


ESSENTIAL HUMIAN
ANATOMY AND PHYSIOLOGY

Barbara R. Landau
University of Washington

Scott, Foresman and Company - Glenview, Illinois
Dallas, Texas « Oakland, N.J. + Palo Alto, Calif. - Tucker, Ga. - Brighton, England



PREFACE

Library of Congress Cataloging in Publication Data

Landau, Barbara Ruth, 1923~
Essential human anatomy and physiology,

Includes bibliography and index.

1. Human physiology. 2. Anatomy, Human.
1. Title, (DNLM: 1. Anatomy. 2. Physiology. (5S4 L253e)
QP34.5.136 612 75-22138
ISBN 0-67%-05989-8

Copyright ©) 1976 Scott, Foresman and Company.
All Rights Reserved.
Printed in the United States of America,

Dr. Barbara R. Landau and Scott, Foresman and Company are grateful to
S. Karger AG, Verlag fir Medizin und Naturwissenschaften, Basel,
Switzerland, for permission to reprint many of the anatomical illustrations
found in Gerhard Wolf-Heidegger's Atlas of Systematic Human Anatony,
Vol. I, Osteologia— lwncturae ossium— Systema musculorum, 3rd ed., 1972,

Vol. Il, Splanchmologia — Organa senswum et integumentum conmumne—
Cor et lien, 2nd ed., 1971,
Vol. I, Systema nervoswm — Systema vasorum (Angiologia), 3rd ed., 1972,

Individual figures are credited 1o their respective volumes where they
appear in this text.

The remaining illustrations were drawn by the following artists:
Ernest Beck; Paul Hazelrigg; Jean McConnell; and Diane Nelson.

23456789 10-RMT-82 81 80797877 76

This text is written for undergraduates taking their
first course in anatomy and physiology. Many of
these students will undoubtedly be preparing for a
career in one of the health-related professions. How-
ever, since the essential facts of anatomy and physi-
ology are the same regardless of the field of study,
this book is not addressed to a particular or special-
ized group of students. Rather it is assumed that (1)
the users of this text come with highly varied back-
grounds and needs, and (2) many of these students
are taking a required course, not an elective. This
book therefore demands no prerequisites that might
exclude anyone. Since some knowledge of science,
especially chemistry and/or biology, is desirable for
the course, the introductory chapters provide a review
of the necessary background information for those
whose preparation in these areas seems insufficient.

The main thrust of this book can be summarized
in two words: balance and integration. Unlike most
textbooks in the field, which usually emphasize
anatomy at the expense of physiology, this text aims
for balance, to give physiology and anatomy equal
emphasis and coverage, and to treat the several
organ systems in equal depth. Physiology has not
been dismissed with a paragraph or two at the end
of each chapter, and anatomy has not been relegated
to a laboratory manual; nor has half the book been
devoted to bone and muscle.

The integration of the material was carried out in
several ways. In some cases structure and function
have been discussed together, but where they have
been treated separately, the relationships between
them have been stressed. In addition, frequent refer-
ences have been made to other sections of the book,
in order to relate the topic under discussion to other
events or processes and to show its contribution to
the overall economy of the body. Since the human
body is a unified whole, and events or processes in
one part affect and are affected by events in an-
other part, it is important to present and emphasize
each aspect as an essential part of that whole.
Wherever possible, mechanisms and systems are
presented as a logically developing story, with each
new fact fitting into its own place and adding a little
more to the story, rather than as simply a list of seem-
ingly unrelated facts to be committed to memory.
The emphasis is on relationships, on similarities and
differences, and on hows and whys.
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The ability to visualize structures and their relation-
ships to one another is essential to understanding
anatomy, and this depends to a great extent upon the
quality of the illustrations. The liberal use in this
book of high quality illustrations, many of them quite
detailed, should make it easier to develop this ability.
The extensive vocabulary to which the student is ex-
posed may pose a serious obstacle, but for those
seeking health-related careers, many of the new
words will become part of their professional vocabu-
lary. The rather comprehensive glossary and the list
of prefixes and roots or stems (the combining forms)
at the end of the book should make the acquisition
of that vocabulary much less painful.

