

Duocdenum

Transverse
colon

Greater
omentum

Visceral
periotoneum

Small intestine

Parietal
peritonaum

(a) (b)

1.17 The serous membranes and their associated visceral organs. (a) An anterior
view and (») a midsagittal view.

.. Pleurisy is an inflammation of the pleural membranes associated with a lung.
The infection is generally confined to just one of the pleural cavities. Trauma
to a pleural cavity (such as from a crushed rib cage or a bullet or knife wound)

’T) may permit air to enter the pleural cavity—a condition known as a
pneumothorax. Blood in a pleural cavity is known as a hemothorax. A pneumothorax
causes the lung on the affected side to collapse. The compartmentalization of
thoracic organs, however, ensures that one of the lungs will remain functional.

Define peritoneal cavity and explain what is meant by a retroperitoneal organ.

The parictal peritoneum is a thin membrane attached to the inside of the abdominal wall. It is
continuous around the intestinal viscera as the visceral peritoneum. The peritoneal cavity is the
space between the parietal and visceral portions of the peritoneum. Retroperitoneal organs, such as
the kidneys, adrenal glands. and a portion of the pancreas, are positioned behind the parietal
peritoneum. but are still within the abdominopelvic cavity.

.. Peritonitis 1s an inflammation of the peritoneal membrane. The infection is
confined to the peritoneal cavity. Normally this cavity is aseptic, but it can
become contaminated by trauma, rupture of a visceral organ (e.g., a ruptured
appendix), an ectopic pregnancy (abnormal pregnancy site), or postoperative

complications. Peritonitis is usually extremely painful and life threatening.
Treatment usually involves the injection of massive doses of antibiotics and perhaps
peritoneal intubation to permit drainage.
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1.28

State the function of the mesenteries.

The mesenteries are double-layered membranes that support the abdominopelvic viscera in a
pendent fashion so that intestinal peristalsis (rhythmic waves of muscular contraction) will not be
impeded. The mesenteries also support the vessels and nerves that serve the viscera.

Objective K To become familiar with the descriptive and directional terms that are
applied to anatomical structures.

Descriptive and directional terms are used to communicate the position of
s4rVeY) structures, surfaces, and regions of the body with respect to anatomical
position.

1.29 Define the important descriptive and directional terms and illustrate their usage.

Some of the more commonly used descriptive and directional terms are listed in table 1.3,

Table 1.3 Commonly Used Descriptive and Directional Terms

Term

Definition

Example

Superior (cranial)

Toward the top; toward
the head

The thorax is superior to the abdomen.

Inferior (caudal)

Away from the head;
toward the bottom

The legs are inferior to the trunk.

Anterior (ventral)

Toward the front

The navel is on the anterior side of the body.

Posterior (dorsal)

Toward the back

The kidneys are posterior to the intestines.

Medial

Toward the midline of

The heart is medial to the lungs.

the body
Lateral Toward the side of the The ears are lateral to the head.
body
Internal (deep) Away from the surface The brain is internal to the cranium.
of the body
External Toward the surface of The skin is external to the muscles.
(superficial) the body
Proximal Toward the main mass The knee is proximal to the foot.
of the body
Distal Away from the main mass | The hand is distal to the elbow.
of the body
Visceral Related to internal organs | The lungs are covered by a thin membrane
called the visceral pleura.
Parietal Related to the body walls | The parietal pleura is the inside lining of the

thoracic cavity.
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Review Exercises

Multiple Choice

1.

10.

11.

12.

13.

14.

15.

16.

Production of secretory materials within cells would be studied as part of the science
of (a) histology, (b) cytology, (c) developmental biology, (d) absorption, (e) anatomy.

. A fingernail is a structure belonging to what body system? (a) skeletal,

(b) circulatory, (¢) integumentary, (<) lymphatic, (e) reticuloendothelial

. Which two body systems are regulatory? (a) endocrine, (b) nervous, (¢) muscular,

(d) skeletal, (e) circulatory

. The region of the body between the head and thorax is most appropriately referred to

as (a) the lumbar region, () the throat region, (c) the trunk region, (d) the cervical
region, (e) the gullet region.

. A person in the anatomical position would be (a) lying face down; (b) lying face up;

(¢) standing erect facing forward; (d) in a fetal position.

. In anatomical position, the thumb is (@) lateral, (b) medial, (¢) proximal,

(d) horizontal, (e) superficial.

. Which is not one of the four principal tissue types? (a) nervous tissue, (b) bone

tissue, (c) epithelial tissue, (d) muscle tissue, (¢) connective tissue

. Which is not a serous membrane? (a) parietal peritoneum, (b) mesentery, (c) visceral

pleura, (d) lining of the mouth, (e) pericardium

. The relationship between structure and function of an organ is best described as (a) a

negative feedback system, (b) one in which function is determined by structure,
(¢) important only during homeostasis of the organ system, (d) nonexistent, except in
certain parts of the body.

Which is not a chordate characteristic? (a) a vertebral column, (b) a notochord,
(¢) pharyngeal pouches, (d) a dorsal hollow nerve cord.

The abdominal cavity contains (a) the heart, (b) the lungs, (c) the spleen, (e) the
trachea.

The ventral body cavity comprises all of the following cavities except (a) the spinal
cavity, (b) the pleural cavity, (¢) the thoracic cavity, (d) the pelvic cavity, (e) the
abdominal cavity.

The antebrachium is (a) the chest area, (b) the hand, (c) the shoulder region, (d) the
armpit, (e) the forearm.

Which is positioned retroperitoneally? (a) stomach, (b) kidney, (c) heart,
(d) appendix, (e) liver

The foot is to the thigh as the hand is to (a) the brachium, (b) the shoulder, (¢) the
palm, (d) the digits.

Which term best defines the position of the knee relative to the hip? (a) lateral,
(p) medial, (c) distal, (d) posterior, (¢) proximal
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17. The thoracic cavity is separated from the abdominopelvic cavity by (a) the
mediastinum, (b) the abdominal wall, (¢) the sternum, (d) the abdominal septum,
(e) the diaphragm.

18. Long-distance regulation is accomplished via bloodborne chemicals known as
(a) blood cells, (b) hormones, (c) ions, (d) motor impulses (e) neurotransmitters.

19. Which serous membrane would be cut first as a physician removes an infected
appendix? (a) parietal peritoneum, (b) dorsal mesentery, (c) visceral pleura,
(d) parietal pleura

20. If an anatomist wanted to show the structural relationship of the trachea, esophagus,
neck muscles, and a vertebra within the neck, which body plane would be most
appropriate? (a) sagittal plane, (b) coronal plane, (¢) transverse plane, (d) vertical
plane, (e) parasagittal plane

21. Which pairing of directional terms most closely approximates opposites? () medial
and proximal, (b) superior and posterior, (c) proximal and lateral, (d) superficial and
deep

22. A lung is located within (a) the mediastinal, pleural, and thoracic cavities; (b) the
thoracic, pleural, and ventral cavities; (¢) the peritoneal, pleural, and thoracic
cavities; (d) the pleural, pericardial, and thoracic cavities; (¢) none of the preceding.

23. Which of the following serous membrane combinations lines the diaphragm?
(a) visceral pleura—visceral peritoneum, (b) visceral pleura—parietal peritoneum,
(c¢) parietal pleura—parietal peritoneum, (d) parietal pleura—visceral peritoneum

24. In a negative feedback system, (a) input is always maintained constant
(homeostatic), (b) input serves no useful purpose, (c¢) output is partially put back into
the system, (d) output is always maintained constant,

25. What is the proper sequence of body cavities or areas traversed as blood flows from
the heart to the uterus through the aorta and the uterine artery? (a) thoracic,
pericardial, pelvic, abdominal; (b) pericardial, mediastinal, abdominal, pelvic;

(¢) pleural, mediastinal, abdominal, pelvic; (d) pericardial, pleural, abdominal,
pelvic.

True or False
Histology is the microscopic examination of tissues.
The function of an organ is predictable from its structure.

A group of cells cooperating in a particular function is called a tissue.

El ol S

In anatomical position the subject is standing erect, the feet are together, and
the arms are relaxed to the side of the body with the thumbs forward.

S. A sagittal plane divides the body into right and left halves.

6. The thumb is lateral to the other digits of the hand and distal to the
antebrachium.

7. The lungs are kept moist through the secretion of mucus from mucous
membranes.
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8. Increased body temperature during exercise is an example of a homeostatic
feedback mechanism.

9. Mesenteries tightly bind visceral organs to the body wall so that they are
protected from excessive movement.

10. A 6-inch knife wound lateral to the left nipple of a male would puncture the
parietal pleura and cause a pneumothorax.

11. All of the visceral organs are contained within the abdominopelvic cavity.

12, A computerized tomographic (CT) scan permits an image to be displayed
along a transverse plane.

13. The term parietal refers to the body wall, and the term visceral refers to
internal body organs.

14. Humans are the only living members of the family Hominidae.

15. In the scientific name Homo sapiens, Homo is the genus designation and
sapiens is the species designation.

Completion

1.

10.
11.

12.

Animals within the phylum possess a notochord, dorsal
hollow nerve cord, and pharyngeal pouches during some stage of their development.

i8S our scientic nhame.

A(n) is an aggregation of similar cells bound by a supporting
matrix.

The system includes the skin, hair, nails, and oil and sweat
glands.

The nervous system and the system control and integrate

other systems of the body.

is the dynamic maintenance of a nearly stable internal
environment in the body so that metabolism can occur.

feedback mechanisms provide input to controlling organs in
the process of maintaining homeostasis.

All terms of direction that describe the relationship of one body part to another are
made in reference to a standard position.

The plane divides the body into equal right and left portions.

The armpit is technically known as the

The anterior portion of the elbow known as the fossa is an
important site for withdrawal of venous blood.

A lung is contained within a cavity which, in turn, is
contained within the thoracic cavity.
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13. Mucus is secreted by

14.

15.

Matching

by

membranes.

enabling peristalsis.

“toward the lower portion of the body.”

membranes, and serous fluid is secreted
support abdominopelvic viscera in a pendent fashion, thus

is a directional term meaning “away from the head” or

Match the descriptions with the body planes or directional terms.

Labeling

1.

10.
11.
12.

PN E WD

Toward a central reference point
Perpendicular to the craniocaudal axis
Divides the body into right and left halves
Toward the back

Toward the head

Away from the midsagittal plane

Upper surface of the body

Toward the front

Divides the body into anterior and posterior
portions

Toward the feet
Away from a central reference point
Toward the midsagittal plane

Label the body regions indicated on the
figure to the right.

1.

L L X ADM AR WD

[y
i

(@)
()
(©)
(d)
(e)
()
(g)
(h)
()

)
(k)
(

T

)

dorsal

cranial or superior
transverse plane
distal

lateral

anterior

posterior

caudal or inferior

medial

proximal
coronal plane

midsagittal plane

~N o O b

s ¢]

10
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Table Completion

From the information provided, complete each row of the following table.

System Principal organs Functions

Circulatory system

Nose, pharynx, larynx,
trachea, lungs

Processes ingested foods for
cellular use; eliminates
undigested wastes

Kidney, urinary bladder,
ureters, urethra

Supports, protects, and permits
body movement; sites of
hemopoiesis (manufacture of
blood cells)

Muscular system

Brain, spinal cord, nerves,
sense organs

Chemically controls and integrates
many body activities

Reproductive system

Answers and Explanations for Review Exercises

Multiple Choice

1.

2.

{b) Cytology is the study of cells and their functions. Since the production of secretory products
involves cellular metabolic functions, it is considered an aspect of cytology.

(¢) The integumentary system includes all of the outer surface structures of the body: the epidermis
and the epidermal structures (hair, nails, and glands).

{a), (b) Both the endocrine system and the nervous systemn participate in controlling and coordinating
the functions of the body. The effect of the nervous system is quicker, but the effect of the endocrine
system is longer lasting.

(d) The term cervical refers to anything pertaining to the neck or a necklike region of an organ.

(c) In addition, the person’s palms would be forward, with the arms and legs straight.

(@) Since the palm is forward in anatomical position, the thumb is on the lateral, or radial, side of the
upper extremity.

(b) Bone is a type of connective tissue (see chapter 4).

(d) The lining of the oral cavity (mouth) derives from ectoderm and is stratified squamous
epithelium. All serous membranes derive from mesoderm and are simple squamous epithelium (see
chapter 4).

(b) All body structures are adapted to the specific function they perform, and when the structure is
severely damaged or malformed, the function often cannot be performed.
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10. (a) All vertebrates (animals with vertebral columns) are chordates, but not all chordates develop
vertebrae.

11. (c) The heart, lungs, and trachea are contained in the thoracic cavity, superior to the abdominal
cavity.

12. (a) The spinal cavity is contained within the posterior cavity.

13. (e) The term ante means “before or preceding”; the term brachium means “arm.”

14. (b) Retroperitoneal organs are located behind the serous lining of the abdominal cavity. The kidneys
are within the abdominal cavity but behind the parietal peritoneum.

15. (a) The brachium within the upper extremity corresponds in position to the thigh of the lower
extremity.

16. (¢) Distal means “farther from the center body mass,” as the knee is to the hip.

17. (e) The diaphragm is a muscular partition that moves up and down with expiration and inspiration of
air. All the abdominal organs lie beneath the diaphragm, and only the lungs and organs of the
mediastinum lie above it.

18. (b) Hormones are chemicals released into the blood by endocrine glands. They influence the
metabolism of target tissues or organs that are usually relatively distant from the gland releasing the
hormone.

19. (a) The parietal peritoneum lines the inner side of the abdominal cavity wall and would always be cut
first in any abdominal surgery.

20. (c) A transverse plane would give a cross-sectional view of the organs in the neck, showing clearly
the spatial relationship between the various structures.

21. (d) Superficial means “near the outer surface of the body”; deep means “internal with respect to the
surface of the body.”

22. (b) The pleural cavity is formed by the serous membrane surrounding the lungs (the visceral pleura).
The pleural cavity is inside the thoracic cavity, which is part of the anterior cavity.

23. (c) Since the diaphragm forms the dividing wall between the two cavities, and since the parietal
membranes always line the inner cavity walls, the parietal pleura lines the superior surface of the
diaphragm and the parietal peritoneum lines the inferior surface of the diaphragm.

24. (c) The system’s output is entered into the system, where it inhibits further output.

25. (b) Only the lungs are contained in the pleural cavity, and the aorta carrying the blood must pass

through the abdominal cavity before reaching the pelvic cavity.

True or False

1. True
2. True
3. True
4. False; the palms are facing forward and the thumbs are lateral
5. False; a sagittal plane divides the body into right and left portions; a midsagittal plane divides the
body into right and left halves
6. True
7. False; serous membranes secrete a lubricating serous fluid around a lung
8. False; but sweating following exercise is a feedback phenomenon
9. False; mesenteries loosely attach the viscera in a pendant fashion to permit peristalsis
10. True
11. False; visceral organs are also contained within the thoracic cavity
12. True
13. True
14. True
15. True
Completion
1. Chordata 4. integumentary
2. Homo sapiens 5. endocrine
3. tissue 6. Homeostasis
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7. Negative 12. pleural
8. anatomical 13. mucous, serous
9. midsagittal 14. Mesenteries
10, axilla 15. Infertor (caudal)
11. cubital
Matching
1. () 7. (@)
2. (c) 8. O
3.0 9. (k)
4. (&) 10. (&)
5. (M) 11. (d)
6. () 12. ()
Labeling
1. Head 6. Cubital region
2. Neck 7. Abdomen
3. Thorax 8. Pubic area
4. Axilla 9. Thigh
5. Breust 10. Leg
Table Completion
System Principal organs Functions

Circulatory system

Heart, blood vessels, spleen,
lymphatics

Transports materials via blood; regulates
acid-base balance; protects against
disease and fluid loss

Respiratory system

Nose, pharynx, larynx,
trachea, lungs

Supplies O, to the blood and eliminates
CO,; helps regulate acid-base balance

Digestive system

Tongue, teeth, pharynx,
esophagus, stomach, small
intestine and large intestine;
liver and pancreas

Processes ingested foods for cellular use;
eliminates undigested wastes

Urinary system

Kidney, urinary bladder,
ureters, urethra

Filters blood; regulates chemical
composition, fluid volume, and
electrolyte balance of blood

Skeletal system

Bones, cartilage, joints and
ligaments

Supports, protects, and permits body
movement; sites of hemopoiesis
(manufacture of blood cells)

Muscular system

Muscles and tendons

Causes body movement; maintains
posture, produces body heat

Nervous system

Brain, spinal cord, nerves,
sense organs

Responds to environmental changes;
enables reasoning and memory; regulates
body activities

Endocrine system

Endocrine glands (pituitary
gland, thymus, pancreas,
adrenal glands, gonads, etc.)

Chemically controls and integrates many
body activities

Reproductive system

Gonads and genital organs

Produces gametes and sex hormones;
reproduces the organism
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Objective A To identify by name and symbol the principal chemical elements of the
body.

All matter, living and nonliving, consists of building units called chemical
SUIrvey) elements. Of the 110 chemical elements, 92 are naturally occurring and 22

of these are present in significant amounts in most animal tissues. The

chemical composition of the human body is summarized in table 2.1.

Table 2.1 Chemical Composition of the Body

Chemical elements % body composition
Carbon (C) Nitrogen (N) 96%
Oxygen (O) Hydrogen (H)
Calcium (Ca) Phosphorus (P) 3%
Potassium (K) Sulfur (S)
Iron (Fe) Chlorine (CY) Trace quantities
Iodine (I) Sodium (Na)

Magnesium (Mg) | Copper (Cu)
Manganese (Mn) | Cobalt (Co)

Zinc (Zn) Chromium (Cr)
Fluorine (F) Molybdenum (Mo)
Silicon (S1) Tin (Sn)

21 Define the terms atom and molecule and distinguish between these terms.

An atom is the smallest unit of an element that retains its chemical properties. Every pure element
is composed of only one kind of atom. For example, carbon, a key element in a living system, is
composed of only carbon atoms.

A molecule is a combination of two or more atoms, joined by chemical bonds. Molecules may
consist of atoms of the same element (as in the oxygen molecule, O,) or of atoms of different
elements (as in the hydrogen sulfide molecule, H5S). Just as atoms are the smallest units of a
chemical element, molecules are the smaillest unit of a chemical compound. Water is a chemical
compound that is essential for life. It consists of molecules, each containing one oxygen atom and
two hydrogen atoms (H,0).

Chemistry is sometimes called the central science, since its principles
are central to understanding all aspects of science, including biology
and physiology. Chemistry is vitally important in the training of
health care workers. In order to understand the function and even the
dysfunction of the body, a person must understand the component
atoms and molecules and how they interact in the body. Pharmacology is the science
of drugs, including their composition, uses, and effects on the body. Drugs are
chemical compounds that have specific effects on the body’s mechanisms.

22
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Objective B To describe the structure of atoms.

2.2

23

neutrons, and electrons. Particles are characterized by their weights (or
s, masses) and their electric charges (table 2.2). The units for measuring
// weight and charge of the particles are such that a “normal” carbon atom has
a weight of exactly 12 and an electron has a charge of —1. Protons and
neutrons are bound in the nucleus of the atom.The number of protons in the nucleus
is called the atomic number (Z). The atomic number is the same for all atoms of a
given chemical element. Each chemical element has a consistent number of protons
in the nucleus of each of its atoms. Surrounding the nucleus are precisely Z
electrons, making the atom as a whole electrically neutral. Electrons orbit the
nucleus, much as the planets of the solar system orbit the sun. However, because
electrons have properties of waves as well as particles, it is more useful to speak of
energy levels occupied by the electrons. If these energy levels are imagined as
organized into successive shells, then the chemical properties of the element can be
explained in terms of the distribution of the Z electrons among the shells.

@ An atom i1s composed of three kinds of elementary particles: protons,
S

Table 2.2 Subatomic Particles, Weights, and Charges

Particle (symbol) | Weight (approximate) | Charge

Proton (p*) 1 +1

Neutron (n®) 1 0

Electron (e~ 1 -1
ectron (&) 7840

Sketch structures for hydrogen (Z = 1), carbon (Z = 6), and potassium (Z = 19).
The shells of an element are often represented by concentric circles around the nucleus (fig. 2.1).

The capacities of the first four shells are 2, 8, 8, and 18 electrons. The atom is built by one electron
at a time, with a given shell entered only if all interior shells are full.

Hydrogen (H) Carbon (C) Potassium (K)
Figure 2.1 Atomic representation of energy levels, or shells.

What are isotopes?

Atoms of a given element (all containing the same number [Z] of protons) but with different
numbers of neutrons are said to be isotopes of the element. For example, in addition to the standard
6-neutron variety of carbon, there exist 7-neutron and 8-neutron varieties. The atomic weight of an
element, as given in the periodic table of chemical elements, is the average of the weights of all the
isotopes of the element. For example, the weight of 6-neutron carbon is presented as 12.0000;
however, the atomic weight of carbon is 12.01115. Since the number of neutrons in the nucleus
tends to be close to the number of protons, it follows from the information given in table 2.2 that
the atomic weight of an element is roughly 2Z. This rule does not hold up as well for larger atoms,
but is a fairly good estimate in the smaller atoms. Because the various isotopes of an element have
a common electron shell structure, they behave identically in ordinary chemical reactions. However,
the difference in weight often creates a difference in stability and other properties.



24

Cellular Chemistry Chapter 2

.. Isotopes have important medical uses. Although all isotopes of a particular element
behave identically in chemical reactions, some are radioisotopes, whose
radioactivity can be detected by radiographic instruments. Radioisotopes are
frequently used by radiologists and oncologists to diagnose and treat diseases.

Through injection or ingestion, a physician may introduce a radioisotope into the body of
a patient and then track the movement, cellular uptake, tissue distribution, or excretion of
the isotope in the body.

Objective C To describe the structure and bonds of molecules.

24

25

Molecules are structures composed of atoms held together by attractive
s{r'vey) forces called bonds. Ionic bonds form when atoms give up or gain
electrons and become either positively or negatively charged. These
charged atoms are called ions, and those with negative charges are attracted
strongly to those with positive charges. Covalent bonds form when atoms
share electrons. Chemical reactions occur when molecules form, are broken, or

rearrange their component atoms. In chemical notation, subscripts denote how many
atoms of each element are in one molecule of the compound.

Compute the molecular weight of water (H,0), carbon dioxide (CO,), and glucose

The molecular weight (MW) is the sum of the weights of the atoms composing the molecule
(table 2.3).

Table 2.3 The Molecular Weight of Water, Carbon Dioxide, and Glucose

Water (H,0) atomic weight of H = 1 2x1=2
atomic weightof O =16 1x16=16
MW =18

Carbon dioxide (CO,) { atomic weight of C =12 1x12=12

atomic weight of O =16 2x16=32
MW =44

Glucose (C¢H,0¢) atomic weightof C=12  6x12=72
atomic weight of H = 1 12x1=12

atomic weight of O=16 6Xx16=96
MW = 180

What types of bonds hold atoms together in molecules?

Ionic bonds. An ion is a charged atom that results from the loss or gain of one or more electrons
from the atom’s outer shell, causing it to lose its electrical neutrality. Atoms that gain electrons
acquire an overall negative charge and are called anions. Atoms that lose electrons acquire an
overall positive charge and are called cations. An ionic bond is the electrical attraction that exists
between an anion and a cation. It is not as strong as a covalent bond in which electrons are shared
rather than transferred. The NaCl molecule is held together by ionic bonding (fig. 2.2). Like most
ionic compounds, NaCl has a very high melting point because the molecules have a strong
attraction for each other. Ionic bonds dissociate easily in water.
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Sodium atom Chlorine atom Sodiurg atom Chlorige anion
(Na) (Ch) -

- -
-,
~ -

Sodium chioride n;olecule {NaCl)

Figure 2.2 The formation of an ionic bond in the NaCl molecule.

Covalent bonds. Sometimes atoms share their electrons instead of transferring them completely.
They may share one, two, or three pairs of electrons. Such a sharing of electrons between two
atoms is called a covalent bond. Covalent bonds are extremely strong. A shared pair is indicated
by a short line drawn between the chemical symbols. For instance, in the oxygen molecule, O, two
pairs of electrons are shared (fig. 2.3), and so the molecule may be indicated as O=0.

ORONOO

Oxygen atom Oxygen atom Oxygen molecule

Figure 2.3 The formation of a covalent bond in the O, molecule.

Hydrogen bonds. When hydrogen forms a covalent bond with another atom, such as oxygen, the
hydrogen atom often gains a slight positive charge as the larger oxygen atom exerts a stronger pull on
the shared electron pair. The now slightly positive hydrogen atom has an affinity for the slightly
negative oxygens of other molecules of the same compound, and this attraction is called a hydrogen
bond (fig. 2.4). It is not a bond that forms new molecules, but rather a weak “bond” between
molecules. Hydrogen bonding is not nearly as strong as covalent or ionic bonding, but it plays an
important role in determining the properties of water and many other compounds that are vital to life.

Hydrogen bond

Oxygen

L— Water molecule

Hydrogen

Figure 2.4 The configuration of hydrogen bonds between water molecules.
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Water is a unique and special compound for many reasons. It covers

about 70% of the Earth’s surface and is the only compound that exists

in all three states (solid, liquid, and gas) in the normal temperature

range of nature. It accounts for most of the body mass of every

organism, and has the special properties of surface tension, adhesion,
cohesion, and capillary action. These properties, as well as water’s characteristic
boiling and freezing points, are due to the hydrogen bonding between water
molecules. Water is known as the universal solvent and serves as the medium for
nearly all biochemical reactions. In our bodies, the delicate homeostatic balance of
nearly every substance depends on the presence and properties of water.

Objective D To understand the concept of moles.

2.6

2.7

A mole (mol) is a unit of measurement, just like a liter or a meter. It is a unit

s{I'VeY) of weight, and it always contains 6.022 x 1023 molecules. A mole of water
therefore contains 6.022 x 1023 molecules of water, and a mole of helium
contains exactly 6.022 x 1023 helium atoms. A mole of any substance is
equal to the same number of grams as the molecular weight of the
substance.

How many grams do 2 moles of table salt (NaCl) weigh?

molecular weight of NaCl = 23 + 35 = 58

How many water molecules are in 1 mL (milliliter) of water?

ImLH,0 =1¢g
1 mol H,0 = 18 g
1 mol H,0 = 6.022 x 1023 H,0 molecules

( mL)( lg ( 1 mol

( 6.022 x 10% molecules
mL /{ 18 ¢g

e o I T _.) = 3.34 x 10%? molecules
mol

Objective E To define the terms mixture, solution, suspension, and colloidal suspension.

2.8

/w When two or more substances combine without forming bonds with each
SYrVeY) other, the result is a mixture. Solutions are mixtures in which the molecules

of all the combined substances are distributed homogeneously throughout

the mixture. Solutions include solids dissolved in liquid, as with salt water,

and metals dissolved in each other, as in metal alloys. A suspension is a
mixture in which particles of one substance are suspended in another substance, but
not evenly distributed down to a molecular level. The particles in a suspension will
settle out of the mixture, like the dust settling out of the air in a room, but the
particles of a colloidal suspension are so small that they do not settle out.

~

What is a solvent? A solute?

Solutions are the most important kind of mixtures in organic chemistry, and most biological
solutions consist of some solid substance dissolved in water. In this case, water serves as the
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2.9

solvent of the solution, and the substance, be it a salt, sugar. or protein, is the solute. A practical
definition of a solvent is that it is the substance of any solution present in greatest proportion, often
water. All other substances are considered solutes. The distinction becomes less useful in solutions
such as metal alloys, which may have equal amounts of two or more substances.

How are concentrations in solution measured?

Concentrations of solute in a solution may be measured in several ways, and the most appropriate
way is determined by ease or need. For example, it is sometimes most useful to measure the
percentage of the solute in the solution. Molality is a measure of the moles of solute per kilogram
of solvent. Molarity (M) is a measure of the moles of solute per liter of solution. Molarity is by far
the most frequently used measurement for biological solutions.

Objective F To describe acids, bases, and the pH scale.

2.10

2.11

2.12

In any sample of water, a certain minuscule proportion of water molecules
exists in an ionized form, as H* (hydrogen ions) and OH- (hydroxide
ions). In pure water, the number of H+ equals the number of OH-, and the
concentration of each is 10-7 M. Chemical substances that, when added to
water solutions, increase the concentration of H* are called acids; those that
increase the concentration of OH- are called bases. The acidity of basicity of a
solution is expressed as a value on the pH scale, which is a number derived from the
logarithm of the concentration of hydrogen ions.

s{rvey

What is the pH of pure water?

Since pure water has a hydrogen ion concentration of 10~7 M, its pH is 7. This is found by taking
the logarithm of the Ht concentration, which is -7, and changing the sign to make it positive.
Therefore, if the Ht concentration of a solution is 102 M, the pH would be 2.

What is a strong acid? A weak acid?

Strong acids are acids that dissociate completely in water; or in other words, every one of the acid
molecules loses its proton in the water solution. Examples of strong acids are hydrochloric acid
(HCI) and sulfuric acid (HySOy). Weak acids are acids that only partially dissociate; in other words,
some but not all the molecules lose their protons in the water solution. Mole for mole, strong acids
generally change the pH of a solution more significantly than do weak acids. However, weak acids
and the salts they form are extremely important in organic chemistry, as they are the basis of
buffers.

Define the term salr.

Salts are ionic compounds formed from the residue of an acid and the residue of a base. When an
acid loses its proton and a base loses a hydroxyl group (OH™), the remaining ions of the molecules,
if both are present in the solution, will sometimes bind to each other, forming a salt. The reaction of
HCI (an acid) with NaOH (a base) to form table salt (NaCl) is an example:

HCl + NaOH —= H,0 + Na(Cl

acid base water salt

Objective G To define buffer.

A buffer is a combination of a weak acid and its salt in a solution that has
the effect of stabilizing the pH of the solution. If a solution contains a buffer,
its pH will not change dramatically even when strong acids or bases are
added. When acid is added to the solution, it is neutralized by the salt of the
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2.13

2.14

weak acid. When base is added to the solution, it is neutralized by the weak acid
itself.

What is the pH of blood and how is it maintained at a constant level?

Blood has a pH of 7.4, which means it is slightly more basic than water. Blood maintains its pH in
homeostasis (steady state) by means of the bicarbonate buffer system, which is regulated by the
amount of carbon dioxide dissolved in the blood. The acid of the buffer system is carbonic acid,
H,CO5, which forms from carbon dioxide and water. The salt is sodium bicarbonate, which exists
in solution as bicarbonate ions, HCO4™.

List the most important buffer systems in the body and indicate their locations.
See table 2.4.

Table 2.4 Buffer Systems and Their Locations

Bicarbonate buffer | Blood, extracellular fluid (most easily adjusted body buffer)

Phosphate buffer Kidneys, intracellular fluid

Protein buffer All tissues (most plentiful body buffer)

Objective H To distinguish between inorganic and organic compounds.

2.15

2.16

Inorganic compounds do not contain carbon (exceptions include CO and
s4I'vey) CO,), and are usually small molecules. Organic compounds always

contain carbon and are held together by covalent bonds. Organic

compounds are usually large, complex molecules. Both inorganic and

organic compounds are important in biochemistry, the study of chemical
processes that are essential to life.

List some inorganic compounds important in living organisms.

Water, oxygen, carbon dioxide, salts, acids, bases, and electrolytes (such as Na*, K*, and CI7).

Electrolytes have tremendous clinical significance. They function in

every body system and are often an essential link in a body process.

Electrolytes form when certain solutes held together by ionic bonds

dissolve in water, yielding free ions in the water solution. The most

important of these ions include potassium (K*), sodium (Nat),
chloride (CI-), and calcium (Ca?*). Electrolytes are important in the transmission of
nerve impulses, maintenance of body fluids, and functioning of enzymes and
hormones. Many disorders, such as kidney failure, muscle cramps, and some
cardiovascular diseases, involve imbalances in electrolyte levels.

List the four major families of organic compounds and give examples of each.
See table 2.5.

Table 2.5 Organic Compounds and Examples

Carbohydrates Glucose, cellulose, glycogen, starch

Lipids Phospholipids, steroids, prostaglandins

Proteins Enzymes, insulin, albumin, hemoglobin, collagen
Nucleic acids DNA, RNA
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2.17 Describe how biochemical compounds are formed and broken down.

All large biochemical molecules are formed by connecting small units together into large
macromolecules in a process called dehydration synthesis. In this process, two units are joined,
creating one large molecule and a single molecule of water. Hydrolysis is the reverse of this
reaction. It is the use of water to break down macromolecules into their component building blocks.
Dehydration synthesis and hydrolysis are the most important biological reactions. In living
organisms, these reactions are usually catalyzed by enzymes, which are proteins that enhance and
speed up reactions.

Objective I To describe the three types of carbohydrates.

All carbohydrates are composed of carbon, hydrogen, and oxygen. The
s{I'VeY) ratio of hydrogen to oxygen in carbohydrates is 2 to 1. Carbohydrates are
classified as monosaccharides (simple sugars, such as glucose);
disaccharides (double sugars, such as sucrose); and polysaccharides
(complex sugars, usually composed of thousands of glucose units, such as

glycogen).

2.18 How are carbohydrates used in the body?

1. They serve as the principal source of body energy.

2. They contribute to cell structure and synthesis of cell products.

3. They form part of the structure of DNA and RNA (deoxyribose and ribose are both sugars).
4. They are converted into proteins and fats.

5. They function in food storage (glycogen storage in the liver and skeletal muscles).

2.19 Describe the various forms a monosaccharide may take.

Trioses are three-carbon sugars; fetroses are four-carbon sugars; pentoses are five-carbon sugars;
hexoses are six-carbon sugars; and heptoses are seven-carbon sugars. Structures for the hexose
glucose are shown in fig. 2.5 and structures of two important pentoses are shown in fig. 2.6.

Mg~ ©
|
H C OH
HO—C~H
|
i
HC -
B oH:on HOCH OH HOCH
H- ¢ OH K 4—O H 30 Vzo OH
H |
H H
H—C- O OH H H\i ;H H\; Hi;H
HO OH
h " OH OH OH OH H
Straight chain Ring structure Ribose Deoxyribose
Figure 2.5 Structures of glucose. Figure 2.6 Sugars of RNA and DNA.

2.20 How are disaccharides built up from monosaccharides?

A disaccharide forms when two monosaccharides combine in a dehydration synthesis reaction,
usually catalyzed by enzymes. The synthesis of maltose (a disaccharide composed of two bonded
glucoses) is shown in fig. 2.7,
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—Ha0
+Ho0 GH,OH CH,OH
HA—OH HA4—O0 H
H H
OH H/ OH H
HO OH
H OH H OH
Glucose + Glucose Maitose

Figure 2.7 The formation of maltose (a disaccharide) from two glucoses (monosaccharides).

In a similar fashion: glucose + galactose = lactose
glucose + fructose = sucrose (table sugar)

.. The reverse of these dehydration synthesis reactions, the hydrolysis of the
disaccharides, is the first step in the digestive process for these carbohydrates
in the GI tract. Specific enzymes help to break down disaccharides into their
component monosaccharides. Some common disorders of the body are due to

the lack of these enzymes. The most notable is lactose intolerance, in which the
enzyme lactase that breaks down lactose into glucose and galactose is lacking. Since
lactose is the sugar in milk and other dairy products, a person unable to digest this
sugar will experience gas pains and cramps, as well as diarrhea, after eating foods
that contain milk. The lactose becomes food for bacteria in the GI tract. The person
may be administered doses of the needed enzyme in order to digest the sugar.

2.21 In what ways do polysaccharides differ from monosaccharides and disaccharides?

Polysaccharides, or starches, are sometimes called complex carbohydrates because they contain
many chemical bonds. The body is able to break them down in a more efficient and steady manner,
supplying energy over a longer period of time, than is possible from the digestion of
monosacchrides or disaccharides. Also, polysaccharides lack the characteristic sweet taste of
monosaccharides and disaccharides.

Objective J To describe the chemical composition of lipids.

The building blocks of lipids (fats and oils) are fatty acids, which have long
chains of carbon atoms bonded together and to hydrogen atoms. These fatty
acids bond to a glycerol (a special three-carbon alcohol) to form the basic
lipid molecule (fig. 2.8).

-3H,0

Glycero!l + 3 fatty acids A Lipid (fat)
H +3H20 H
0 o]
/ 7
H—C—0 —C—R H—C—O0—C—R
I 0 } 0
/ /
H—C—0 —C—R' H—C—0—C—H'
0 o]
| / |/
H—L—0 —C—R" H—C—O—C—H
H H

Figure 2.8 The formation of a basic lipid molecule (a triacylglycerol).
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2.22

Distinguish between saturated and unsaturated fats, and give examples of each.

In saturated fats, each carbon in the molecule is bonded to as many hydrogens as possible; there

are no double bonds between carbons. Unsaturated fats have at least one pair of carbons joined by
a double bond.

Saturated:
butyric acid CH;(CH,),COOH
palmetic acid  CH3(CH,);4COOH

Unsaturated:
oleic acid CH3(CH,)7CH=CH(CH,);COOH
linolenic acid  CH;(CH,CH=CH)3CH,(CH,)sCOOH

Objective K To describe the chemical composition of proteins.

2.23

2.24

2.25

Proteins are large complex molecules formed by the dehydration synthesis
s @ of amino acids. The bonds between amino acids in a protein molecule are
, called peptide bonds and link the amino group (NH,) of one amino acid to
/ the acid carboxyl group (COOH) of another amino acid, which may be the
same as or different from that of the first amino acid (fig. 2.9). If the
molecular weight of the chain exceeds 10,000, the molecule is called a protein;
smaller chains are called polypeptides. The function of the protein is determined by
the character of the amino acids it contains. Proteins are the most diverse class of
molecules and their functions vary widely.

NH, COOH NH, COOH
H—C—COOH + NH,ALH - H~(’> CI‘r—H
.L 1. Y
Glycine Glycine Peptide bond

Figure 2.9 The formation of a peptide bond between amino acids.

List the 20 amino acids and give their abbreviations.
See table 2.6.

What is the meaning of the term essential amino acid?

The body is able to convert certain amino acids to others; 12 of the 20 amino acids can be
synthesized in this way. The remaining 8 are known as the essential amino acids because they must
be supplied in the diet.

List some major functions of proteins and give some common examples.

See table 2.7.
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Table 2.6 The 20 Amino Acids

Nonpolar

Polar, uncharged

Polar, charged

Glycine (Gly)

Serine (Ser)

Lysine (Lys)

Alanine (Ala)

Threonine (Thr)

Arginine (Arg)

Valine (Val)

Asparagine (Asn)

Histidine (His)

Leucine (Leu)

Glutamine (Gln)

Aspartic acid (Asp)

Isoleucine (Ile)

Tyrosine (Tyr)

Glutamic acid (Glu)

Methionine (Met)

Cysteine (Cys)

Proline (Pro)

Phenylalanine (Phe)

Tryptophan (Trp)

Table 2.7 Functions of Proteins and Examples

Function of proteins

Examples

Enzyme

Trypsin, chymotrypsin, sucrase, amylase

Transport and storage of molecules

Hemoglobin, myoglobin

Motion Actin, myosin, tubulin (ciliary motion)
Structural support Collagen, elastin
Immunity Antibodies (immunoglobulins)

Neural communication

Endorphins, rhodopsin (pigment for light
reception in the eye)

Intercellular messenger

Insulin, glucagon, growth hormones

Objective L To describe the chemical composition of nucleotides, the components of

2.26

nucleic acids.

As indicated in fig. 2.10, nucleotides have three parts: a phosphate group

S

(solid circle), a pentose sugar, and a nitrogenous base (oval). The pentose is

I, always ribose in RNA and deoxyribose in DNA. The phosphate remains
/ constant from one nucleotide to the next, but the base (in DNA) may be one
of the following four: adenine (A) thymine (T), guanine (G), or cytosine

(C). RNA substitutes uracil (U) for thymine. The nucleotides are joined together by
dehydration synthesis into macromolecules. The structure and function of the DNA

and RNA molecules are discussed in chapter 3.

Explain the difference between purines and pyrimidines.

Of the four nitrogenous bases of DNA, two are called purine bases and two are called pyrimidine
bases. Fig. 2.11 shows two ring structures that contain nitrogen as well as carbon atoms. A
comparison with fig. 2.12 shows that adenine and guanine are built on the purine ring, while

cytosine and thymine are built on the pyrimidine ring.
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O

Phosphate

Figure 2.10 Components of a nucleotide.
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Pyrimidine ring  Purine ring Guanine Thymine

Figure 2.11 Basic ring structures. Figure 2.12 Nitrogenous bases of DNA.

Adenosine triphosphate (ATP) may be termed a nucleic acid because

it is a dinucleotide (a molecule consisting of two nucleotides). ATP,

the final product from the breakdown of glucose and all other foods,

is the universal energy (“currency”) molecule of the body. Any time a

cell or tissue needs energy, it breaks an ATP molecule apart to get that
energy. The amount of ATP the body uses daily is staggering. If the molecules were
not recycled, each day we would need a store of ATP that weighed approximately 50
pounds.

Review Exercises
Multiple Choice

1. A neutral atom contains (@) the same number of electrons as it does protons,
(b) more protons than electrons, (c¢) the same number of electrons as it does
neutrons, (d) more electrons than protons.

2. The number of protons in an atom is given by the (@) mass number, (b) atomic
number, (¢) difference between the atomic number and the mass number, (d) atomic
weight.

3. A compound is a molecule (@) composed of two or more atoms, (b) composed of
only one type of atom, (¢) linked only by covalent bonds, (d) containing carbon.
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10.

11.

12,

13.

14.

15.

16.

17.

18.

Bonds that result from shared electrons are called (@) ionic bonds, (b) covalent
bonds, (c) peptide bonds, (d) covalent or peptide bonds, (e) ionic or covalent bonds.

Bonds that result from shared electrons are called (a) ionic bonds, (b) covalent
bonds, (c) peptide bonds, (d) polar bonds, (e) all of the preceding.

Molecules composed only of hydrogen and carbon are called (a) carbohydrates,
(b) inorganic molecules, (¢) lipids, (d) hydrocarbons.

Which of the following is a false statement?

(a) Carbohydrates are linked through dehydration reactions.

(b) Carbohydrates are composed of carbon, hydrogen, and oxygen.

(c) Carbohydrates consist of a carbon chain with an acid carboxyl group at one end.
(d) Carbohydrates are classed as monosaccharides, disaccharides, and
polysaccharides.

Fats are reaction products of fatty acids and (a) amino acids, (b) glycerol,
(¢) monosaccharides, (d) nucleic acids.

Proteins differ from carbohydrates in that proteins (a) are not organic compounds,
(b) are united by covalent bonds, (c) contain nitrogen, (d) provide most of the body’s
energy.

Which is not a component of a nucleic acid? (a) a purine base, (b) a five-carbon
sugar, (c¢) a pyrimidine base, (d) glycerol, (e) a phosphate group

The principal solvent in the body is (are) (a) lipids (oils), (b) water, (c) blood,
(d) lymph fluid.

Which of the following is a false statement?

(a) Acids increase hydrogen ion concentration in solution.

(b) Acids act as proton donors.

(c) Acids yield a higher hydroxide concentration than a hydrogen ion concentration.
(d) Acids have a low pH.

Anabolic reactions are (a) decomposition reactions, (b) synthesis reactions, (¢) not
part of the body’s metabolism, (d) those that break down molecules for use as
energy sources.

Deoxyribonucleotides are named according to (@) the base, (b) the sugar, (¢) the
phosphate group, (d) their position in the macromolecule.

Molecular weight is equal to (a) the sum of all the isotopic weights, (b) the sum of
all the atomic weights, (c) the sum of the atomic numbers, (d) none of the
preceding.

Phospholipids involve a phosphate group and (@) four or more fatty acids, (b) three
fatty acids, (c) two fatty acids, (d) one fatty acid.

Of the following nitrogenous bases, which is found exclusively in RNA?
(a) thymine, (b) guanine, (¢) adenine, (d) uracil

Which represents the correct sequence in ascending order of size? (a) atom, amino
acid, polypeptide, protein; () amino acid, atom, polypeptide, protein; (¢) atom,
amino acid, protein, polypeptide; (d) amino acid, atom, protein, polypeptide
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19.

20.

21.

22.

23.

24.

25.

Ions have (@) only positive charges, (b) only negative charges, (c) either positive or
negative charges, (d) no charges.

Atoms of the same atomic number but of different mass numbers (different numbers
of nuclear particles) are referred to as (a) ions, (b)isotopes, (c) cations, (d) tight
atoms.

Which of the following is not an organic compound? (a) starch, (b) ribose,
(c) carbon dioxide, (d) lipase

Which of the following is a disaccharide? (a) glucose, (b) ribose, (¢) fructose,
(d) lactose

The eight amino acids that cannot be formed in the body from other amino acids are
referred to as (a) essential enzymes, (b) neutral amino acids, (¢) normal amino acids,
(d) essential amino acids.

Dehydration synthesis (a) requires water, (b) results in the splitting of molecules,
(c) is the means for forming disaccharides, (d) occurs when glycogen stores are used
by tissue cells.

Nucleotides lack (@) a phosphate group, (b) an amino group, (¢) a nitrogenous base,
(d) a five-carbon sugar.

True or False

1. Protons and electrons each have many times the mass of neutrons.
2. Of the 110 presently known elements, 75% are found in the body.

3. Sodium has atomic number 11 and mass number 23. Sodium, therefore, has 12
neutrons.

4. Positively charged ions are called cations.

5. Unsaturated fatty acids contain only single covalent bonds between carbon
atoms.

6. Amino acids are linked by peptide bonds to form polypeptides.

7. The specific nature of a protein is determined mainly by its amino acid
sequence and the properties of the respective amino acid R-groups.

8. Substances that increase the hydrogen ion concentration are called bases.
9. Covalent bonds are far more important in living organisms than ionic bonds.

10. Hydrogen, carbon, nitrogen, and oxygen account for about half of the body
weight.

11. Nucleic acid molecules are small and unspecialized molecules.

12. Purine bases have a single ring of carbon and nitrogen atoms.
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Completion
1. A is a combination of two or more atoms joined by
chemical bonds.
2. form when atoms give up or gain
electrons and become either positively or negatively charged.
A(n) bond is the strongest of the chemical bonds.
Composed of thousands of glucose molecules, the “food storage” polysaccharide
in humans is called
are four-carbon sugars.
Three bound to one
molecule form the basic lipid molecule.
7. fats contain no double bonds between carbon molecules but
fats do.
The base , unique to RNA, substitutes for the base thymine,
The nitrogenous bases and are built
onto the purine ring.
10. are the building blocks of proteins.
Matching
Match the chemical component with its description.
__ 1. Carbohydrates (a) proton acceptor
2. Protons and neutrons (b) adenine and guanine
3. Electrons () C,(H),0),
_ 4. Covalent bonds (d) CI-
__ 5, Nucleic acid (¢) nucleus
____ 6. Lipids (f) proton donor
____ 7. Proteins (g) subshells
___ 8. Hydrogen bonds (h) DNA and RNA
9. Peptide bonds (i) K+
_ _ 10. Purine base () cytosine and thymine
____11. Pyrimidine bases (k) primary structure of proteins
__12. Cation (/) secondary structure of proteins
___13. Anion (m) water insoluble
__14. Acid (n) shared electrons
__ 15, Base (o) H,O0— CIH — COOH

R
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Answers and Explanations for Review Exercises

Multiple Choice

1.

NP

11.
12.
13.

14,
15.
16.
17.
18.
19.
20.
21.
22,
24,

25,

(a) Neutral refers to an absence of electrical charge or balance of opposite electrical charges. Since
electrons carry a negative charge, the same number of protons are needed to balance the overall
electrical charge.

(b) The atomic number represents the number of protons in an atom.

(@) A compound is a molecule composed of two or more atoms (e.g., H>O, NaCl).

(d) Covalent and peptide bonds result from atoms sharing electrons.

(a) Tonic bonds result from the transfer of electrons.

(d) The prefix hydro- refers to hydrogen, and the suffix -carbons refers to carbon.

(¢) A carbon chain with an acid carboxyl group at one end is a fatty acid.

(b) Three fatty acid molecules combine with one glycerol molecule to form one fat molecule (see
fig. 2.7).

(¢) Proteins contain nitrogen, whereas carbohydrates contain only carbon, hydrogen, and oxygen.
(d) A nucleic acid is composed of a five-carbon sugar bonded to a phosphate group and either a
purine or a pyrimidine base (see fig. 2.10).

(b) Water is the principal solvent in the body.

(¢) Acids yield a higher hvdrogen ion concentration. Bases yield a higher Aydroxide concentration.
(b) Anabolic reactions include the synthesis of large energy-storing molecules, such as glycogen, fat,
and protein.

(a) The components of DNA nucleotides are identical except for the nitrogenous base,which
determines the chemical nature of the entire molecule.

(b) The molecular weight is calculated by adding the atomic weights of all the atoms in the molecule.
(¢) Phospholipids involve a phosphate group and two fatty acid molecules.

(d) The nitrogenous base uracil is found exclusively in RNA.

(a) Atoms are the building blocks for amino acids. Several amino acids strung together form a
polypeptide. Several polypeptides strung together form a protein.

(¢) Tons can be positively or negatively charged (e.g., Na*, CI-, H*, OH™).

(b) Isotopes of an atom contain the same number of protons but a different number of neutrons.

(¢) Carbon dioxide (CO;) and carbon monoxide (CO) are the only notable exceptions to the rule that
molecules containing carbon are organic molecules. These molecules form in natural processes that
do not involve other organic molecules, as well as in organic systems.

(d) Lactose is composed of two monosaccharides: glucose and galactose bound together.

(d) The essential amino acids are those eight that cannot be formed within the body.

(¢) A disaccharide forms when two monosaccharides combine in a dehydration synthesis reaction
(see fig. 2.6).

(b) A nucleotide consists of a five-carbon sugar covalently bonded to a nitrogenous base and a
phosphate group.

True or False

p— ot
Ll

i F AR ES o i

False; protons and neutrons are many times more massive than electrons

False; of the 106 known elements, only about 22 (21%) are found in the body

True

True

False; unsaturated fatty acids contain two covalent bonds between carbon atoms

True

True

False; bases increase the hydroxide ion (OH™) concentration while acids increase the hydrogen ion
(H*) concentration

True

False; H, C, N, and O account for over 90% of human body weight

False; nucleic acids are large, highly specialized molecules

False; purine bases have a double ring of carbon and nitrogen atoms; pyrimidine bases have a single
carbon and nitrogen ring
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Completion

1. molecule 6. fatty acids, glycerol

2, Ionic bonds 7. Saturated, unsaturated

3. covalent bond 8. uracil

4. glycogen 9. adenine, guanine

5. Tetroses 10. Amino acids
Matching

1. (o) 6. (m) 11. ()

2. (e) 7. (o) 12, ()

3. 8. ) 13. @

4. (n) 9. (k) 14. (H)

5. 10. (b) 15. (o)
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Objective A To distinguish between prokaryotic and eukaryotic cells.

DNA

3.1

Prokaryotic cells (fig. 3.1a) lack a membrane-bound nucleus; instead they

S{IVeY) contain a single strand of nucleic acid. These cells contain few organelles.
A rigid or semirigid cell wall surrounding cell (plasma) membrane gives the
cell its shape.

Eukaryotic cells (fig. 3.1b) contain a true nucleus with multiple chromosomes.
They also have several types of specialized membrane-bound organelles. Like
prokaryotes, eukaryotic cells have a cell (plasma) membrane. Since all human cells
are eukaryotic, most of this chapter will focus on eukaryotic cells and their
functions.

Flagelium

Nuclear

Cell wall Nucleus
membrane

(chromatin)

Cell membrane

Cell membrane
/ Mitochandrion
Ribosomes Nucleolus I

Endoplasmic reticulum

o Microtubules
ra

e

Vacuole

-~ =y

(a) o

Figure 3.1 The structure of (a) a prokaryotic cell and (b) a eukaryotic cell.

apparatus

Pill

Lysosome

Give examples of both prokaryotic and eukaryotic cells.

Bacteria are examples of prokaryotic single-celled organisms, Cyanobacteria (formerly called blue-
green algae) are also prokaryotic organisms.

Organisms composed of eukaryotic cells include protozoa, fungi, algae, plants, and invertebrate and
vertebrate animals.

.. Note that viruses are not classified as either prokaryotes or eukaryotes. Since
they meet some, but not all, criteria for life, there is debate as to whether
viruses are living organisms. They do carry DNA (or sometimes RNA), and
pass it from generation to generation, but they do so only as parasites by

making use of the reproductive process of a living host cell. They do not metabolize,
respond to the environment, secrete or excrete. Still, viruses play an important role

39
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as pathogens, causing many common diseases, including the common cold, flu,
polio, measles, chicken pox, and AIDS. Viruses are useful in genetic research,
providing one means by which molecular biologists can introduce genetic material
from one organism into another.

Objective B To describe the structures common to all cells.

32

3.3

34

Both prokaryotic and eukaryotic cells are bound by a cell (plasma)

SYFVEY) membrane. The genetic information of the cell is encoded in DNA, which

' is organized into bodies called chromosomes. The fluid matrix of the cell’s

interior is the cytoplasm. All cells express their genetic information by

manufacturing proteins at small, granular organelles called ribosomes,

which are made of RNA and proteins. Some prokaryotes, and some eukaryotes as

well, have a cell wall in addition to the cell membrane. The cell wall gives extra
protection and rigidity to the cell.

Describe the cell (plasma) membrane.

A major component of the cell membrane is phospholipid, a lipid (fat) molecule with a charged
phosphate group at one end (fig. 3.2). The phosphate group interfaces with the water both inside
and outside the cell. The lipid “tails” of the molecules face each other creating a lipid bilayer. This
layer is embedded with proteins of various shapes and sizes. Some of the proteins have
carbohydrate components, which may act in cellular recognition. Such carbohydrates are
responsible for differences in blood type, for example. Depending on the temperature, the
molecules of the membrane have different properties and may move within the two-dimensional
structure.

Sugar molecules Proteins

Phospholipid
bilayar

AR

=
Z
=
=
=
=
z
=
=
Z
;’.
2
2|

Membrane pore

Figure 3.2 The structure of the cell membrane.

What is meant by selectively permeable, and why is this term applied to the cell
membrane?

Permeable means that substances can pass through. Selectively permeable means that certain
substances can pass through, but not others. One of the important functions of the cell membrane is
to regulate which substances are admitted into and out of the cell. Water, alcohol, and gases readily
pass through the cell membrane, but ions, large proteins, and carbohydrates do not.

What are the processes by which substances are transferred across cell
membranes?
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3.5

3.6

3.7

Diffusion — The movement of any substance from an area where it is more concentrated to an area
where it is less concentrated. Oxygen enters the cell in this manner. It moves from the blood, where
it is concentrated, to the inside of the cell, where it is not concentrated.

Osmosis — A type of diffusion, but involving only the movement of water across a membrane. The
water moves to the side of the membrane that contains the most molecules of solute dissolved in it.

Facilitated transport — Accomplished by proteins that form gates, or channels, in the membrane,
allowing the passage of large or charged molecules that would otherwise be restricted.

Active transport - The process of using energy to “pump” molecules across the membrane against
the normal direction of diffusion. ATP is requi~~d.

Phagocytosis — The process by which a cell engulfs a foreign substance or body, like an amoeba
engulfing its prey. The engulfed substance becomes contained in a membrane-bound vesicle before
being digested or used otherwise.

Pinocytosis — The pumping of water across the membrane.

List the components of cytoplasm.

Cytoplasm is the fluid matrix within a cell. Consisting primarily of water, it suspends minute
structures called organelles. Dissolved in the cytoplasm are

Gases, such as oxygen and carbon dioxide

Cellular wastes, such as urea

Building-block molecules, such as amino acids, fatty acids, and nucleotides
Food molecules, such as glucose

Ions, such as potassium (K*), sodium (Nat), chloride C1-), and calcium (Ca2+)
Proteins and RNA

Organelles of the cell, such as ribosomes and mitochondria (eukaryotes only)
ATP and other energy-carrying molecules

Hormones, drugs, or toxins transmitted by the blood

WX W —

Explain the function of ribosomes.

Ribosomes are commonly called the “protein factories” of the cell. They are responsible for the
process of translation, or taking the information from the DNA, encoded on RNA, and using it to
create the proteins needed by the cell (see Objective D). Ribosomes are able to bond amino acids
into long chains, in which the order of the different amino acids determines the properties and
functions of the resulting protein. Ribsomes make proteins only when directed to do so by a piece
of mRNA synthesized by the DNA in the nucleus. (Since prokaryotes have no nucleus, the
ribosomes can work from the RNA before it has even left the DNA.)

Why is a cell wall needed in plants but not in animals?

The cells of all plants are surrounded by a rigid cell wall to the inside of the cell membrane. The
pressure of the water inside the cell against the cell wall (turgor pressure) provides a rigidity to
plants. This enables them to maintain their shape against gravity, wind, or other forces. Animals
have adapted to the same forces by developing skeletal systems of various kinds, which generally
allow more freedom of movement. The bony endoskeleton of humans and other vertebrates makes a
cell wall unnecessary.

.. The cell walls of many kinds of bacteria are important in microbiology and in
the use of antibiotics in clinical medicine. Whereas plant cell walls are made
of cellulose, a glucose polymer, bacteria have cell walls made of
peptidoglycan, a mixture of protein and carbohydrate. Gram positive bacteria

are those that have a very simple cell wall and that readily accept chemical stains.
They are also susceptible to antibiotics, which can readily penetrate the cell wall.
Gram negative bacteria are more resistant to both stains and antibiotics. Gram
staining provides the means for classifying the many kinds of bacteria. Some
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antibiotics, notably penicillin and its analogs, act by inhibiting the formation of the
cell wall when bacterial cells divide.

3.8  What is the molecular composition of a chromosome?

DNA in the nucleus is wound tightly around proteins called histones (fig. 3.3). This wound strand
is then coiled again many times around other proteins into large, rod-shaped molecules known as
chromosomes. The DNA and proteins together are called chromatin. When a section of DNA is
actively being expressed or replicated, that region of the chromosome is not tightly wound, but
rather uncoiled to allow enzymes access to the DNA for replication or transcription.

Figure 3.3 The structure of a chromosome. (a) A DNA double helix, (b) nucleosomes on

3.9

a segment of DNA, (c) a chromatin fiber, (d) looped domains, (¢) a portion of a
chromatin (heterochromatin), and (f) a chromosome in metaphase.

How many chromosomes do humans have in each cell?

Every species of organism has a distinct number of chromosomes in each cell nucleus. Humans
have 46 chromosomes, or 23 pairs (diploid) in each somatic (body) cell. The sex cells (gameres,
sperm and eggs) have 23 chromosomes (haploid).

.. Some common diseases or developmental problems are related to
chromosome count. Down syndrome is a condition caused by the presence of
an extra chromosome (chromosome #21) in every nucleus. People with Down
syndrome are usually mentally handicapped to some degree, exhibit

characteristic developmental abnormalities, and appear to be extremely prone to
developing other diseases, such as Alzheimer’s disease. In addition, they generally
have a shorter life span than other people.

Objective C To describe the organelles of eukaryotic cells.

\ An organelle is any subcellular structure having a specific function. In
S4FVeY) addition to the structures mentioned in Objective B, most eukaryotic cells
have some or all of the organelles listed in table 3.1.
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Table 3.1 Organelles of Eukaryotic Cells

Organelle Structure Function

Nucleus Round or oval organelle; Storage of genetic material;
contains nucleolus and is control center for all cellular
surrounded by nuclear activities
membrane; contains DNA
organized into chromosomes

Nucleolus Round mass of RNA within Center for organizing
nucleus ribosomes and other products

with RNA

Ribosomes Granular particles composed | Synthesis of proteins
of proteins

Endoplasmic Membranous network through

reticulum (ER)

cytoplasm; continuous with
cell and nuclear membranes

Rough ER Membranous network with Synthesis of proteins for use
attached ribosomes outside a cell
Smooth ER Lacking ribosomes Steroid synthesis; intercellular

transport; detoxification

Golgi apparatus

Stacked membranes and

Packaging of proteins

3.10

(complex) vessels (cisternae) roduced at rough ER;
ormation of secretory
vesicles and lysosomes
Mitochondria Rodlike or oval organelles; ATP production (through
membrane forms folds Krebs cycle and oxidative
called cristae phosphorylation)
Lysosomes Dense vesicles filled with Breakdown of worn cellular
enzymes components or engulfed
particles
Secretory Membrane-bound sacs Storage of proteins and other
vessicles synthesized material destined
for secretion
Microtubules Long, hollow structures; made | Structural support; involved in
of polymerized tubulin cell divisions, cell
(protein) movement, and transport
Microfilaments LonF, solid fibers; made of Structural support; involved in
polymerized actin (protein) cell movement
Centrioles Two short rods or granules, Involved in cell division;
composed of nine sets of movement of chromosomes
three fused microtubules; during mitosis
located near nucleus
What tissues would logically contain cells with large amounts of rough ER? With

large amounts of smooth ER?

Cells that manufacture proteins for secretion contain large amounts of rough ER. For example, the

acini cells in the pancreas contain many rough ER organelles because they secrete the digestive

enzyme trypsin.
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Cells that manufacture steroids, such as in the testes, ovaries, and adrenal glands, contain large
amounts of smooth ER organelles. Smooth ER is also plentiful in the hepatocytes (liver cells),
which are responsible for detoxifying blood and metabolizing toxins.

3.11 Describe the digestive action of a lysosome on a substance ingested by the cell
through endocytosis.
See fig. 3.4.

Vacuole

{with particie) Cell wall

Lysosomes
Foreign particles

Invagination @ Lysozyme enters

vacuole

Lysozyme breaks
down particle

Lysozyme further
breaks down particle

Usable breakdown products
are absorbed into cell

Figure 3.4 The digestive action of a lysosome on an ingested particle in the cell.

Many cell biologists believe that mitochondria, as well as chloroplasts in

. ) Plants, evolved as independent prokaryotic cells which then developed an

\‘i‘g endosymbiotic relationship with larger cells. It is believed that these small

prokaryotes gradually became dependent upon the larger host cells for food

and protection as the host cells became dependent upon the smaller cells

for energy production. Much evidence supports this endosymbiont theory, including

similarities between genetic and protein material found in modern prokaryotes and
organelles such as mitochondria and chloroplasts.

Objective D To describe the processes of replication, transcription, and translation.

Replication refers to the process in which DNA makes an identical copy of

§ @ itself prior to cell division. Transcription refers to making mRNA from the

3 DNA template. The mRNA then leaves the nucleus and joins with a

/ ribosome in the cytoplasm to synthesize a protein in a process called

translation. The three processes are sometimes referred to collectively as

the central dogma of biology, since they constitute the method common to ail life for
the expression of genetically encoded information.

3.12 Diagram and describe the structure of the DNA molecule.

Each strand of DNA is composed of nucleotides linked together by phosphodiester bonds. The two
strands are then wound around each other in a right-handed direction to form a double helix (fig.
3.5). The strands are complementary to each other, meaning that the bases of one strand are
matched with their complementary bases on the other strand, A with T and C with G. (See chapter
2 for an explanation of the bases of DNA.)



Chapter 3 Cell Structure and Function 45

Base pairs

Sugar-phosphate
backbone

Figure 3.5 The double-helix structure of DNA.

3.13 Describe the events in replication.

Each step in the process of replication is accomplished by enzymes designed specifically for that
step (fig. 3.6). An enzyme called Aelicase first unwinds the double helix into two parallel strands,
then “unzips” the two strands. DNA polymerases I and III then move in between the separated
strands and copy them both by adding complementary bases to each strand, one at a time, until
finally there are two double strands, identical to each other. Other enzymes prime the DNA, check
the copies for mistakes, and fix mistakes where they have occurred. The entire process is
remarkably accurate. The various enzymes that function at different stages reduce the error rate to
one in 10 billion bases copied.

Base pair

Parent DNA
double helix

DNA polymerase

Replica DNA
Replica DNA

Figure 3.6 The steps of replication.

.. A mutation is an unrepaired mistake in replication. Mutations are surprisingly
rare for the amount of replication that takes place. Still, they play an important
role in creating diversity in the genetic makeup of a species. Most mutations
are harmless or unnoticeable. Some may be harmful or even lethal to the

organism, and others may be beneficial. Some mutations occur spontaneously, but
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many are induced by various substances or factors called mutagens. Common
mutagens include radiation (from sunlight or X rays) and chemicals in certain dyes,
sweeteners, and preservatives.

3.14 Describe the events of transcription.

Like replication, transcription takes place in the nucleus. It is instigated by specific enzymes. The
process of transcription is similar to replication, except that the copying enzymes are RNA
polymerases and the result is a single strand of RNA that is complementary to one of the DNA
strands copied (fig. 3.7).

RNA polymerase

DNA strand l'

Bases

DNA strand unraveled for

Transcribed RNA transcription
RNA strand

Figure 3.7 The process of transcription.

3.15S What are introns and why are they thought to be important?

After the DNA has been transcribed, the result is a single strand of RNA. This RNA undergoes
several modifications before it leaves the nucleus to find a ribosome and begin the process of
translation. One of the most significant modifications is the excision of introns. These noncoding
pieces of the strand are cut out and never leave the nucleus. The rest of the RNA strand, known as
the exon, leaves the nucleus for the cytoplasm and translation (see fig. 3.7). Introns apparently
serve no purpose after their excision, and seem to be the result of an “editing” process before the
RNA leaves the nucleus. What controls which section becomes introns is unknown, but the answer
may provide insights into the larger question of gene expression and control.

3.16. Describe the events of translation.

The events of translation take place in the cytoplasm at a ribosome. The messenger RNA (mRNA)
from the nucleus is held by the ribosome as its sequences of nucleotides are translated into a
sequence of amino acids. The process is accomplished by enzymes. The nucleotides of the mRNA
are read in groups of three, called codons. The codons are matched with the complementary
anticodons of specific transfer RNA (tRNA) molecules. A tRNA molecule with a certain anticodon
carries a specific amino acid and places it in the growing peptide chain that will eventually be a
completed protein molecule. The order of the amino acids in the chain is called the primary
structure of the protein. It is this structure that determines the properties and functions of the
molecule.

Objective E To describe the processes of mitosis and meiosis.

Mitosis is the process of normal cell division (fig. 3.8). It occurs whenever
body cells need to produce more cells for growth or for replacement and
repair. The result of mitosis is two identical daughter cells with the same
chromosomal content as the parent cell.
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Maeiosis is the process of gamete (sex cell) formation. It resembles mitosis in many
ways, except that the end result is four daughter cells, each with half the
chromosomal content of the parent cell (fig. 3.8).

Mitosis Meiosis
Interphase DNA
|nte(r2p':|)ase ?e’;fi‘cation (2N) replication
Prophase | Homologous
(4N) chromosomes
pair

Prophase Cromatids
(4N) become visible
. _y Metaphase | Homologous
{4N) chromosomes
align

Anaphase |
Metaphase Chromasomes (@N)
(4N) align
‘ Telophase | Cell
Anaphasge Cell division (N i division
(aN) begins >
Metaphase Ii \/

Twin chromatids
move to opposite
poles

(2N)

P

Anaphase il

Cytokinesis (2N p

completes

Telophase
2(2N)

Telophase li
(IN)

Figure 3.8 Stages of mitosis and meiosis.

3.17 Do the mutations that occur in mitosis and in meiosis have the same effect?

Mutations that occur during mitosis are not passed on to the next generation. Only the genetic
information contained in gametes is passed to the offspring. Mutations that occur during meiosis,
therefore, may establish traits or characteristics in all following generations.
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3.18

Why are chromosomes organized into pairs in organisms that reproduce sexually?

In all cells, except for gametes, each chromosome has a homologous partner chromosome
containing genes for the same traits. This pairing of chromosomes with similar traits is called a
diploid (2N) condition. The letter N represents the specific number of chromosomes in each cell of
a species, and the 2 means that this number is doubled. The N chromosome number in humans is
23, and twice that number (or 46) is the number of chromosomes in each body cell. Usualily only
one or the other gene is expressed in each pair (see chapter 24). In mitosis, interaction between the
homologous pairs is not critical, but in meiosis, gametes can form correctly only if each
homologous pair separates in meiosis I. This means that each gamete carries one gene per trait.
When one gamete from a parent organism is fertilized by combining with a gamete from another
parent of the same species, the homologous chromosomes match up with each other. This
interaction determines which genetic traits will be expressed in the offspring.

Cell division is an important mechanism for maintaining homeostasis

in the body. As cells divide, they proliferate and differentiate. It is

through this process that various genes contained in the nucleus of the

cell are turned on or turned off to produce cellular specializations. In

this way, for example, an undifferentiated “stem” cell in red bone
marrow may become a red blood cell or a white blood cell. Developing stem cells in
the pancreas may become a group of endocrine, hormone-secreting cells or a group
of exocrine, enzyme-producing cells. The ways in which cells differentiate depends
on the needs of the organism and the built-in genetic mechanisms for control of
development and function.

Objective F To define cellular communication, contact inhibition, and cancer.

3.19

Cells adjacent to each other or distant from each other must often
S@ communicate in order for a body system to function normally. This

communication may be accomplished in several ways. Chemical

messengers, such as hormones or neurotransmitters (fig. 3.9), can accelerate

or inhibit cellular functioning. Physical contact of one cell with another
may trigger contact inhibition, which is frequently expressed as a repression of
mitosis. When cells fail to respond to contact inhibition and continue to divide
uncontrolled, the condition is called cancer.

Diagram the connection of adjacent nerve cells.
A synapse (fig. 3.9) is the space between the axon terminal of one nerve cell (neuron) and the

dendrite of the next nerve cell. It is at the synapse where chemical messengers (neurotransmitters)
have their effect (see chapter 9).

Axon
terminal @ /

Presynaptic membrane

Synaptic cleft

Neurotransmitter

Synaptic vesicle

Neurotransmitter

Dendrite Neurotransmitter

Postsynaptic membrane receptor site

Figure 3.9 A synapse is the space between a presynaptic neuron and a postsynaptic neuron.
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3.20

3.21

3.22

3.23

3.24

Describe the manufacture and secretion of a protein hormone.

Hormones are proteins, steroids, or other molecules (see chapter 13). Protein hormones are
produced through the process of translation (as are other proteins) at a ribosome. Because the
hormone is destined for secretion from the cell, the protein is contained in a membrane vesicle and
packaged for secretion by the Golgi apparatus (see table 3.1). When a cell is stimulated to release
hormones through a feedback mechanism, the membrane vesicle fuses with the cell membrane and
the contents of the vesicle diffuse into the interstitial fluid surrounding the cell. Hormones are
quickly carried by the blood to their target locations.

List some common kinds of cancer and their frequency of occurrence in the United
States.

See table 3.2.

Table 3.2 Kinds of Cancer and Frequency of Occurrence

Lung cancer 20% of all cancers in men; 11% in women
Breast cancer 28% of all cancers in women

Prostate cancer 21% of all cancers in men

Skin cancer (melanoma) 3% of all cancers in both men and women
Colon/rectal cancer 15% of all cancers in both men and women
Ovarian cancer 4% of all cancers in women

Uterine cancer 9% of all cancers in women
Leukemia/lymphomas 17% of all cancers in men, 7% in women

What are some causes of cancer?

Finding out what causes cancer is the goal of a great deal of research. Some evidence indicates that
certain viruses have tumor-inducing effects. Similar effects may result from genes carried normally
in the genome that are activated by unknown stimuli. Many substances, collectively called
carcinogens, are known to cause cancer. Generally, a critical level of exposure is needed for a
substance to be carcinogenic. Known carcinogens include tobacco, alcohol, radiation from the sun
and from X rays, industrial chemicals (such as asbestos and vinyl chloride), a high-fat diet, and
certain drugs (such as steroids).

List the warning signs that may indicate the development of cancer.

The warning signs of cancer are listed below. People with any of these symptoms should consult a
physician immediately.
¢ A lump or thickening in the breast or any other part of the body
*» A sore that does not heal
Rapid change in a birthmark, wart, or mole
A hoarse voice or cough that does not go away
Indigestion or difficulty swallowing
Unusual bleeding
A change in bowel or urinary habits

List and describe some methods of treating cancer.

Surgery — Especially effective in removing tumors that have not metastasized (spread to other
locations). Surgery is usually coupled with other treatments.

Radiation therapy — Also known as irradiation, cobalt therapy, or X-ray therapy. Radiation
therapy bombards the cancerous tissue with high-energy radiation, which kills the cells of the
tumor.

Chemotherapy — The use of anticancer drugs. Chemotherapy is the most effective treatment of
cancer that has metastasized.
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All treatments for cancer have limitations, and some may have negative side effects. Treatment is
most effective on cancers that have been detected early and that have not metastasized.

Review Exercises

Multiple Choice

1.

10.

11.

12.

13.

14.

The cell membrane (a) encloses components of the cell, (b) regulates absorption,
(¢) gives shape to the cell, (d) does all of the preceding.

The largest structure in the cell is (@) the Golgi apparatus, (b) the nucleus, (¢) the
ribosome, (d) the mitochondrion.

Which organelle contains hydrolytic enzymes? (a) lysosome, (b) ribosome,
(¢) mitochondrion, (d) Golgi apparatus

In question 3, which organelle is involved in protein synthesis?

Endoplasmic reticulum with attached ribosomes is called (a) smooth ER, (b) a Golgi
apparatus, (¢) nodular ER, (d) rough ER.

Engulfing of solid material by cells is called (a) pinocytosis, (b) phagocytosis,
(¢) active transport, (d) diffusion.

The cell membrane is a “sandwich” of (a) lipid-protein-lipid, (b) lipid-lipid-protein,
(c) protein-protein-lipid, (d) protein-lipid-protein.

The function of the Golgi apparatus is (a) packaging of material in membranes for
transport out of the cell, (b) production of mitotic and meiotic spindles, (c) excretion
of excess water, (d) production of ATP by oxidative phosphorylation.

The function of mitochondria is (a) packaging of materials in membranes for
transport out of the cell, (b) conversion of light energy to chemical energy in the
form of ATP, (¢) excretion of excess water from the cell, (d) synthesis of ATP by
oxidative phosphorylation.

During protein synthesis, amino acids become linked together in a linear chain by
(a) hydrogen bonds, (b) peptide bonds, (¢) ionic bonds, (d) phosphate bonds,
(e) amino bonds.

Which nucleotide base is absent from DNA? (a) adenine, (b) cytosine, (¢) guanine,
(d) thymine, (e) uracil, (f) none of the preceding

Messenger RNA is synthesized in (a) the nucleus, under the direction of DNA;
(b) the cytoplasm, under the direction of the centrioles; (¢) the centrioles, under the
direction of DNA; (d) the Golgi apparatus, under the direction of DNA.

The sequence of nucleotides in a messenger RNA molecule is determined by (a) the
sequence of the nucleotides in a gene, (b) the enzyme RNA polymerase, (¢) the
sequence of amino acids in a protein, (d) the enzyme ribonuclease (RNase), (¢) the
sequence of nucleotides in the anticodons of tRNA.

The flow of genetic information in most organisms may be indicated as (a) protein-
DNA-mRNA, (b) protein-tRNA-DNA, (¢) DNA-mRNA-protein, (d) four
nucleotides.
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,
285.

The genetic code for a single amino acid consists of (a) one nucleotide, (b) two
nucleotides, (¢) three nucleotides, (d) four nucleotides.

In the DNA molecule, the nitrogenous base adenine always pairs with (a) uracil,
(b) thymine, (c) cytosine, (d) guanine.

The “backbone” of DNA consists of repetitive sequences of phosphate and (a) sugar
(glucose), (b) sugar (deoxyribose), (¢) nucleic acids, (d) protein (ribose).

The molecule to which an amino acid is attached preparatory to protein synthesis is
(a) ribosomal RNA, () messenger RNA, (c¢) transfer RNA, (d) viral RNA,
(e) nucleolar RNA.

The sequence of amino acids in protein molecules is determined by the sequence of
(a) amino acids in other protein molecules, (b) bases in transfer RNA, (¢) bases in
messenger RNA, (d) bases in ribosomal RNA, (¢) sugars in DNA.

A certain gene has 1200 nucleotides (bases) in the coding portion of one strand. The
protein coded for by this gene consists of (@) 400 amino acids, (») 600 amino acids,
(¢) 1200 amino acids, (d) 2400 amino acids, (¢) 3600 amino acids.

If one strand of a DNA molecule has the base sequence ACGGCAC, the other strand
will have the sequence: (@) ACGGCAC, (b) CACGGCA, (c) CATTACA,
(d) UGCCGUG, (e) TGCCGTG.

A transfer RNA has the anticodon sequence UAC. With which codon in the
messenger RNA will it pair? (@) GGC, (b) UAC, (¢) AUU, (d) CAU, (¢) AUG

Chromosome duplication takes place during (a) telophase, (b) interphase,
(c) metaphase, (d) anaphase.

In which phase of question 23 does cytokinesis (cleavage) occur?

The two daughter cells formed by mitosis have (@) identical genetic constitutions,
(b) exactly half as many genes as the parent cell, (¢) the same amount of cytoplasm
as the parent cell, (d) none of the preceding.

True or False

1. Eukaryotic cells lack a membrane-bound nucleus and have few organelles.

2. Active transport does not require energy and is the mechanism by which O,
enters a cell.

3. A plant cell has a cell wall that maintains the cell’s shape against gravity and
other forces.

4. DNA is surrounded by proteins called histones.
5. In Down syndrome, there is an extra #21 chromosome.

6. Cells that produce steroids, such as those within the testes, ovaries, and adrenal
glands, contain large amounts of rough ER.

7. A mutation is an unrepaired mistake in the replication of DNA.

8. Transcription takes place in the cytoplasm of a cell.
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9. Messenger RNA contains anticodons.
10. Meiosis is the process of gamete (sex cell) formation.
11. Agents that may cause cancer are called carcinogens.

12. Chemotherapy is most effective in the treatment of metastasized cancer.

Completion
1. are organisms that are not classified as prokaryotes or
eukaryotes.
2. are resistant to

both stains and antibiotics.

3. is diffusion that involves only the movement of water across

a membrane.

4. DNA and proteins are together called

5. The is a rounded mass of RNA within the nucleus.

6. The sugar in RNA is

7. The N chromosome number in a human cell is

8. are long, hollow structures made of polymerized tubulin.

9. Protein synthesis takes place in the within the cytoplasm.

10. Each strand of DNA consists of linked together by
phosphodiester bonds.

Matching
Match the organelle with its description or function.
__ 1. Lysosome {a) control center of cell
___ 2. Centriole (b) vesicle containing hydrolytic enzymes
3. Golgi apparatus (c) synthesis of steroids and detoxification
4, Ribosome (d) movement of chromosomes during mitosis
_ 5, Nucleus (e) formation of secretory vesicles and lysomes
____ 6. Smooth ER (f) synthesis of proteins

Answers and Explanations for Review Exercises

Multiple Choice

1. (d) The cell membrane is a dynamic component of a cell that has many functions.
2. (b) The nucleus is larger than any of the cytoplasmic organelles.
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10.
11.
12.

13.
14,
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.

(«) Lysosomes contain hydrolytic enzymes that break down cellular components or engulfed
particles.

(h) Ribosomes synthesize proteins. Free ribosomes produce proteins to be used by the cell.
Ribosomes attached to the endoplasmic reticulum produce proteins that are used outside the cell.
(d) The term rough ER is used because of the rough appearance of this organelle.

(h) Phagocytosis is the mechanism by which large, solid materials are taken into a cell.

(d) The cell membrane is a lipid bilayer with protein embedded within and on the outer and inner
surface.

(a) The Golgi apparatus packages secretory material and forms lysosomes.

(d) ATP is produced via the Krebs cycle and oxidative phosphorylation with mitochondria.

(h) Amino acids are linked by peptide bonds.

() Thymine is replaced by uracil in RNA,

(a) All three types of RNA (mRNA, tRNA, and rRNA) are formed in the nucleus under the direction
of DNA.

(¢) mRNA is produced under the direction of nucleotides in a gene.

(¢) DNA > RNA (transcription) > protein (translation).

(¢) The genetic code for a single amino acid consists of three nucleotides called a codon.

(b)Y A-T, C-G

() The sugar in DNA is deoxyribose. The sugar in RNA is ribose.

(¢) tRNA transports an amino acid to the ribosome to be incorporated into protein.

{c¢) The bases in mRNA (three together = a codon) determine the amino acid sequence in protein,
(a) 1200/3 (three in a codon) = 400 amino acids.