Since the body processes are so interdependent, it
is difficult to know where to begin, since no matter
where you start, you are penalized by a lack of
knowledge about some related part. This book, like
many others, begins with a consideration of the cell —
a reasonable approach, since all body functions are
performed by cells. The structure of cells, their basic
activities, and their organization into tissues, organs,
and organ systems are all considered in Part 1, Chap-
ters 1—3. These chapters in a sense provide a basis
for the subsequent chapters and ease the penalty of
the starting point. This is particularly true of Chapter
2, a large part of which is devoted to brief descrip-
tions of some of the chemical and physical concepts
that are involved in cell activities. For instance, this
chapter introduces the processes that govern the
movement of fluid and particles across membranes;
these processes are often discussed in relation to
capillary circulation, but they are also involved in
nerve conduction, which is discussed in early chap-
ters. Chapter 2 also introduces the basic concepts of
enzymes and metabolism, though they are not fully
discussed until the latter half of the book; these con-
cepts are also important for understanding earlier
topics, such as skeletal muscle contraction. Indeed,
both transport and metabolic processes are so basic
to all the activities of the cell that introducing them
in the first chapters should make it easier for the stu-
dent to deal with their applications in all parts of the
course. It should also make it easier for the instructor
to take up topics in a different sequence. The em-
phasis that each instructor will place on this orienta-
tion and introductory material, however, will vary
with the background and needs of the student, and
with the objectives of the course. It is hoped that
both the instructor and the student will refer back to
the introductory material, especially the chemistry,
whenever these concepts come up in later chapters.

The general organization and sequence of topics
in this book is one that is followed by many instruc-
tors. This chapter sequence should probably be fol-
lowed through Parts 2 and most of 3, that is, through
reflexes and the autonomic nervous system, since
this background is needed to understand neural con-
trol of other organ systems. Beyond that, several al-
ternatives are possible. One, favored by the author,
would postpone Chapter 11 on the brain (either all
of it, or just the parts on function) and Chapter 12 on
special senses until the latter part of the course.
Central nervous system function is complex and may
be easier to handle after the other systems have been
studied. With only a few adjustments, Chapter 29 on
the endocrines could be moved up to follow Chap-
ter 13, thus putting neural and hormonal control
systems side by side as complementary systems.
There should be relatively little difficulty in re-
arranging the sequence of other chapters to fit the
preferences of the instructor or the requirements of
a particular situation.

To the author, a book such as this seems to have
been a solitary effort, but of course it was not, since
there are many unsung contributors. The continued
support of colleagues such as Dr. julia G. Skahen and
our laboratory instructors, particularly Renella Taylor
and Winnie McGuire, was especially appreciated.
They all quietly took on extra tasks without being
asked and patiently served as sounding boards on
uncounted occasions. There are the hundreds of
long-suffering students on whom ideas were tested
and approaches developed; suggestions by reviewers
such as Mrs. Deane Carlborg, John C. Berg, Norman
E. Rich, John Raynor, and F. M. Keating, whose dif-
ferent points of view provided valuable perspectives;
and the editors and staff of Scott, Foresman and
Company, who guided the author through all of the
difficulties and complexities of such an endeavor.
The contributions of all these people, and of many
others as well, are recognized and gratefully ac-
knowledged.

Seattle, Wash. BARBARA R. LANDAU
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AN APPROACH TO THE
STUDY OF THE BODY

Biology is the study of life and living things. Its two
major categories are zoology, the study of animal
life, and botany, the study of plant life. In each of
these areas there are numerous subdivisions, among
them such diverse fields as taxonomy (classification),
ecology (relation to the environment), and genetics
(heredity), as well as anatomy (structure) and phy-
siology (function). This book is about structure and
function in one particular animal —the human ani-
mal.

Human beings are unique in some respects, but in
many ways they resemble the other members of the
animal kingdom. For this reason certain aspects of
their anatomy and physiology can often be studied
more conveniently in nonhuman species. One must
use caution, however, in applying to human beings
conclusions based on information obtained from
other animals.