(¢) TGCCGTG

(¢) AUG

(b) The chromosomes are duplicated during interphase.

(a) The cell divides (cytokinesis) during telophase.

(@) Each daughter cell has the same number and kind of chromosomes as the original parent cell.

True and False

1. False; prokaryotic cells lack a nucleus and have few organelles
2. False; active transport requires the energy provided by ATP
3. True
4. True
5. True
6. False; they contain large amounts of smooth ER
7. True
8. False; transcription (DNA > RNA) takes place in the cell nucleus
9. False; messenger RNA contains codons

10. True

11. True

12. True

Completion
1. Viruses 6. ribose
2. Gram negative bacteria 7. 23
3. Osmosis 8. Microtubules
4. chromatin 9. ribosomes
5. nucleolus 10. nucleotides
Matching

1. (b) 4. N
2. @) 5 (@
3. (e) 6. (0)
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Objective A To define histology and tissue, and to distinguish between the four major

4.1

4.2

tissue types.

Histology is the microscopic study of the tissues that compose body organs.

SUFVeyl A tissue is an aggregation of similar cells that perform a specific set of

-~ functions. The body is composed of over 25 kinds of tissues, classified as
epithelial tissue, connective tissue, muscle tissue, and nervous tissue.

What are the bases for the classification of tissues?

Classification of tissues is based on embryonic development, structural organization, and functional
properties. Epithelial tissue, or epithelium, embryonically derives from ectoderm, mesoderm, and
endoderm; it covers body and organ surfaces, lines body cavities and lumina (the hollow portions
of body organs or vessels), and forms various glands. Epithelial tissue is involved in protection,
absorption, excretion, and secretion. Connective tissue derives from mesoderm; it binds, supports,
and protects body parts. Muscle tissue derives from mesoderm; it contracts to enable locomotion
and movement within the body. Nervous tissue derives from ectoderm; it initiates and conducts
nerve impulses that coordinate body activities.

What part do the tissues play in clinical diagnosis?

In many cases, a particular disease is indicated by the abnormal appearance of a tissue removed in
biopsy or postmortem examination (autopsy) and microscopically examined.

.. Pathology is a branch of medicine that deals extensively with the study of
tissues. A pathologist is a physician who examines the organs from a cadaver
on both gross and microscopic levels in an attempt to determine the cause of
death. Many diseases cause characteristic changes in the appearance and

function of the cells making up tissues. When a pathologist examines a deceased
person, the procedure is known as an autopsy. When tissues are taken from a living
person for microscopic examination, the procedure is known as a biopsy.

Objective B To describe epithelial tissue on the cellular level and to differentiate

4.3

between the various kinds.

An epithelium (plural, epithelia) consists of one or more cellular layers. The

outer surface is exposed either to the outside of the body or to a lumen or

, cavity within the body. The deep inner surface of epithelium is usually

I/ bound by a basement membrane consisting of glycoprotein from the

epithelial cells and a meshwork of collagenous and reticular fibers from the

underlying connective tissue. Epithelial tissue is avascular (without blood vessels)

and is composed of tightly packed cells. Epithelium composed of a single layer of

cells is called simple; multilayered epithelium is stratified. According to the shape

of the cells on the exposed surface, epithelial tissue is squamous (flattened surface
cells—“scaly™), cuboidal, or columnar.

Catalog the five kinds of simple epithelia as to structure, function, and location
within the body

See table 4.1 and fig. 4.1.
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4.4

Table 4.1 Classification of Simple Epithelial Tissue

Type Structure and function Location
Simple squamous | Single layer of flattened, Forming capillary walls; lining
epithelium tightly bound cells; air sacs (alveoli) of lungs;

diffusion and filtration

covering visceral organs;
lining body cavities

Simple cuboidal
epithelium

Single layer of cube-
shaped cells; excretion,
secretion, or absorption

Covering surface of ovaries;
lining kidney tubules, salivary
ducts, and pancreatic ducts

Simple columnar
epithelium

Single layer of nonciliated
column-shaped cells;
protection, secretion,
and absorption

Lining digestive tract,
gallbladder, and excretory
ducts of some glands

Simple ciliated

Single layer of ciliated

Lining uterine (fallopian) tubes

columnar column-shaped cells; and limited areas of respiratory
epithelium transport role through tract
ciliary motion
Pseudostratified Single layer of ciliated, Lining respiratory passageways
ciliated columnar | irregularly shaped cells; and auditory (eustachian) tubes
epithelium protection, secretion,

ciliary motion

Basement
membrane

Cell membrane
Nucleus

Basement membrane
Connective tissua

Goblet cell

Cell membrane

Connactive tissue layer

Simple columnar epithellum

Ciliated
border
Columnar
cell

Basement
membrane

Simple ciliated columnar eplthellum

A # s
A J-#fo&!ﬁ;}; il Ciliat
IS ,VU)‘ RUSTIY
i Cell
membrane
@ ,\ 0 Nucleus
Goblet ceit
b ® 0
Q Q Basement

membrane

Pseudostratifled ciliated columnar

epithellum (with gobiet celis)

Figure 4.1 A comparison of simple epithelial tissues.

What is the basement membrane?

The basement membrane is a binding material of epithelial tissue in contact with the dividing
layer of cells. Most epithelia have a basement membrane. It consists of glycoprotein from the
epithelial cells and a meshwork of collagenous and reticular fibers from the underlying connective

tissue.
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4.5

True or false: Endothelium and mesothelium are types of simple epithelia.

True in the sense that the simple squamous epithelium lining blood and lymphatic vessels is
frequently referred to as endothelium, while that covering visceral organs and lining body cavities
is called mesothelium.

4.6

Which of the following epithelia contain goblet cells? (@) simple columnar

epithelium, (b) simple ciliated columnar epithelium, (c) pseudostratified ciliated
columnar epithelium

Specialized unicellular glands, called goblet cells, are dispersed throughout all types of columnar
epithelial tissue; they are especially numerous in pseudostratified ciliated columnar epithelium.
Goblet cells secrete a lubricative and protective mucus along the exposed surfaces of the tissues.
The relative numbers of goblet cells in an epithelial lining depends on the need for mucus in the
specific area of the lining. Since pseudostratified ciliated columnar epithelium is found in the
respiratory tract, where abundant mucus is vital, this type of lining has large numbers of goblet

cells.

4.7

within the body.
See table 4.2 and fig. 4.2.

Catalog the four kinds of stratified epithelia as to structure, function, and location

Table 4.2 Classification of Stratified Epithelial Tissue

Type

Structure and function

Location

Stratified squamous
epithelium
(keratinized)

Multilayered, contains keratin
(see problem 4.8), outer
layers flattened and dead;
protection

Epidermis of the skin

Stratified squamous

Multilayered, lacks keratin,

Linings of oral and nasal

epithelium outer layers moistened and cavities, esophagus, vagina,
(nonkeratinized) alive; protection and pliability and anal canal
Stratified cuboidal | Usually two layers of Ducts of larger sweat glands,
epithelium cube-shaped cells; salivary glands, and pancreas
strengthening of luminal walls
Transitional Numerous layers of rounded Lining urinary bladder and
epithelium nonkeratinized cells; distension { portions of ureters and urethra

Squamous
surface cells

Cytoplasm

Basement membrane

Layered transitional
cells

- Basement membrane
- Smooth muscle

Figure 4.2 A comparison of (a) stratified squamous epithelium and () transitional

epithelium.
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4.8

4.9

Define keratinization and cornification and explain the value of these processes in
stratified squamous epithelium.

The terms keratinized and cornified are frequently used interchangeably, although keratin and
corneum are technically different. Keratin is the protein that forms during keratinization in
conjunction with cellular death, as the layered cells are physically moved away from the life support
of the vascular tissue underlying the stratified squamous epithelium (see problem 5.11). As the cells
approach the exposed surface, they become flattened and dried during the process of cornification.
The stratum corneum is the outer layer of the epidermis of the skin, where cornitication occurs.
Keratinization waterproofs the skin and cornification protects the skin from abrasion and entry of
pathogens.

How does transitional epithelium differ from stratified squamous epithelium?

Transitional epithelium is similar to nonkeratinized stratified squamous epithelium, except that the
surface cells of the former are large and round rather than flat, and they may have two nuclet.
Transitional epithelium is specialized to permit distension of the ureters and urinary bladder and to
withstand the toxicity of urine. Distension is possible because the transitional epithelial cells are
able to change their shape, sometimes resembling cuboidal cells and sometimes squamous cells.

.. The appearance and relative numbers of cells in an epithelial lining can be
very meaningful to a pathologist. Too many or two few cells of a certain type
or abnormal levels of secreted products may signal that an organ is diseased or
dysfunctional. In conducting an autopsy, a pathologist carefully examines the

linings of cavities and organs in the body for signs of such irregularities. For
example, cells with pycnotic (flattened) nuclei indicate certain diseases. The
presence of excessive mucus or pus might indicate that a particular organ was
combating an infection.

Objective C To define glandular epithelial tissue and to describe the formation,

4.10

4.11

classification, and function of exocrine glands.

—, During prenatal development, certain epithelial cells invade the underlying

SHTVeY) connective tissue and form specialized secretory accumulations called

exocrine glands. These glands retain a connection to the surface in the form

of a duct. By contrast, endocrine glands lack ducts and secrete their
products (hormones) directly into the bloodstream.

Give examples of exocrine glands and state the body systems with which they are
associated.

Exocrine glands within the integumentary system include sebaceous (oil-secreting) glands,
sudoriferous (sweat) glands, and mammary glands. Within the digestive system, exocrine glands
include the salivary glands, gastric glands within the stomach, and the pancreatic gland.

.. Dysfunction of exocrine glands can result in a variety of symptoms and
diseases. Acne is inflammation of sebaceous glands. Ulcers are stress related
and are accompanied by excessive secretion of hydrochloric acid within the
stomach by parietal cells. Mumps is an infectious disease of the parotid gland

that secretes saliva.

Classify exocrine glands according to structure and give examples of the secretory
product of each type.

See tables 4.3 and 4.4 and fig. 4.3.
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Table 4.3 Structural Classification of Exocrine Glands

Type Function Examples
Unicellular glands Protect and lubricate Goblet cells
Tubular glands Aid digestion Intestinal glands
2 | Branched tubular glands | Protect; aid digestion Uterine glands;
3 gastric glands
»n | Coiled tubular glands Regulate temperature Eccrine sweat glands
Acinar glands Provide additive to Seminal vesicles
spermatozoa
Branched acinar glands | Condition skin Sebaceous glands
= | Tubular glands Lubricate male urethra; | Bulbourethral gland; liver
g aid digestion
& [Acinar glands Provide infant nutrition; | Mammary glands, salivary
E aid digestion glands (submandibular
&) and sublingual)

Tubuloacinar glands

Aid digestion

Salivary gland (parotid);
pancreas

Duct

Sacretory portion

Compound
tubular

Simple
branched
tubular

Simple
acinar

Simpie
colled
tubular

Compound
aclnar

Compound
tubuloacinar

Figure 4.3 The structure of exocrine glands.

Table 4.4 Secretory Classification of Exocrine Glands

Type Function Examples

Merocrine | Anchored cell secretes water; Salivary and pancreatic
regulates temperature, aids glands, certain sweat
digestion glands

Apocrine Portion of secretory cell and Mammary glands,
secretion are discharged; provides|{ certain sweat glands
nourishment to infant, assists
in regulating temperature

Holocrine | Entire secretory cell with Sebaceous glands
enclosed secretion is of skin
discharged; conditions skin
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Objective D To describe the characteristics, locations, and functions of connective
tissue.

One of the most important components of connective tissue is the matrix,

a bed of secreted organic material of varying composition that binds widely

r, separated cells of the tissue. All connective tissue is derived from embryonic

/ mesoderm. Connective tissue is found throughout the body. It supports and

binds other tissues, stores nutrients, and/or manufactures protective and
regulatory materials.

4.12 What are the various types of connective tissue? Describe their structures and
functions, and state where they are located.

Throughout the embryo is found undifferentiated connective tissue called mesenchyme from which
mature, differentiated connective tissues derive. These mature tissues fall into the four major
categories indicated in fig. 4.4. Note that one of these, blood tissue, differs from the rest in having a
fluid matrix. Further classification is given in table 4.5.

—= Chondrocyte

Fibroblast

Mast cell
Elastic fiber

Collagen fiber

Reticular fiber

Reticular Adipose
Connective tissue proper Cartilage
= Leukocytes
5 E AR Osteocyte within Erythrocytes (white blood cells)
: T TggHF, S alacuna {red blood cells) Granular Nongranular
E i B . )
5 2 Basophil Monocyte
s Thrombocytes @
(platelets)
®e@ 4 .
als Neutrophil ymphocyte
“
Bone tissue Eosinophil
Blood

Figure 4.4 Types of connective tissue.
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Table 4.5 Classification of Connective Tissue

T]z;;z:e Cells Matrix Function Location
Loose Fibroblasts; Collagenous Binding and Deep to skin;
(areolar)| mast cells fibers; elastin packing; surrounding
. protection and muscles, vessels,
2 nourishment; and organs
o holds fluids;
A secretes heparin
S [ Dense Fibroblasts Densely packed Strong, flexible ! Tendons,
2 | fibrous collagenous fibers ligaments
[: Elastic Fibroblasts Elastin fibers Flexibility and Arteries, larynx,
.E distensibility trachea, bronchi
© |Reticular { Phagocytes Reticular fibers Performs Liver, spleen,
£ in jellylike phagocytic lymph nodes,
8 matrix function bone marrow
Adipose | Adipocytes Very little Stores lipids Hypodermis,
surrounding
organs
Hyaline {Chondrocytes |Fine collagenous Covers and Joints, trachea,
fibers protects bones; | nose, costal
precursor to cartilage
& bone; support
= | Fibro- Chondrocytes {Dense collagenous | Withstands Knee joint,
T | cartilage fibers tension and intervertebral
&) compression discs, symphysis
pubis
Elastic Chondrocytes }Collagenous fibers; | Flexible strength {Outer ear, larynx,
elastin auditory canal
Spongy | Osteocytes Collagenous fibers; | Light, strong, Interior of bones
2 | bone calcium carbonate | internal support
2 Compact | Osteocytes Collagenous fibers; | Strong support | Exterior of bones
bone
Blood Erythrocytes, {Blood plasma Conduction of Circulatory
3 leukocytes, nutrients and system
g thrombocytes wastes
(platelets)

.. A disease once feared, especially among sailors, is scurvy. Scurvy is
characterized by a loss of collagen, the main structural protein in many
connective tissues (see table 6.4). Scurvy is caused by a dietary deficiency of
vitamin C, which is a necessary factor in the formation of collagenous fibers.

Without vitamin C, these fibers break up and cannot form to support the tissue. The
resulting symptoms include skin sores, spongy gums, weak blood vessels, and poor
healing of wounds.

4.13  Which of the following connective tissues are important in body immunity?

(a) blood, (b) dense regular tissue, (¢) fibrocartilage, (d) reticular tissue
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4.14

4.15

4.16

4.17

Both the white blood cells (leukocytes) of the blood and the reticular tissue of lymphoid organs
protect the body through phagocytosis.

Why is blood considered a connective tissue?

Because it contains cells (red blood cells, white blood cells, and platelets) and matrix (blood
plasma), blood is considered a viscous connective tissue (see chapter 13).

Why are joint injuries involving cartilage slow to heal?

Cartilage is avascular and must therefore recetve nutrients through diffusion from surrounding
tissue. For this reason, cartilaginous tissue has a low rate of mitotic activity and, if damaged, heals
slowly.

Distinguish between fat and adipose tissue.

The cells of adipose tissue contain large vacuoles adapted to store lipids, or fats. Overfeeding an
infant during the first year, when adipocytes (adipose cells) are forming, causes excessive amounts
of adipose tissue to develop. A person with a lot of adipose tissue is more susceptible to developing
obesity later in life than a person with a lesser amount. Dieting eliminates the lipid stored within
the tissue but not the tissue itself.

What do fibroblasts, reticular cells, mast cells, chondrocytes, and osteocytes all
have in common? How do they differ?

All are specialized cells of different types of connective tissue; they are compared in table 4.6,

Table 4.6 Some Specialized Cells of Connective Tissue

Cell type Description Location Product

Fibroblast Large irregularly Throughout connective Collagenous, elastic,

shaped cell tissue proper and reticular fibers

Reticular Highly branched, Reticular connective Phagocytes
cell

interwoven cell tissue; lymphoid organs

Mast cell Round, resembling |Loose connective tissue; Heparin (an

a basophil surrounding blood vessels| anticoagulant)

Chondrocyte | Large ovoid cell Cartilage tissue Cartilaginous matrix

Osteocyte Small ovoid cell Bone tissue Solid matrix

4.18

4.19

4.20

How is edema related to connective tissue?

Approximately 11% of the body fluid is found within loose connective tissue, where it is known as
tissue fluid or interstitial fluid. Sometimes excessive tissue fluid accumulates, causing the swollen
condition known as edema. The fluid surplus is generally symptomatic of other conditions.

What is the difference between compact bone tissue and spongy bone tissue?

Most bones of the skeleton are composed of compact (dense) bone tissue and spongy (cancellous) bone
tissue (fig. 6.4). Compact bone tissue is the hard outer layer, whereas spongy bone tissue is the
porous, highly vascular inner portion. Compact bone tissue is covered by the periosteum, which serves
for attachment of tendons from muscles. Spongy bone tissue makes the bone lighter and provides a
space for bone marrow where blood cells are produced. Bone tissue is further discussed in chapter 6.

What accounts for the hardness of bone tissue?

The hardness of bone is largely due to the calcium phosphate and calcium carbonate salts deposited
within the intracellular (inorganic) matrix. Numerous collagenous fibers, also embedded within the
matrix, give some flexibility to bone tissue.
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Objective E To describe muscle tissue and to distinguish between the three types.

4.21

Through the property of contractility, muscle tissues cause movement of
s{r'vey materials through the body, movement of one part of the body with respect

to another, and locomotion. Muscle cells, also called muscle fibers, are

elongated in the direction of contraction, and movement is accomplished

through the shortening of the fibers in response to a stimulus. Derived from
mesoderm, muscle cells are so specialized for contraction that, once the tissue
formation has been completed prenatally, the cells can no longer replicate. There are
three types of muscle tissue in the body: smooth, cardiac, and skeletal.

Skeletal muscle fibers begin to form about 4 weeks following conception.
At this time, undifferentiated mesodermal cells, called myoblasts, begin
migration to sites where the individual muscles will form. As the myoblasts
arrive at these sites, they aggregate into syncytial myotubes. Myotubes
grow in length by incorporating additional myoblasts, each with its own
nucleus. As cell membranes break down within each myotube, multinucleated
muscle fibers are formed. Muscle fibers are distinct at 9 weeks, and at 17 weeks
muscles are sufficiently well developed for a pregnant woman to sense fetal
movements known as quickening.

Describe the structure, function, and location of each type of muscle tissue.
See table 4.7 and fig. 4.5.

Table 4.7 A Comparison of the Three Types of Muscle Tissue

Type Location Structure and function

Smooth muscle | Walls of hollow | Elongated, spindle-shaped fiber with single

internal organs nucleus; slow involuntary movements of
internal organs

Cardiac muscle | Wall of heart Branched, striated fiber with single nucleus

and intercalated discs; rapid involuntary
rhythmic contractions

Skeletal muscle | Spanning joints | Multinucleated, striated, cylindrical fiber that

of skeleton via occurs in fasciculi (slender bundles); rapid
tendons involuntary or voluntary movement of joints
of skeleton

Intercalated disc

Striations

Nucleus

Nucleus

Smooth muscle "’ Strations Cardiac muscle

Skeletal muscle
Figure 4.5 Types of muscle tissue.
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4.22

Which of the following are characteristic properties of all muscle tissue?
(a) irritability, (b) contractility, (¢) extendibility, (d) elasticity

All are characteristic of muscle fibers. A muscle fiber exhibits irritability as it responds to a nerve
impulse and contracts, or shortens. Once a stimulus has subsided and the muscle fiber is shortened
but relaxed, it may passively stretch back or be extended by contracting fibers of opposing muscles.
Each muscle fiber has innate tension, or elasticity, that causes it to assume a particular shape as it is
relaxed.

«  Metabolism within cells releases heat as an end product. Muscles
account for nearly one-half of the body weight, and even the fibers of
resting muscles are in a continuous state of fiber activity (tonus).
Thus, muscles are major heat sources. Maintaining a high body
temperature is of homeostatic value in providing optimal conditions

for metabolism. The rate of heat production increases immensely as a person
exercises strenuously.

Objective F To describe the basic characteristics and functions of nervous tissue.

4.23

4.24

Nervous tissue consists of mainly two types of cells: neurons and neuroglia

(literally “nerve glue”). Neurons, derived from ectoderm, are highly

3 specialized to conduct impulses, called action potentials. Neuroglia

/ primarily function to support and assist neurons. The number of neurons is

’ established shortly before birth and thercafter neurons are incapable of

mitosis. Neuroglia are about five times as abundant as neurons and they have mitotic
capabilities throughout life.

How does the structure of a neuron reflect its function?
Branched dendrites (fig. 4.6) provide a large surface area for receiving stimuli and conducting

impulses to the cell body. The elongated axon conducts the impulse away from the cell body to
another neuron or to an organ that responds to the impulse.

Dendrites

Axon terminals

Neurotibril node

Neurolemmocyte

Figure 4.6 The structure of a neuron.

Describe the association of neurolemmocytes (Schwann cells) with certain
neurons.
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Neurolemmocytes (Schwann cells) are specialized neuroglial cells that support the axon (fig. 4.6)
by ensheathing it with a lipid-protein substance called myelin (see chapter 8). This myelin sheath
aids in the conduction of nerve impulses and promotes regeneration of a damaged neuron.

4.25 Describe the structure and function of neuroglia.

Besides neurolemmocytes, there are five kinds of neuroglia, four of which are illustrated in fig. 4.7.

All six types of neuroglia are described in table 4.8 (CNS = central nervous system; PNS =
peripheral nervous system).

Astrocyte Ependyma Oligodendrocyte Microglia
Figure 4.7 Types of neuroglia found in the CNS.
Table 4.8 Structure and Function of Neuroglia
Types Structure Function
Astrocytes Stellate with numerous | Form structural support between
processes capillaries and neurons within
the CNS; contribute to
blood-brain barrier
Oligodendrocytes Similar to astrocytes but |Form myelin in CNS; guide
with shorter and fewer | development of neurons within
processes the CNS
Microglia Minute cells with few Phagocytize pathogens and

short processes

cellular debris within CNS

Ependymal cells

Columnar cells that may
have ciliated free
surfaces

Line ventricles and central canal
within CNS where cerebrospinal
fluid is circulated by ciliary
motion

Ganglionic gliocytes
(satellite cells)

Small, flattened cells

Support ganglia within PNS

Neurolemmocytes
(Schwann cells)

Flattened cells arranged
in series around axons
of dendrites

Form myelin within PNS

Because neurons no longer have the ability to undergo mitosis and proliferate
once they have matured, destroying these cells can be permanently
debilitating. Drugs and alcohol, as well as oxygen deprivation or trauma to the
central or peripheral nervous system, can destroy neurons that can never be
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replaced. A number of diseases afflict either neurons or neuroglia. Three of these are
Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease. Although
neurons may seem fragile, if well nourished and kept free of drugs (including
alcohol) they will endure and function a lifetime.

Review Exercises

Mutltiple Choice

1.

10.

11.

12.

13.

Epithelia are involved in all the following except (a) protection, (b) secretion,
(c) connection, (d) absorption, (e) excretion.

Which of the following is not a type of epithelium? (a) simple squamous,
(b) transitional, (c) simple ciliated columnar, (d) complex stratified,
(e) pseudostratified ciliated

Classification of epithelia is based on the number of layers of cells and on (a) shape,
(b) staining properties, (c) size, (d) location, (e) ratio of living to nonliving cells.

The presence of a basement membrane is typical of most (a) epithelial tissues,
(b) connective tissues, (c) nervous tissues, (d) muscle tissues, (¢) cartilage tissues.

Simple squamous epithelium is not found in (a) blood vessels, (b) the lining of the
mouth, (¢) lymph vessels, (d) alveoli (air sacs) of the lungs, (¢) linings of body
cavities.

Goblet cells are a type of (a) multicellular gland, (b) intracellular gland,
(c) unicellular gland, (d) intercellular gland, (e) salivary gland.

An example of a holocrine gland is (a) a sweat gland, (b) a salivary gland, (c) a
pancreatic gland, (d) a sebaceous gland.

An exocrine gland in which a portion of the secretory cell is discharged with the
secretion is termed (a) apocrine, (b) merocrine, (¢) endocrine, (d) holocrine.

The inability to absorb digested nutrients may be due to damage of which type of
epithelium? (@) ciliated columnar, () simple columnar, (¢) simple squamous,
(d) simple cuboidal, (e) stratified squamous

Which word combination applies to stratified squamous epithelium?
(a) mesoderm—calcification, (b) ectoderm—keratinization, (¢) mesoderm—ossification,
(d) endoderm~—cornification

Which statement best describes connective tissue?

(a) It 1s derived from endoderm and secretes metabolic substances.
(b) It is derived from mesoderm and conducts impulses.

{¢) It is derived from mesoderm and contains abundant matrix.

(e) It is derived from ectoderm and is usually layered.

An infection would most likely increase phagocytic activity in (a) elastic tissue,
(b) transitional tissue, (¢) adipose tissue, (d) reticular tissue, (¢) collagenous tissue.

Cartilage tissues are generally slow to heal following an injury because (a) cartilage
is avascular, (b) cartilage does not undergo mitosis, (¢) the matrix is semisolid,
(d) chondrocytes are surrounded by fluids.
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14

15.

16.

17.

18.

19.

20.

Which of the following is not a specialized type of cell found in connective tissues?
(a) lymphocyte, (b) macrophage, (c) goblet cell, (d) mast cell, (e) fibroblast

The function of dense regular connective tissue is (a) elastic recoil, (b) binding and
support, (¢) encapsulation of blood vessels, () articulation.

Phagocytosis is a function of which type of connective tissue? (a) cartilage,
(b) loose fibrous, (¢) elastic, (d) reticular, (e) adipose

Adipose tissue forms (a) only during fetal development, (b) throughout life,
(¢) mainly during fetal development and the first postpartum year, (d) mainly at
puberty.

Intervertebral discs are composed of (a) elastic connective tissue, (b) elastic
cartilage, (c) hyaline cartilage, (d) fibrocartilage.

Intercalated discs are found in (a) cardiac muscle tissue, (b) movable joints, (¢) the
vertebral column, (d) bone tissue, (¢) hyaline cartilage.

Tissue (interstitial) fluid would most likely be found in (a) loose connective tissue,
(b) nervous tissue, (c) adipose tissue, (d) bone tissue, (e) muscle tissue.

True or False

1. Connective tissues derive only from mesoderm and function to bind, support,
and protect body parts.

2. Simple ciliated columnar epithelium helps to move debris through the lower
respiratory tract, away from the lungs.

3. Cells of epithelia are tightly packed, mostly avascular, and without significant
matrix.

Nervous tissue is located only in the brain and spinal cord.
Neurons are capable of mitosis to accommodate increased learning.
Most bones in the body begin as fibrocartilage and then ossify to bone.

Acinar glands have a flasklike secretory portion.

S

Mast cells that produce the anticoagulant heparin are dispersed throughout
loose connective tissue.

9. Red blood cells are the only cellular component of blood tissue.

10. Based on structure and method of secretion, mammary glands are classified as
compound acinar and apocrine.

11, Transitional epithelium occurs only in the urinary system.
12. All stratified squamous epithelium is keratinized and comified.

13. Adipose tissue dies as a person diets, and new cells are formed as weight is
gained.

14. Skeletal and cardiac muscle fibers are striated.

15. Neuroglia are specialized cells of nervous tissue that react to stimuli.
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Completion
is the scientific study of tissues.

2. Flattened, irregularly shaped cells that are tightly bound in a single-layered mosaic
pattern compose epithelial
tissue.

3. Epithelium consisting of two or more layers is classified as

4. 1s the name given to the simple squamous epithelium
that lines the inside walls of blood vessels.

5. Rhythmic contractions of sheets of muscle tissue in the
intestinal wall results in involuntary movement of food materials.

6. is a protein in the skin that strengthens the stratified
squamous epithelium of the epidermis.

7. Pancreatic glands are classified as glands because no
portion of the gland is discharged with the secretion.

8. Bone tissue consisting of a latticework of thin plates of bone filled with bone
marrow is termed bone.

9. is the matrix of blood tissue.

10. Alien matter is engulfed by leukocytes in the blood and in the

tissue of lymph nodes.

11. The abnormal pooling of fluid in tissues is called

12. All connective tissue and muscle tissue is derived from the embryonic

13. muscle tissue is composed of multinucleated, striated,
cylindrical fibers arranged into fasciculi.

14. The of a neuron receive a stimulus and conduct the
nerve impulse to the cell body.

15. The lipid-protein product of neurolemmocytes (Schwann cells) forms a cover of

around the axon of a neuron.
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Matching

(Set 1) Match the epithelial tissues with their locations.

__ 1. Simple squamous epithelium (a) lining the uterine tubes

__ 2. Simple cuboidal epithelium (b) capillary walls

___ 3. Simple columnar epithelium (c) lining the oral cavity

____ 4. Pseudostratified ciliated columnar  (d) lining pancreatic ducts
epithelium

_____ 5. Stratified squamous epithelium (e) lining the digestive tract

____ 6. Transitional epithelium () lining the respiratory tract

7. Simple ciliated columnar epithelium (g) lining the urinary bladder

(Set 2) Match the glands with their locations or descriptions.

__ 1, Simple acinar gland (a) goblet cell
____ 2. Compound tubular gland (b) parotid gland
__ 3. Unicellular gland (¢) seminal vesicle
____ 4. Compound tubuloacinar gland (d) intestinal gland
____ 5. Simple tubular gland (e) liver

____ 6. Compound acinar gland () gastric gland
1. Simple branched tubular gland (g) mammary gland

(Set 3) Match the connective tissues or connective tissue structures with their locations or

descriptions.
__ 1. Hyaline cartilage (a) auricle of external ear
_____ 2. Spongy bone (b) minute canals
3, Canalicuhi (c) intervertebral joint
_____ 4. Elastic cartilage (d) inner bone tissue
____ 5. Compact bone (e) fetal skeleton
—___ 6. Fibrocartilage (f) covered by periosteum
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Answers and Explanations for Review Exercises

Multiple Choice

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(¢) Epithelia are not involved with connection; this is the function of connective tissue. Epithelia are
involved in protection (skin), secretion (exocrine glands), absorption (lining of GI tract), and
excretion (glomerular capsule in kidney).

(d) “Complex” is not descriptive of epithelial tissue.

(a) Epithelial tissue is classified by (1) the number of layers (simple, stratified, pseudostratified),
(2) the shape of cells (squamous, cuboidal, columnar), and (3) any surface modification (cornified,
ciliated).

{(a) Most epithelia have a basement membrane between the epithelial cells and the underlying
connective tissue.

(b) The linings of ducts are composed of cuboidal cells, not squamous cells.

(¢) Goblet cells are single cells that secrete a watery mucus into the lumen of the GI tract.

(d) Sebaceous glands are holocrine glands because they secrete by discharging entire cells full of
product (sebum).

(a) Based on development and mode of secretion, mammary glands and certain sweat glands are
classified as apocrine glands.

(h) The GI tract is lined with simple columnar epithelium, which allows a maximum number of cells
to contact food particles.

() The epidermis of the skin derives from the ectoderm germ layer and is the primary site of
keratinization in the body.

(¢) All connective tissue is derived from mesoderm (mesenchyme cells). Connective tissues are
classified according to the matrix the cells secrete and the arrangement of the components.

(d) Reticular tissue within lymphatic organs contains large numbers of phagocytic cells, which engulf
invading pathogens.

(a) Lacking a capillary blood supply, cartilage tissue heals poorly.

(c¢) Goblet cells are found lining the respiratory tract and the GI tract, where they are needed to
secrete their lubricating and protective mucus. Macrophages and lymphocytes are both found in
connective tissue, where they aid the immune response.

(b) Dense regular connective tissue forms tendons and ligaments, as well as the capsules surrounding
various organs.

(d) Reticular tissue contains large numbers of phagocytic cells. This tissue is present in lymphatic
organs, such as the spleen, thymus, tonsils, and [ymph nodes.

(¢) The amount of lipid stored by adipocytes can vary throughout life, but the number of adipocytes
remains about the same.

(d) Fibrocartilage is found in joints called symphyses, such as the symphysis pubis and between
adjacent vertebrae. It is also found in the knee joint forming the menisci (see chapter 6).

(a) Intercalated discs are specialized junctions between adjacent cardiac muscle cells that allow the
cells to conduct impulses, much like nerve cells.

(a) Tissue (interstitial) fluid fills the space between fibers and cells of connective tissue. Loose
connective tissue has the most space for fluid to accumulate.

True or False

[

SRR L~

True

False; pseudostratified squamous epithelium is the characteristic epithelium in the respiratory tract
True

False; neurons and nerves of nervous tissue are found throughout the body

False; once formed prenatally, neurons cannot divide

False; most bones first form as hyaline cartilage

True

True

False; blood contains red blood cells, white blood cells, and platelets

True
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11. True

12. False; epithelia lining the oral, anal, and vaginal cavities are nonkeratinized, as are epithelia on parts
of the genitalia

13. False; only the lipid content is lost and gained as a person’s weight fluctuates

14, True

15. False; neurons react to stimuli and neuroglia support and assist neurons

Completion
1. Histology 9. Plasma
2. simple squamous  10. reticular
3. stratified 11. edema
4. Endothelium 12. mesoderm
5. smooth 13. Skeletal
6. Keratin 14. dendrites
7. merocrine 15. myelin
8. spongy

Matching

(Set 1)
L (b 4. (H 7. (a)
2. (@) 5. (o)
3 (@ 6. ()

(Set 2)
1. © 5. ()
2. (e) 6. (g)
3. (a) 7. (O
4. (b)

(Set 3)
1. (o) 4. (a)
2. (@) .
KN ()] 6. (c)
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Objective A To list the components of the infegumentary system and to describe the
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5.2

characteristics and embryonic origin of the skin.

The skin, or integument, and associated structures (hair, glands, and nails)

SirVeY) constitute the integumentary system. This system accounts for
approximately 7% of the body weight and is a dynamic interface between
the body and the external environment.

Why is the skin considered an organ?

The skin is an organ because it consists of several kinds of tissues that are structurally arranged
to function together. It is the largest organ of the body, with a surface area of about 2" m?2 (22 ft2)
on the average adult. Its thickness ranges between 1.0 and 2.0 mm, but it is up to 6.0 mm thick
on the palms and soles. The skin on the palms and soles is referred to as thick skin, as opposed to
thin skin elsewhere on the body.

What is the embryonic origin of the skin?

The principal layers of the skin are established by the eleventh week of embryonic development.
The epidermis and associated structures are derived from the ectoderm germ layer, and the dermis
and the hypodermis are derived from the mesoderm germ layer. The principal layers of the skin are
described in Objective C.

Dermatology 1s the specialty of medicine that deals with the skin. A
dermatologist treats problems ranging from acne to severe burns and
scarring. As we learn more about the dynamic nature of the skin and the
many functional roles it plays, dermatology as a branch of medicine will
continue to be of major importance.

Objective B To describe the basic functions of the integumentary system.

5.3

) The functions of the integumentary system include physical protection,
*{'V€Y hydroregulation, thermoregulation, cutaneous absorption, synthesis,
sensory reception, and communication. The skin is a physical barrier to
most microorganisms, water, and most UV light. The acidic surface (pH
4.0-6.8) retards the growth of most pathogens. The skin protects the body
from desiccation (dehydration) when on dry land and from water absorption when
immersed in water. A normal body temperature of 37°C (98.6°F) is maintained by
the antagonistic effects of shivering and sweating (see fig. 5.1). The skin permits the
absorption of small amounts of UV light necessary for synthesis of vitamin D. It is
important to note that certain toxins and pesticides also may enter the body through
cutaneous absorption. The skin synthesizes melanin (a protective pigment) and
keratin (a protective protein). Numerous sensory receptors are located in the skin,
especially in parts of the face, palms and fingers of the hands, soles of the feet, and
genitalia, Certain emotions, such as anger or embarrassment, may be reflected in
changes of skin color.

Which body systems functionally interact with the integumentary system?
The circulatory system interacts extensively with the integumentary system in maintaining

homeostasis. The sex hormones (androgens and estrogens) of the endocrine system influence the
function and maintain the appearance of the integument. The white blood cells and the lymphatics
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5.4

5.5

of the circulatory system also provide body immunity within the skin. Furthermore, platelets that
aid clotting provide a defense against excessive bleeding. Countless sensory receptors within the
skin convey impulses to the nervous system. Various emotions are conveyed through facial
expression, which involves the muscular system. Blushing is the result of vasodilation of cutaneous
arterioles of the circulatory system.

List some defense mechanisms by which the skin helps to prevent infection.

(1) The thickness of the outer layer of the skin (epidermis) and its toughened exposed surface are
physical barriers to microorganisms. (2) The acidic pH at the oily surface of the skin inhibits the
growth of many microorganisms. (3) The skin is highly vascular; its huge network of blood vessels
can quickly deliver the white blood cells and other protein factors necessary for inflammatory and
immune responses.

Describe how skin helps to maintain a constant body temperature.

A relatively constant body temperature of 37°C (98.6°F) is maintained by the hypothalamus within
the brain that functions like a thermostat. If the body temperature falls below 98°F, curaneous
vasoconstriction conserves heat, and additional heat is generated through shivering. If the body
temperature rises above 99°F, heat loss is accelerated through cutaneous vasodilation and sweating.
In each situation, a deviation from the normal state autonomically triggers a response in what is
described as a negative feedback mechanism. The hypothalamus autonomically “switches on or off”
the necessary physiological mechanisms to maintain homeostasis of body temperature.

Objective C 7o list the layers of the skin and to describe their structure.

™, The skin consists of two principal layers. The outer epidermis is stratified
V€Y into five or six structural and functional layers. The thick and deeper dermis
consists of two layers. Not considered a separate layer, the hypodermis
(subcutaneous tissue) binds the skin to underlying structures. A diagram of

the skin is shown in fig. 5.1.
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Figure 5.1 The skin.
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5.6

5.7

5.8

In tissue composition, how does the epidermis differ from the dermis?

The protective epidermis is composed of stratified squamous epithelium, which averages 30 to 50
cells in thickness. The layered cells are avascular (without blood vessels) The outer cells of the
epidermis are dead, keratinized, and cornified. By contrast, the considerably thicker dermis is highly
vascular and consists of a variety of living cells. Numerous collagenous, elastic, and reticular fibers
give support to the dermis. The dermis also has numerous sweat and oil glands, as well as nerve
endings and hair follicles.

Describe the composition of the hypodermis.

The hypodermis (subcutaneous tissue) contains loose (areolar) connective tissue, adipose tissue, and
blood and lymph vessels. Collagenous and elastic fibers reinforce the hypodermis, particularly on the
palms and soles.

True or false: Females have a thicker hypodermis than do males.

True. The hypodermis of adults is approximately 8% to 10% thicker in females than in males. The
greater thickness is due to a greater deposition of lipids within adipocytes (fat cells) and is apparently
hormonally influenced. Studies confirm that extremely low fat reserves are typical of women who
experience amenorrhea (absence of menstruation). Ovulation may also be disturbed in these women,
impairing fertility.

What are the functions of the hypodermis?

The hypodermis binds the dermis to underlying organs; it also stores lipids, insulates and cushions
the body, and regulates temperature. In mature females, this layer, through its softening of body
contour, plays a part in sexual attraction.

Since it is rich in adipose tissue, many fat-soluble drugs and medications are

designed to be injected into the hypodermis. A subcutaneous injection is

often used when a patient is unable to take medication orally. Fat-soluble

drugs often have a longer lasting effect than do water soluble drugs. A

hypodermic needle is so named because it is used to inject the drug below the
dermis into the tissue of the hypodermis.

Objective D To describe the strata, or structural layers, of the epidermis.

In table 5.1, the epidermal layers are listed in order from the stratum basale,
Y in contact with the basement membrane, to the outer exposed stratum
disjunction. These layers are illustrated in fig. 5.2.

surve

F— Stratum corneum

1 =3— Stratum lucidum
%] — }— Stratum granulosum

— Stratum spinosum

Stratum basale
/4 __}— Basement membrane

(]

Figure 5.

Layers of the epidermis.
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Table 5.1 Layers of the Epidermis

Stratum (layer) Characteristics

Stratum disjunction Outermost layer of stratum corneum that continuously

sloughs off in microscopic pieces

Stratum corneum Several layers of keratinized corneum; a collagenous

matrix composed of the products of dead cells

Stratum lucidum Thin, clear layer present in the thick skin of the palms

and soles; no remaining living cells

Stratum granulosum One or more layers of granular cells with shriveled

nuclei; contains keratin

Stratum spinosum (part Several layers of cells with large, oval, centrally
of stratum germinativum) | located nuclei and spiny processes; limited mitosis;

most cells dying and being moved toward surface

Stratum basale (part of Single layer of well-nourished cells contacting the
stratum germinativum) basement membrane and undergoing continuous

mitosis; contains melanocytes

5.10

5.11

5.12

Both the ectodermal and mesodermal germ layers (see problem 5.2)
. ) Pparticipate in the formation of the skin. The epidermis and accessory
\“:3 integumentary structures (hair, glands, and nails) develop from ectoderm.
The dermis develops from a thickened layer of undifferentiated mesoderm
called mesenchyme. Likewise, the cutaneous blood vessels and smooth

muscle fibers contained within the dermis are formed from mesoderm.

What is the basement membrane?

The basement membrane is a binding material of epithelial tissue in contact with the dividing layer
of cells (see fig. 5.2). It consists of glycoprotein from the epithelial cells and a meshwork of
collagenous and reticular fibers from the underlying connective tissue.

Why are the outer cells of the epidermis dead? What purpose does this serve?

Mitosis, or cell division, occurs primarily in the deep stratum basale and to a slight extent in the
stratum spinosum. Mitosis occurs at these locations because of their proximity to blood vessels that
provide nutrients and oxygen to the dividing cells. As the cells longitudinally divide, only half of
them will remain in contact with the dermis. The other cells are physically pushed away from the life
support of the blood supply; consequently, cellular death occurs. Keratinocytes are specialized cells
within the epidermis that produce keratin. As the nuclei of the dying keratinocytes degenerate, their
cellular content is dominated by keratin, and the process of keratinization is completed. Keratin
toughens and waterproofs the skin. As the cells continue to be moved toward the surface of the skin,
they become flattened and scalelike in a process called cornification. The dead cells of the epidermis
buffer the body from the external environment.

.. The integument is a dynamic organ. Although the outermost layers of the
epidermis consist of dead cells, most of the skin is very much alive and
reflects the general health of the body. During a physical examination,
variation in color, texture, and responsiveness of the skin can provide the
physician with important diagnostic clues.

How rapidly are epidermal cells replaced?

The average time it takes for cells to be pushed from the stratum basale to the stratum disjunction is
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5.13

5.14

5.15

5.16

about 7 weeks. This time varies according to location on the body and the age of the person. As a
person ages, the epidermis becomes thinner and the rate of mitosis decreases.

What is a callus and why does it form?

A callus is a localized hyperplasia (overdevelopment) of the stratum comeum of the palms or soles
due to pressure on the skin or friction and the consequent increase in mitotic activity of the stratum
basale in that area. A callus provides additional localized protection against mechanical abrasion.

A blister is a vesicle of interstitial fluid located between the stratum
basale and the stratum spinosum. Developing in response to rapid and
intense friction on the surface of the skin, it serves to cushion and
protect the delicate basale layer. In a blood blister, a pinch or bruise
results in confined and localized hemorrhage.

What accounts for the variation in normal skin color?

Normal skin coloration is genetically determined and reflects a combination of three pigments:
melanin, carotene, and hemoglobin. Melanin is a brown-black pigment formed in cells called
melanocytes that are found throughout the stratum basale and stratum spinosum. The number of
melanocytes is virtually the same in all races, but the amount of melanin produced is variable.
Carotene is a yellowish pigment found in epidermal cells and the fatty part of the dermis. Hemoglobin
is an oxygen-binding pigment found in red blood cells. Oxygenated blood flowing through the
vascular dermis and hypodermis gives the skin its pinkish tones.

.. A discoloration of the skin may be indicative of a particular body
dysfunction. Cyanosis is a bluish discoloration that appears in people with
certain cardiovascular or respiratory diseases. People also become cyanotic
during an interruption of breathing. Jaundice is a yellowing of the skin,
mucous membranes, and eyes due to an excess of bile pigment in the

bloodstream. Jaundice may be symptomatic of liver dysfunction or gallstones.
Erythema is a redness of the skin generally due to vascular trauma, such as from a
sunburn,

What is the functional relationship between melanocytes, melanin, and tanning?

Melanin is a proteinaceous pigment that protects against the ultraviolet rays in sunlight. Gradual
exposure to sunlight promotes increased production of melanin within melanocytes, and hence
tanning of the skin. Excessive exposure, however, can result in a melanoma, a tumor composed of
melanocytes.

Is albinism due to an absence of melanocytes, melanin, or both?

The skin of a genetically determined albino has the normal complement of melanocytes but lacks the
enzyme tyrosinase that converts the amino acid tyrosine to melanin.

Since an open wound on the skin is a potential entry site for
pathogens, the skin is able to maintain homeostasis by healing itself
rapidly. An abrasion or a superficial cut promotes mitotic activity in
the area and healing is quick and efficient. A more serious problem
results if the cells of the stratum basale sustain damage. In an open
wound, blood vessels are broken and bleeding occurs. Through the action of blood
platelets and the plasma protein fibrinogen, a clot forms and blocks the flow of
blood. The dried clot covering the damaged area is known as a scab. Beneath the
scab, mechanisms are activated to destroy bacteria, dispose of dead or injured cells,
and isolate the injured area. Collectively, these mechanisms are referred to as
inflammation and include such responses as redness, heat, edema, and pain.
Inflammation promotes healing. If the wound is severe, granulation tissue forms
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from fibroblasts at the site and eventually develops into scar tissue. The collagenous
fibers of scar tissue are denser than those of normal skin and scar tissue has no
epidermal layer. In addition, scar tissue has fewer blood vessels than normal skin and
may lack hair, glands, and sensory receptors.

Objective E To describe the structure and function of the dermis.

517

The upper papillary layer of the dermis is in contact with the epidermis. The
S{FVE€Y) deeper and thicker reticular layer is in contact with the hypodermis (see fig.

5.1). Both dermal layers are highly vascular and nourish the stratum basale

of the epidermis. The dermis supports sudoriferous (sweat) glands, hair

follicles, and sebaceous (oil-secreting) glands. In addition, numerous
sensory receptors located within the dermis respond to heat, cold, touch, pressure,
and pain.

Which of the following connective tissue fiber types is not usually found within the
dermis? (a) reticular, (b) elastic, (¢) fibrous, (d) collagenous

(¢). Elastic fibers are abundant within the papillary layer and provide skin tone; reticular fibers are
abundant within the reticular layer and lend a strong meshwork to the skin; collagenous fibers, along
with elastic fibers, course in definite directions and are imaged as lines of tension on the surface of
the skin (fig. 5.3). The lines of tension are of clinical concern because if a surgical cut is made in the
direction of these lines, healing will be faster with less scarring.

Figure 5.3 Tension lines of the skin Figure 5.4 Print patterns are unique to
covering the head and neck. the individual.

5.18

Define friction ridges and explain how these surface marks arise.

Friction ridges are print patterns that occur on the anterior surface of the hands and the plantar
surface of the feet. They are especially prominent on the skin covering the digits, where they are
known as fingerprints or toeprints (fig. 5.4). Friction ridges are individualistic and are established
prenatally in response to the pull of the elastic fibers of the dermal papillary layer upon the epidermis.
As the name implies, friction ridges prevent slippage when grasping objects or in locomotion.
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5.19

5.20

5.21

Describe the innervation of the skin.

Specialized effectors consist of the muscles or glands within the dermis that respond to motor
(efferent) impulses transmitted through the autonomic nervous system. Several types of cutaneous
sensory (afferent) receptors respond to tactile (touch), pressure, temperature, tickle, or pain stimuli.
Certain areas of the body, such as palms, soles, lips, and external genitalia, have a high concentration
of sensory receptors and are therefore particularly sensitive to touch.

The cutaneous sensory receptors include those listed in table 5.2.

Table 5.2 Cutaneous Sensory Receptors

Receptor Function

Corpuscles of touch Detect light motion against the skin
(Meissner’s corpuscles)

Free nerve endings Detect changes in temperature; respond to

tissue trauma (pain receptors)

Root hair plexuses Detect movements of hair

Lamellated (pacinian) Detect deep pressure, high-frequency vibration
corpuscles

Organs of Ruffini Detect deep pressure, stretch

Bulbs of Krause Detect light pressure, low-frequency vibration

Why is the vascular supply to the skin important in matintaining homeostasis?

Dermal blood vessels influence body temperature and blood pressure. An autonomic vasoconstriction
or vasodilation will, respectively, shunt blood away from the superficial dermal arterioles or permit
it to flow more freely. Blood flow in response to thermoregulatory stimuli can vary from 1 to 150
mL/min for each 100 g of skin. Skin color and temperature also depend on the blood supply. A cold,
bluish, or grayish skin occurs when the arterioles are constricted and the capillaries dilated; when
both are dilated, the skin is warm and ruddy. Vasoconstriction increases the blood pressure.

Shock is a sudden disturbance of mental equilibrium accompanied by
acute peripheral circulatory failure due to marked hypotension (low
blood pressure). Shock may be caused by loss of blood (from
hemorrhage), diffuse systemic vasodilation, and/or inadequate
cardiac function.

What are decubitus ulcers?

Decubitus ulcers (bedsores) are ulcerated wounds that may occur in debilitated patients who lie in
one position for extended periods of time. They are caused by vasocompression in the skin overlying
bony prominences—such as at the hip, heel, elbow, or shoulder-—making it difficult for the tissue to
heal. Periodically changing the position of the patient and daily massaging will minimize the
occurrence of bedsores.

.. Specific locations of the body have characteristic densities of sensory
receptors in the dermis. A neurologist uses this knowledge to test nervous
system response. A patient should be able to perceive two points of touch as
separate when the points are very close together on the face or hands. The
ability to distinguish two close points by touch is greatly reduced on the back,

however. A lack of sensitivity in certain areas of the body may indicate nerve
damage due to disease or injury.
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Objective F To describe hair, nails, sebaceous glands, sudoriferous glands, and
ceruminous glands.

Hair, nails, and the three kinds of exocrine glands (glands that secrete a

s4rVeY) product through a ductule) form from the epidermal skin layer and are
therefore of ectodermal derivation. These structures develop as down-
growths of germinal epidermal cells into the vascular dermis, where they
receive sustenance and mechanical support.

5.22 Define hair follicle, shaft, root, and bulb; also, describe the layers of a hair and the
arrector pili muscle.

The hair follicle is the germinal epithelial layer that has grown down into the dermis (fig. 5.3).
Mitotic activity of the hair follicle accounts for growth of the hair. The shaft of the hair is the dead,
visible, projecting portion; the root of the hair is the living portion within the hair follicle; and the
bulb of the hair is the enlarged base of the root of the hair that receives nutrients and is surrounded
by sensory receptors. Each hair consists of an inner medulla, a median cortex, and an outer cuticle
layer. The keratinized cuticle layer appears scaly under a dissecting microscope. Variation in the
amount of melanin accounts for different hair colors. A pigment with an iron base (trichosiderin)
causes red hair; gray or white hair is due to a decrease in pigment production and air spaces between
the three layers of the shaft of the hair. Each hair follicle has an associated arrector pili muscle
(smooth muscle) that responds involuntarily to thermal or psychological stimuli, causing the hair to
be pulled into a more vertical position.

Hair shaft

Epidermis

Arrector pili muscle

External root sheath

Sebaceous gland

Internal root sheath

Hair root

Hair bulb

Matrix

Dermal papilla
Adipose tissue

Figure 5.5 A hair within a hair follicle.
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5.23

5.24

5.25

Eponychium

What are the functions of human hair?

The primary function of hair in humans is protection, although its effectiveness is limited. Hair on the
scalp and eyebrows protects against sunlight, and hair in the nostrils and the eyelashes protects
against airborne particles. An important secondary function of hair is as a means of individual
recognition and sexual attraction.

What are the three distinct kinds of human hair?

Lanugo is fine, silky fetal hair that appears during the last trimester of development. Its function is
unknown, but probably has something to do with the maturation of the hair follicles. Angora hair is
continuously growing, as on the scalp, or on the face of sexually mature males. Definitive hair grows
to a certain length and then stops growing. Examples are eyelashes, eyebrows, pubic hair, and axillary
(armpit) hair.

Describe the structure and function of nails.

Nails are formed from the hardened transparent, stratum corneum of the epidermis. A parallel
arrangement of keratin fibrils (see fig. 5.6) accounts for its hardness. Each nail consists of a body; a
free border, which is attached to the undersurface by the hyponychium, and a hidden border,
covered by the eponychium (cuticle). The body of the nail rests on a nail bed. The sides of the body
of the nail extend into a furrow called a nail groove. The matrix is the growth area of the nail. A
small part of the matrix, the lunula, is seen as a white, half-moon-shaped area at the base of the nail.

Fingernails grow about | mm per week, somewhat faster than toenails. They serve to protect the digits
and aid in grasping small objects. All lizards, birds, and mammals have some sort of hardened sheath
(claw, talon, hoof, or nail) protecting their terminal phalanges.
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Figure 5.6 The structure of a nail.  Figure 5.7 Sudoriferous and sebaceous glands.
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5.26

5.27

5.28

.. An ingrown toenail is a common condition in which the corner of the toenail
grows into the skin on one or both lateral sides of the nail. Cutting the
toenails straight across and not too close to the body of the nail is the best
prevention. An infected ingrown toenail may require treatment by a
podiatrist, a specialist who treats clinical conditions of the feet.

Describe the structure and function of sebaceous glands. Why are they of clinical
significance?

Sebaceous glands are simple branched oil glands (fig. 5.7) that develop from the follicular
epithelium of hair. They secrete acidic sebum (pH about 6.8) onto the shaft of the hair. The sebum is
then dissipated to the surface of the skin where it protects, lubricates, and helps to waterproof the
strata corneum and disjunction of the epidermis. Sebum consists mainly of lipids and some proteins.
If the drainage ductule for sebaceous glands becomes blocked, the glands may become infected,
resulting in acne. Sex hormones, particularly androgens, regulate the production and secretion of
sebum.

Describe the structure and functions of sudoriferous giands and distinguish between
eccrine and apocrine types.

Sudoriferous glands are sweat glands. As seen in figure 5.7, both eccrine and apocrine sweat glands
are coiled, tubular structures that secrete perspiration (sweat) onto the surface of the skin. Eccrine
sweat glands (also called merocrine sweat glands) are most abundant on the forehead, back, palms,
and soles. These glands are formed prenatally and provide evaporative cooling in response to thermal
or psychological stimuli. Relaxed eccrine, or insensible, perspiration accounts for 300 to 800 mL of
water loss daily, depending upon the external temperature and humidity. Active perspiration in
response to physical exercise may amount to as much as 5 L of water per day. Apocrine sweat glands
are much larger than the eccrine type and are restricted to the axillary and pubic regions, in
association with hair follicles. They are not functional until puberty, and their odoriferous secretion
is thought to act as a sexual attractant.

Perspiration is composed of water, salts, urea, uric acid, and traces of other compounds. Certain body
wastes are excreted as a result of sweating.

Mammary glands are specialized sudoriferous glands within the breasts. They are potentially
functional in the female during ber childbearing years, under the stimulus of pituitary and ovarian
hormones following parturition (childbirth). Secretion of mammary glands is called lactation.

True or false: Cerumen (earwax) is normally beneficial but, in some cases, may be
detrimental.

True: Cerumen, the secretion of ceruminous glands of the external auditory canal, is a water
repellent and keeps the tympanum (eardrum) pliable. It is also thought to be an insect repellent
because of its bitterness. Trapped water between the cerumen and the tympanum (swimmer's ear) is
painful and may provide a medium for bacteria. Excessive amounts of cerumen may impede hearing.

Objective G To summarize the physiology of the skin.

5.29

As an organ, the skin functions in protection, synthesis, temperature

$4TVeY) regulation, absorption, elimination of wastes, and sensory reception.
-

Comment on each function of the skin and indicate where the function is performed.

The physiology of the skin is summarized in table 5.3.
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Table 5.3 Summary of the Physiology of the Skin
Function Site Comments
Dehydration |Epidermis Stratification forms dense barrier; sebum provides
oily fibers; keratin toughens epidermis; basement
membrane seals epidermis
Mechanical |Epidermis Stratification forms dense barrier; cornification of
o | Injury exposed layer; formation of calluses in response to
2 friction; keratin toughens epidermis
& | Pathogens Epidermis Stratification forms nearly impenetrable barrier;
g sebum is acidic (pH 4-6.8) and antiseptic, and lipid
S composition keeps epidermis from cracking; rapid
It rate of mitosis and shedding of cells from outer layer
§ minimize entry of pathogens
& [Ultraviolet |Epidermis Stratification forms dense barrier; scalp hair disperses
(UV) light light; melanin within melanocytes absorbs solar
radiation
Blood loss | Epidermis Stratification forms dense barrier; process of wound
and dermis healing (dermal vasoconstriction, blood coagulation,
temporary scab, collagenous scar tissue)
Synthesis Epidermis Keratin, melanin, and carotene synthesized in
and dermis epidermis; dermis contains dehydrocholesterol, from
which it synthesizes vitamin D in the presence of
UV light
Temperature |Dermis and | Cooling through vasodilation and sweating; warming
regulation hypodermis | through vasoconstriction and shivering; insulation
provided by lipid content of hypodermis
Absorption Epidermis, Limited by protective barriers, but some cutaneous
dermis, and absorption of O,; CO,; fat-soluble vitamins (A, D,
hypodermis E, and K); certain steroid hormones (cortisol); and
certain toxic substances (insecticides)
Elimination {Epidermis Excessive water salt (NaCl) metabolic wastes
of wastes and dermis (urea, uric acid)
Sensory Epidermis, Lower layers of epidermis contain free nerve
reception dermis, and | endings, responsive to temperature and pain; dermis
hypodermis | contains corpuscles of touch, responsive to touch,
and lamellated corpuscles, responsive to deep
pressure; dermis and hypodermis contain bulbs of
Krause and organs of Ruffini, responsive to pressure
and stretch

Key Clinical Terms

Acne An inflammatory condition of sebaceous glands. Acne is affected by gonadal
hormones and is therefore most common during puberty and adolescence. Pimples
and blackheads on the face, chest, or back are expressions of this condition.
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Alopecia Loss of hair, baldness. Baldness is usually due to genetic factors and may
accompany old age. It is influenced by improper diet and poor circulation of blood.

Athlete’s foot (Tinea pedis) A fungus disease of the skin of the foot.

Blister A collection of fluid between the epidermis and dermis, caused by excessive friction
or a burn,

Boil A localized bacterial infection originating in a hair follicle or skin gland; also termed
a furuncle.

Burn A lesion of the integument caused by heat, chemicals, electricity, or solar exposure.
Classified as first degree (redness or hyperemia in superficial layers of skin), second
degree (blisters involving deeper epidermal layers and dermis), or third degree
(destruction of areas of the integument and damage to underlying tissue).

Callus A localized buildup of the stratum corneum on the palm or sole due to excessive
friction.

Carbuncle Similar to a boil, except involving subcutaneous tissues.

Corn A localized buildup of the stratum corneum on the dorsal surface of the foot due to
excessive friction.

Dandruff Common dandruff is the continual shedding of epidermal cells of the scalp; it can
be controlled by normal washing and brushing of the hair. Abnormal dandruff may
be due to certain skin diseases, such as seborrhea and psoriasis.

Decubitus ulcer A bedsore, or exposed ulcer from continual pressure on a localized portion
of the skin, restricting the blood supply.

Dermatitis An inflammation of the skin.

Eczema A noncontagious inflammatory condition of the skin marked by red, itching,
vascular lesions that may be crusty or scaly.

Gangrene Necrosis (death) of tissue due to obstruction of blood flow; may be localized or
extensive, and perhaps secondarily infected with anaerobic microorganisms.

Melanoma A cancerous tumor of the melanocytes within the epidermis.

Nevus A mole or birthmark; congenital pigmentation of a certain area of the skin.
Psoriasis Inflammatory skin disease, usually expressed as circular scaly patches of skin.
Pustule A small, localized elevation of the skin containing pus.

Seborrhea A disease characterized by excessive activity of sebaceous glands and
accompanied by oily skin and dandruff.

Shingles (Herpes zoster) A viral infection characterized by clusters of blisters along certain
nerve tracts (dermatomes).

Urticaria (hives) A skin eruption consisting of reddish, itchy wheals; may arise from an
allergic reaction or stress.

Wart A roughened projection of epidermal cells; caused by a virus.
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Review Exercises

Multiple Choice

1.

10.

11.

12.

13.

14.

Which of the following word pairs is appropriately matched? (a) skin—gland,
(b) skin—tissue, (c) skin—organ, (d) skin-body system

The skin is derived from (a) ectoderm and endoderm, (b) ectoderm and mesoderm,
(¢) mesoderm and endoderm, (d) ectoderm, mesoderm, and endoderm.

The skin accounts for what percentage of the body weight? (a) 2%, (b) 10%,
(c) less than 2%, (d) 15%, (e) 7%

Which of the following is not a function of the skin? (a) prevention of body
dehydration, (b) synthesis of vitamin A, (¢) prevention of pathogen entry,
(d) regulation of body temperature

Loss of body fluids through the integument is restricted by (a) keratin, (b) the
stratum basale, (c¢) carotene, (d) melanocytes, (¢) the thickness of the dermis.

Which epidermal layer is lacking within the skin of the head and trunk? () stratum
spinosum, (b) stratum corneum, (¢) stratum granulosum, (d) stratum lucidum,
(e) stratum basale

Which of the following pairings is appropriate? (a) stratum basale—keratin,
(b) stratum cormeum-melanocytes, (¢) stratum granulosum-keratin, (d) stratum
lucidum-blood vessels, (¢) stratum spinosum—cornified

Fingerprint patterns are established prenatally during development of (a) the stratum
corneum, (b) the dermal papillary layer, (c) the stratum basale, (d) the dermal
reticular layer, (¢) the hypodermis.

It is false that the dermis (a) is highly vascular, (b) gives rise to sebaceous and
sweat glands, (¢) contains reticular, elastic, and smooth muscle fibers, (d) contains
numerous nerve endings.

It is false that the epidermis (a) is highly vascular, (b) contains melanin and keratin,
(c) is distinctly stratified, (d) gives rise to sebaceous and sweat glands.

Which grouping of terms is appropriate? (a) mesoderm, stratified squamous
epithelium, epidermis; (b) epidermis, ectoderm, stratified squamous epithelium;
(c) hypodermis, ectoderm, adipose tissue; (d) dermis, endoderm, vascular tissue

“Rapunzel, Rapunzel, let down your long scalp hair.” (a) axillary,
(b) lanugo, (c¢) definitive, (d) angora, (e) alopecia

What is the proper sequence of epidermal strata (layers) pierced as a sliver
penetrates the epidermis on the palm of the hand?

(a) spinosum, basale, granulosum, lucidum, corneum, disjunction

(b) basale, spinosum, granulosum, disjunction, lucidum, corneum

(c) disjunction, corneum, luctdum, granulosum, spinosum, basale

(d) corneum, disjunction, lucidum, spinosum, granulosum, basale

Cells from the stratum basale reach the stratum disjunction in approximately (a) 15
to 20 days, (») 6 to 8 weeks, (c) 8 to 10 days, (d) 12 to 15 weeks, (¢) 4 to 6 months.
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15. Which of the following is not a type of cutaneous sensory receptor? (a) lamellated
corpuscle, (b) bulb of Krause, (c) free nerve ending, (d) organ of Ruffini, (¢) Golgi
apparatus

16. Produced in the epidermis of the skin, melanin (a) protects against ultraviolet light,
(b) prevents infections, (c) helps regulate body temperature, (d) keeps the epidermis
pliable, (¢) reduces water loss.

17. Identify the mismatch (a) yellowish skin in people of Asian origin—carotene
abundant, (b) tanning of skin in response to sunlight—increased synthesis of
melanin, (¢) bluish skin (cyanotic)—oxygenated blood, (d) lack of skin
pigmentation (albinism)—heredity, (e) dark skin in people of African origin—
greater synthesis of melanin.

18. The most probable cause of alopecia is (a) protein deficiencies, () dermal viral
infection, (¢) genetic inheritance, (d) stress.

19. Which of the following statements about sebaceous glands is true?

(a) They secrete sebum directly to the skin surface.
(b) They derive from specialized mesoderm.
(c) They are a type of oil-secreting gland.
(d) They are a compound saccular type.
20. Which of the following is not a function of the integument? (a) elimination of

certain body salts, urea, and uric acid; (b) absorption of fat-soluble vitamins, steroid
hormones, and certain toxic chemicals; (c¢) storage of lipids; (d) thermoregulation;
(e) synthesis of proteins and carbohydrates; (f) prevention of desiccation and blood
loss

True or False Questions

1. Integument is synonymous with skin, and neither properly includes the hair or
glands.

2. Skin is the largest tissue of the body, accounting for approximately 7% of the
body weight.

3. Hair, nails, and integumentary glands are specializations of the epidermis and
are derived from the embryonic ectodermal germ layer.

4. A burn that damaged both the epidermis and dermis so that regeneration could
occur only from the edges of the wound would be classified as a second-degree
burn.

5. The eponychium and lunula are both proximal to the hyponychium of a nail.

6. The skin on the palm of the hand consists of six epidermal layers, and two
dermal layers, the lowest of which is affixed to the hypodermis of the skin.

7. Mitotic activity is characteristic of all tunics (layers) of the epidermis except
the dead stratum disjunction, which is constantly being shed.

8. People of African descent have more melanocytes in their skin than do lighter
complexioned people.
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9. Mammary glands are modified sebaceous glands that are hormonally prepared

to lactate in association with the birth of a baby.

10. Stimulation of the free nerve endings within the skin would cause the
perception of cold and may autonomically induce shivering.

11. Water-soluble substance would be more readily absorbed through the skin than

fat-soluble substances.
12. All sudoriferous glands are formed and functional in a newborn.

13. The principal danger of a third-degree burn is excessive body fluid loss and
disruption of homeostasis.

14. Alopecia is a disease that results in excessive loss of hair.

15. Warts, shingles, and acne are all viral infections of the integument.

Completion
1. The term is synonymous with skin.
2. The epidermis of the skin consists of

10.

epithelial tissue.

The outermost layer of the epidermis of the skin is the stratum

and the deepest layer is the stratum

Normal skin coloration reflects a combination of three pigments: hemoglobin,
, and

The dermis of the skin consists of an upper layer and a
deeper layer.

is a protein in the skin that strengthens the stratified
squamous epithelium of the epidermis.

glands secrete sebum into the hair follicles of skin.

is silky fetal hair that appears during the last trimester of

prenatal development.

Sudoriferous glands are of two types: sweat glands are
abundant on the forehead, back, palms, and soles; sweat

glands are abundant in the axillary and pubic regions of a sexually mature person.

glands secrete cerumen (earwax) into the external auditory
canal.
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Labeling

Label the structures indicated on the figure to the

right.

1.
2.
3. s
4. 6
S. 7
6. 3 8
7. kg W
8. - S v
9.

10.

Answers and Explanations for Review Exercises
Multiple Choice

1. (c¢) “Skin—organ” is a match because the integument is an organ. An organ is a structure of the body

2.

10.

11.
12.

13.

composed of two or more types of tissues.

() The epidermis of the skin derives from embryonic ectoderm and the dermis of the skin derives
from embryonic mesoderm.

(e) The skin and its accessory structures account for about 7% of a person’s body weight, with some
individual variation.

(b) The skin does synthesize vitamin D in the presence of ultraviolet light, but vitamin A can be
obtained only from food.

(a) Keratin, a protein produced by dying epithelial cells within the epidermis, forms a waterproof
barrier.

{d) The stratum lucidum is found only in areas of “thick skin,” which are on the palms of the hands
and the soles of the feet.

(¢) The stratum granulosum is so named for the dark granules of keratohyalin within its cells. These
granules contribute to the formation of keratin that permeates the upper layers of the epidermis.

(b) The contoured papillary layer of the dermis develops as a result of the genetically determined
arrangement of the elastic and collagenous fibers that is established prenatally. Distinctly ridged, the
fingerprints aid gripping. In criminology, they are also used as a means of identification.

(h) All integumentary glands have their origin as an invagination of the epidermis into the dermis,
where they mature and become functional.

(a) The epidermis is avascular. Only the cells composing the stratum basale derive oxygen and
nutrients necessary for mitosis. As the cells are moved away from the life-support of the dermis, they
die and undergo the transformation of keratinization and cornification.

(b) Derived from the ectoderm germ layer, the epidermis is composed of stratified squamous
epithelium.

(e) The lovely Rapunzel unloosed her scalp hair over the balcony to help her intrepid suitor scale the
castle wall. Scalp hair is angora in that it grows continuously and has no predetermined length,

(c) The layers of the epidermis are in the same order throughout the body because they reflect the
transitional changes that occur as they are moved away from the dividing stratum basale layer.
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14.

15.

16.

17.

18.

19.

20.

(b) The movement of cells in the epidermis varies in accordance with the rate of sloughing off from
the outer surface and the rate of mitosis in the stratum basale.

(e) Lamellated corpuscles, bulbs of Krause, free nerve endings, and organs of Ruffini are all receptor
types in the skin.

(a) Located in the stratum basale, melanin is a pigment produced in melanocytes that absorbs specific
wavelengths of light. Ultraviolet light is a common radiation on Earth that is a potential health
hazard.

(c) Oxygenated blood is bright red due to the formation of oxyhemolobin. Cyanosis, or blue blood, is
the result of insufficient oxygen.

(c) Alopecia, or baldness, is usually genetically inherited, although viruses, stress, and protein
deficiencies can influence the condition.

{¢) Sebaceous glands secrete sebum into hair follicles. Derived from ectoderm, these exocrine glands
are of the compound tubular type.

(e) The skin does not produce proteins but it does stores energy in the form of lipids. In order for
lipids to be utilized as a source of food, however, they must be transported to the liver and converted
to carbohydrates.

True or False

1. True
2. False; the skin is an organ
3. True
4. False; third-degree burn
S. True
6. True
7. False; mitosis occurs principally in the stratum basale, and to a slight degree in the stratum spinosum
8. False; all people have virtually the same number of melanocytes but vary in the ability to synthesize
melanin
9. False; sudoriferous glands
10. True
11. False; the skin is virtually waterproof
12. False; apocrine sweat glands do not mature until puberty
13. True
14. False; alopecia is not a disease
15. False; acne is an inflammatory condition of sebaceous glands
Completion
1. integument 6. Keratin
2. stratified squamous 7. Sebaceous
3. disjunction, basale 8. Lanugo
4. melanin, carotene 9. eccrine, apocrine
5. papillary, reticular 10. Ceruminous
Labeling
1. Epidermis 6. Hair follicle
2. Dermis 7. Arrector pili muscle
3. Hypodermis 8. Eccrine sweat gland
4, Shaft of hair 9, Apocrine sweat gland
5. Sebaceous gland 10. Adipose tissue
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Objective A To describe the principal functions of the skeletal system.

6.1

6.2

The skeletal system consists of bones, cartilage, and joints. The bones are
SATVEY) the individual organs of the skeletal system and, in turn, are composed of
: bone tissue (see chapter 4).

The functions of the skeletal system fall into five categories. Support—the
skeleton forms a rigid framework to which are attached the softer tissues and organs
of the body. Protection—the skull, vertebral column, rib cage, and pelvic girdle
enclose and protect vital organs; sites for blood cell production are protected within
the hollow centers of certain bones. Movement—bones act as levers when attached
muscles contract, causing movement about joints. Hemopoiesis—red bone marrow
of an adult produces white and red blood cells and platelets (see problem 6.7).
Mineral storage—the matrix of bone is composed primarily of calcium and
phosphorus; these minerals can be withdrawn in small amounts if needed elsewhere
in the body. Lesser amounts of magnesium and sodium are also stored in bone tissue.

How much of the body’s calcium and phosphorus is contained in bones?

About 99% of the calcium within the body, and 90% of the phosphorus, is deposited in bones and
teeth. These minerals give bone its rigidity, and they account for approximately two-thirds of the
weight of bone. In addition, calcium is necessary for muscle contraction, blood clotting, and
movement of molecules across cell membranes. Phosphorus is required for the activities of DNA
and RNA, as well as for ATP utilization.

In addition to mineralization involving calcium and phosphorus, what other
physiological mechanisms determine the stability of bone?

Body organs that perform regulatory functions have a direct effect on the stability of bone. The
kidneys, for example, determine blood composition, which in turn affects bone. The digestive
system—via proteins and vitamins A, D, and C—and the female reproductive system—via
pregnancy—<can cause alteration of bone. Enzymatic and metabolic controls (alkaline phosphatase,
glycogen, etc.) of the liver affect bone structure. At least five hormones affect bone: pituitary
growth hormone stimulates bone growth (osteogenesis); thyroid hormone promotes both
osteogenesis and osteolysis (bone destruction); androgens and estrogens of the gonads stimulate
bone growth and closure of the growth lines (epiphyseal plates); and unbalanced secretions of the
adrenal cortisol and thyrocalcitonin may cause osteoporosis (bone atrophy).

Rickets and osteomalacia are metabolic diseases caused by a deficiency of

vitamin D. Rickets occurs in children who have inadequate exposure to

sunlight and a dietary deficiency of vitamin D. Without sufficient vitamin D,

the body is unable to properly metabolize calcium and phosphorus. Children

with rickets are irritable because of bone pain, and their bones are easily
fractured. The bones within the legs are frequently bowed because of their inability
to support the weight of the body. A deficiency of vitamin D in adults causes bone
resorption, resulting in osteomalacia. Weakening of adult bones frequently leads to
skeletal deformities, especially of the spine and legs. Both of these conditions are
treated with supplements of vitamin D, calcium, and phosphorus.

Objective B To distinguish between the axial and appendicular portions of the skeletal

system.

88
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Rib
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cage

~ The axial skeleton consists of the bones that form the axis of the body and

$4TVeY) that support and protect the organs of the head, neck, and trunk. These

" bones include those of the skull, vertebral column, and rib cage. In addition,

the auditory ossicles (ear bones) and the hyoid bone are included within the

axial skeleton. The appendicular skeleton consists of the bones of the

pectoral and pelvic girdles and the bones of the upper and lower extremities. The

girdles anchor the appendages to the axial skeleton. The bones of the adult skeleton
are illustrated in fig. 6.1 and listed in table 6.1.
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Figure 6.1 The skeleton. (a) An anterior view and (b) a posterior view.
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Table 6.1 Classification of the Bones of the Adult Skeleton

Axial skeleton

Appendicular skeleton

Skull—22 bones
14 facial bones

maxilla (2)
palatine bone (2)
zygomatic bone (2)
lacrimal bone (2)
nasal bone (2)
vomer (1)

inferior nasal
concha (2)
mandible (1)

8 cranial bones

frontal bone (1)

parietal bone (2)
occipital bone (1)
temporal bone (2)
sphenoid bone (1)
ethmoid bone (1)

Auditory ossicles—6 bones
malleus (2)

incus (2)

stapes (2)

Hyoid—! bone

Vertebral column—26 bones
cervical vertebra (7)

thoracic vertebra (12)

lumbar vertebra (5)

sacrum (1) (5 fused bones)
coceyx (1) (3 to 5 fused bones)

Rib cage—25 bones
rib (24)
sternum (1)

Pectoral girdle—4 bones
scapula (2)
clavicle (2)

Upper extremities—o60 bones

humerus (2) carpal bone (16)
radius (2) metacarpal bone (10)
ulna (2) phalanx (28)

Pelvic girdle—2 bones
os coxae (2) (each contains 3 fused bones)

Lower extremities—o60 bones

fermur (2) tarsal bone (14)
tibia (2) metatarsal bone (10)
fibula (2) phalanx (28)

patella (2)

6.4

True or false: Every human skeleton consists of 80 axial bones + 126 appendicular
bones = 206 bones.

False. While there may be 206 bones in the “typical” human skeleton, the number differs from

person to person depending on age and inheritance. At birth, the skeleton consists of approximately
270 bones. As further bone development (ossification) occurs during infancy, the number increases.
Following adolescence, however, the number decreases as separate bones gradually ankylose (fuse).

What are sutural bones and sesamoid bones?

Extra bones within the sutures of the skull (see problem 6.12) are called sutural (wormian) bones.
They are highly variable in occurrence and location within the serratelike sutural skull joints.
Sesamoid bones are formed in tendons, in response to stress as the tendons repeatedly move across
a joint. The patella (kneecap) is an example of a sesamoid bone that everyone has. Other sesamoid
bones are variable but frequently occur within tendons passing across phalangeal joints of the
fingers.

Objective C To categorize bones according to shape and to describe their surface features.

The bones of the skeleton are divided into four types, on the basis of shape

s rv@ rather than size. Long bones (fig. 6.2) are longer than they are wide and

~ function as levers (e.g., most of the bones in the appendages). Short bones

are more or less cubical and are found in confined spaces, where they

transfer forces of movement (e.g., bones in the wrist and ankle). Flat bones

provide surfaces for muscle attachment and also provide protection for underlying

organs (e.g., bones of the skull and rib cage). Irregular bones are elaborated for

muscle attachment or articulation (e.g., vertebrae and certain skull bones). In

addition to its particular shape, each bone has diagnostic surface features that serve

specific functions, for example, to provide for muscle attachment or passage of

nerves or vessels, or to permit or restrict movement at joints. The surface features of
bones are summarized in table 6.2.
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Short bone

Irregular bone

Figure 6.2 The shapes of bones.

Objective D To distinguish between endochondral and intramembranous bone
formation.

> Ossification (bone formation) begins during the fourth week of prenatal

srvey) development. Bones develop either through endochondral ossification—
going first through a cartilaginous stage—or through intramembranous
(dermal) ossification—forming directly as bone.

6.5 Which bones are endochondral? Which are membranous?

The majority of bones are formed first as hyaline cartilage, which then undergoes endochondral
ossification. The bones of the face (facial bones), however, and the bones surrounding the brain
(cranial bones) are all membranous, except for the sphenoid and occipital bones, which are
endochondral. Sesamoid bones are also membranous bone.

6.6  What are the fontanels, and why are they important?

During fetal development and infancy, the membranous bones of the top and sides of the cranium
are separated by fibrous sutures. There are also six large membranous areas, called fontanels (“soft
spots”), that permit the skull to undergo changes in shape (molding) during parturition (childbirth);
four of these are illustrated in fig. 6.3. The fontanels also permit rapid growth of the brain during
infancy. Ossification of the fontanels is normally complete by 20 to 24 months of age.
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Table 6.2 Surface Features of Bones

Surface feature

Definition and example

Articulating surfaces

Condyle Large, rounded articulating surface (occipital condyle of the
occipital bone)

Head Prominent, rounded articulating end of bone (head of the
femur)

Facet Flattened or shallow articulating surface (costal facet of a

thoracic vertebra)

Nonarticulating prominences

Process Any bony extension (mastoid process of the temporal bone)

Tubercle Small, rounded process (greater tubercle of the humerus)

Tuberosity Large, roughened process (radial ruberosity of the radius)

Trochanter Massive process found only on the femur (greater trochanter
of the femur)

Spine Sharp, slender process (spine of the scapula)

Crest Narrow, ridgelike projection (iliac crest of the os coxae)

Epicondyle Projection above a condyle (medial epicondyle of the femur)

Depressions and openings

Fossa Shallow depression (mandibular fossa of the temporal bone)

Sulcus Groove that accommodates a vessel, nerve, or tendon
(intertubercular su/cus of the humerus)

Fissure Narrow, slitlike opening (superior orbital fissure of the

sphenoid bone)

Meatus, or canal

Tubelike passageway (external acoustic meatus of the
temporal bone

Alveolus

Deep pit or socket (maxillary alveoli for teeth)

Foramen
(pl., foramina)

Rounded opening through a bone (foramen magnum of the
occipital bone

Sinus

Cavity or hollow space (frontal sinus of the frontal bone)

Fovea

Small pit or depression (fovea capitis femoris of the femur)

Chapter 6
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Anterior fontanel

Frontal bone Coronal suture

Parietal bone

Frontal bone

S al suture
agittal sutu Anterolateral
fontanel

Occipital bone

Squamous suture 2
Temporal bone

(a) (b)
Figure 6.3 The fontanels of the fetal skull and the principal sutures. (a) a superior view
and (b) a lateral view.