People have always been interested in the work-
ings of their bodies. Crude drawings found on the
walls of caves suggest an awareness even in prehis-
tory of the importance of certain organs; they show,
for example, that a spear was most effective in kill-
ing an animal when it pierced the heart. Several
thousand years later (about 400 8.c.), Hippocrates,
the “father of medicine,”” wrote extensively about
the body even though he actually knew little more
about the internal organs than that the heart is a
muscle and that the pulsation of the blood has some-
thing to do with the beat of the heart. Aristotle
(384 =322 B.c.), the “father of biology,” also wrote
at great length about the body, but most of what he
knew about the human body was conjecture based
upon his study of other animals. Actually it had to
be, since dissection of the human body was at that
time (and, off and on, for centuries afterward) not
considered right and proper; in fact, experimentation
was regarded as degrading and unnecessary by all
self-respecting philosophers. Aristotle’s conclusions
may strike the modern observer as an odd combina-
tion of fact and fantasy. For example, he not only
considered the heart (correctly) to be the center of
the system of blood vessels, but he also considered it
(incorrectly) to be the seat of intelligence and the
source of body heat. However, considering the lack
of an experimental approach in Aristotle’s day, per-
haps we should be surprised at how often he was
correct.



The first known human dissections were not car-
ried out until nearly a century after Aristotle by the
Alexandrian, Erasistratus, who made several signifi-
cant observations. He described, for example, the
valves in the heart but failed to realize their signifi-
cance. He also found the arteries to be collapsed
and nearly empty of blood after death; however, he
concluded incorrectly that arteries normally contain
air.

About four hundred vyears later, a Roman court
physician named Galen (133 -200 A.p.) made ana-
tomical studies, mostly on apes, and performed
some simple experiments. He proved that arteries
contain blood. He further postulated (incorrectly) a
bodily system in which digested material was ab-
sorbed from the digestive tract and carried to the liv-
er, where it was next made into venous blood with
“matural spirits’”” added, the blood then being distrib-
uted in the veins to all parts of the body. Among his
other errors were that he believed the circulation to
be an ebb and flow of the blood separately in the
veins and arteries, with no connection between
them, and the nerves to be hollow tubes which
served to distribute the ““animal spirits” manufac-
tured in the brain to the body. The significance of
Galen’s views on circulation and, indeed, upon all
of physiology lies in the fact that they were accepted
so completely; few questions were asked and little
criticism was offered for nearly fourteen centuries.
Only in the sixteenth century did anatomists, includ-
ing the versatile Leonardo da Vinci, begin to dissect
the human body systematically. Working from care-
ful dissections, Vesalius published in 1543 an ana-
tomical treatise whose detailed illustrations are still
classics today.

One of the first great physiological advances came
in 1628 when William Harvey used a new experi-
mental approach to prove that the circulatory system
is a continuous circle, in which the blood is pumped
from the heart to the arteries to the veins and back to
the heart. His theory eliminated the reliance on Gal-
en’s ideas and provided a major breakthrough in
understanding, since it treated the body as a material
““machine”” whose workings could be understood,
not as a mysterious supernatural thing controlled by
spirits and vapors.

As direct and logical and simple as Harvey’s ap-
proach seems to us now, there was much contem-
porary criticism of his methods and reluctance to
accept his conclusions. Galen’s teachings had
dominated scientific and medical thought for 1400
years and were not to be discarded very readily. But
as the new ideas and approaches began to spread,

more discoveries and applications were made and
significant advances occurred at an ever-increasing
rate. These advances continue today.

Considering the body as the complex and wonder-
ful machine that it is, anatomy is the study of how
that machine is put together. It deals with the struc-
ture of the parts, ranging from the molecular compo-
nents of the tiniest cells to the whole individual, and
their relationship to one another and their environ-
ment. The subject matter of anatomy is sometimes
divided into those structures visible to the unaided
eye (gross anatomy) and those visible only with a
microscope (histology). A smaller order of magni-
tude includes those components which can be visu-
alized only with the electron microscope (fine struc-
ture or ultrastructure).

Physiology, on the other hand, is concerned with
the mechanics of the body machine, how it works,
what makes it go, and what regulates, limits, and
protects the machinery. Physiology also covers a
broad range, from the smallest of cellular compo-
nents to the whole animal, and its many different
approaches have led to the development of whole
new disciplines, such as biochemistry and biophys-
ics. In our study of anatomy and physiology we will
thus be concerned with normal structure and func-
tion, including the normal adjustments to changing
conditions. We will discuss pathology, which deals
with structure and function in the abnormal condi-
tions of disease states, only when it affords a mean-
ingful contrast with normality.