Parietal bone Posterior fontanel

Mandible

Objective E To describe the gross structure of a typical long bone.

Within the diaphysis (shaft) of a long bone is a medullary cavity that is
lined with a thin layer of connective tissue called the endosteum (fig. 6.4).

4~ The medullary cavity contains fatty yellow bone marrow. On either end of
] the diaphysis is an epiphysis, consisting of spongy bone surrounded by
compact bone. Red bone marrow is found within the pores of the spongy

bone. Separating the diaphysis and epiphysis is an epiphyseal plate, a region of
mitotic activity responsible for linear bone growth (elongation); an epiphyseal line
replaces the plate when bone growth is completed. A periosteum of dense regular
connective tissue covers the bone and is the site of tendon-muscle attachment and
diametric bone growth (widening).

fvey
s{rvey

Proximal epiphysis

Spongy bone

Compact bone
Medullary cavity
Endosteum

Periosteum

Diaphysis

Nutrient foramen

Nutrient vessel

Epiphyseal line

Figure 6.4 The structure of a long bone.
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6.7

6.8

6.9

6.10

What is the difference between hemopoiesis and erythropoiesis?

Hemopoiesis refers to production of all three types of formed elements (see chapter 14) within
blood—erythrocytes (red blood cells), leukocytes (white blood cells), and thrombocytes (blood
platelets). Erythropoiesis refers specifically to production of erythrocytes. The principal site of
hemopoiesis is the red bone marrow of the sternum, vertebrae, portions of the ossa coxae, and the
proximal epiphyses of the femora and humeri (note the italicized plural forms).

What are nutrient foramina?

Nutrient foramina are small openings in a bone that permit the entry of vessels for the
nourishment of the living tissue.

True or false: Bone growth ceases as a person reaches physical maturity.

True in that linear bone growth does cease as the epiphyseal lines replace the epiphyseal plates and
ossification occurs between the epiphyses and diaphyses. However, diametric bone growth and

enlargement of bony processes may occur at any time to accommodate an increase in body mass
(as with a weight lifter).

Where is articular cartilage found?

Articular cartilage is thin hyaline cartilage that caps each epiphysis to facilitate joint movement.
Technically, bones do not articulate; rather, the articular cartilage of one bone articulates with the
articular cartilage of another.

Objective F  To describe endochondral bone formation.

Cartilage mode!

. Endochondral ossification begins in a primary center (fig. 6.5), in the shaft

s V@ of a cartilage model, with hypertrophy of chondrocytes (cartilage cells) and

calcification of the cartilage matrix. The cartilage model is then

vascularized, osteogenic cells form a bony collar around the model, and

osteoblasts lay down bony matrix around the calcareous spicules.

Ossification from primary centers occurs before birth; from secondary centers (in the
epiphyses), it occurs during the first 5 years.
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Figure 6.5 Ossification of a long bone.
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6.11

Both the ectodermal and mesodermal germ layers (see chapter 4)
participate in the formation of the skin. The epidermis and accessory
integumentary structures (hair, glands, and nails) develop from ectoderm.
The dermis develops from a thickened layer of undifferentiated mesoderm
called mesenchyme. Likewise, the cutaneous blood vessels and smooth
muscle fibers contained within the dermis are formed from mesoderm.

What are osteogenic cells?

There are several different types of bone cells, each with a particular function. Osteogenic cells are
progenitor cells that give rise to all bone cells. Osteoblasts are the principal bone-building cells;
they synthesize collagenous fibers and bone matrix, and promote mineralization during ossification.
Once this has been accomplished, the osteoblasts, which are trapped in their own matrix, develop
into osteocytes that maintain the bone tissue. Osteoclasts contain lysosomes and phagocytic
vacuoles. These bone-destroying cells demineralize bone tissue.

Objective G To list the cranial and facial bones of the skull, to describe their locations and structural

6.12

6.13

6.14

characteristics, and to identify the articulations that affix them together.

The skull is composed of 8 cranial bones, which articulate firmly with one
s{rVeY) another to enclose and protect the brain and associated sense organs, and 14
facial bones, which form the foundation for the face and anchor the teeth.
These bones are listed in table 6.1 and illustrated in figs. 6.6 through 6.10.

Define the term suture and describe the locations of the principal sutures of the
skull?

The bones of the skull are united by serrated immovable joints called sutures (see figs. 6.3, 6.7,
and 6.9). The frontal bone is joined to the two parietal bones at the coronal suture; the parietal
bones meet each other at the sagittal suture; the occipital bone meets the parietal bones at the
lambdoid suture; and a parietal bone joins a temporal bone at the squamous suture.

List the cavities of the skull.

The cranial cavity is the largest cavity of the skull, with a capacity of 1300 to 1350 cubic
centimeters. The nasal cavity is formed by both cranial and facial bones. Four sets of paranasal
sinuses are located within the bones surrounding the nasal arca. Middle- and inner-ear chambers
are located within the temporal bones. The oral, or buccal, cavity (mouth) is only partially defined
by bone. The two orbits for the eyeballs are formed by both facial and cranial bones.

What is a foramen? What are the major foramina of the skull, where are they located,
and what structures pass through them?

A foramen (plural, foramina) is an opening through a bone for the passage of a vessel or a nerve.
The principal foramina of the skull are summarized in table 6.3. Refer to figures 6.6 through 6.10
for illustrations of these foramina.
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Table 6.3 Principal Foramina of the Skull

Foramen

Location

Structures transmitted

Carotid canal

Petrous part of temporal bone

Internal carotid artery and
sympathetic nerves

Greater palatine

Palatine bone of hard palate

Greater palatine nerve and

foramen descending palatine vessels
Hypoglossal Anterolateral edge of occipital ; Hypoglossal nerve and branch of
oramen/canal condyle ascending pharyngeal artery

Incisive foramen

Hard palate, posterior to
incisor teeth

Nasopalatine nerve and branches
of descending palatine vessels

Inferior orbital

Between makxilla and greater

Maxillary nerve of trigeminal

fissure wing of sphenoid bone cranial nerve, zygomatic nerve,
and infraorbital vessels
Infraorbital Anterior surface of maxilla, Infraorbital nerve and artery
foramen inferior to orbit

Jugular foramen

Between ﬁ)etrous part of
temporal and occipital bones,
posterior to carotid canal

Internal jugular vein; vagus,
glossopharyngeal, and accessory
nerves

Foramen lacerum

Between petrous Eart of
temporal and sphenoid bones

Branches of ascending pharyngeal
artery and internal carotid artery

Lesser palatine
foramen

Hard palate, posterior to
greater palatine foramen

Lesser palatine nerves

Foramen magnum

Occipital bone

Union of medulla oblongata and
spinal cord; accessory nerves;
vertebral and spinal arteries

Mandibular
foramen

Medial ramus of mandible

Inferior alveolar nerve and vessels

Mental foramen

Below second premolar on
lateral side of mandible

Mental nerve and vessels

Nasolacrimal canal

L.acrimal bone

Nasolacrimal (tear) duct

Olfactory foramen

Cribriform plate of ethmoid
bone

Olfactory nerves

Optic foramen

Back of orbit in lesser wing
of sphenoid bone

Foramen ovale

Greater wing of sphenoid
bone

Optic nerve and ophthalmic artery

Mandibular nerve of trigeminal
cranial nerve

Foramen rotundum

Body of sphenoid bone

Maxillary nerve of trigeminal
cranial nerve

Foramen spinosum

Posterior angle of sphenoid
bone

Middle meningeal vessels

Stylomastoid
oramen

Between styloid and mastoid
processes of temporal bone

Facial nerve and stylomastoid
artery

Superior orbital
fissure

Between greater and lesser
wings of sphenoid bone

Oculomotor, trochlear, and
abducens cranial nerves;
ophthalmic nerve of trigeminal
cranial nerve

Supraorbital

Supraorbital ridge of orbit

Supraorbital nerve and artery

foramen
Zygomaticofacial | Anterolateral surface of Zygomaticofacial nerve and
foramen zygomatic bone vessels
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Frontal bone

Parietal bone

Coronal suture

Temporal bone

Sphenoid bane Zygomatic process

Nasal bone
Ethmoid bone
Lacrimal bone

Infracrbital foramen Zygomatic bone

Perpendicular plate
of ethmoid bone

Nasal concha

Vomar

Mandible
Mental fora

Figure 6.6 An anterior view of the skull.

Coronal suture
Parietal bone

Frontal bone

Sphenoid bone

Lambdoidal suture —

Squamous suture Nasal bone
Temporal bone k

Occipital bone

Lacrimal foramen

Zygomatic bone

Temporomandibular joint Infraorbital foramen

External acoustic meatus
Maxilla

Mastoid process

Styloid process

Mental faramen

Mandible

Figure 6.7 A lateral view of the skull.
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Incisive foramen

Canine

B
F

lars

Palatine process of

Molars
maxilla
Zygomatic bone
Palatine bone
Zygomatic arch
Foramen |
Vomer -
F ovale
Mandibular fossa
Styloid process
Carotid canal
Occipital condyle Jugular foramen

Mastold process

Foramen magnum

Occipital bone

Coronal suture
Frontal bone
Pariatal bone
Frontal sinus
Sphenoid bone
Ethmoidal sinus Temporal bone
Sefia turcica Squamous suture
Sphenoidal sinus Lambdoid suture
Perpendicular plate Occipital bone
of ethmoid bone
Vomear
Hard palate Internal acoustic
meatus

Mandible

Figure 6.9 A sagittal view of the skull.
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Crista galli of ethmoid bone

Cribriform plate of ethmoid bone

Lesser wing of sphenoid bone

Greater wing of sphenoid bone

Anterior cranial fossa

Frontal bone

Optic foramen

Foramen rotundum

Foramen ovale

6.15

6.16

6.17

Sella turcica

Foramen spinosum
Dorsum sellae

Temporal bone Foramen lacerum

Petrous part of temporal bone
Jugular foramen P POl

Internal acoustic meatus
Foramen magnum

Parietal bone

Posterior cranial fossa

Occipital bone

P
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Figure 6.10 The floor of the cranial cavity.

Describe the anatomical features of the frontal bone.

The frontal bone forms the anterior roof of the cranium, the roof of the nasal cavity, and the
supraorbital margin over the orbit of each eye (figs. 6.6, 6.7. and 6.9). The supraorbital foramen
along the supraorbital margin is an opening for the small supraorbital nerve and artery. The frontal
bone contains paired frontal sinuses (fig. 6.7) connected to the nasal cavity.

Identify the paranasal sinuses and state their function.

There are four paranasal sinuses that lessen the weight of the skull and act as sound chambers for
voice resonance. These sinuses are named according to the bones in which they are found. Thus,
there are the fronral, maxillary, sphenoidal, and ethmoidal sinuses (fig. 6.7).

Sinusitis is an inflammation of the mucous membrane that lines the paranasal
sinuses. Since these sinuses connect to the nasal cavity, they are vulnerable
to infections that originate in the nasal mucosa. Blowing the nose too hard
may force microorganisms into the moist, warm environment of a paranasal
sinus.

Describe the four parts of the temporal bone.

Each of the two temporal bones that form the lower sides of the cranium consists of four parts.
The flattened squamous part of the temporal bone forms the posterior component of the
zygomatic arch (see fig. 6.7) and has a mandibular fossa to receive the condyle of the mandible at
the temporomandibular joint (fig. 6.11). The tympanic part of the temporal bone contains the
external acoustic meatus (ear canal) and the styloid process. The mastoid part of the temporal
bone consists of the mastoid process, which contains the mastoid and stylomastoid foramina. The
dense and inferior petrous part of the temporal bone (see fig. 6.10) contains the middle and inner
ears, as well as the three auditory ossicles (malleus, incus, and stapes) shown in fig. 6.15.
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6.18

6.19

Squamous part
External acoustic
meatus

Zygomatic process

Mastoid part
Mandibular fossa

Tympanic part

Mastoid process
Styloid process

Figure 6.11 The temporal bone.

The mastoid process of the temporal bone can be easily palpated as a bony
knob behind the earlobe. Although not present on a newborn, the mastoid

o 9

S\~ process soon develops as the sternocleidomastoid muscle that attaches to it
contracts, causing neck movement. As the process develops, a number of
small air-filled spaces called mastoid cells form within the bone. These

spaces are clinically important because they can become infected in mastoiditis. A
tubular communication from the mastoid cells to the middle-ear cavity may allow
ear infections to spread to this region.

What structures characterize the occipital bone?

The occipital bone forms the posterior and much of the inferior portion of the cranium. It contains
the foramen magnum, through which the spinal cord attaches to the brain, and the occipital
condyles, which articulate with the first cervical vertebra (see problem 6.27).

Which endocrine gland is supported by the sphenoid bone?

Located in the floor of the cranium (see fig. 6.10), the sphenoid bone resembles a butterfly with
outstretched wings. The sella turcica is a bony depression in the sphenoid bone (fig. 6.12) that
supports the pituitary gland. The sphenoid bone also contains the paired optic foramina, foramina
ovale, foramina spinosum, foramina lacerum, foramina rotundum, and the superior orbital fissures.

.. The sphenoid bone is the most frequently fractured bone of the cranium (the
bones supporting and surrounding the brain). Its broad, thin, platelike
extensions are perforated by several foramina, weakening the sphenoid bone
structurally. A blow to almost any portion of the skull causes the buoyed,
fluid-filled brain to rebound against this vulnerable bone, often causing it to

fracture. Because the bone is tightly confined, however, the fractured parts usually
are not severely displaced and readily heal with no complications.
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Foramen rotundum
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Figure 6.12 An anterior view of the sphenoid bone.

6.20 What do the perpendicular plate, crista galli, nasal conchae, and cribriform plate
have in common?

All four structures are components of the ethmoid bone (fig. 6.13). The perpendicular plate of the
ethmoid bone forms part of the nasal septum, which divides the nasal cavity into two nasal fossae.
The crista galli attaches to the meninges covering the brain. The epithelium covering the scroll-
shaped superior and middle nasal conchae warms and moistens inhaled air. The perforations in the
cribriform plate of the ethmoid bone allow the passage of olfactory nerves.

Crista galli

Cribriform plate

Superior nasal concha

Middle nasal concha

Perpendicular plate”’

Figure 6.13 The ethmoid bone.

6.21  What is the hard palate?

The hard palate is the bony partition between the nasal and oral cavities formed by the union of
the palatine processes of the maxillae and the palatine bones. The hard palate, along with the
fleshy soft palate. forms the roof of the mouth.

6.22 What are the diagnostic features of the mandible?

The mandible (lower jawbone) (fig. 6.14) has condylar processes for attachment to the skull (at the
temporomandibular joint). The coronoid processes are for attachment of the temporalis muscles.
The mandibular and mental foramina are for passage of nerves (see table 6.2). Sixteen teeth are
embedded in the adult mandible. The structure, function, and replacement sequence of teeth are
discussed in chapter 19.



102 Skeletal System Chapter 6

Coronoid process
Mandibular notch
Mandibular foramen

Head

Condylar process

Mental protuberance
Ramus

Angle
Mental foramen

Figure 6.14 The mandible.

6.23 Why are the auditory (ear) ossicles, which are contained within the petrous parts of
the temporal bones, not considered bones of the skull?

Each of the two middle-ear chambers contains three small auditory ossicles—the malleus
(hammer), incus (anvil), and stapes (stirrup) (fig. 6.15). Because they originate in the pharyngeal
region and then migrate into the position of the middle ear as the skull is forming, the auditory
ossicles are not considered bones of the skull. In the functioning ear, the auditory ossicles amplify
and transmit sound from the outer ear to the inner ear. A more detailed discussion of the structure
and function of the auditory ossicles is included in chapter 12.

Superior ligament of
malleus

Malleus Posterior ligament of

Anterior ligament

of malieuss Vt_ashl:u!ar (oval)

Wi

Middle-ear chamber

Tympanic

External acoustic
membrane

maeatus

Auditory tube

Figure 6.15 The auditory ossicles.

6.24 Where is the hyoid bone located and what are its functions?

The U-shaped hyoid bone (fig. 6.16) is located in the anterior neck, where it supports the tongue
superiorly and the larynx (voice box) inferiorly. In addition, several anterior neck muscles attach to
this bone. The hyoid bone plays a major role in swallowing. It is a unique bone in that it does not
attach directly to any other bone. Instead, it is suspended from the styloid processes of the temporal
bones by the stylohyoid ligaments.



Chapter 6

Skeletal System

103

Objective H To describe the structure and functions of the vertebral column.

Greater comu

Lesser comu

Sy ot

e Body

2

Figure 6.16 The hyoid bone.

As part of the axial skeleton, the vertebral column (backbone) supports

$4rV€Y) and permits movement of the head and trunk and provides a site for muscle

attachment. The vertebrae (bones of the vertebral column) also support and
protect the spinal cord and permit passage of spinal nerves.

The vertebral column is composed of 33 individual vertebrae (singular,

vertebra). There are 7 cervical, 12 thoracic, 5 lumbar, 4 or 5 fused sacral, and 4 or 5
fused coccygeal vertebrae; thus, the vertebral column is composed of a total of 26
movable parts (fig. 6.17). Vertebrae are separated by fibrocartilaginous
intervertebral discs and are secured to one another by interlocking processes and
binding ligaments. The structural arrangement of the vertebral column allows only
limited movement between vertebrae but extensive movements of the vertebral
column as a unit. Between the vertebrae are openings called intervertebral
foramina that permit passage of spinal nerves.

2

R g I— Cervical vertebrae
5
6

[— Thoracic vertebrae

— Lumbar vertebrae

Figure 6.17 A lateral view of the vertebral column.
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6.25

6.26

Transverse process Superior

Spinous pracess

Inferior articular process Body

Which of the following is nor a curvature of the vertebral column? (a) thoracic,
(b) costal, (¢) pelvic, (d) cervical, (e) lumbar

(b): Four curvatures of the adult vertebral column can be identified in a lateral view. The cervical,
thoracic, and lumbar curves are designated by the type of vertebrae they include. The pelvic
curve is formed by the shape of the sacrum and coccyx. The curves of the vertebral column play an
important functional role in increasing the strength and maintaining the balance of the upper
portion of the body; they also make possible a bipedal (two-footed) stance.

Could any vertebra be considered “structurally typical”?

While no single vertebra is typical, the various vertebrae shown in fig. 6.18 are representative of
those from each of the five regions of the vertebral column. Cervical vertebrae have rransverse
foramina for the passage of vessels to the brain. Thoracic vertebrae are characterized by the
presence of facets for articulation with the heads of ribs. The large lumbar vertebrae have
prominent processes for muscle attachment. The sacrum consists of four or five fused sacral
vertebrae and attaches to the pelvic girdle at the sacroiliac joint. The triangular coccyx (“tailbone’)
is composed of four or five fused coccygeal vertebrae.

Several generalities about vertebrae can be made. The drum-shaped bedy of a vertebra is in contact
with the intervertebral discs on each end. The neural arch on the posterior surface of the body of
the vertebra is composed of two supporting pedicles and two arched laminae. The hollow space
formed by the vertebral arch and body is the vertebral foramen, or vertebral canal, that allows
passage of the spinal cord. The spinous process extends posteriorly from the vertebral arch. Other
processes of most vertebrae include paired transverse processes, paired superior articular
processes, and paired inferior articular processes. The intervertebral foramina permit passage
of spinal nerves.

Superior articular process Superior articular process

Bod
Spinous process Y

Transverse
process

Inferior articular process

Cervical vertebra Thoracic vertebra

Anterior sacral
foramen

Transverse
process

vertebral notch

Coceyx

Lumbar vertebra Sacrum

Figure 6.18 Examples of vertebrae from different vertebral regions.
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6.27 Do any vertebrae have specific names besides a letter-number designation?

Only two. The atlas, which is the first cervical vertebra (C1) (fig. 6.19), is adapted to articulate
with the occipital condyles of the skull, giving support and maneuverability to the head. (The
atlantooccipital joint permits nodding of the head.) The axis, or second cervical vertebra (C2), has
a peglike dens, or odontoid process, that provides a pivot for rotation with respect to the atlas, as
in turning the head to the side.

Dens of axis Anterior arch of atlas

¢ axi
e Body of axis

Superior articutar facet

Transverse process

Transverse foramina

Posterior arch of atlas
Spinous process of axis

Figure 6.19 The atlas and axis cervical vertebrae.

Objective I To describe the structures of the rib cage and state their functions.

w The sternum, costal cartilages, and ribs attached to the thoracic vertebrae
${IVeY) form the rib cage, or thoracic cage, of the thorax. The anteroposteriorly
compressed rib cage supports the pectoral girdle and upper extremities,
protects and supports the thoracic and upper abdominal viscera, provides an
extensive surface area for muscle attachment, and plays a major role in
respiration.

6.28 Describe the structure of the sternum.

The elongated and flattened sternum is a compound bone, consisting of an upper manubrium, a
central body, and a lower xiphoid process (fig. 6.20). On the lateral sides of the sternum are costal
notches, where the costal cartilages attach.

6.29 True or false: Each of the 12 pairs of ribs attaches posteriorly to the thoracic
vertebrae and anteriorly to the sternum via costal cartilages.

False. Only the first seven pairs, the true ribs, are anchored to the stenum by individual costal
cartilages (fig. 6.18). The remaining five pairs are called false ribs. Ribs 8, 9, and 10 are attached
to the costal cartilage of rib 7. The remaining two paired false ribs do not attach to the sternum and
are frequently referred to as the floating ribs.

6.30 What features do ribs have in common?

Each of the first 10 paired ribs has a head and tubercle for articulation with a vertebra (fig. 6.20).
The last two pairs have a head but no tubercle. All ribs have a neck, angle, and shaft (body).

.. Fractures of the ribs are relatively common injuries and most frequently
occur between ribs 3 and 10. The first two pairs are protected by the
clavicles, and the last two pairs move freely and will give with an impact.
Little can be done to assist the healing of a broken rib other than binding it
to restrict movement.
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Figure 6.20 The rib cage consists of (a) the sternum, costal cartilages, and 12 paired ribs
attached to the thoracic vertebrae. A typical rib (b) has facets for attachment to the
sternum and a broadly flattened and rounded shaft (body) for protection of thoracic
viscera and muscle attachment.

Objective J To describe the structure of the pectoral girdle.

The two scapulae and the two clavicles make up the pectoral (shoulder)

SHI'VEY) girdle that attaches to the axial skeleton at the manubrium of the sternum.
The pectoral girdle provides attachment for numerous muscles that move
the brachium (arm) and antebrachium (forearm).

6.31 What are the functions of the clavicle?

The S-shaped clavicle (collarbone) (fig. 6.21) binds the upper extremity to the axial skeleton and
positions the shoulder joint away from the trunk for freedom of movement. It also is the site of
attachment for muscles of the trunk and neck.

Conoid tubercle

Acromial

extremity Sternal

Body of clavicle extremity

Figure 6.21 The right clavicle. (a) A superior view and () an inferior view.
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The clavicle is the most frequently fractured bone in the body. Blows to the
shoulder or an attempt to break a fall with an outstretched hand displaces the
force to this long, delicate bone. Furthermore, the anterior border of the
clavicle is directly subcutaneous and is not protected by fat or muscle.
Because the clavicle is readily palpated, a fracture is usually easy to detect.

6.32 Identify the structural features of the scapula.

The flattened, triangular scapula (shoulder blade) has three borders, three angles, and three fossae
(fig. 6.22). It also has diagnostic processes and other special features. The superior edge is called
the superior border. The medial border (vertebral border) is nearest to the vertebral column, and
the lateral border (axillary border) is directed toward the arm. The superior angle is located at the
junction of the superior and medial borders, and the inferior angle is located at the junction of the
medial and lateral borders. The lateral angle is located at the junction of the superior and lateral
borders. Along the superior border, a distinct depression called the scapular notch serves as a
passageway for a nerve. The spine of the scapula is a diagonal bony ridge on the posterior surface
that separates the supraspinous fossa from the infraspinous fossa. The spine broadens toward the
shoulder as the acromion. The glenoid cavity is a shallow depression into which the head of the
humerus fits. The coracoid process lies superior and anterior to the glenoid cavity. On the anterior
surface of the scapula is a slightly concave area known as the subscapular fossa.

f Lateral i
Coracoid process angle Coracoid process Superior border

Scapular notch

Superior bord< Superior angle

Superior angle

Supraspinous Acromion

fossa

Glenoid cavity
Spine
Subscapular
fossa

Infraspinous
fossa
Medial

bord
Lateral border roer

Medial border

Inferior angle

(@) (b)

Figure 6.22 The right scapula. (a) A posterior view and (b) an anterior view.

Objective K To list the bones of the upper extremity and to describe the diagnostic
features of the bones of the brachium (arm) and antebrachium (forearm).

The upper extremity is divided into the brachium, which contains the

S4PVeY) humerus; the antebrachium, which contains the radius and ulna; and the
~"  manus (hand), which contains 8 carpal bones, 5 metacarpal bones, and 14
phalanges (figs. 6.23 through 6.25). The rounded, proximal head of the
humerus articulates with the glenoid cavity of the scapula at the shoulder

joint. The distal end of the humerus articulates with the radius and ulna at the e/bow
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6.33

6.34

joint. The distal ends of the radius and ulna articulate with the proximal row of
carpal bones in the wrist. Numerous joints of various kinds occur within the hand.

Describe the structure of the humerus.

Located within the brachium, the humerus has a number of diagnostic features (fig. 6.23). The
anatomical neck is an indented groove surrounding the margin of the head of the humerus. The
greater tubercle is lateral to the head of the humerus. The lesser tubercle is slightly anterior to the
greater tubercle and is separated from it by the intertubercular groove, through which passes the
tendon of the biceps brachii muscle. The shaft (body) of the humerus is the long, cylindrical
portion. Along its lateral midregion is a prominent ridge called the deltoid tuberosity. The
capitulum at the distal end of the humerus is the lateral rounded condyle that receives the radius.
The trochlea is the pulleylike medial surface that articulates with the ulna. On either side above the
condyles are the lateral and medial epicondyles. The coronoid fossa is a depression above the
trochlea on the anterior surface, and the olecranon fossa is a depression on the distal posterior
surface.

Lesser tubercle Greater tubercle

Head

Greater tubercle
Surgical neck

Intertubercular
groove

Nutrient foramen

Deltoid tuberosity Shaft of

humerus

Olecranon fossa

Coronoid fossa
Lateral epicondyle
Medial
Lateral epicondyle epicondyle

Trochlea Capitulum

(a) (o)

Figure 6.23 The right humerus. (@) An anterior view and (b) a posterior view.

Capitulum

The surgical neck is the region of the humerus just below the anatomical
neck, where the shaft of the humerus begins to taper. The surgical neck is so
named because of the frequency of trauma-induced fractures that occur at
this location.

What do the radius and ulna have in common? How do they differ?

The lateral radius and the medial ulna both articulate proximally with the humerus and distally
with the carpal bones. As shown in fig. 6.24, both have long shafts (bodies), and styloid processes
for support of the wrist. The radius is shorter and more robust than the ulna and has a rounded
proximal head for articulation with the capitulum of the humerus. The radial tuberosity on the
medial side of the radius is for attachment of the tendon of the biceps brachii muscle.

The ulna is longer than the radius. It has a distinct depression called the trochlear notch that
articulates with the trochlea of the humerus. The coronoid process forms the anterior lip of the
trochlear notch, and the olecranon forms the posterior portion. or elbow. Lateral and inferior to
the coronoid process is the radial notch, which accommodates the head of the radius.
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Radial notch of ulna \ ) Trochlear notch Semilunar notch

Coronoid process
Head of radius

Neck

Head of radius Coronoid process

Ulnar tuberosity Radial tuberosity

Radial tuberosity

Shaft of ulna
——— Shaft of radius

Head of ulna

Styloid process
of ulna

Styloid process

Styloid pracess of radius

of radius Ulnar notch of radius

Figure 6.24 The right radius and ulna. (@) An anterior view and (b) a posterior view.

6.35 Describe the skeletal elements of the hand.

The 27 bones of the manus, or hand, are grouped into 8 carpal bones, S metacarpal bones, and 14
phalanges (fig. 6.25). The articulations (joints) between the cube-shaped carpal bones permit
movement in a confined area, while the elongated metacarpal bones and phalanges act as levers
about their freely movable joints.

The carpal bones are arranged in two transverse rows of four bones each. The proximal row,
naming from lateral (thumb) to medial, consists of the scaphoid bone, lunate bone, triquetral bone,
and pisiform bone. The distal row, from lateral to medial, consists of the trapezium, trapezoid bone,
capitate bone. and hamate bone.

Each of the five metacarpal bones consists of a proximal base, a shaft (body), and a distal head
that is rounded for articulation with the base of a proximal phalanx. The metacarpal bones are
numbered I to V, the lateral, or thumb, side being 1.

The 14 phalanges are the skeletal elements of the digits. A single finger bone is called a phalanx.
The phalanges are arranged in a proximal row, a middle row, and a distal row. The thumb (pollex),
however, has only a proximal and a distal phalanx.

Objective L To describe the structure and functions of the pelvic girdle.

The pelvic girdle, or pelvis, is formed by the two ossa coxae united
S4IVEY) anteriorly by the symphysis pubis (fig. 6.26). It is attached posteriorly to

the sacrum of the vertebral column at the sacroiliac joints. The pelvic girdle

and its associated ligaments support the weight of the body from the

vertebral column. The pelvic girdle also supports and protects the lower
viscera, including the urinary bladder, the reproductive organs, and in a pregnant
woman, the developing fetus.
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Capitate
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Scaphoid Pisiform
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lliosacral joint

lliac fossa

Pubic arch

Sacrum

Acetabutum
Symphysis pubis
Obturator foramen

Ischial tuberosity

Figure 6.26 The pelvic girdle.

What three bones form the os coxae?

Each os coxae (hipbone) consists of an ilium, an ischium, and a pubis. In adults, these bones are
firmly fused. On the lateral surface of the os coxae, where the three bones ossify, is a large circular
depression, the acetabulum (fig. 6.274), which receives the head of the femur. The obturator
foramen is the large opening in the side of the os coxae. In a living person, the obturator foramen
is covered by the obturator membrane, to which several muscles attach.

Describe the three bones of the os coxae.

The ilium is the largest and uppermost of the three bones of the os coxae. It is characterized by a
prominent iliac crest that terminates anteriorly as the anterior superior iliac spine (fig. 6.27). Just
below this spine is the anterior inferior iliac spine. The posterior termination of the iliac crest is
the posterior superior iliac spine, and just below it is the posterior inferior iliac spine. Below
the posterior inferior iliac spine is the greater sciatic notch. On the medial surface of the ilium is
the roughened auricular surface that articulates with the sacrum. The iliac fossa is the smooth,

concave surface on the anterior portion of the ilium.

The ischium is the posteroinferior component of the os coxae. The spine of the ischium is a
prominent posterior projection from the bone. Inferior to the spine of the ischium is the lesser

sciatic notch.
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The pubis is the anterior component of the os coxae. It consists the superior ramus, inferior
ramus, and the body of the pubis. The body of one pubis articulates with that of the other at the
symphysis pubis of the pelvic girdle.

liac crest

llium

Posterior superior . .
iliac spine Anterior superior

iliac spine

lliac tuberosity

Posterior inferior
iliac spine
Greater sciatic
notch

/_ Posterior superior
) iliac spine

Anterior inferior . P
Auricular surface

iliac spine

Superiar ramus

Spine of ischium €
of pubis

Acetabulum Spine of ischium

Pubis
Obturator foramen

Inferior ramus
of pubis

Ischium )
tschium

Ischial tuberosity
Ischial tuberosity

Ramus of ischium
Figure 6.27 The right os coxae. (a) A lateral view and (b) a medial view.

The structure of the pelvic girdle and the way it is attached to the sacrum are

adaptations for the bipedal (two-footed) locomotion characteristic of

humans. An upright posture may cause problems, however. The sacroiliac

joint may weaken with age, causing lower back pains. The weight of the

viscera may weaken the lower abdominal walls and contribute to hernias.
Some of the problems of childbirth are related to the structure of the mother’s pelvis.
Finally, the hip joints tend to deteriorate with age. Many elderly people suffer
fractured hips and may need hip replacements.

6.38 True or false: There are sex-related differences in the adult pelvis.

True. Structural differences between the pelvis of an adult male and that of an adult female (table
6.4) reflect the female’s role in pregnancy and parturition.

Table 6.4 A Comparison of the Male and Female Pelvic Girdles

Characteristic Male pelvis Female pelvis

General appearance | More massive; More delicate; processes
prominent processes not as prominent

Anterior superior Closer together Wider apart

iliac spines

Pelvic inlet Heart-shaped Round or oval

Pelvic outlet Narrower Wider

Obturator foramen | Oval Triangular

Symphysis pubis Deeper, longer Shallower, shorter

Pubic arch Acute (less than 90°)  { Obtuse (greater than 90°)
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Objective M To list the bones of the lower extremity and to describe the diagnostic

6.39

6.40

6.41

features of the bones of the thigh and leg.

(\ The femur is the only bone of the thigh. The head of the femur articulates

SAIVEY) proximally with the acetabulum of the os coxae and the medial and lateral

condyles articulate distally with the proximal articular surface of the tibia

] within the leg. The patella (kneecap) is the sesamoid bone (formed in a

tendon) of the anterior knee region. The tibia and fibula are the bones of

the leg. The distal end of the tibia articulates with the ralus in the ankle. Numerous
joints of various kinds occur within the foot.

Describe the structure of the femur.

Located within the thigh, the femur (thighbone) is the longest and heaviest bone in the body (fig.
6.28). The fovea capitis femoris is a shallow pit in the center of the head of the femur. The
constricted neck of the femur supports the head of the femur, and is a common site for fractures in
the elderly. On the proximolateral side of the shaft of the femur is the greater trochanter, and on
the medial side is the lesser trochanter. The intertrochanteric crest is a bony ridge on the
posterior side of the femur between the greater and lesser trochanters. The linea aspera is a vertical
ridge on the posterior surface of the shaft of the femur. Distally, the medial and lateral condyles
are the articular surfaces for the tibia. The depression between the condyles on the posterior surface
is called the intercondylar fossa, and the depression between the condyles on the anterior surface
is called the patellar surface. On either side above the condyles are the lateral and medial
epicondyles.

Head of temur

Fovea capitis
femoris

Greater trochanter

Neck of femur

Lesser trochanter

Linea aspera
Shaft of femur
Intercondylar fossa
Medial epicondyle

Pateltar surface

Medial condyle Lateral epicondyle

Figure 6.28 The right femur. (@) An anterior view and (b) a posterior view.

True or false. The only function of the patella is protection of the knee joint.

False. The functions of the patella (fig. 6.29) are to protect the knee joint and to strengthen the
tendon of the quadriceps femoris muscle. It also increases the leverage of the quadriceps femoris
muscle as it contracts to straighten (extend) the leg.

What do the tibia and fibula have in common? How do they differ?

The medial tibia (shinbone) and the lateral fibula are the two bones of the leg. As shown in figure
6.29, each has a long shaft (body) and a malleolus for support and protection of the ankle. The
tibia is much more massive than the fibula. It has slightly concave surfaces, called the medial and
lateral condyles, on the proximal end for articulation with the condyles of the femur. A sharp
anterior border extends vertically along the anterior shaft of the tibia. The tibial tuberosity, for the
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attachment of the patellar ligament is located on the proximal portion of the anterior border. The
medial malleolus is a prominent medial bony knob located on the distal end of the tibia.

The fibula is a thin, delicate bone that is more important for muscle attachment than for bearing
weight. Proximally, the fibular articular facet articulates with the lateral epicondyle of the tibia (fig.
6.29). The lateral malleolus is a prominent lateral bony knob located on the distal end of the fibula.

@: Base of patella
Apex of patella Medial condyle ..

Intercondylar eminence

Articular surfaces
Intercondylar eminence
Lateral condyle

Lateral epicondyle
Head ot fibula

i Medial epicondyle
Head of fibula Tibial tuberosity

Fibular articular facet

Anterior crest Shaft of tihia

Shaft of fibula

Lateral malleolus Medial malleolus Medial malleolus

Lateral malleoius

(@)

Figure 6.29 The right patella, tibia, and fibula. (@) An anterior view and () a posterior view.

6.42

Describe the skeletal elements of the foot.

The 26 bones of the pes, or foot, are grouped into 7 tarsal bones, 5 metatarsal bones, and 14
phalanges (fig. 6.30). The articulations (joints) between the cube-shaped tarsal bones permit
movement in a confined area, while the elongated metacarpal bones and phalanges act as levers
about their freely movable joints.

The talus is the tarsal bone that articulates with the tibia and fibula to form the ankle joint. The
calcaneous is the largest of the tarsal bones and provides skeletal support for the heel of the foot.
Anterior to the talus is the block-shaped navicular bone. The remaining four tarsal bones are from
medial to lateral side, the medial, intermediate, and lateral cuneiform bones and the cuboid
bone.

Each of the five metatarsal bones consists of a proximal base, a shaft (body), and a distal head
that is rounded for articulation with the base of a proximal phalanx. The metatarsal bones are
numbered 1 to V, the medial, or great toe, side being 1.

The 14 phalanges are the skeletal elements of the digits. A single toe bone is called a phalanx.
The phalanges are arranged in a proximal row, a middle row, and a distal row. The great toe
(hallux), however, has only a proximal and a distal phalanx.

Objective N To describe the kinds of articulations, or joints, in the body and the range of

movement permitted by each.

.(/\ Joints may be classified according to structure or function. In the structural

s rVGY) classification, a joint is fibrous, cartilaginous, or synovial. The functional
classification  distinguishes  synarthroses  (immovable  joints),
amphiarthroses (slightly movable joints), and diarthroses (freely movable
joints). The following discussion applies only to the structural classification
of joints.
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Distal phalanx
— Phalanges
Distal phalanx Head

Middle phalanx Base

Proximal phalanx

First metatarsal bone — Metatarsal bones
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Second cuneiform
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Navicular
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Tuberosity of
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Figure 6.30 The bones of the right foot. (a¢) A superior view and (b) an inferior view.

6.43 Classify the articulations by structural category, describe the movements of each
type of articulation, and give examples of each type.

See table 6.5.

6.44 Describe the structure of a synovial joint.

Synovial joints are enclosed by a fibroelastic joint capsule, which is lined by a thin synovial
membrane (fig. 6.31). The synovial membrane secretes synovial fluid, which fills the joint capsule
and lubricates the articular cartilage at the ends of the articulating bones. A few synovial joints,
such as the knee joints, have cartilaginous pads, called menisci, that cushion and guide the articular
cartilages.

Synovial fluid is also contained within small membranous sacs called bursae (singular, bursa ) that
cushion muscles and facilitate movements of tendons around synovial joints. Inflammation of the
lining of a bursa is referred to as bursitis.

\

3 \

\ ]

Famur ———————————2a I\
= "\ Synovial membrane

\ %\—- Quadriceps tendon

Patella
Articular catilage Prapalellar bursa

Meniscus Meniscus

Infrapateliar bursa
Joint cavity Patallar tendon
Tibia

Figure 6.31 A synovial joint is represented by a sagittal view of the knee joint.
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Table 6.5 Articulations of the Body
Classification Structure Movements Examples
Fibrous joints | Articulating bones joined
by fibrous connective
tissue
Sutures Frequently serrated edges {None Sutures of skull
of articulating bones
separated by thin layer
of fibrous tissue
Syndesmoses Articulating bones bound | Slightly movable |Joints between tibia-
by interosseous ligaments fibula and radius-ulna
Gomphoses Teeth bound into alveoli  |None Teeth secured into
of bone alveoli (sockets)
Cartilaginous | Articulating bones joined
joints by fibrocartilage or
hyaline cartilage
Symphyses Articulating bones Slightly movable |Intervertebral joints;
separated by pad of symphysis pubis and
fibrocartilage sacroiliac joint
Synchondroses | Mitotically active hyaline {None Epiphyseal plates
cartilage between bones within long bones
Synovial joints |{Joint capsule containing  {Freely movable
synovial membrane and
synovial fluid
Gliding Flattened or slightly Sliding Intercarpal and
curved articulating intertarsal joints
surfaces
Hinge Concave surface of one Bending motion | Knee joint; elbow joint;
bone articulates with in one plane joints of phalanges
convex surface of another
Pivot Conical surface of one Rotation about a | Atlantoaxial joint;
bone articulates with central axis proximal radioulnar
depression of another joint
Condyloid Oval condyle of one Biaxial Radiocarpal joint
‘bone articulates with movement
elliptical cavity of
another
Saddle Concave and convex Wide range of Carpometacarpal joint
surface on each movements of thumb
articulating bone
Ball-and-socket | Rounded convex surface |{Movement in all | Shoulder and hip joints

of one bone articulates
with cuplike socket of
another

planes including
rotation
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6.45 What are the technical terms for the types of movement permitted at synovial joints?

Flexion is a movement that decreases the angle between two bones; extension increases the angle
(fig. 6.32). Abduction is movement away from the midline of the body or a body part; adduction is
movement toward the midline or a body part. Rotation is the movement of a bone around its own
axis, without lateral displacement. (Pronation is the forearm rotation that results in the palm of the
hand being directed backward; the opposite rotation is called supination). Circumduction is a
circular, conelike movement of a body segment.

Abduction Circumduction
=) (IR IE

Flexion

Abduction

Figure 6.32 Movements at synovial joints.

Key Clinical Terms

Arthritis An inflammatory joint disease, usually associated with the synovial membrane
and the articular cartilage. In certain types of arthritis, mineral deposits may form.

Bursitis Inflammation of a bursa.

Dislocation Displacement of one bone away from its natural articulation with another.
Fracture A cracking or breaking of a bone.

Kyphosis (humpback) An abnormal posterior convexity of the lower vertebral column.

Lordosis Excessive anteroposterior curvature of the vertebral column, generally in the
lumbar region, resulting in a *hollow back” or “saddle back.”

Osteoarthritis A localized degeneration of articular cartilage. (Not really an arthritis, since
inflammation is not a primary symptom.)

Osteoporosis Atrophy of bone tissue, resulting in marked porosity in skeletal material.
Causes include aging, prolonged inactivity, malnutrition, and an unbalanced
secretion of hormones.

Scoliosis Excessive lateral deviation of the vertebral column.
Slipped disc Herniation of the nucleus pulposus of an intervertebral disc.

Spina bifida Developmental flaw in which the laminae of the vertebrae fail to fuse. The
spinal cord may protrude through the opening.
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Sprain Straining or tearing of the ligaments and/or tendons of a joint.

Review Exercises

Multiple Choice

1.

10.

11.

12.

13.

14.

15.

16.

Which of the following is not a function of the skeletal system? (a) production of
blood cells, (b) storage of minerals, (c) storage of carbohydrates, (d) protection of
vital organs

Mitosis resulting in elongation of bone occurs at (a) the articular cartilage, (b) the
periosteum, (c) the epiphyseal plate, (d) the diploe.

Which hormone-bone cell combination may result in osteoporosis? (a) adrenal
cortisol-osteoclast, (b) estrogen-osteoblast, (c¢) thyroid hormone-osteoclast,
(d) thyrocalcitonin-osteoblast

Synovial fluid that lubricates a synovial joint is produced by (@) a meniscus, (b) the
synovial membrane, (c¢) a bursa, (d) the articular cartilage, (¢) the mucous membrane.

A flattened or shallow articulating surface of a bone is called (a) a tubercle, (b) a
fossa, (¢) a fovea, (d) a facet.

Which type of cartilage is the precursor to endochondral bone? (a) costal, (b) hyaline,
(c) fibroelastic, (d) articular

Which suture extends from the anterior fontanel to the anterolateral fontanel?
(a) coronal suture, (b) lambdoid suture, (¢) squamous suture, (d) longitudinal suture.

A facial bone that is not paired is (a) the maxilla, (b) the lacrimal bone, (¢) the vomer,
(d) the nasal bone, (e) the palatine bone.

Hemopoiesis would most likely take place in (a) the hyoid bone, (b) a vertebra, (c) the
maxilla, (d) the scapula.

Which of the following bones is not part of the axial skeleton? (a) hyoid bone,
(b) sacrum, (¢) sphenoid bone, (d) clavicle, (¢) manubrium

The optic foramen is located within (a) the ethmoid bone, (b) the occipital bone,
(c) the palatine bone, (d) the sphenoid bone.

An example of a gliding joint is (a) the intercarpal joint, (b) the radiocarpal joint,
(¢) the intervertebral joint, (d) the phalangeal joint.

The mandibular fossa is a feature of which part of the temporal bone? (a) squamous
part, (b) petrous part, (c¢) tympanic part, (d) articular part

The superior and middle conchae are bony structures of which bone? (a) palatine
bone, (b) nasal bone, (¢) ethmoid bone, (d) maxilla

Which of the following bones does not contain a paranasal sinus? (a) frontal bone,
(b) ethmoid bone, (¢) vomer, (d) sphenoid bone, (¢) maxilla

Teeth are supported by (a) the maxillae and mandible, () the mandible and palatine
bones, (c¢) the maxillae and palatine bones, (d) the maxillae, mandible, and palatine
bones.
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17

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

The mastoid process is a structural prominence of (a) the sphenoid bone, (b) the
parietal bone, (c) the occipital bone, (d) the temporal bone, (¢) the ethmoid bone.

A joint characterized by an epiphyseal plate is called (a) a synovial joint, (b) a suture,
(c¢) a symphysis, (d) a synchondrosis.

Which of the following bones is characterized by the presence of a diaphysis and
epiphyses, articular cartilages, and a medullary cavity? (a) scapula, (b) sacrum,
(c) tibia, (d) patella

Remodeling of bone is a function of (a) osteoclasts and osteoblasts, (b) osteoblasts
and osteocytes, (c) chondrocytes and osteocytes, (d) chondroblasts and osteoblasts.

The cribriform plate is a specialized portion of which bone? (a) sphenoid bone,
(b) maxilla, (c¢) temporal bone, (d) vomer, (e¢) ethmoid bone

Which of the following is nor part of the os coxae? (a) acetabulum, (b) ischium,
(c) pubis, (d) capitulum, (e) obturator foramen

A fractured coracoid process would involve (a) the clavicle, (b) the scapula, (c) the
ulna, (d) the radius, (e) the tibia.

The false pelvis is (a) inferior to the true pelvis (b) found in the male only,
(¢) narrower in the male than in the female, (d) not really part of the skeletal system.

A fracture of the lateral malleolus would involve (a) the fibula, (b) the tibia, (¢) the
ulna, (d) a rib, (¢) the femur.

Which of the following bones articulates distally with the talus in the foot?
(a) navicular bone, (b) first metatarsal bone, (¢) calcaneus, (d) first cuneiform bone,
(e) cuboid bone

On a skeleton positioned in the anatomical position, which of the following structures
faces anteriorly? (a) spinous process of the scapula, (b) subscapular fossa,
(¢) infraspinous fossa, (d) linea aspera of the femur, (e) spinous process of a thoracic
vertebra

The sagittal suture is positioned between (a) the sphenoid and temporal bones, (b) the
temporal and parietal bones, (c) the occipital and parietal bones, (d) the occipital and
frontal bones, (e) the right and left parietal bones.

Which of the following bones lacks a styloid process? (a) sphenoid bone, (b) temporal
bone, (¢) ulna, (d) radius

Surgical entry through the roof of the mouth to remove a tumor of the pituitary gland
would involve (a) the mastoid process, (b) the pterygoid process, (c¢) the styloid
process, (d) the sella turcica.

True or False

1. The tibia and fibula articulate with the femur at the knee joint.

2. The proximal and distal ends of a long bone are referred to as diaphyses.
3. Menisci occur only in certain synovial joints.
4

. Supination and pronation are specific kinds of circumductional movements.
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5. Yellow bone marrow in certain long bones of an adult produces red blood cells,
white blood cells, and platelets.

6. Bone matrix is composed primarily of calcium and magnesium, which may be
withdrawn in small amounts as needed elsewhere in the body.

7. Thyroid hormone may promote either osteogenesis or osteolysis.

8. A furrow on a bone that accommodates a blood vessel, nerve, or tendon is known
as a sulcus.

9. Cervical vertebrae are characterized by the presence of articular facets.

10. The two ossa coxae articulate anteriorly with each other at the symphysis pubis,
and posteriorly with the sacrum.

11. The lateral malleolus of the tibia stabilizes the ankle joint.

12. Most of the bones of the skeleton form through intramembranous ossification.
13. There are a total of 56 phalanges in the appendicular skeleton.

14. Articular cartilage and synovial membranes are found only in synovial joints.
15. All joints or articulations in the body permit some degree of movement.

16. Flexion means “contraction of a skeletal muscle.”

17. Osteoblasts actually destroy bone tissue in the process of demineralization.

18. A person has seven pairs of true ribs and five pairs of false ribs, the last two pairs
of which are designated as floating ribs.

19. A stress fracture along the intertrochanteric line involves the femur.

20. Surgery of a meniscus could be performed only on either knee joint.

Completion

1. Red bone marrow produces blood cells in a process called

The skeleton consists of the skull, vertebral column, and
rib cage; the skeleton consists of the girdles and the
appendages.

bones, such as the patellae, are formed in tendons.

bones are formed first as hyaline cartilage and
bones form directly as bone.

The is a diamond-shaped
“soft spot” on the top of a newborn’s skull that facilitates childbirth and permits brain
growth.

Separating the diaphysis and epiphysis of a child’s long bone is a(n)
, which permits linear bone growth.

The foramen is an opening in the mandible on the
lateral side below the second premolar tooth.
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8. The and the perpendicular plate of the
bone compose the bony framework of the nasal septum.
9. In an adult, the ilium, ischium, and pubis are fused to form the
, or hipbone.
10. The foot contains tarsal bones, metatarsal bones, and
phalanges.
Labeling

Label the structures indicated on the figure to the right.

1. 2
2,
3.
4,
5. 8
6. 9
7.
10
8.
9.
10.
Answers and Explanations for Review Questions
Mulitiple Choice
1. (c¢) Carbohydrates are not stored within bone.
2. (c) Linear bone growth occurs at the epiphyseal plates through mitotic activity. Once adult height has
been reached, cell division at these locations stops and the plates ossify.
3. (a) Both adrenal cortisol and osteoclasts break down bone tissue.
4. (b) The synovial membrane lining the inside of the joint capsule produces the lubricating synovial fluid.
5. (d) An example of a facet is the shallow depression on the side of a thoracic vertebra, where the head
of a rib articulates.
6. (b) Most bones are endochondral, meaning that they began as a hyaline cartilage model before they
ossified.
7. (a) Like a coronal plane (frontal plane) through the body, which divides the front from the back, the
coronal suture appears to divide the skull from front to back.
8. (c) The only two unpaired facial bones are the vomer and the mandible.
9, (b) The principal sites for hemopoiesis are the sternum, vertebrae, ossa coxae, femora, and humeri.
10. (d) The clavicles are part of the pectoral girdle, a component of the appendicular skeleton.
11. (d) Contained within the sphenoid bone, the optic foramen is the passageway for the optic nerve from
the eye.
12. (a) Each of the joints of the carpal bone (intercarpal joints) is of the gliding type.
13. (a) The squamous part of the temporal bone includes the zygomatic process and the mandibular fossa
for articulation with the mandible at the temporomandibular joint.
14. (c¢) The nasal cavity contains three paired conchae. The superior and middle conchae are part of the

ethmoid bone, and the inferior concha is a separate bone.
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18.
16.

17.

18.
19,

20.
21.

22,
23.
24,
25.
26.
27.
28.
29.

30.

(c) The vomer is a flat bone that does not contain a sinus.

(a) In an adult who has all of his or her permanent teeth, 16 are supported in the maxillae and 16 are
supported in the mandible.

(d) As a protrusion of the temporal bone, the mastoid process can be palpated as a bony knob directly
behind the ear.

(d) Most synchondrotic joints ossify following the period of linear bone growth.

(¢) Each of the long bones within the appendages of the body has a diaphysis, epiphyses, articular
cartilage, and a medullary cavity.

(a) Osteoclasts break down bone tissue and osteoblasts build up bone tissue.

(e) With its numerous perforations, the cribriform plate of the ethmoid bone permits passage of the
olfactory cranial nerves from the olfactory epithelium of the nasal cavity.

(d) The capitulum is a structure on the humerus.

(b) The coracoid process is an extension of the scapula from which several muscles attach.

(c) The false, or greater, pelvis is the distance between the two anterior superior iliac spines. What this
means is that adult females have relatively wider hips than do adult males.

(a) The lateral malleolus is the knob of bone on the lateral side of the ankle. The lateral malleolus is on
the distal end of the fibula, and the medial maileolus is on the distal end of the tibia.

{a) The navicular bone is sandwiched between the talus and the three cuneiform bones.

(b) The subscapular fossa is the slightly indented anterior surface of the scapula.

(e) The sagittal suture extends from the frontal bone to the occipital bone, between the two parietal
bones.

(a) There are actually six styloid processes in the body—one on each of the paired ulna, radius, and
temporal bones.

(d) The pituitary gland is supported inferiorly by the sella turcica of the sphenoid bone.

True or False

10.
11.
12
13.
14.
15.
16.
17.
18.
19.
20.

CRAANR W=

False; only the tibia

False; epiphyses

True

False; rotational

False; red bone marrow

False; calcium and phosphorus
True

True

False; transverse foramina

True

False; fibula

False; endochondral

True

True

False; some joints are immovable
False; “lessening the angle at a hinge joint”
False; osteoclasts

True

True

False; generally, but not always

Completion

il o

hemopoiesis

axial, appendicular

Sesamoid

Endochondral, membranous
anterior fontanel 1

epiphyseal plate
mental

vomer, ethmoid
0s coxae

7,5, 14

S e
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Ul o

Lambdoid suture
Squamous suture
Zygomatic process
Condyloid process
Mastoid process

Mandible (body)
Coronal suture
Lacrimal bone
Zygomatic bone
Maxilla

SexENAx



Muscle Tissue and Mode
of Contraction 7

Objective A To review the classification of muscle tissue.

Recall from chapter 4, problem 4.21, that there are three types of muscle
tissue: smooth, cardiac, and skeletal. Each type has a different structure and
function, and each occurs in a different location in the body (see table 4.7
and fig. 4.5). Because they resemble tiny threads, muscle cells are called
muscle fibers.

syrve

7.1  Which type of muscle constitutes the greatest portion of the body’s total weight?

Skeletal muscle constitutes a body system by itself and accounts for about 40% of a person’s body
weight. Smooth and cardiac muscle tissues account for about 3% of the total body weight.

Muscle tissues are formed prenatally from undifferentiated mesoderm
called mesenchyme that migrates throughout the body. Once in position
and coalesced, the mesenchymal cells specialize into muscle fibers and
lose their ability to mitotically divide. This means that a person at birth has
all the muscle fibers he or she will ever have. With body growth and
conditioning, the muscle fibers increase in size.

Objective B To describe the functions of muscles.

Motion. Contraction of skeletal muscles produces such body movements as
walking, writing, breathing, and speaking. Movements associated with
digestion and flow of fluids (lymphatic, urinary, and reproductive systems)
require contraction of smooth muscles. Movements associated with the
cardiovascular system require all three types of muscle tissue.

s{rvey

Heat production. All cells release heat as an end product of metabolism. Since a
sizable portion of cells in the body are muscle cells, muscles are a major source of
heat.

Posture and body support. The muscular system lends form and support to the
body and helps to maintain posture in opposition to gravity.

7.2 How do the concepts of synergism and antagonism apply to skeletal muscles?

Synergistic muscles contract together and coordinate in effecting a particular movement. For
example, the temporalis muscles and the masseter muscles both work together to elevate the jaw
(close the mouth).

Antagonistic muscles perform tasks that oppose those of another group of muscles and are
generally located on the opposite side of a limb or portion of the body. For example, the biceps
brachii muscle flexes the elbow and the triceps brachii muscle extends it.

Objective C To identify the components of a skeletal muscle fiber.

Each skeletal muscle fiber is a multinucleated, striated cell containing a
large number of rodlike myofibrils that extend, in parallel, the entire length
of the cell. Each myofibril is composed of still smaller units, called
myofilaments, that contain the contractile proteins actin and myosin.
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7.3

Tropomyosin
protein spiral

7.4

Describe the protein structures involved in muscle contraction.

Each myofibril within a skeletal muscle fiber consists of several hundred protein strands called
myofilaments. Thin myofilaments are about 6 nm in diameter and are composed primarily of the
actin proteins. Thick myofilaments are about 16 nm in diameter and are composed primarily of
myosin proteins.

Shaped like a golf club, each myosin protein has a long rod portion, the light meromyosin (LMM)
filaments, and a globular head, the heavy meromyosin (HMM) filaments. Each myosin head
contains an actin binding site and a myosin ATPase binding site. The myosin protein strands of the
rod portion bind together with their globular heads projecting outward to form the thick filaments
that lie between the thin filaments (fig. 7.1).

Three different proteins—uactin, tropomyosin, and troponin—compose the thin myofilaments, Two
long strands of spherical actin molecules, with binding sites for attachment with myosin cross
bridges facing laterally, twist together like strings of pearls. This actin helix forms the backbone of
the thin myofilaments. Long, thin, threadlike tropomyosin proteins spiral around and cover the
binding sites on the actin helix. The rroponin molecule, a small protein complex, fastens the ends of
the tropomyosin molecule to the actin helix (fig. 7.2). The thick and thin myofilaments overlap
within the myofibril like two halves of a deck of cards being shuffled, one layer of thin filament
separating each layer of the deck. One thick myofilament, together with a thin filament above and
one below, forms a myomere. The sarcomere (myomere) is the structural unit of the myofibril.

Myasin molecules Myaosin head

Actin molecules Cross-bridge binding site @ \b
— /. & g W —x - %——“
& "o SR I
{ " N .
' 5

Heavy meromyosin
filament

Light meromyasin filament

ATPase
binding site

Troponin molecule

Actin binding site

Figure 7.1 The structure of thin Figure 7.2 The structure of thick
myofilaments. myofilaments.

Why do skeletal and cardiac muscle fibers appear striated?

The regular spatial organization of the contractile proteins within the myofibrils is responsible for
the cross-banding striations seen in skeletal and cardiac muscle fibers. The dark bands are called A
bands (A = anisotropic bands) and the lighter bands are called I bands (I = isotropic bands).
(Smooth muscle fibers contain the same contractile proteins, but in the absence of a regular spatial
arrangement they lack the cross banding). The I bands are bisected by dark Z lines, where the actin
filaments of adjacent sarcomeres join (fig. 7.3).

Z lines A band 1 band

Actin filament ~ Myosin filament

Figure 7.3 A sarcomere.
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7.5  Describe the fine structure (electron micrograph) structure of a skeletal muscle fiber.

The sarcolernma (cell membrane) of a muscle fiber encloses the cytoplasm (sarcoplasm). The
cytoplasm is permeated by a network of membranous channels, called the sarcoplasmic
(endoplasmic) reticulum, which forms sleeves around the myofibrils. The longitudinal tubes of the
sarcoplasmic reticulum empty into expanded chambers called terminal cisternae. Calcium ions
(Ca?*) are stored in the terminal cisternae and play an important role in regulating muscle contraction.

The transverse tubules (T tubules) are not part of the sarcoplasmic reticulum. Rather, they are
internal extensions of the sarcolemma that extend perpendicular to the endoplasmic reticulum. The T
tubules pass between adjacent segments of terminal cisternae and penetrate deep into the interior of
the muscle fiber to allow the action potential from the cell surface to be delivered into the center of
the fiber. A muscle triad consists of a T tubule and the cisternae on both sides (fig 7.4).

Sarcolemma

Transverse tubules

Terminal cisternae

Sarcoplasmic reticuium

Figure 7.4 Configuration of a muscle triad.

Objective D To explain the sequence of events in muscle contraction

In the sliding filament theory of contraction, a skeletal muscle fiber,
together with all of its myofibrils, shortens by movement of the insertion
toward the origin of the muscle (see problem 7.17). Shortening of the
myofibrils is caused by shortening of the sarcomeres, which is
accomplished by sliding of the myofilaments. The A bands remain the same
length during contraction, but are pulled toward the origin of the muscle. Adjacent
A bands are pulled closer together as the I bands between them shorten. The
mechanism that produces the sliding of the thin (actin) myofilaments over the thick
(myosin) myofilaments during contraction is illustrated in fig. 7.5 and outlined in the
steps that follow.
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Calcium-bound
troponin

Tropomyosin
protein spiral

Actin molecule

Cross-bridge
binding site

4
Myosin molecule;

Troponin molecule

Calcium ion
binding

Figure 7.5 The mechanism of muscle contraction.

Stimulation across the neuromuscular junction (see problem 7.9) initiates an
action potential, or depolarization, on the sarcolemma of the muscle fiber. This
action potential spreads along the sarcolemma and is transmitted into the muscle
fiber through the T tubules.

The T tubule potential causes the terminal cisternae of the sarcoplasmic
reticulum to release calcium ions (Ca**) in the immediate vicinity of each
myofibril.

Calcium ions bind to and thereby change the protein structure of the troponin
molecules attached to the tropomyosin molecules on the actin filaments. The
resulting conformational change causes the tropomyosin to move aside,
exposing the actin binding sites.

Myosin cross bridges bind to actin. Upon binding, the cocked (energized) HMM
undergoes a conformational change, causing the head to tilt. This pulls the actin
filament over the myosin filament in an action called a power stroke.

After the power stroke, ATP binds the HMM, causing detachment of the cross
bridge from the actin binding sites. The enzyme ATPase within the HMM
cleaves ATP to ADP + energy; the energy is used to recock the HMM. The HMM
can then bind with another actin site (if these sites are sill exposed because of the
presence of Ca2+) and produce another power stroke.

Repeated power strokes successfully pull in the thin filaments, much like pulling
in a rope hand over hand. This sliding-with-a-ratchet mechanism involves
numerous actin binding sites and myosin cross bridges and constitutes a single
muscle contraction.
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7.6

7.7

How is muscle relaxation accomplished?

Just as an action potential sustains a muscle contraction, the cessation of an action potential causes
the muscle to relax. Once the action potential ceases, the endoplasmic reticulum actively transports
Ca?* from the cytoplasm into the terminal cisternae. Without calcium ions, the troponin molecule
resumes its original shape so that the tropomyosin is pulled back over the myosin binding sites of
the actin molecule. With these sites covered, the myosin cross bridges can no longer bind to the
actin molecule, and the actin filaments slide back to their noncontracted position.

Rigor mortis, “stiffness of death,” demonstrates the importance of

ATP in releasing the myosin head from the binding site on the actin

molecule during muscle contraction. Following death, calcium ions

leak through the cell membrane, initiating the contraction process that

allows the myosin cross bridges to bind to the actin filaments. Without
fresh stores of ATP, the myosin heads remain bound to the actin filaments, causing
a stiffening of the muscle and thus immobility of the joints. This condition fades
within days as the proteins involved degrade.

What causes muscle soreness following strenuous exercise?

For years it was believed that muscle soreness was simply caused by a buildup of lactic acid within
the muscle fibers during exercise. Although lactic acid accumulation probably is a factor related to
soreness, recent research has shown that there is also damage to the contractile proteins within the
muscle. If a muscle is used to exert an excessive force to lift a heavy object or to run a distance
farther than it is conditioned to, some of the actin and myosin filaments become torn apart. This
microscopic damage causes an inflammatory response that results in swelling and pain. If enough
proteins are torn, use of the entire muscle may be compromised,

Objective E To describe the neuromuscular junction.

7.8

A neuromuscular (myoneural) junction is the space between an axon

S4I'VeY) terminal of a motor neuron and the cell membrane of a muscle fiber (fig.
7.6). The motor end plate is the combination of the axon terminal and the
cell membrane as viewed histologically.

Axon

Synaptic vesicles Axon terminal

Neurotransmitter chemical

Synaptic gutter

Neurotransmitter

receptors Subneural cleft

— Sarcolemma

Figure 7.6 The neuromuscular junction.

The sarcolemma is invaginated forming a synaptic gutter at the site of the
neuromuscular junction. At the bottom of the gutter are numerous folds called the
subneural clefts. What is the function of these folds?

The subneural clefts of the sarcolemma (fig. 7.6) greatly increase the surface area over which the
neurotransmitter (acetylcholine) can produce an action potential.
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7.9

List the sequence of events occurring at the neuromuscular junction.

(1) The action potential travels along the motor neuron to the axon terminal, where it causes an
influx of calcium ions. (2) The calcium ions cause synaptic vesicles (see fig. 7.6) to release
acetylcholine, which diffuses across the synaptic gutter and combines with specific receptors on the
sarcolemma. (3) An action potential radiates over the sarcolemma.

.. Myasthenia gravis is an autoimmune disease in which a person has
developed antibodies that bind to and block the receptors for acetylcholine at
the neuromuscular junction. The numbers of subneural clefts and
acetylcholine receptors are also reduced. As a result, transmission of the
signal across the neuromuscular junction is significantly reduced, causing

muscle weakness.

Objective F To define motor unit and to describe how a motor unit works.

7.10

~. A motor unit consists of a single motor neuron together with the specific
s rvey) skeletal muscle fibers that it innervates. A large motor unit is one that serves
many muscle fibers. A small motor unit is one that serves relatively few
muscle fibers. Contraction of a skeletal muscle requires recruitment of
motor units. Few motor units are recruited when fine, highly coordinated
movements are being performed. Many motor units are recruited when a strength
movement (e.g., lifting a heavy object) is being performed. Being “psyched-up”
through sympathetic stimulation and secretion of adrenaline (epinephrine) facilitates
motor unit recruitment.

The motor unit profile of a muscle is genetically determined, and each muscle in the
body has its own motor unit profile. In some large muscles, such as in the back or
thigh, a large motor unit may contain 200 to 500 muscle fibers. In some small
muscles that are involved in precise movements, such as those in the face and hands,
a small motor unit may contain 10 to 25 muscle fibers.

How do the individual muscle fibers of a motor unit respond to an electrical stimulus
delivered by the motor neuron.

The response of a muscle fiber to an electrical stimulation has three phases (fig. 7.7): (1) the latent

period, or time between stimulation and start of contraction; (2) the contraction period, or duration of
time when work is being accomplished; and (3) the relaxation period, or recovery of the muscle fiber.

1 2 3

|

Response

v v o e

T R EEs T

Time (ms)

Figure 7.7 The activity of a muscle fiber in response to a stimulus.
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7.11

Is the contraction time the same for all skeletal muscle fibers?

No. Skeletal muscle fibers are grouped according to biochemical performance characteristics into
three different categories: fast-twitch fibers; intermediate fibers; and slow-twitch fibers (table 7.1).
Each muscle contains a genetically determined percentage of fiber types. For example, one person
may have more fast-twitch fibers in a particular muscle than another person. The effect that muscle
conditioning has on changing the profile of muscle fiber types is uncertain. The percentages of fiber
types, however, greatly influence muscular power and endurance. Anaerobic fast-twitch fibers (also
called fast-glycolytic or Type IIb fibers) are able to contract very forcefully and rapidly. They are
used primarily for power and speed. Aerobic slow-twitch fibers (also called slow-oxidative or Type

I fibers) are highly resistant to fatigue. They are used primarily for endurance, The characteristics
of intermediate fibers differ somewhat from fiber to fiber, but lie on the continuum between fast-
twitch and slow-twitch fibers.

Table 7.1 A Comparison of Muscle Fiber Types

Fiber characteristic| Fast-twitch fiber |Intermediate fiber | Slow-twitch fiber
Fiber size Large Intermediate Small
Glycogen content | High Intermediate Low
Myosin ATPase High High Low
Myoglobin content | Low High High
Energy system Anaerobic Combination Aerobic
Twitch Fast Fast Slow
Primary use Speed and power | Moderate activity |Endurance
7.12 How is the strength of a muscle contraction determined?

713

The strength of a muscle contraction is determined by the size and number of motor units that are
recruited to perform the specific task. Motor units operate according to the all-or-none law. This
means that when a motor unit is stimulated, all of the muscle fibers in that unit will contract.
Therefore, the larger the motor unit being recruited, the greater the force that is generated.

=~ The brain learns through experience about how many motor units it

takes to perform a certain task. For instance, more motor units are

recruited to smash a walnut than to crack an egg. Likewise, more

motor units are recruited to pick up a book than a pencil. However,

some objects appear heavier (or lighter) than they really are and

thereby trick the mind into thinking that more (or fewer) motor units should be

recruited than are actually needed. For example, if you reach out to pick up a carton

of milk in your refrigerator that you assume is full when it is actually almost empty,

you will recruit enough motor units to jerk the carton off the shelf and smack it
against the surface above.

Explain muscle twitch, summation, and tetanus.

A single action potential to the muscle fibers of a motor unit produces a muscle twitch, or a very
rapid (not sustained) contraction (fig. 7.8). If impulses are applied to a muscle in rapid succession
through several motor units, one twitch will not have completely ended before the next begins.
Therefore, since the muscle is already in a partially contracted state when the second twitch begins,
the degree of muscle shortening in the second contraction will be slightly greater than the
shortening that occurs with a single twitch. The additional shortening due to a rapid succession of
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two or more action potentials is termed summation. At sufficiently high stimulation frequencies,
the overlapping twitches sum to one strong, steady contraction called tetanus. Relaxation of the
muscle fiber is either partial (incomplete tetanus) or does not occur at all (complete tetanus). Most
muscle contractions are short-term tetanic contractions, and are thus smooth and sustained.

Tetanus
Muscie .
contractile Twitch Summation
response ]\
Action
potentlals
Time (ms)

Figure 7.8 Patterns of various muscle contractions.

The bacterium Clostridium tetani is the causative agent of the disease tetanus (not to
be confused with the normal manner of muscle contraction). The metabolic activity
of this bacterium produces a toxin that interferes with the enzymes that break down
neurotransmitters within the synaptic junctions. The presence of these
neurotransmitters causes a constant action potential to be sent by the nerve to the

muscle tissue, resulting in spasmodic contractions (tetany) of the muscle. When these
painful, exhausting spasms occur in the masseter muscles (used for closing the jaw), the
condition is commonly referred to as “lockjaw.” Tetanus can be prevented with vaccines and
treated with antibiotics.

7.14

Distinguish between isotonic and isometric contractions.

During isotonic contraction, the muscle shortens because the force of the contraction is greater
than the resistance. During isometric contraction the length of the muscle stays the same because
the antagonist force equals the force in the muscle being contracted. An isometric contraction
becomes an isotonic contraction when increased force generated within the muscle overcomes the
resistance, resulting in the muscle shortening.

Objective G To describe the architecture of skeletal muscle.

7.15

Skeletal muscle tissue, in association with connective tissue, 1s

S4I'VEY) characterized by an organized pattern of muscle bundles (table 7.2). This
muscle architecture determines the force and direction of the contracting
muscle fibers.

Describe the principal fiber patterns in skeletal muscle.

See table 7.2.
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Table 7.2 A Comparison of Muscle Fiber Arrangements

Appearance of fibers

Types and Characteristics

Examples

Parallel fiber arrangement

» straplike muscles with long
excursions (contract over
long distances)

+ few motor units

» good endurance

* not especially strong

» relatively poor dexterity

Sartorius muscle,
located along the
anterior thigh region

Rectus abdominis
muscle, located
along the anterior
abdominal region

Convergent fiber arrangement

» fan-shaped muscles with
moderate excursion

+ few motor units

» moderate endurance

« fairly strong

s fairly dexterous

Pectoralis major
muscle, located in
anterior thoracic region

Temporalis muscle,
located over the
temporal bone

Pennate fiber arrangement

« feather-shaped muscles with
short excursions

* many motor units

» poor endurance

« especially strong

+ excellent dexterity

Antebrachial muscles,
located in anterior
forearm and act on the
hand

Crural muscles, located
in leg and act on the foot

Sphincter muscles

« fibers encircle a body orifice
(opening)

* many motor units

» good endurance

» moderately strong

* good dexterity

Orbicularis oris muscle
surrounding the mouth
Orbicularis oculi muscle

surrounding the eye

7.16

How are skeletal muscle fibers bound together and secured to a bone?

Loose fibrous connective tissues bind muscles at various levels to unify the force of contraction. A
fasciculus is a bound group of individual muscle fibers (fig. 7.9). The fasciculi are the bundles of
muscle fibers composing a muscle. In turn, each muscle is surrounded by a connective tissue called
fascia. The fascia secures the muscle to a tendon. Composed of dense regular connective tissue
(see chapter 4), tendons are strong, flexible structures that secure muscles to bones. More
specifically, a tendon secures the fascia of a muscle to the periosteum of a bone. An aponeurosis is

a sheetlike tendon.

The endomysium is the connective tissue in contact with the individual muscle fibers. The
perimysium is the connective tissue binding the fasciculi together. The epimysium is the
connective tissue surrounding the muscle and binding it to the fascia.
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Figure 7.9 The associated connective tissues of a skeletal muscle.

Myofibrils

Muscle fiber

Endomysium
Perimysium

Muscle fasciculus Epimysium

Perioteum

7.17 How do the terms origin and insertion relate to muscles?

The origin of a muscle is the more stationary attachment of the muscle; the insertion is the more
movable attachment. In the appendages, the origin is generally proximal in position, whereas the
insertion is distal in position.

Multiple Choice

Review Exercises

1. Muscle fibers characterized by a lack of striations, a single centrally located nucleus
in each cell, and involuntary contractions are referred to as (a) skeletal muscle
fibers, (») smooth muscle fibers, (¢) cardiac muscle fibers, (d) autonomic muscle

fibers.

2. The anisotropic dark bands of muscle fibers are called (a) Z bands, (b) I bands,
(¢) A bands, (d) D bands.

3. The structural unit of the myofibril is (a) the myofibril, (b) myosin, (¢) the A band,

(d) the myomere.

4. Muscle contraction is produced by shortening of all the following excep?

(a) myofibrils, (b) sarcomeres, (¢) A bands, (d) I bands.

5. Muscle contraction is initiated when (@) Ca2* binds to the troponin, (b) actin is
removed from troponin, (¢) actin is made available to troponin, (d) Ca?t is removed

from the troponin.
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6.

10.

11.

12.

13.

14.

15.

The source of Ca?* for the muscle is (@) the T tubule, (b) the central sac, (¢) the
terminal cisternae, (d) the sarcoplasmic reticulum.

In a relaxed muscle, (@) tropomyosin blocks attachment of myosin heads to actin,
(b) the concentration of sarcoplasmic Ca?* is low, (¢) tropomyosin is moved out of
the way so that the myosin heads can attach to actin, (d) myosin ATPase is activated.

Muscle relaxation occurs (a) as Ca2+ is released from the sarcoplasmic reticulum,
(b) as long as Ca?* is attached to troponin, (¢) as action potentials are transmitted
through the transverse tubules, (d) as the sarcoplasmic reticulum actively removes
Ca?+ from the cytoplasm.

A muscle triad consists of (a) a T tubule and a sarcomere, () a T tubule and two
terminal cisternae, (¢) a T pump and two calcium pumps, (d) three myofibrils.

A single motor neuron and all the skeletal muscle fibers it innervates constitute (a) a
motor unit, (b) a muscle triad, (c) a sarcounit, (d) a neuromuscular junction.

A muscle that develops tension against some load but that does not shorten is
undergoing (@) isometric contraction, (b) isotonic contraction, (¢) neither a nor b,
(d) both a and b.

The channels that extend from the cell wall into the interior of a skeletal muscle cell
form (a) the endoplasmic reticulum, () myofibers, (¢) T tubules, (d) tropomyosin.

The globular heads on the myosin proteins of the myosin filament (@) are made up of
troponin molecules; (b) are believed to be attached to ATP molecules, which are used
to recock the myosin heads; (¢) shorten during the contraction process; (d) have a high
affinity for calcium ions released from the cisternae of the sarcoplasmic reticulum.

Troponin is a protein that (a) is bound to myosin to form a complex that is normally
inhibited in the resting muscle fiber, (b) forms the binding site for the myosin heads
when they attach to actin, (c¢) has a high affinity for calcium ions, (d) contains
numerous molecules of ADP.

According to the all-or-none law, (a) all the contractile elements in a muscle fiber
contract when the muscle fiber is stimulated, (b) all the muscle fibers in a muscle
contract when the muscle is stimulated, (¢) all the muscle fibers in a motor unit
contract when the motor is stimulated, (d) none of the preceding are true.

True or False

1. Muscle tissues account for approximately 40% of a person’s weight.
2. Actin is found only in the striated fibers of cardiac and skeletal muscle tissues.

3. Slow-twitch muscle fibers are more resistant to fatigue than the other muscle
fiber types.

4. Fasciculi are enclosed in a covering of perimysium.

5. A sarcomere is the region of a myofibril that lies between two consecutive Z
lines.

6. An action potential in a muscle fiber is initiated by stimulation across the
neuromuscular junction.
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7. Sustained contractions of skeletal muscle is known as tetanus.
8. Fast-twitch muscle fibers are primarily used in endurance activities.

9. A muscle triad consists of a sarcoplasmic reticulum, a T tubule, and a terminal
cisternum.

10. A motor unit consists of a single motor neuron and the muscle fibers it
innervates.

11. Lifting a dumbbell is an example of isometric contraction.
12. Thin myofilaments are primarily composed of myosin proteins.
13. An accumulation of lactic acid is the principal cause of sore muscles.

14. To initiate muscle contraction, calcium ions bind to and change the shape of
the troponin protein molecules, which then pull the tropomyosin proteins off
the myosin binding sites of the actin helix.

15. Synergistic muscles work together to perform a certain motion or action.
Antagonistic muscles work in opposition to another group of muscles.

16. The strength of a muscle contraction is increased by recruiting more muscle
fibers within a motor unit.

17. During muscle contraction, the I bands get smaller and the Z lines get closer
together, but the A bands do not change in size.

18. The energy provided by ATP molecules allows the myosin head to bind to the
exposed binding site on the actin molecule.

19. The transverse tubules (T tubules) store calcium ions needed for muscle
contraction.

20. A tendon is a structure that binds the fascia of a muscle to the periosteum of a
bone.
Labeling
Label the structures indicated on the figure to the right.
1.

.

2
3
4.
5
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Matching

Match the muscle fiber component with its description.

1. Z line (a) flat protein structure to which the thin filaments
attach

2. Sarcomere (b) basic unit of a muscle fiber

3. A band (c) intramuscular saclike structures (tubules)
derived from membranes

4. Sarcoplasmic reticulum (d) structure that binds calcium

5. Troponin (e) “trigger” or regulator of contraction

6. Calcium (f) composed mainly of myosin molecules

7. ATP-myosin complex (g) functions to release the energy in ATP

Answers and Explanations for Review Exercises

Multiple Choice

1.

ne

®° N

10.
11.

12.
13.

14,
15.

(b) Smooth muscle fibers lack visible striations because actin and myosin molecules are not regularly
arranged. These fibers are under autonomic control, and each cell contains a single nucleus.

(¢) They are called A bands because of their anisotropic property (they can polarize visible light).
(d) The sarcomere is the structural unit of the myofibril; it is the region of a myofibril between two
successive Z lines.

(c) The myosin that forms the A bands does not shorten during contraction.

(a) Calcium ions bind to troponin and cause a conformational change in the tropomyosin, which
exposes the actin binding site to myosin cross bridges.

(¢) The terminal cisternae, or lateral sacs, store Ca2*,

(a) Without the release of Ca2*, the tropomyosin blocks the actin binding site.

(d) When there is no action potential, the calcium ions are actively returned and stored on the
sarcoplasmic reticulum.

(b) A triad consists of a T tubule, which is an extension of the sarcolemma, and the terminal cisternae
on both sides of the T tubule.

(a) A motor unit consists of a single motor neuron and the specific skeletal muscle fibers it
innervates.

{(a) During isometric contraction, the length of the muscle stays the same because the antagonistic
force equals the force of the contracting muscle.

(¢) T tubules are extensions of the sarcolemma.

(b) ATP binds to the myosin globular head. The enzyme ATPase within the head changes ATP to
ADP and energy. The energy is used to recock the head.

{¢) Calcium ions bind to troponin, which in turn causes tropomyosin to move aside so that the
myosin cross bridge can attach to the actin binding site.

(¢) Motor units operate on the all-or-none law; that is, when a motor unit is recruited, all of the
muscle fibers in that motor unit contract.