Questions about the normal operation of the body
machinery and its adjustments can only be answered
if one has a thorough grasp of the structure of the
components involved. Structure and function are so
closely related that it is impossible to understand
one without the other, since the effectiveness with
which a function can be carried out depends largely
upon the structure of the parts. An organ whose
function is to detect sound would be an utter failure
at pumping blood. To understand the pumping of
blood, one must know how the heart is constructed,
and to understand the manner by which sound is
heard, one must know something about the anatomy
of the ear. To understand a nerve impulse requires a
knowledge of the microscopic, and even submicro-
scopic, structure of a nerve cell. How does a cell that
secretes saliva differ from a cell that conducts nerve
impulses or from a cell that shortens? These cells
must be different, since each performs a different
role. They cannot exchange functions.

An Approach to the Study of the Body 3



The types of questions appropriate to the study of
normal structure and function are virtually unlimit-
ed. One might consider the long-lasting (chronic)
adjustments in an athlete during the training season,
or the immediate (acute) changes during a contest.
One might properly inquire into what determines
whether the heart rate should be increased, into
whether an increase should be of ten or fifty beats
per minute. What signals that the exercise is com-
pleted and the need for increased heart action is
ended? What causes the heart to beat in the first
place? Similar questions can be asked about activity
at other levels, about cells and cellular components
rather than intact (whole) animals and organ sys-
tems. What is the nature of the message sent by a
nerve cell? What is actually sent, and what happens
when the message arrives? How are things remem-
bered and, perhaps of more immediate concern to
you, the student, why are things forgotten?

The importance of questions can scarcely be over-
emphasized, since in any scientific endeavor it is
necessary to ask the right questions before one can
hope to find significant answers. This book should
answer some questions and provide clues for other
answers. However, it should also raise questions,
many of which so far are, and may remain, unan-
swered. We hope that you will develop a question-
ing attitude, the habit of wondering how and why,
and a desire to seek out better answers. And we
hope that this desire will persist beyond the brief
exposure provided here.

It is sometimes revealing, when undertaking a
study of a new organ or system, to sit back a moment
and imagine that you are a master designer or engi-
neer charged with the task of developing an appara-
tus to perform a particular function. Think first what
the requirements and problems are, and then see if
you can devise a system to meet these requirements.

4 Introduction to Anatomy and Physiology

For example, if the problem concerns removal of
wastes, an adequate excretory system must be able
to sort out and remove the unwanted wastes, and yet
salvage the nonwastes. It must do this effectively and
economically, without upsetting any of the other
delicate balances that exist in the body. What kind
of a machine could do this? (One solution is the arti-
ficial kidney, sometimes used when the body’s own
excretory apparatus has failed.) Now, as you study
the human kidney, see how it meets these require-
ments. Such an approach should help in two ways.
First, it should encourage you to state the problem
and to see the role that organ system plays in the life
of the whole organism. Secondly, it should enable
you to see a physiological process as a logical solu-
tion to a particular problem and, hopefully, help you
put things in the proper perspective. Some of the
solutions may seem unnecessarily complex, but
back-up systems are needed in case of mechanical
failures and adequate checks and balances must
ensure control under many different conditions.

To gain a thorough understanding of a structure or
mechanism, it should be studied under varied, but
controlled, conditions. For anatomists, this study
usually means looking at a structure with aids to
observation such as microscopes and photographic
equipment. Physiologists, on the other hand, need
some way to measure and record events that occur.
Most of the advances in biology, particularly in re-
cent years, have come directly on the heels of the
development of instrumentation permitting more
accurate observation or measurement of structures
and events. Early scientists learned a great deal sim-
ply by watching and keeping an accurate record of
what they saw, but the days of acquiring significant
new information solely by direct observation have
largely disappeared. Present-day scientists need
more detailed and quantitative information. It is not
enough for them to know that a given event occurs.
They want to know how this event or structure fits
with what is known about other events or structures
and how these relationships are affected by chang-
ing conditions. In many cases quantitative relation-
ships can be expressed mathematically, but the pre-
cise quantitative data necessary for mathematical
statements are often difficult to obtain from biologi-
cal preparations; there are too many variables, and
some of them have not yet even been identified,
much less controlled. It has only been within recent
years that sophisticated instrumentation has begun to
provide biologists with the tools for obtaining the
types of information needed for this approach.