True or False

LRl M

True
False; actin is found in all muscle tissues, but in smooth muscle tissue it is not regularly arranged
True
True
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5. True
6. True
7. True
8. False; fast-twitch muscle fibers are used primarily for resistance activities
9. False; a muscle triad consists of a T tubule and two cisternae
10. True
11. False; lifting a dumbbell is an example of isotonic contraction
12. False; thin myofilaments are composed chiefly of actin proteins; thick myofilaments are composed
chiefly of myosin proteins
13. False; the primary cause of muscle soreness is damage to the thick and thin myofilaments
14, True
15. True
16. False; motor units follow the all-or-none law of physiological activity
17. True
18. False; energy released from the ATP molecule recocks the myosin head after the power stroke
19, False; terminal cisternae store calcium ions; T tubules conduct the action potential from the cell
membrane into the center of the cell
20. True
Labeling
1. Muscle fasciculus 4, Epimysium
2. Myofibrils 5. Perimysium
3. Muscle fiber 6. Tendon
Matching
1. (@) 5. (@)
2. b 6. (o)
3.0 7. (g)
4. (©



Muscular System S
.

Objective A To become familiar with the nomenclature for muscles and their actions
(table 8.1, 8.2).

Table 8.1 Examples of How Muscle Names Are Derived

s{rvey
Named Examples
according to:
Shape Rhomboideus (like a rhomboid); trapezius (like
a trapezoid); or, denoting the number or heads
of origin, biceps (two heads)
Location Pectoralis (chest region, or pectus); intercostal
(between ribs); brachii (upper arm)
Attachment(s) Zygomaticus, temporalis, sternocleidomastoid
Orientation Rectus (straplike); transverse (across)
Relative position | Lateralis, medialis, external
Function Abductor, flexor, extensor, pronator
Table 8.2 Examples of Muscle Actions (m. = muscle)
Action Definition Example
Flexion Decreases a joint angle Biceps brachii m.
Extension |Increases a joint angle Triceps brachii m.
Abduction | Moves an appendage away Deltoid m.

from the midline

Adduction | Moves an appendage toward | Adductor longus m.
the midline

Elevation Raises a body structure Levator scapulae m.
Depression | Lowers a body structure Depressor labii inferioris m.
Rotation Turns a bone around its Sternocleidomastoid m.

longitudinal axis

Supination | Rotates the hand so that the | Supinator m.
palm faces anteriorly

Pronation Rotates the hand so that the Pronator teres m.
palm faces posteriorly

Inversion Turns the sole inward Tibialis anterior m.
Eversion Turns the sole outward Peroneus tertius m.

Objective B To locate and leamn the actions of the muscles of the axial skeleton.

The muscles of the axial skeleton include those used in facial expression,
*{TV€Y mastication, neck movement, and respiration; those that act on the
abdominal wall; and those that move the vertebral column.

137
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8.1

See fig. 8.1 and table 8.3.

Posterior auricular

{eidomastoid

Occipitalis

Digastric

Trapezius

List the muscles of facial expression, along with their attachments and actions.

Levator labii superioris
Nasalis

Zygomaticus minor
Zygomaticus major
Orbicularis oris
Buccinator

Risorius

Depressor anguli oris
Depressor labii inferioris
Mentalis

Figure 8.1 Muscles of facial expression.

Table 8.3 Muscles of Facial Expression

Facial muscle Origin(s) Insertion(s) Action(s)
Frontalis Galea aponeurotica Skin of eyebrow Wrinkles forehead;
elevates eyebrow
Occipitalis Occipital bone and Galea aponeurotica {Moves scalp backward
mastoid process
Corrugator Fascia above Root of nose Draws eyebrows toward
eyebrow midline, as in scowling
Orbicularis Bones of medial orbit | Tissue of eyelid Closes eye, as in blinking
oculi
Nasalis Maxilla and nasal bone |Aponeurosis of nose | Dilates nostrils
Orbicularis Fascia surrounding lips {Mucosa of lips Closes and purses lips, as
oris in kissing

Levator labii
superioris

Maxilla and zygomatic
bone

Orbicularis oris

Elevates upper lip, as
exposing upper teeth

Zygomaticus

Zygomatic bone

Orbicularis oris at
lateral part of

upper lip

Elevates comners of
mouth, as in smiling
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Table 8.3 (continued) Muscles of Facial Expression

Facial muscle Origin(s) Insertion(s) Action(s)
Risorius Fascia of cheek Orbicularis oris at  |Draws corner of mouth
corner of lips laterally
Depressor Mandible Inferolateral part of |Depresses corner of
anguli oris orbicularis oris mouth, as in frowning
Depressor Mandible Orbicularis oris and |Depresses lower lip, as in
labii inferioris skin of lower lip exposing lower teeth
Mentalis Mandible (chin) Orbicularis oris Elevates and protrudes
lower lip, as in pouting
Platysma Fascia of neck and Inferior border of | Depresses lower lip;
clavicle mandible tenses skin of neck
Buccinator Maxilla and mandible |Orbicularis oris Compresses cheek, as in
sucking from a straw

8.2 List the muscles of mastication, along with their attachments and actions.

See fig. 8.2 and table 8.4.

Temporalis

Orbicularis oris Medial pterygoid

Buccinator Masseter (cut)

(b)

Figure 8.2 Muscles of mastication. (a) Superficial lateral view and (b) deep lateral view.
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Table 8.4 Muscles of Mastication

Chewing muscle Origin(s) Insertion(s) Action(s)
Temporalis Temporal fossa {Coronoid process |Elevates jaw
of mandible
Masseter Zygomatic arch |{Lateral ramus of |Elevates jaw
mandible
Medial pterygoid {Sphenoid bone {Medial ramus of |Depresses jaw;
mandible moves jaw laterally
Lateral pterygoid |Sphenoid bone | Anterior side of {Protracts jaw
and tuberosity | mandibular
of maxilla condyle

8.3 List the muscles of neck movement, along with their attachments and actions.

See fig. 8.3 and table 8.5.

Stylohyoid Posterior belly of digastric
Hyoglossus Semispinalis capitis
Mylohyoid i - Middle constrictor
Digastric
Hyoid bone

Splenius capitis
Sternocleidomastoid

Thyrohyoid Levator scapulae

Inferior constrictor
Omohyoid
Sternohyoid

Trapezius

Scalenus medius

Omohyoid
Scalenus posterior
Scalenus anterior

Clavicle

Figure 8.3 Muscles of the neck.

8.4 Describe the actions of the muscles involved in inhalation and the actions of those
involved in exhalation.

During relaxed inspiration (inhalation), the important muscles are the diaphragm, the external
intercostal muscles, and the interchondral portion of the internal intercostal muscles (fig. 8.4).
A downward contraction of the dome-shaped diaphragm causes an increase in the vertical
dimension of the thorax. A simultaneous contraction of the external intercostal muscles and the
interchondral portion of the internal intercostal muscles produces an increase in the lateral
dimension of the thorax. In addition, the sternocleidomastoid and scalene muscles may assist in
inspiration through elevation of the first and second ribs, respectively.

Relaxed expiration (exhalation) is primarily a passive process, occurring as the muscles of
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interosseous portion of the internal intercostal muscles contracts, causing the rib cage to be
depressed. The abdominal muscles may also contract during forced expiration, which increases
pressure within the abdominal cavity and forces the diaphragm superiorly, squeezing additional air

out of the lungs.

Table 8.5 Muscles of the Neck

Neck muscle

Origin(s)

Insertion(s)

Action(s)

Sternocleidomastoid

Sternum and clavicle

Mastoid process
of temporal bone

Flexes neck; turns head
to side

Digastric Inferior border of Hyoid bone Depresses jaw to open
mandible and the mouth; elevates
mastoid process of hyoid bone
temporal bone

Mylohyoid Inferior border of Hyoid bone and  |Elevates hyoid bone and
mandible median raphe floor of mouth

Stylohyoid Styloid process of Hyoid bone Elevates and retracts
temporal bone tongue

Hyoglossus Hyoid bone Side of tongue Depresses side of tongue

Sternohyoid Manubrium Hyoid bone Depresses hyoid bone

Sternothyroid Manubrium Thyroid cartilage |Depresses thyroid

cartilage

Thyrohyoid Thyroid cartilage Hyoid bone Depresses hyoid bone;

elevates thyroid
cartilage

Omohyoid Superior border of  |Clavicle and Depresses hyoid bone

scapula

hyoid bone

Figure 8.4 Muscles of respiration.

Sternum

— External intercostal

' h—— Esophagus

t— Intemal intercostal
(interchondral portion)

Ribs

Diaphragm

Abdominal aoria
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List the muscles of the abdominal wall, along with their attachments and actions.

See fig. 8.5 and table 8.6.

External abdominal oblique

Transversus abdominis

Internal abdominal oblique

Rectus abdominis

Linea alba

Figure 8.5 A cross section of the anterior abdominal wall.

Table 8.6 Muscles of the Abdominal Wall

Abdominal muscle Origin(s) Insertion(s) Action(s)
External abdominal | Lower eight ribs [liac crest and Compresses
oblique linea alba abdomen;
lateral rotation
Internal abdominal |lIliac crest, inguinal |Linea alba and Compresses
oblique ligament, lumbar costal cartilages abdomen;

fascia

of last three or

lateral rotation

four ribs
Transversus Iliac crest, inguinal | Xiphoid process, | Compresses
abdominis ligament, lumbar linea alba, pubis abdomen

fascia, costal
cartilages of last
six ribs

Rectus abdominis

Pubic crest and
symphysis pubis

Xiphoid process
and costal
cartilages of fifth
to seventh ribs

Flexes vertebral
column

8.6  List the muscles of the vertebral column, along with their attachments and actions.

See fig. 8.6 and table 8.7. The iliocostalis, longissimus, and spinalis groups of muscles are
collectively called the erector spinae muscles.

Objective C To locate and learn the actions of the muscles of the appendicular skeleton.

v The muscles of the appendicular skeleton include those of the pectoral
§ rvey girdle, brachium (arm), antebrachium (forearm), manus (hand), thigh, leg,
and pes (foot).
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Splenius capitis

Splenius cervicis

Spinalis thoracis

Longissimus thoracis

External abdominal oblique

Occipital bone

Semispinalis capitis

Ty

Ts

5

1

Longi

Ribs

lium

Scapula

imus capitis

lliocostalis thoracis

lliocostalis lumborum

Quadratus lumborum

Figure 8.6 Posterior muscles of the vertebral column.

Table 8.7 Muscles of the Vertebral Column

Spinal muscle Origin(s) Insertion(s) Action(s)
Quadratus Iliac crest and lower Twelfth rib and Extends lumbar
lumborum three lumbar vertebrae | upper four lumbar region; laterally
flexes vertebral
column
Iliocostalis Crest of ilium Lower six ribs Extends lumbar
lumborum region
Iliocostalis Lower six ribs Upper six ribs Extends thoracic
thoracis region
Iliocostalis Angles of three to six | Transverse processes | Extends cervical
cervicis ribs of fourth to sixth region
cervical vertebrae
Longissimus | Transverse processes Lower nine ribs and | Extends thoracic
thoracis of lumbar vertebrae transverse processes | region
of all the thoracic
vertebrae
Longissimus } Transverse processes Transverse processes | Extends cervical
cervicis of upper five thoracic | of second to sixth region
vertebrae cervical vertebrae
Longissimus | Transverse processes Transverse processes | Extends head;
capitis of upper four or five of second to sixth acting separately,
thoracic vertebrae cervical vertebrae turns face toward
that side
Spinalis Spinous processes of Spinous processes of | Extends vertebral
thoracis upper lumbar and upper thoracic column
lower thoracic vertebrae
vertebrae
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8.7  List the muscles of the pectoral girdle, along with their attachments and actions.

See figs. 8.7 through 8.9 and table 8.8.

Ster leldomastoid

Platysma

T 3

Pectoralis major

Latissimus dorsi
Biceps brachii

Rectus abdominis Serratus anterior

Splenius capitis

Levator scapulae
Rhombaideus minor
Supraspinatus

Trapezius

Rhomboldeus major

pinatus
Teres minor
- - Teres major
i &l o\ lfiocostalis dorsi
a1
R /1T AR A
T {1, “‘!,:" "' ; External intercostal

Figure 8.8 Posterior muscles of the thoracic and shoulder regions.
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Subclavius

Coracobrachialis

Subscapularis

Teres major

Latissimus dorsi

Biceps brachil
(short head)

Biceps brachii
(long head)

Bicaps brachii

Brachailis

Figure 8.9 Deep anterior muscles of the thoracic and shoulder regions.

Table 8.8 Muscles That Act on the Pectoral Girdle

Pectoral muscle Origin(s) Insertion(s) Action(s)
Serratus anterior {Upper eight or Anterior medial Pulls scapula forward
nine ribs border of scapula and downward
Pectoralis minor |Sternal ends of Coracoid process Pulls scapula forward
third, fourth, of scapula and downward
and fifth ribs
Subclavius First rib Subclavian groove Draws clavicle
of clavicle downward
Trapezius Occipital bone and | Clavicle, acromion, |Elevates, depresses,
spines of cervical | and spine of scapulaj and adducts scapula;
and thoracic hyperextends neck;
vertebrae braces shoulder
Levator scapulae |First to fourth Superior border of  |Elevates scapula
cervical vertebrae | scapula
Rhomboideus Spines of second | Medial border of Elevates and adducts
major to fifth thoracic scapula scapula
vertebrae
Rhomboideus Seventh cervical Medial border of Elevates and adducts
minor and first thoracic | scapula scapula
vertebrae
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8.7

8.8

List the axial and shoulder muscles that move the humerus at the shoulder joint

along with their attachments and actions.

See figs. 8.7 through 8.9 and table 8.9.

Table 8.9 Muscles That Act on the Brachium (Arm)

Axial or scapular
muscle

Origin(s)

Insertion(s)

Action(s)

Pectoralis major

Clavicle, sternum,

Greater tubercle

Flexes, adducts, and

costal cartilages of humerus rotates humerus
of second to sixth medially at shoulder
ribs joint

Latissimus dorsi Spines of sacral, Intertubercular Extends, adducts, and
lumbar, and lower | groove of rotates humerus
thoracic vertebrae;} umerus medially at shoulder

lower ribs

joint; adducts arm

Deltoid Clavicle, acromion, { Deltoid tuberosity { Abducts arm; extends
and spine of of humerus or flexes humerus
scapula at shoulder joint

Supraspinatus Supraspinous fossa {Greater tubercle | Abducts and laterally
of scapula of humerus rotates humerus at

shoulder joint

Infraspinatus Infraspinous fossa {Greater tubercle |{Rotates arm laterally
of scapula of humerus at shoulder joint

Teres major Inferior angle and |Intertubercular Extends, adducts, and
lateral border of groove of rotates humerus
scapula humerus medially at shoulder

joint

Teres minor

Lateral border of
scapula

Greater tubercle
of humerus

Rotates humerus
laterally at shoulder
joint

Subscapularis Subscapular fossa |Lesser tubercle  |Rotates humerus
of humerus medially at shoulder
joint
Coracobrachialis | Coracoid process {Shaft of humerus |Flexes and adducts
of scapula humerus at shoulder
joint
List the muscles that act on the antebrachium (forearm) at the elbow joint, along with

their attachments and actions.

See figs. 8.10 and 8.11 and table 8.10.
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Biceps brachii
(short head)

Biceps brachil
(long head)

Triceps brachi
(lateral head)

(medial head)

Figure 8.11 Posterior brachial muscles.
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Table 8.10 Muscles That Act on the Antebrachium (Forearm)
Brachial muscle Origin(s) Insertion(s) Action(s)
Biceps brachii | Coracoid process | Radial tuberosity Flexes elbow
and tuberosity joint; supinates
above glenoid forearm and hand
fossa of scapula at elbow joint
Brachialis Anterior shaft Coronoid process Flexes elbow joint
of humerus of ulna
Brachioradialis | Lateral Proximal to styloid | Flexes elbow joint
supracondylar process of radius
ridge of humerus
Triceps brachii | Tuberosity below | Olecranon of ulna | Extends elbow
glenoid fossa and joint
lateral and medial
surfaces of
humerus
Anconeus Lateral epicondyle |{Olecranon of ulna | Extends elbow
of humerus joint
8.9 List the muscles that act on the wrist, hand, and fingers, along with their attachments
and actions.
See figs. 8.12 and 8.13 and table 8.11.
i
\\ \\\()’/X/ \l
: \\\\ ( Pronator teres
i\
1l
R Brachioradialis
gl /’ , Flexor carpi radialis [~ Pronator teres
-‘ i f / /i’[ Palmaris longus Flexor carpi radialis +— Supinator
A, t,f ,/ Flexor carpi ulmaris Flexor carpi ulmaris
7 Extensor carpi Palmaris longus
radialis longus .
Flexor digitorum
superficials
Flexor pollicis longus
Pronator
. guadrates
Flexor retinaculum
: = Palmer aponeurosis
/ // Hypothenar muscles
///’/ (‘ FLN Thenar muscles
(a) ()
Figure 8.12  Anterior antebrachial (forearm) muscles that act on the wrist, hand, and

fingers. (a) Superficial muscles, (b) deep muscles, and (c) deep rotator muscles.
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Anconeus

Flexor carpi ulnaris

Extensor digiti minimi

Extensor digitorum
communis

Extensor carpi ulnaris

Extensor retinaculum

Brachioradialis
Extensor carpi radialis

longus

Extensor carpi radialis
brevis

Abductor pollicis
longus

Extensor pollicis
brevis

Extensor digitorum

Extensor carpi
ulnaris

Extensor carpi
radialis longus

Extensor pollicis brevis

Extensor pollicis longus

(b)

Figure 8.13 Posterior antebrachial (forearm) muscles that act on the wrist, hand, and
fingers. (a) Superficial muscles and (b) deep muscles

Table 8.11 Muscles That Act on the Wrist, Hand, and Fingers

of humerus and
crest of ulna

of radius

Antebrachial . . . .
muscle Origin(s) Insertion(s) Action(s)
Supinator Lateral epicondyle Lateral surface Supinates hand

Pronator teres

Medial epicondyle
of humerus

Lateral surface
of radius

Pronates hand

bones

Pronator Distal fourth of ulna |Distal fourth of Pronates hand
quadratus radius

Flexor carpi Medial epicondyle Base of second and | Flexes and abducts hand
radialis of humerus third metacarpal at wrist

Palmaris longus

Medial epicondyle
of humerus

Palmar aponeurosis

Flexes wrist

Flexor carpi
ulnaris

Medial epicondyle
of humerus and
olecranon of ulna

Carpal and
metacarpal bones

Flexes and adducts wrist

Flexor digitorum
superficialis

Medial epicondyle
of humerus and
coronoid process

Middle phalanges
of digits [I-V

Flexes wrist and digits
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Table 8.11 (continued) Muscles That Act on the Wrist, Hand, and Fingers
Flexor digitorum pPIUIAA! two-thirds | Distal phalanges of | Flexes wrist and digits
profundus of ulna and digits 1I-V
interosseous
membrane
Flexor pollicis Shaft of radius Distal phalanx of Flexes joints of thumb

longus

coronoid process
of ulna, interosseous

thumb

membrane
xtensor carpi Lateral Second metacarpal | Extends and abducts
radialis longus supracondylar bone wrist

ridge of humerus

Extensor carpi

Lateral epicondyle

Third metacarpal

Extends and abducts

radialis brevis of humerus bone wrist

Extensor Lateral epicondyle Posterior surfaces Extends wrist and
digitorum of humerus of digits II-V phalanges
communis

Extenor digiti Lateral epicondyle Extensor aponeurosis} Extends joints of fifth
minimi of humerus of fifth digit digit and wrist

Extensor carpi
ulnaris

Lateral epicondyle
of humerus and
olecranon of ulna

Base of fifth
metacarpal bone

Extends and adducts
wrist

Extensor pollicis
longus

Lateromedial shaft
of ulna

Base of distal
phalanx of thumb

Extends joints of thumb;
abducts joints of hand

Extensor pollicis
brevis

Distal shaft of radius
and interosseous
membrane

Base of first
phalanx of thumb

Extends joints of thumb;
abducts joints of hand

Abductor pollicis
longus

Distal radius and
ulna and
interosseous
membrane

Base of first
metacarpal bone

Abducts joints of thumb
and joints of hand

8.10 List the anterior and posterior muscles that move the thigh at the hip joint, along

with their attachments and actions.

See fig. 8.14 and table 8.12.
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Gluteus medius

Gluteus maximus

Tensor fasciae latae

Superior gamellus
Obturator internus
Inferior gemelius

Quadratus femoris

Sciatic nerve

Figure 8.14 Muscles that move the thigh at the hip joint. (a) Anterior pelvic muscles, (b)
superficial gluteal muscles, and (¢) deep gluteal muscles.
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Table 8.12 Anterior and Posterior Muscles That Move the Thigh at the Hip Joint

Pelvic muscle Origin(s)

Insertion(s)

Action(s)

Iliacus Iliac fossa

Lesser trochanter
of femur along
with psoas major

Flexes and rotates
thigh laterally at the
hip joint; flexes joints
of vertebral column

Psoas major | Transverse process

of lumbar vertebrae

Lesser trochanter
of femur, along
with iliacus

Flexes and rotates
thigh laterally at the
hip joint; flexes joints
of vertebral column

8.16) crest

Gluteus Iliac crest, sacrum, Gluteal tuberosity { Extends and rotates
maximus coccyx, aponeurosis | and iliotibial tract | thigh laterally at the
of lumbar region hip joint
Gluteus Lateral surface of Greater trochanter | Abducts and rotates
medius ilium of femur thigh medially at the
hip joint
Gluteus Lateral surface of Greater trochanter | Abducts and rotates
minimus lower half of ilium of femur thigh medially at the
hip joint
Tensor fasciae | Anterior border of Iliotibial tract Abducts thigh at the
latae (see fig.{ ilium and iliac hip joint

8.11 List the medial muscles that move the thigh at the hip joint, along with their

attachments and actions.
See fig. 8.15 and table 8.13.

fvj—!——— Pectineus (cut)

fi 4 & {rr‘— Adductor longus

{eut)
Adductor magnus

Obturator externus

Pectineus (cut)

Adductor bravis
{cut)

Adductor longus
(cut)

Vastus lateralis ——-—\-\
W
\

\ \ 1|~|—Graculus A |

W\ 0 \ b/
O

t‘;

L

§7 -"i‘—-— Pectineus
\ |
\ 'r/
\ -h Adductor longus
\ |I .'..
\ Y
i;-
i\ |
Nof
Obturator %7
axternus T/
Adductor ',ll 1l _‘_I‘- Adductor
brevis \

\ magnus

Figure 8.15 Medial (adductor) muscles that move the thigh at the hip joint.
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Table 8.13 Medial Muscles that Move the Thigh at the Hip Joint

pubis

trochanter of
femur

Adductor muscle Origin(s) Insertion(s) Action(s)
Gracilis Inferior edge of | Proximomedial Adducts thigh at hip
symphysis pubis| surface of tibia joint; flexes and
rotates leg at knee
joint
Pectineus Pectineal line of | Distal to lesser Adducts and flexes

thigh at hip joint

Adductor longus

Pubis, below
pubic crest

Linea aspera of
femur

Adducts, flexes, and
laterally rotates
thigh at hip joint

Adductor brevis

Inferior ramus
of pubis

Linea aspera of
femur

Adducts, flexes, and
laterally rotates
thigh at hip joint

Adductor magnus

Inferior ramus
of ischium and
inferior ramus
of pubis

Linea aspera and
medial epicondyle
of femur

Adducts, flexes, and
laterally rotates
thigh at hip joint

8.12 List the muscles of the thigh that move the leg, along with their attachments and

actions.

See fig. 8.16 and table 8.14.
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lliotibial tract
Adductor magnus
Biceps femoris
Semimemb
Semitendinosus
Semitendinosus
Sartorius

(b)

Figure 8.16 Muscles of the thigh that act on the leg. (a) Anterior thigh region and
(b) posterior thigh region.
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Table 8.14 Muscles of the Thigh That Act on the Leg

Thigh muscle

Origin(s)

Insertion(s)

Action(s)

continues as patellar
ligament to tibial
tuberosity

Sartorius Anterior superior |Medial surface of Flexes leg and thigh;
iliac spine tibia abducts and rotates
thigh laterally;
rotates leg medially
at hip joint
Quadriceps Patella by common | Extends leg at knee
femoris tendon, which joint

Rectus femoris

Anterior inferior
iliac spine

Vastus lateralis

Greater trochanter
and linea aspera
of femur

Vastus medialis

Medial surface
and linea aspera
of femur

Vastus intermedius

Anterior and
lateral surfaces

Flexes leg at knee
joint; extends and

ischial tuberosity;
short head—Ilinea
aspera of femur

of femur laterally rotates thigh
at hip joint
Biceps femoris Long head— Head of fibula and

lateral epicondyle
of tibia

of tibia

Semitendinosus Ischial tuberosity {Proximal portion of |Flexes leg at knee
medial surface of joint; extends and
shaft of tibia medially rotates

thigh at hip joint

Semimembranosus {Ischial tuberosity |Medial epicondyle |Flexes leg at knee

joint; extends and
medially rotates thigh

at hip joint

8.13 List the muscles of the leg that move the ankle, foot, and toes, along with their
attachments and actions.

See figs. 8.17 and 8.18 and table 8.15.
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Extensor hallucis longus

Anterior transverse

ligament
Cruciate ligament

Vastus lateralis

lliotibial tract

Peroneus longus
Gastrocnemius
Soleus

(b)

Figure 8.17 Muscles of the leg that move the ankle, foot, and toes. (@) Anterior leg region
and (b) lateral leg region.
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Plantaris
Gastrocnemius
(lateral head)
Plantaris
Soleus
Femur
Popliteus
Tibla Tibia
Fibula
Flexor
digitorum —
longus hallucs
fongus
Phalanx
of big toe
Phalanges
of lesser
toes
(b)
Figure 8.18 Posterior muscles of the leg that move the ankle, foot, and toes.

(a) Superficial muscles and (b) deep muscles.
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Table 8.15 Muscles of the Leg That Move the Ankle, Foot, and Toes
Leg muscle Origin(s) Insertion(s) Action(s)
Tibialis Lateral condyle First metatarsal Dorsiflexes ankle;
anterior and body of tibia bone and first inverts foot and ankle
‘ cuneiform bone
Extensor Lateral condyle of | Extensor expansions | Extends digits [I-V;
digitorum tibia and anterior of digits II-V dorsiflexes foot at
longus surface of fibula ankle
Extensor Anterior surface Distal phalanx of Extends joints of big
hallucis of fibula and digit 1 toe; assists dorsiflexion
longus interosseous of foot at ankle
membrane
Peroneus Anterior surface Dorsal surface of Dorsiflexes and everts
tertius of fibula and fifth metatarsal bone | foot at ankle
interosseous
membrane
Peroneus Lateral condyle of | First cuneiform and Plantar flexes and everts
longus tibia and head and | metatarsal bone [ foot at ankle
shaft of tibula
Peroneus Lower aspect of Metatarsal bone V Plantar flexes and everts
brevis fibula foot at ankle
Gastrocnemius | Lateral and medial ! Posterior surface of Plantar flexes foot at
condyle of femur calcaneous ankle; flexes knee joint
Soleus Posterior aspect of | Calcaneous Plantar flexes foot at
fibula and tibia ankle
Plantaris Lateral Calcaneous Plantar flexes foot at
supracondylar ankle
ridge of femur
Popliteus Lateral condyle Upper posterior Flexes and medially

membrane

metatarsal bones
-1V

of femur aspect of tibia rotates leg at knee joint
Flexor hallucis | Posterior aspect Distal phalanx of Flexes joint of distal
longus of fibula big toe phalanx of big toe
Flexor Posterior surface Distal phalanges of Flexes joints of distal
digitorum of tibia digits 11-V phalanges of digits
longus I-v
Tibialis Tibia and fibula Navicular, cuneiform, { Plantar flexes and
posterior and interosseous cuboid, and inverts foot at ankle;

supports arches of foot

Key Clinical Terms

Charley horse A cramp or stiffness in a muscle, especially in the back of the thigh, as a
result of a sprain, tear, or bruise of the muscle.
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Cramp A sustained spasmodic contraction of a muscle, usually accompanied by severe
localized pain.

Fibromyositis An inflammation of both skeletal muscle tissue and the associated
connective tissue. Lumbago, or rheumatism, is fibromyositis in the lumbar area of
the back.

Graphospasm Writer’s cramp.

Hernia Rupture, or protrusion through muscle tissue, of a portion of the underlying viscera.
The most common hernias are the femoral (viscera passing through the femoral
ring), the inguinal (viscera protruding through the inguinal canal), the umbilical
(viscera protruding through the navel), and the hiaral (superior portion of the
stomach protruding through the diaphragm).

Intramuscular injection Hypodermic injection at a heavily muscled area (most commonly
the buttock), so that nerves will not be damaged.

Muscular atrophy A decrease in the size of a muscle that was previously fully developed,
possibly as a result of disease, disuse, infections, nutritional problems, or aging.

Muscular dystrophy A genetic abnormality of muscle tissue, characterized by dysfunction
and, ultimately, deterioration.

Myasthenia gravis Thought to be an autoimmune disease, myasthenia gravis is
characterized by extreme muscle weakness and low endurance. There is a defective
transmission of impulses at the neuromuscular junction.

Myopathy Any disease of the muscles.

Poliomyelitis A viral disease that often attacks and destroys the cell bodies of the somatic
motor neurons of the skeletal muscles, causing paralysis.

Shin splints Tenderness and pain on the anterior surface of the leg, caused by a strain of the
anterior tibial muscle or the extensor digitorum longus muscle.

Tetanus (lockjaw) A disease caused by the bacterium Clostridium tetani, which produces a
toxin that causes painful muscle spasms. The jaw muscles are affected first.

Torticollis (wryneck) Persistent contraction of a sternocleidomastoid muscle, drawing the
head to one side and distorting the face. Torticollis may be acquired or congenital.

Review Exercises
Multiple Choice

1. A flexor muscle of the shoulder joint is (a) the supraspinatus, (b) the trapezius,
(c) the pectoralis major, (d) the teres major.

2. Which of the following muscles does not attach to the humerus? (a) teres major,
(b) supraspinatus, (c¢) biceps brachii, (d) brachialis, (e) pectoralis major

3. Which of the following muscles does not insert upon the orbicular oris?
(a) depressor labii inferioris, (b) zygomaticus, (c) risorius, (d) platysma, (e) levator
labii superioris
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The erector spinac muscle group does not include (a) the iliocostalis, (b) the
longissimus, (c¢) the spinalis, (d) the semispinalis.

All of the following muscles are synergists in flexing the elbow joint except (a) the
biceps brachii, (b) the brachialis, (c) the coracobrachialis, (d) the brachioradialis.

. Which of the following muscles does not attach to the scapula? (a) deltoid,

(b) latissimus dorsi, (c¢) coracobrachialis, (d) teres major, (¢) rhomboideus major

. Which of the following muscles attaches to the acromion of the scapula? (a) teres

major, (b) deltoid, (c¢) supraspinatus, (d) rhomboideus major, (¢) infraspinatus

. Of the four quadriceps femoris muscles, which contracts over the hip and knee

joints? (a) rectus femoris, (b) vastus medialis, (c) vastus intermedius, (d) vastus
lateralis

Which of the following muscles plantar flexes and inverts the foot as it supports the
arches? (a) flexor digitorum longus, (b) tibialis posterior, (c) flexor hallucis longus,
(d) gastrocnemius

An eyebrow is drawn toward the midline of the face through contraction of which of
the following muscles? (a) corrugator, (b) risorius, (¢) nasalis, (d) frontalis

Which of the following is not used as a means of naming muscles? (a) location,
(b) action, (c) shape, (d) attachment, (e) strength of contraction

Rotation of the hand so that the palm faces posteriorly is the action of which
muscles? (a) supinators, () abductors, (¢) adductors, (d) flexors, (e) extensors

The muscles that are synergistic to the diaphragm during inspiration are
(a) the external intercostal muscles

(b) the internal intercostal muscles (excluding the interchondral part)
(¢) the abdominal muscles

(d) all of the above

A muscle of mastication is (a) the buccinator, (b) the temporalis, (¢) the mentalis,
(d) the zygomaticus, (¢) the orbicularis oris.

Which of the following muscles does not originate on the lateral epicondyle of the
humerus? (a) extensor carpi radialis brevis, (b) extensor digitorum, (¢) extensor
digiti minimi, (d) all of the preceding originate on the lateral epicondyle

The muscle that extends and laterally rotates the thigh is (@) the iliacus, (b) the
glptgus medius, (c) the psoas major, (d) the gluteus maximus, (e¢) the gluteus
minimus.

Which of the following muscles does not attach to the rib cage? (a) serratus anterior,
(b) rectus abdominis, (c) pectoralis major, (d) serratus posterior, (¢) latissimus dorsi

Which of the following muscles does not have its origin on the pubis? (a) gracilis,
(b) adductor brevis, (c) pectineus, (d) sartorius

The gluteus minimus muscle originates on which bone? (a) coccyx, (b) ischium,
(c) femur, (d) ilium, (e) pubis

Which of the following muscles is deep (beneath another muscle) in position?
(a) platysma, (b) pectoralis major, (c) tensor fascia latae, () external abdominal
oblique, (¢) rhomboideus major
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True or False

1.

When contracted, the zygomaticus draws the angle of the mouth upward, as in a
smile.

Contraction of the orbicularis oris compresses the lips together.

Extension and abduction are interchangeable terms in that both actions result in
an appendage’s being moved away from the body.

4. The digastric muscles are important in chewing because, when contracted, they
lower the mandible and open the mouth.

5. Flexion of the vertebral column results when the iliocostalis muscles are
contracted.

6. The triceps brachii originates from processes on the humerus and on the
scapula.

7. When contracted, the semimembranosus flexes the leg at the knee joint and may
also extend the thigh at the hip joint.
A pulled groin muscle could involve the gracilis.

. The sartorius acts only on the hip joint.

10. The muscles of the quadriceps femoris are antagonistic to the hamstring
muscles.

11. All three gluteal muscles insert on the greater trochanter of the femur.

12. When contracted, the pectoralis minor rotates and adducts the humerus.

13. Three muscles—the gastrocnemius, soleus, and plantaris—function
synergistically in plantar flexion of the foot.

14. The palmaris longus is anterior in position and functions to flex the hand.

15. From superficial to deep, the anterior abdominal wall consists of the external
abdominal oblique, internal abdominal oblique, and transverse abdominis
muscles.

Completion
1. The 1s synergistic to the temporalis muscle in closing
the mouth.

2. Improper lifting may strain the

complex of muscles of the vertebral column.

3. The

is a prominent muscle along the lateral surface of

the forearm, where it flexes the elbow joint when contracted.

4. The

muscle group is on the

anterior thigh, and the muscle group is on the posterior
thigh.
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5. The is the largest of the posterior crural muscles.

6. The three most important muscles of relaxed inspiration are the dome-shaped
, the
muscles, and the interchondral portion of the
muscles.

7. The is a muscle that extends from the anterior superior
iliac spine to the medial surface of the proximal portion of the tibia.

8. Of the three gluteal muscles, the
is the one that extends and rotates the thigh laterally at the

hip joint.

9. The iliacus and psoas major merge toward their point of insertion to form the

10. The muscle can open the mouth or elevate the hyoid
bone.
Labeling
Label the muscles indicated on the figures that follow.
1. 16.
2. 17.
3. 18.
4. 19.
s. 20.
6. 21.
7. 22,
8. 23.
9. 24,
10. 25.
11. 26.
12. 27.
13. 28.
14. 29.

30.

[
b
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3
4
5
6
7
8
9
10
- 11
12
Matching
Match each of the following muscles with its action.
1. Deltoid (a) flexes and adducts the shoulder joint
2. Psoas major (b) flexes the joints of the vertebral column
3. Gracilis (c¢) extends the knee joint
4. Trapezius (d) adducts the scapula
S. Vastus lateralis (e) flexes the hip joint and joints of the vertebral
column
6. Rectus abdominis (f) adducts and extends the shoulder joint
7. Semimembranosus (g) adducts the hip joint
8. Quadratus lumborum (h) abducts the shoulder joint
9. Latissimus dorsi (i) flexes the elbow joint
10. Coracobrachialis (j) extends the joints of the lumbar region of the

vertebral column
11. Gluteus medius (k) flexes the knee joint
12. Brachialis (/) abducts and medially rotates the hip joint
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Answers and Explanations for Review Questions

Multiple Choice

1.

o

S w

Calba)

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

(c) Flexion decreases a joint angle. In anatomical position, the angle of the shoulder joint is 180°.
Contraction of the pectoralis major decreases this angle.

(c) Although positioned along the humerus, the biceps brachii originates on the coracoid process of
the scapula and inserts on the radial tuberosity.

(d) The platysma inserts on the inferior border of the mandible.

(d) Although located in the back, the spinalis is not part of the erector spinae muscle group.

(¢) The coracobrachialis flexes and adducts the arm at the shoulder joint.

(b) The latissimus dorsi originates on the vertebrae and inserts on the intertubercular groove of the
humerus.

(b) The deltoid has its origin along the acromion and spine of the scapula.

(a) Spanning two joints, the rectus femoris functions to flex the hip joint and extend the knee joint.
Of the four quadriceps femoris muscles, it is the only one to span two joints.

(b) The position of the tibialis posterior and its long tendon of insertion permits it to support the
arches of the foot as it functions to plantar flex and invert the foot.

(a) Corrugator derives from a word meaning “to wrinkle”; as both corrugator muscles are contracted,
the skin between the eyebrows wrinkles, as in scowling.

(e) The strength of contraction is highly variable from person to person and is not used as a means of
naming muscles.

(a) The supine position is with the paims of the hands down, as indicated by the name of the
supinator muscle.

(a) The diaphragm, external intercostal muscle, and the interchondral portion of the internal
intercostal muscle are synergistic during the inspiration phase of normal breathing.

(b) The paired temporalis muscles function with the masseter muscles in closing the jaws. The paired
lateral and medial pterygoid muscles are also included in the muscles of mastication.

(d) Four muscles originate on the lateral epicondyle, and all are extensors of the hand.

(d) Of the three gluteal muscles, only the gluteus maximus extends and laterally rotates the hip joint.
(e) The latissimus dorsi originates on the vertebrae and inserts on the intertubercular groove of the
humerus.

(d) The sartorius originates on the anterior superior iliac spine and inserts on the medial surface of
the tibia

(d) Each of the three gluteal muscles has its origin on some part of the ilium.

(e) The rhomboideus major lies deep to the trapezius muscle.

True or False Questions

1.
2.
3

ne

True

True

False; extension increases the angle of a joint; abduction moves an appendage away from the
midplane of the body

True

False; the iliocostalis muscles extend the vertebral column and the rectus abdominis flexes the
vertebral column

True

True

True

False; the sartorius acts on both the hip and knee joints

True

False; the gluteus maximus inserts on the gluteal tuberosity of the femur and iliotibial tract
False; the pectoralis minor does not attach to the humerus; it inserts on the coracoid process of the
scapula and, when contracted, it pulls the scapula forward and downward

True

True

True
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Completion
1. masseter 6. diaphragm, external intercostal, internal intercostal
2. erector spinae 7. sartorius
3. brachioradialis 8. gluteus maximus
4. quadriceps femoris/hamstring 9. iliopsoas
5. gastrocnemius 10. digastric
Labeling
1. Frontalis 16. Occipitalis
2. Trapezius 17. Trapezius
3. Deltoid 18. Deltoid
4. Pectoralis major 19. Infraspinatus
5. Bicep brachii 20. Triceps brachii
6. Serratus anterior 21. Latissimus dorsi
7. Rectus abdominis 22. External abdominal oblique
8. External abdominal oblique 23. Flexor carpi uinaris
9. Brachioradialis 24. Gluteus medius
10. Palmaris longus 25. Gluteus maximus
11. Gracilis 26. Semimembranosus
12. Rectus femoris 27. Semitendinosus
13. Vastus lateralis 28. Biceps femoris
14. Vastus medialis 29. Gastrocnemius
15. Tibialis anterior 30. Soleus
Matching
1. (M) 7. (k)
2. (e) 8.
3 @ 9. H
4. (d) 10. (a)
5. (o) 1.
6. (b) 12, (D)
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Objective A To distinguish between the central nervous system, peripheral nervous
system, and autonomic nervous system.

On the basis of structure, the nervous system is divided into the central
5‘6"’)’ nervous system (CNS) and the peripheral nervous system (PNS). The

CNS is composed of the brain and the spinal cord (fig. 9.1). The PNS is

composed of cranial nerves from the brain and spinal nerves from the

spinal cord. In addition, ganglia and plexuses (table 9.1) are found within
the PNS.

The autonomic nervous system (ANS) is a functional division of the nervous
system. Structures within the brain are ANS control centers, and specific nerves are
the pathways for conduction of autonomic nerve impulses. The ANS functions
automatically to speed up or slow down body activities.

The nervous system develops very early in prenatal development. By day
20, neuroectoderm gives rise to the neural groove, which in turn becomes
the neural tube. Once formed, the neural tube eventually develops into the
brain and spinal cord. In addition, neural crest cells (from the crest of the
enveloped neural tube) migrate throughout the body to give rise to various
structures, including melanocytes, the adrenal medulla, some cranial nerve ganglia,
and the neurolemmocytes (Schwann cells).

Central nervous system (CNS)

Braln

Spinal cord

Peripheral nervous
system (PNS)

Sensory System Motor System

Motor
neurotransmission
from CNS

Sensory
neurofransmission
into CNS

Somatic system

Autonomic system
(ANS)

Smooth and cardiac
muscle, gland
regulation

Sympathetic Parasympathetic

Figure 9.1 Organization of the nervous system.

Skeletal muscle
regulation
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9.1

Table 9.1

Divisions and Structures of the Nervous System

Division/Structure

Description and location

Function

Central nervous
system (CNS)

Brain within the cranium
and the spinal cord within
the vertebral canal

Responds to nerve impulses
(sensations) from sensory
nerves; body control center

Peripheral nervous

Composed of sensory,

Conveys impulses to and

system (PNS) motor, or mixed nerves from CNS
Autonomic nervous | Composed of specific Exerts involuntary
system (ANS) structures of CNS and (autonomic) control of vital
nerves of PNS; divided body functions including
into sympathetic and heart rate, respiratory rate,
parasympathetic divisions blood pressure, digestion,
body temperature, and
so forth
Brain Composed of gray and Serves as control center for

white matter within the
cranium

nervous system

Spinal cord

Composed of gray and
white matter within the
vertebral canal of the
spinal column

Conveys messages
(impulses) to and from
brain; reflex center

Neuron

Cell within nervous tissue

Responds to stimuli and
conveys nerve impulses

Sensory (afferent)
neuron

Component of a sensory
or a mixed nerve
within PNS

Transmits impulses from
sensory receptor to CNS

Motor (efferent)
neuron

Component of a motor or
a mixed nerve within PNS

Transmits impulses from
CNS to effector organs
(muscles or glands)

Neuroglium Cell within nervous tissue | Supports neurons

Nerve Bundle of nerve fibers Conveys impulses
within PNS

Tract Bundle of nerve fibers Interconnects structures of
within CNS CNS; conveys impulses

Ganglion Cluster of cell bodies of Serves as control center for
neurons within PNS a bundle of neurons

Nucleus Cluster of cell bodies of Serves as control center for
neurons within white a bundle of neurons
matter of CNS

Nerve plexus Network of nerves Provides overlapping
within PNS innervation (nerve supply)

to certain body regions

List the principal functions of the nervous system.

1. Responds to stimuli within the body and in the external environment.

2. Transmits nerve impulses to and away from the CNS.

3. Interprets nerve impulses arriving in the cerebral cortex of the brain.
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4. Assimilates experiences as required in memory, learning, and intelligence.
5. Initiates glandular secretion and muscle contraction.
6. Programs instinctual behavior (more important in vertebrates other than humans).

Distinguish between the terms stimulus, sensation, and perception.

A stimulus is an energy source (chemical, pressure, light wave, etc.) that activates a receptor cell
(specialized nerve cell) to transmit a nerve impulse, or sensation. If the sensation arrives in the
conscious part of the brain, the cerebral cortex, a perception occurs. Perception is awareness of the
stimulus.

Pricking one’s finger, for example, is a stimulus that activates many receptor cells to send nerve
impulses to the brain. Once these sensations reach the cerebral cortex, a person perceives (feels)
pain. (See problem 11.13 for the role the reflex arc plays in a similar example.)

Objective B To describe the general structure of a neuron and to classify neurons.

9.3

9.4

Although neurons vary considerably in size and shape, they are generally
s{rvey) composed of a cell body, dendrites, and an axon. While some neurons may
be as long as a meter (3 ft), most are considerably shorter.

Dendrites

Nucleus

Chromatophilic
substances

Cell bod!
y Axon terminals

Axon

- Neurolemmocyte
Neurofibril node

Neurofibrils

Figure 9.2 The structure of a neuron.

What are chromatophilic substances, neurofibrils, microtubules, collateral branches,
and axon terminals?

See fig. 9.2.

Chromatophilic substances (Niss! bodies) are layers of rough ER (see chapter 3), whose function
is protein synthesis. Neurofibrils are filamentous strands of protein that support the cell body.
Microtubules are minute channels that transport material within the cell. Collateral branches are
extensions from the axon that may also transmit impulses. Axon terminals are the slight
enlargements at the ends of the branched axon. Axon terminals contain synaptic vesicles that
produce and secrete neurotransmitter chemicals into the synapses (see Objective F).

Describe four ways of classifying neurons.

By direction of impulse conduction — Sensory (afferent) neurons transmit nerve impulses to the
spinal cord or brain. Motor (efferent) neurons conduct impulses away from the spinal cord or brain.
Association neurons (interneurons or internuncial neurons) conduct impulses from sensory to
motor neurons. The term innervation means “nerve supply” and can be either motor or sensory.
Motor neurons can be further classified as alpha and gamma motor neurons. Alpha motor neurons
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innervate and stimulate skeletal muscle. Gamma motor neurons innervate specialized muscle tissue
called the muscle spindle. The muscle spindle is a small, highly differentiated part of muscle tissue,
located deep within a muscle.

By area of innervation — Somatic sensory neurons are receptors within the skin, bones, muscles,
and joints. They also include sensory receptors within the eyes and ears. Somatic motor neurons

are effector neurons that innervate skeletal muscles and cause the muscle fibers to contract when
stimulated. Visceral sensory fibers convey impulses from visceral organs and blood vessels. Most of
these receptors convey autonomic sensations, but some respond to visceral stimuli, such as hunger
pangs or intestinal aches. Sensory receptors within the tongue for taste and nasal epithelium for
smell are also visceral sensory fibers. Visceral motor fibers, also called autonomic motor fibers, are
part of the ANS. These fibers originate in the CNS and innervate cardiac muscle fibers, glands, and
smooth muscles within visceral organs.

By number of processes — Multipolar neurons have one axon and two or more dendrites. Bipolar
neurons have one axon and one dendrite. Unipolar neurons have a single process extending from
the cell body, which divides into two branches. One branch extends to the spinal cord and serves as
the axon; the other extends to the peripheral part of the body and serves as the dendrite.

By fiber diameter

Group Diameter Function
AA 12-20 um Proprioception
AB 5-12 um Pressure, touch
At 3-6 um Motor-nerve-muscle-spindle junctions
Ao 2-5 um Temperature, touch, pain
B <3 um Preganglionic autonomic
C 0.3-1.3 um Postganglionic sympathetic

Describe the formation of the myelin sheath.

Myelin (Gk. myelos, marrow) is an insulating cellular membrane consisting of a fatlike lipid
substance known as sphingomyelin. During myelination (fig. 9.3), the myelin wraps around the
neuron creating a multilayered sheath. In the CNS, oligodendrocytes produce the sheath; in the
PNS, neurolemmocytes (Schwann cells) assume this role. In the PNS, there are small gaps called
neurofibril nodes (nodes of Ranvier) between segments of the sheath (see fig. 9.2). The sheath
insulates nerve fibers and thereby inhibits the flow of ions between intracellular and extracellular
fluid compartments.

.. Two fairly common diseases afflict the myelin sheaths. Multiple sclerosis
(MS) is a chronic degenerative disease, marked by remission and relapse, that
progressively destroys the myelin sheaths of neurons in multiple areas of the
CNS. Tay-Sachs disease is an inherited disease in which the myelin sheaths
are destroyed by excessive accumulation of lipids within the membrane.

Cell membrane

Axon Neurolemmocyte /
Increased myelination

Figure 9.3 The process of myelination.
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Objective C To classify neuroglial.

~ There are six categories of neuroglia (table 9.2). Also called glia, or glial
$4TVeY) cells, these specialized cells of the nervous system physically and
~  physiologically support neurons by assisting in the transfer of nutrients and
wastes to and from the neurons. Neuroglia mitotically divide and are
estimated to be about five times more abundant than neurons.

9.6  List the different types of nueroglia, including their location and function.
Refer to table 4.8.

9.7  Why are microglia frequently considered part of the body’s immune system?

Following trauma to the CNS, or during an infection of the brain or spinal cord, microglia respond
by increasing in number, migrating to the site, and phagocytizing the bacterial cells or cellular debris.

Objective D To describe the resting membrane potential.

‘ In a nonconducting (“resting”) neuron, a voltage, or resting potential,
$4IVeY) exists across the cell membrane. This resting potential is due to an
imbalance of charged particles (ions) between the extracellular and the
intracellular fluids. The mechanisms responsible for the membrane having
a net positive charge on its outer surface and a net negative charge on its

inner surface (fig. 9.4) are as follows:

1. A sodium-potassium pump transports sodium ions (Na*) to the outside and
potassium ions (K*) to the inside, with three Na* moved out for every two K+
moved in.

2. The cell membrane is more permeable to K+ than to Na*, so that the K+, which
is relatively concentrated inside the cell, moves outward faster than the Na*,
relatively concentrated outside the cell, moves inward.

3. The cell membrane is essentially impermeable to the large (negatively charged)
anions that are present inside the neuron, and therefore fewer negatively charged
particles move out than positively charged particles.

Neuron cell membrane

+ 4+ + 4+ + + + +

High concentration of large, negatively
charged ions (anions) inside cell membrane

Neuron axon

+

+

+
+ — — — — — — — —
+ + + + + + + +
et

Figure 9.4 A segment of a neuron showing the locations of charges.



Chapter 9 Nervous Tissue 171

As electrical charges move across the membrane, a physiological current is

induced. Physiological currents can be measured in some of the body’s

systems. An EEG (electroencephalogram) records brain activity by

monitoring electrical currents in the brain. An ECG (electrocardiogram)

records cardiac electrical activity. An EMG (electromyogram) records
skeletal muscle activity. The electrical activity recordings can be used to diagnose
various disorders of the body.

9.8 Since the membrane is 50 to 100 times more permeable to K+ than Na*, do these
ions diffuse through different channels?

Yes. For example, tetrodotoxin—a poison obtained from puffer fishes—blocks the diffusion
through Na* channels, but not through K* channels.

9.9 Is energy required to develop and maintain a resting membrane potential?

Yes. The sodium-potassium pump, like all other cellular active transport systems, requires the
expenditure of metabolic energy derived from the hydrolysis of adenosine triphosphate (ATP).

Objective E To describe the chain of events associated with an action potential.

‘ Nerve impulses, which carry information from one point of the body to
4'VeY, another, may be described as the progression along the neuron membrane of
an abrupt change in the resting potential. This “traveling disturbance,”
called an action potential, is illustrated in fig. 9.5.

Depolarization begins
++++t+++++++++--++++++-++H+++

+++ bt - — 4o - - === ++++4++

F=F 1

Figure 9.5 A schematic of an action potential, demonstrating the movement of charges.

The sequence of events is as follows:

1. Stimulus (chemical-electrical-mechanical) is sufficient to alter the resting
membrane potential of a particular region of the membrane.

2. The membrane’s permeability to sodium ions increases at the point of
stimulation.

3. Sodium ions rapidly move into the cell through the membrane.

4. As sodium ions move into the cell, the transmembrane potential reaches zero
(the membrane becomes locally depolarized).
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5. Sodium ions continue to move inward, and the inside of the membrane becomes
positively charged relative to the outside (reverse polarization).

6. Reverse polarization at the original site of stimulation results in a local current
that acts as a stimulus to the adjacent region of the membrane.

7. At the point originally stimulated, the membrane’s permeability to sodium
decreases, and its permeability to potassium increases.

8. Potassium ions rapidly move outward, again making the outside of the
membrane positive in relation to the inside (repolarization).

9. Sodium and potassium pumps transport sodium ions back out of, and potassium
ions back into, the cell. (Now the cycle repeats at [1], relative to the advanced
site.)

What determines whether a stimulus will be strong enough to produce an action
potential in a nerve cell?

The resting membrane potential (fig. 9.6) is about —70 mV. This means that the potential of the inner
surface is normally 70 mV below the potential of the outer surface. A threshold stimulus (just
adequate) will sufficiently increase the permeability of the membrane to sodium ions to raise the
membrane potential to about —55 mV. Once this threshold potential has been reached, complete
depolarization and repolarization occur and an action potential is generated.
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Figure 9.6 An action potential: Resting membrane potential, depolarization, and

9.11

repolorization.

Is the size of the action potential related to the strength of the stimulus?

No. Nerve and muscle cells obey the all-or-none law, which states that a threshold stimulus evokes
a maximal response and that a subthreshold stimulus evokes no response.
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9.12

9.13

If a neuron has received a threshold stimulus and is undergoing depolarization and
repolarization, how much time must pass before a second stimulus can produce an
action potential?

In the interval from the onset of an action potential until repolarization is about one-third complete,
no stimulus can elicit another response; the “dead phase” is referred to as the absolute refractory
period. Following the absolute refractory period is an interval during which the neuron will not
respond to a normal threshold stimulus but will respond to a suprathreshold stimulus; this is the
relative refractory period.

What factors influence the speed at which impulses are conducted along excitable
cell membranes?

Diameter of the conducting fiber. Conduction velocity is directly proportional to fiber diameter.
Temperature of the cell. Warmer nerve fibers conduct impulses at higher speeds.

Presence or absence of the myelin sheath. Myelinated fibers conduct impulses more rapidly than
unmyelinated fibers. This is because action potentials “leap” from one neurofibril node to the next
instead of progressing from point to point along the axon. This leaping or jumping of the impulse is
called saltatory conduction. Saltatory conduction is not only faster but also consumes less energy,
since the pumping of sodium and potassium ions need occur only at the nodes.

Objective F To define synapse and synaptic transmission.

f A synapse is the specialized junction through which impulses pass from
*{T'V€Y, one neuron to another (synaptic transmission). With reference to fig. 9.7, the
f steps in the process are as follows:

1. An action potential spreads over the axon terminal.

2. An influx of calcium ions causes synaptic vesicles to fuse with the presynaptic
membrane.

3. Neurotransmitter is released by exocytosis from the synaptic vesicles into the
synaptic cleft.

4. The neurotransmitter diffuses across the synaptic cleft to the postsynaptic
membrane.

5. The neurotransmitter combines with specific receptors on the postsynaptic
membrane.

6. The permeability of postsynaptic membrane is altered, whereupon an impulse is
initiated on the second neuron.

7. The neurotransmitter is removed from the synapse as a result of being
enzymatically degraded, taken up in the presynaptic terminal, or diffused out of
the synaptic region.
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9.14

9.15

9.16

Axon terminal
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Presynaptic
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Neurotransmitter
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Postsynaptic membrane

Figure 9.7 Synaptic transmission.

Briefly define synaptic delay, synaptic fatigue, and one-way conduction.

Synaptic delay. There is a delay of about 0.5 ms in the transmission of an impulse from the axon
terminal of the presynaptic neuron to the postsynaptic neuron. The time is consumed in (1) the
release of the neurotransmitter, (2) the diffusion of the neurotransmitter across the cleft, (3) the
interaction of the neurotransmitter with receptors on the postsynaptic membrane, and (4) the
initiation of the impulse in the postsynaptic neuron.

Synaptic fatigue. With repetitive stimulation there is a progressive decline in synaptic transmission
due to depletion of the store of neurotransmitter in the axon terminal.

One-way conduction. Most synapses conduct impulses in one direction only because the
neurotransmitter is usually present only on one side of the synapse.

Neurotransmitters may be excitatory, causing the postsynaptic neuron to become
active, or inhibitory, preventing the postsynaptic neuron from becoming active.
Briefly differentiate between excitatory and inhibitory mechanisms.

Excitatory neurotransmitters are those that increase the postsynaptic membrane’s permeability to
sodium ions. The increased but still subthreshold membrane potential is known as an excitatory
postsynaptic potential (EPSP), and the membrane is said to be hypopolarized. There are two ways
in which several EPSPs can combine to reach threshold and elicit an action potential: (1) In spatial
summation, several presynaptic neurons simultaneously release neurotransmitter to a single
postsynaptic neuron; (2) in temporal summation, the EPSPs result from the rapid successive
discharge of neurotransmitter from the same axon terminal.

Inhibitory neurotransmitters are those that increase the postsynaptic membrane’s permeability to
potassium and chloride ions, resulting in a hyperpolarized membrane that exhibits an inhibitory
postsynaptic potential (IPSP). During the time the membrane is hyperpolarized, the potential is
farther below threshold, making it more difficuit to generate an action potential.

What specific drugs can influence synaptic transmission?

Reserpine can inhibit uptake and storage of the neurotransmitter norepinephrine in synaptic
vesicles. Botulinum toxin can inhibit the release of the neurotransmitter acetylcholine from synaptic
vesicles.

Amphetamines can stimulate the release of norepinephrine from synaptic vesicles. Atropine can
block receptors for acetylcholine on the postsynaptic membrane. Cholinergic drugs bind to
receptors for acetylcholine, where they mimic the neurotransmitter. Anticholinesterase drugs inhibit
the destruction or metabolism of acetylcholine.
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deficiency in the extrapyramtidal system) in which nerve cells within the

basal nuclei of the brain are destroyed. Parkinson’s disease occurs typically

in middle or late life with a gradual progression over a prolonged course.

Symptoms include tremor of the hands; weakness; rigidity of the large
joints, which causes a stooped fixed posture, and a shuffling gait. The symptoms
can be partially treated with exercise, heat, massage, the use of anticholinergic
drugs, antihistamines, and L-dopa (a precursor of dopamine that can cross the
blood-brain barrier).

%‘ Alzheimer’'s disease is the most common cause of senile dementia. The cause

% Parkinson's disease is a progressive neurological disorder (dopamine

of Alzheimer’s disease is still being investigated, but there is evidence that it is
associated with the loss of neurons that terminate on the hippocampus and
cerebral cortex (areas of the brain linked to memory storage) and that use
acetylcholine as the neurotransmitter. Autopsies of people who have died of
Alzheimer’s disease show neurotic plaques (degenerated axons and deposits of
amyloid protein) that are similar to plaques observed in patients with Down syndrome.

Review Exercises

Multiple Choice

1.

10.

Which kind of neuroglial cells are not found in the CNS? (a) astrocytes,
(b) ependymal cells, (¢) microglia, (d) satellite cells, (¢) oligodendrocytes

The neuroglia that have functions similar to white blood cells are
(a) oligodendrocytes, (b) astrocytes, (c¢) microglia, (d) ependymal cells,
(e) lymphocytes.

The speed of a nerve impulse is independent of (a) the diameter of the nerve fiber,
(b) the physiological condition of the nerve, (¢) the presence of myelin, (d) the
length of the nerve fiber, (¢) the presence of neurolemmocytes.

The basic unit of the nervous system is (a) the axon, (b) the dendrite, (c) the neuron,
(d) the cell body, (e) the synapse.

Depolarization of the membrane of a nerve cell occurs by the rapid influx of
(a) potassium ions, (b) chloride ions, (c¢) organic anions, (d) sodium ions.

A transmitter substance released into the synaptic cleft is (a) cholinesterase,
(b) acetylcholine, (¢) ATP, (d) RNA, (e) all of the preceding.

At a synapse, impulse conduction normally (a) occurs in both directions, (b) occurs
in only one direction, (¢) depends on acetylcholine, (d) depends on epinephrine.

In a resting neuron, (@) the membrane is electrically permeable, (b) the outside of
the membrane is positively charged, (¢) the outside is negatively charged, (d) the
potential difference across the membrane is zero.

Dendrites carry nerve impulses (a) toward the cell body, (b) away from the cell
body, (c) across the body of the nerve cell, (d) from one nerve cell to another.

The enzyme that destroys acetylcholine is (a) ATPase, (b) epinephrine,
(c) cholinesterase, (d) lipase, (e) acetylcholinase.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

The transmitter substance in the presynaptic neuron is contained in (a) the synaptic
cleft, (b) the neuron vesicle, (c) the synaptic gutter, (d) the mitochondria.

The interior surface of the membrane of a nonconducting neuron differs from the
exterior surface in that the former is (@) negatively charged and contains less
sodium, (b) positively charged and contains less sodium, (c) negatively charged and
contains more sodium, (d) positively charged and contains more sodium.

The presence of myelin gives a nerve fiber its (@) gray color and degenerative
abilities, (b) white color and increased rate of impulse transmission, (¢) white color
and decreased rate of impulse transmission, (d) gray color and increased rate of
impulse transmission.

During repolarization of the neuronal membrane, (a) sodium ions rapidly move to
the inside of the cell, (b) sodium ions rapidly move to the outside of the cell,

(c) potassium ions rapidly move to the outside of the cell, (d) potassium ions rapidly
move to the inside of the cell.

The arrival on a given neuron of a series of impulses from a series of terminal
axons, thereupon producing an action potential, is an example of (a) temporal
summation, (b) divergence, (¢) generation potential, (d) spatial summation.

Neural regulation differs from endocrine regulation in that the former (a) is quick,
precise, and localized, (b) is slower and more pervasive, (¢) does not require
conscious activity, (d) has longer lasting effects.

The gray matter of the brain consists mainly of neuron cell (a) axons, (b) dendrites,
(c) secretions, (d) bodies.

The tightly packed coil of the neurolemmocyte membrane that encircles certain
kinds of axons is called (a) a myelin sheath, (b) a neurolemma, (c) a node, (d) gray
matter.

The interruptions occurring at regular intervals along a myelin-coated axon are
(a) neurofibril nodes, (b) synapses, (c) synaptic clefts, (d) gap junctions.

The junction between two neurons is called (a) a neurospace, (b) an axon, (¢) a
synapse, (d) a neural junction.

An IPSP is mediated by (a) an increase in permeability to all cations; (b) selective
permeability to calcium, sodium, and potassium; (¢) an increase in permeability to
all anions; (d) selective permeability to potassium and chloride ions.

The general depolarization toward threshold of a cell membrane when excitatory
synaptic activities predominate is known as (a) facultation, (b) differentiation,
(c¢) inhibition, (d) facilitation.

Examples of neurotransmitters are (@) adenine and guanine, (b) thymine and
cytosine, (c) acetylcholine and norepinephrine, (d) none of the preceding.

Clusters of neuron cell bodies found in the CNS are termed (a) nerve clusters,
(b) ganglia, (c) axons, (d) nuclei.

Which of the following occur within the peripheral nervous system?
(a) oligodendrocytes, () ependymal cells, (¢) microglia, (d) satellite cells
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True or False
1. There are basically only two different types of cells in the nervous system.

2. The axon is the cytoplasmic neuronal extension that conducts impulses toward
the cell body.

3. A polarized nerve fiber has an abundance of sodium ions on the outside of the
axon membrane.

4. Glial cells sustain the CNS neurons metabolically, support them physically, and
regulate ionic concentrations in the extracellular space.

5. Dendrites are usually longer than axons.

6. Every postsynaptic neuron has only one synaptic junction on the surface of its
dendrites.

7. A single EPSP is sufficient to cause an action potential.
8. Only EPSPs show temporal and spatial summations.
9. Chemical synapses operate in only one direction.

10. All synapses are inhibitory.

11. A nerve impulse can travel along an axon for an indefinite distance without
distortion or loss of strength.

12. The nerve impulse is all or nothing.

13. The resting potential in a nerve cell is caused by the high concentration of
potassium outside the cell.

14. The permeability of the neuron’s cell membrane to sodium decreases as the
membrane is depolarized.

15. The sodium pump operates by diffusion, and thus requires no ATP for its
operation.

16. Hyperpolarization of the postsynaptic membrane by an excitatory synapse
produces an EPSP.

17. The myelin sheath surrounds the dendrites.
18. Transmission across the synaptic junction is diffusion of sodium.

19. Two transmitter substances in the nervous system are dopamine and
acetylcholine.

20. Neuroglia have an action potential response.
21. Motor neurons convey information from receptors in the periphery to the CNS.

22. Somatic motor nerves innervate skeletal muscle, and autonomic nerves
innervate smooth muscle, cardiac muscle, and glands.
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Completion
1. The majority of specialized junctions that receive stimuli from other neurons are
located on the and
of the neuron.
2. Only 10% of the cells in the nervous system are , and the
remainder are
3. cells have one long axon and multiple short, highly branched
dendrites extending from the cell body.
4. The velocity with which an action potential is transmitted down the membrane
depends on the fiber and on whether or not the fiber is
5. On a myelinated neuron, the action potential appears to jump from one node to
another. This method of propagation is called
. Within the peripheral nervous system, myelin is formed by the
. A junction between two neurons, where the electrical activity in the first influences
the excitability of the second is called a
8. The transmitter substance is stored in small membrane—enclosed
in the synaptic knob.
9. When an action potential depolarizes the synaptic knob, small quantities of
transmitter substance are released into the
10. The adding together of two or more EPSPs that originate at different places,
resulting in depolarization of the membrane, is called
11. The interval from the onset of an action potential until repolarization is about one-
third complete, during which no stimulus can elicit another response, is referred to
as the
12. With repetitive stimulation, there is a progressive decline in synaptic transmission
due to depletion of the store of neurotransmitter in the axon terminal. This is
referred to as
13. A chronic degenerative disease that progressively destroys the myelin sheaths of
neurons is called .
14. A cluster of nerve cell bodies in the peripheral nervous system is referred to as a




Chapter 9 Nervous Tissue 179

Labeling
Label the structures indicated on the figure
to the right.
1.
2,
3.
4,
S.
6.
Matching
Match the kind of neuron with its description or function.
__ 1. Multipolar neuron (a) found only in the CNS
__ 2. Sensory neuron (b) one dendrite and one axon
3. Association neuron (¢) a single branch connected to a cell body
____ 4. Unipolar neuron (d) carries information toward the CNS
_____ 5. Bipolar neuron (¢) one long axon and many dendrites

Answers and Explanations for Review Questions

Multiple Choice

1.

2,
3.
4

10.

(d) Satellite cells are small flattened cells that support neuron cell bodies within the ganglia of the
PNS.

(¢) Microglia actively phagocytize pathogens and cellular debris within the CNS.

(d) The length of a nerve fiber has no bearing on the speed impulse conduction.

(¢) The neuron, or nerve fiber, is the basic unit of the nervous system because it is at the neuron level
that the activities of the system are carried out.

(d) When the membrane of a neuron is stimulated, there is an increase in the permeability of the
membrane to sodium at that point. As sodium ions move inward, the membrane becomes
depolarized.

(b) Acetylcholine is one of many transmitted substances that may be released into the synaptic cleft
by the synaptic vesicles of a presynaptic neuron.

(b) Synaptic function occurs in only one direction because neurotransmitters are stored in synaptic
vesicles in the presynaptic neurons.

(b) The exterior surface of a resting neuron is positively charged. There are more sodium ions outside
the membrane.

(a) Dendrites transmit impulses toward the cell body of the neuron, and axons transmit impulses
away from the cell body.

(¢) Cholinesterase, or acetylcholinesterase, is the enzyme that chemically breaks down acetylcholine.



180 Nervous Tissue Chapter 9

11. (b) Synaptic vesicles located in axon terminals contain neurotransmitter chemicals that include, for
example, acetylcholine, norepinephrine, and glycine.

12. (a) The interior surface of neuron with a resting potential contains less sodium than the exterior
surface, and the interior surface is negatively charged (-70 to —-90 mV).

13. (b) Because of the high lipid content of the myelin sheath, it is white in color. The myelin sheath
allows an impulse to travel by way of saltatory conduction (impulses jump from node to node).

14. (c) Potassium is positively charged; it rapidly moves from the interior surface to the exterior surface
of the membrane during repolarization.

15. (d) In spatial summation, several presynaptic neurons simultaneously release neurotransmitters to a
single postsynaptic neuron.

16. (a) The nervous system controls the activities of the body that are often very precise and localized
responses.

17. (d) Nerve cell bodies have a grayish appearance whereas myelin sheaths are white.

18. (a) Neurolemmocytes (Schwann cells) form the myelin sheath in the PNS.

19. (a) Neurofibril nodes are the spaces between neurolemmocytes.

20. (c) The synapse is the junction between two neurons.

21. (d) Most inhibitory neurotransmitters induce hyperpolarization of the postsynaptic membrane by
making the membrane more permeable to K+, CI, or both.

22. (d) A hypopolarized membrane is said to be facilitated.

23. (c) Acetylcholine and norepinephrine are two important neurotransmitters.

24. (d) Clusters of neuron cell bodies in the CNS form nuclei, but in the PNS they form ganglia.

25. (d) Satellite cells support ganglia within the PNS.

True or False

1. False; there are neurons and at least six types of neuroglia
2. False; the axon conducts impulses away from the cell body
3. True
4. True
5. False; dendrites are usually shorter than axons, although some dendrites are as long as axons
6. False; there may be many synaptic junctions on the surface of a single dendrite
7. False; by definition, an EPSP is subthreshold
8. True
9. True
10. False; many synapses are excitatory
11. True
12. True
13. False; potassium is in greater concentration on the inside of the cell
14. False; the membrane’s permeability to sodium increases during depolarization
15. False; the sodium pump operates by active transport and thus requires energy (ATP)
16. False; an EPSP produces hypopolarization
17. False; the myelin sheath generally surrounds axons; some dendrites are myelinated
18. False; transmission across a synapse is the diffusion of a neurotransmitter
19. True
20. False; neuroglia function to support nerve fibers, not to transmit impulses
21. False; motor transmission is from the CNS to the periphery
22. True
Completion
1. dendrites, cell body 8. vesicles
2. neurons, neuroglia 9. synaptic cleft
3. Multipolar 10. spatial summation
4. diameter, myelinated 11. absolute refractory period
5. saltatory conduction 12. synaptic fatigue
6. neurolemmocytes (Schwann cells) 13. multiple sclerosis
7. synapse 14. ganglion
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Labeling

1. Dendrites 4. Neurofibril node

2. Cell body of neuron 5. Neurolemmocyte

3. Axon 6. Axon terminals
Matching

1. (e) 4. (o)

2. @ 5.

3. (a)



Central Nervous System 10
|

Objective A To describe the structure and functions of the central nervous system in

10.1

10.2

general terms.

The central nervous system (CNS) consists of the brain and spinal cord.
The CNS is protected by a bony enclosure (the cranium and vertebral
column) and the membranous meninges (see Objective H). The CNS is
bathed in cerebrospinal fluid and contains gray and white matter. The
functions of the CNS include body orientation and coordination,
assimilation of experiences (learning), and programming of instinctual behavior.

s{rvey

What are gray matter and white matter composed of, and where are they located?

The gray matter consists of either nerve cell bodies and dendrites or of unmyelinated axons and
neuroglia. It forms the outer convoluted cerebral cortex and cerebellar cortex. It also exists as
special clusters of nerve cell bodies, called nuclei, deep within the white matter. In the spinal cord,
the gray matter is deep to the white matter. The whire matter, consisting of aggregations of
myelinated axons and associated, forms the tracts, or bundled nerve fibers, within the CNS.

How large is the brain, how many neurons does it contain, and how are the neurons
interconnected?

Thqlbrain of an adult weighs about 1.5 kg (3.3 Ib) and is composed of an estimated 100 billion

(10 ) neurons. Neurons communicate with one another by means of innumerable synapses between
axons and dendrites. Neurotransmitter chemicals called neuropeptides (see table 10.3) transmit
nerve impulses across synapses and act on postsynaptic neurons in the CNS. These specialized
protein messengers account for specific mental functions.

Objective B To describe the embryonic development of the brain into the forebrain,

10.3

midbrain, and hindbrain, and to explain how this correlates with the division of the
brain into five mature regions derived from the three initial ones.

The brain begins its embryonic development as the front end of the neural
SAFVEY) tube starts to grow rapidly and to differentiate. By the fourth week after

conception, three distinct swellings are evident: the prosencephalon

(forebrain), the mesencephalon (midbrain), and the rhombencephalon

(hindbrain). Further development, during the fifth week, results in the
formation of five mature regions: the telencephalon and the diencephalon derive
from the forebrain; the mesencephalon remains unchanged; and the metencephalon
and myelencephalon form from the hindbrain (fig. 10.1).

Differential cell division and growth in specific areas of the brain cause
¥’ some areas to become larger than others. It is uncertain what triggers
proliferation of cells, growth, and specialization in one area as compared
to another, but it is known that substances consumed by a pregnant mother
(alcohol, for example) can significantly alter normal brain development.

List the principal structures in each of the five regions of the brain and indicate
their general functions.

See table 10.1.
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Three Primary Vesicles Five Secondary Vesicles Derivatives in the Adult
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Spinal cord
Figure 10.1 Developmental changes in the embryonic brain.
Table 10.1 Regions of the Brain and Their Principal Structures
Region Structure Function
Telencephalon | Cerebrum Control of most sensory and motor activities;
reasoning, memory, intelligence, etc.;
instinctual and limbic (emotional) functions
Diencephalon Thalamus Relay center: All impulses (except olfactory)
going into cerebrum synapse here
Hypothalamus Regulation of urine formation, body
temperature, hunger, heartbeat, etc.; control
of secretory activity in anterior pituitary;
instinctual and limbic functions
Pituitary gland Regulation of other endocrine glands
Mesencephalon | Superior Visual reflexes
colliculus
Inferior Auditory reflexes
colliculus
Cerebral Coordinating reflexes; contain many motor fibers
peduncles
Metencephalon | Cerebellum Balance and motor coordination
Pons Relay center; contains repiratory nuclei
Myelencephalon | Medulla Relay center; contains many nuclei; visceral
oblongata autonomic center (e.g., respiration, heart
rate, vasoconstriction)

Objective C To describe the cerebrum and the functions of the cerebral lobes.

q The cerebrum consists of five paired lobes within two convoluted cerebral

$4I'VeY) hemispheres. The hemispheres are connected by the corpus callosum. The
cerebrum accounts for about 80% of the brain’s mass and is concerned with
higher functions, including perception of sensory impulses, instigation of
voluntary movement, memory, thought, and reasoning.
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10.4 Describe the two layers of the cerebrum. Why is the outer layer convoluted?

The convoluted surface layer, or cerebral cortex (fig. 10.2), is composed of gray matter 2-4 mm
(0.08-0.16 in) in thickness. The elevated folds of the convolutions are the gyri (singular, gyrus),
and the depressed grooves are the sulci (singular, su/cus). The convolutions greatly increase the
surface area of the gray matter and thus the total number of nerve cell bodies. Beneath the cerebral
cortex is the thick white matter of the cerebrum known as the cerebral medulla.

Frontal pole

Longitudinal

cerebral fissure Superior frontal gyrus

Superior frontal sulcus
Central sulcus

Central sulcus (fissure of

Occipital pole Rolando)

( a) Postcentral gyrus Precentral gyrus

Parietal lobe

Pariet ipital fissure Frontal lobe

Lateral fissure
Occipital lobe
Temporal lobe

Cerebellar hemisphere

(b)

Longitudinal cerebral fissure

Corpus callosum Cerebral cortex

White matter of the
cerebrum
Lateral ventricle

Caudate nucleus

Thalamus scial
Insutar lobe Putamen

Third ventricle Globus pallidus

Hypothalamic
nuclel
Stalk of pituitary

Pituitary gland

Figure 10.2 The cerebrum. (a) A superior view, (b) a lateral view, and (c) a coronal view.

10.5 What are the specific functions of the paired cerebral lobes?
See table 10.2.

10.6  Distinguish between a sulcus and a fissure.

A sulcus is a shallow depression or groove between the gyri of the convoluted cerebral cortex.
Several of them are named as important landmarks of the brain. The most noted of these is the
central sulcus between the precentral gyrus of the frontal lobe and the postcentral gyrus of the
parietal lobe (see fig. 10.2).
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A fissure is a deep groove between major structures of the cerebrum. The most obvious of these is
the longitudinal cerebral fissure separating the cerebrum into right and left cerebral hemispheres.
The lateral fissure separates the frontal lobe from the temporal lobe, and the parieto-occipital
fissure separates the temporal lobe from the occipital lobe.

Table 10.2 The Cerebral Lobes and Their Functions

Cerebral lobes Functions

Frontal lobe Voluntary motor control of skeletal muscles; personality (with

limbic system); intellectual process (e.g., concentration,
planning, decision making); verbal communication

Parietal lobe Somatesthetic interpretation (e.g., cutaneous and muscular
sensations); understanding and utterance of speech

Temporal lobe Interpretation of auditory sensations; auditory and visual
memory

Occipital lobe Integration of movements in focusing the eye; correlation of

visual images with previous visual experiences and other
sensory stimuli; conscious seeing

Insular Memory; integration of other cerebral activities

10.7

Where is the motor speech area and why is it important?

The motor speech area (Broca’s area) is located in the left inferior gyrus of the frontal lobe,
immediately anterior to the lateral sulcus (fig. 10.3). Mental activity in the motor speech area
causes selective stimulation of motor centers elsewhere 1n the frontal lobe, which, in tumn, causes
coordinated contraction of skeletal muscles in the pharynx and larynx. At the same time, motor
impulses are sent to the respiratory centers (see problem 10. 19) to regulate air movement across
the vocal cords. The combined muscular stimulation translates thought patterns into speech.

.. Speech and language disorders are broadly categorized as aphasias. These
conditions vary in severity from moderate language problems to complete
loss of the power of expression by speech, writing, or comprehension of
spoken or written language. Certain types of aphasias are congenital. Others
are acquired from trauma or disease that afflicts the language centers within

the brain.

Central sulcus

Motor area

Sensory area

Parietal lobe
Frontal lobe

General interperative area

Motor speech area

o Occipital lobe
= Visual area
Lateral sulcus
Auditory area
Cearebellum

Interperative and memory
area

Temporal lobe \ [ Brain stem

Figure 10.3 Principal motor and sensory areas of the cerebral cortex.
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10.8

True or false: The cerebral hemispheres communicate one with the other by nerve
impulses passing through fiber tracts.

True. Impulses travel not only between the lobes of a cerebral hemisphere, but also between the
right and left cerebral hemispheres and to other regions of the brain.

There are three types of fiber tracts within the white matter. They are named on the basis of
location and the direction in which they conduct impulses (fig 10.4). Association fibers are
confined to a given hemisphere, where they conduct impulses between neurons in various lobes.
Commissural fibers connect the neurons and gyri of one hemisphere with those of the other. The
corpus callosum and anterior commissure (see fig. 10.4) are composed of commissural fibers.
Projection fibers form descending tracts, which transmit impulses from the cerebrum to other
parts of the brain and spinal cord, and ascending tracts, which transmit impulses from the spinal
cord and other parts of the brain to the cerebrum. A decussation is where projection fibers cross
from one side of the CNS to the other.

Longitudinal cerebral
Association fibers within fissure

left carebral hemisphere

Corpus callosum
Commissural fibers
Caudate nucleus
Fornix

Mammillary body

Cerebral paduncle
Projection fibers

Pons

Pyramid

Decussation of pyramids
Medulla oblongata

Cerabellum

(a)

Figure 10.4 Fiber tracts within the brain. (a) A sagittal view of a cerebral hemisphere and

10.9

(b) a coronal view of the cerebrum, midbrain, and brain stem.

Comment on the truth or falsity of the following statements concerning brain waves
as recorded in an electroencephalogram (EEG).

(a) Brain waves are the collective expressions of millions of action potentials from neurons of the
cerebrum.

(b) Brain waves are emitted from the developing brain as early as 8 weeks following conception,
and they continue throughout a person’s life.

(c) Certain brain-wave patterns signify healthy mental functions, and deviations from these
patterns are of clinical significance in diagnosing trauma, mental depression, hematomas, and
various diseases such as tumors, infections, and epilepsy.

(d) There are four basic kinds of brain-wave patterns: alpha, beta, theta, and delta.

All four statements are true. Brain waves originate from the various cerebral lobes and have
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