THE CELL AS THE BASIC
UNIT OF LIFE

It has been said that the simplest functional unit of
life is the cell. Although recent studies in cytology
(cell biology) have raised serious questions about its
simplicity, it is safe to say that the cell is the basic
structural and functional unit of living things. The
word “cell”” was first used biologically in 1665 by
Robert Hooke to describe the tiny, empty compart-
ments he saw in a thin sheet of cork. Others soon
found similar compartments in many materials, but it
was not until 1839 that Schleiden, a botanist, and
Schwann, a zoologist, independently arrived at the
cell theory. They actually contributed no new obser-
vations; however, they did recognize among the
many previous observations a relationship which
they expressed in the revolutionary theory that all
living things are composed of tiny compartments, or
cells. The resulting conclusion that microscopic
examination of any living or formerly living thing
should reveal the presence of cells has been univer-
sally confirmed. The cell theory is today accepted as
correct.

It is now known, however, that a cell is not an
empty compartment. Not long after Hooke's early
description, it was discovered that cells are com-
posed of living material, which we call protoplasm.
This chemically complex substance is contained in
all living things. The term “cell” was then broad-
ened to include these contents as well as the enclo-
sure, the cell wall.

The cell may also be defined as the minimal struc-
tural unit of protoplasm that can carry on all of the
vital functions characteristic of living things. A defi-
nition of life itself is difficult, however, since one can
easily get bogged down in problems of semantics
and philosophy. It is usually sufficient to use an op-
erational definition; that is, to say that something is
alive if it can do certain things and that if it cannot
do these things it is not alive. Most of us recognize
that loss of consciousness is not loss of life. We are
more likely to associate loss of life with cessation of
the heartbeat or of breathing, although with the ad-
vent of modern medical techniques the boundary

line is not at all clear. For example, in a technique
known as tissue culture, a tiny bit of tissue is re-
moved from an animal and the cells are separated
and placed in a suitable nutrient medium. If this cell
suspension is kept.in a suitable environment, the
individual cells will survive. We say that they are
alive because they carry on all of their vital functions,
those activities by which we define life.

Reduced to the simplest terms, the so-called vital
functions may be identified by four properties:

(1) metabolism

(2) growth

(3) irritability and adaptability
(4) reproduction

Metabolism covers the processes involved in energy
exchange. It is used here in its broadest sense, to
encompass all of the processes associated with the
utilization and storage of the energy extracted from
ingested food. Growth and metabolism involve
many of the same processes, but they are two dif-
ferent things. Growth occurs when the metabolic
balance is tipped slightly in favor of building pro-
cesses over breakdown processes, but it also in-
volves other mechanisms and controls. (The growth
of a young individual to an adult is not the same as
transforming a small adult to a large one by overeat-
ing!) Irritability denotes the ability to respond to a
change in the environment, that is, to a stimulus.
Adaptation is a long-range response to environmen-
tal change, as manifest in evolutionary changes over
many generations. The nature of the response varies
with the structure or cell stimulated, as well as with
the nature of the stimulus. Reproduction is the ability
to perpetuate the individual’s own kind. Growth,
metabolism, and irritability are concerned primarily
with maintaining and protecting the individual,
while adaptation and reproduction ensure the conti-
nuity of the species.

The Cell as the Basic Unit of Life 5



In a general way, these characteristics apply both
to intact animals and to the individual cells in an
animal. In fact, the simplest animals contain only
one cell. Each cell, therefore, must be able to carry
on independently all of the vital functions. The
amoeba, for instance, appears to be little more than
a shapeless bag of protoplasm, but it can, because it
is protoplasm, carry on the vital functions (see Figure
1=1). It responds to the presence of food by sending
out arm-like protoplasmic extensions (pseudopods)
and literally flowing around the morsel until it has
been surrounded and engulfed. It demonstrates irrit-
ability by the fact that it will, if prodded, ooze away
from an “unpleasant” stimulus, while if it is exposed
to a “pleasant’” stimulus, such as the “scent’” of
food, it will move toward it.

Figure 1-1.
The amoeba, a one-celled animal.
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In more complex and multicellular animals, the
cells are neither all alike nor able to do everything
for themselves, and they demonstrate different types
of response. The sizes and shapes of cells vary, as in
Figure 1-2, and are often characteristic, suggesting
the relationship between the structure and the role of
the cell. Some cells are specialized, usually in the
sense of showing a well-developed or unique re-
sponse to stimulation. Muscle cells have developed
the ability to change shape rapidly (contraction);
nerve cells are particularly adept at transmitting
impulses from one end of the cell to the other (con-
duction); and other cells may respond to a stimulus
by releasing a specific substarce which they have
synthesized (secretion). When cells do become spe-
cialized they often lose some other abilities; for ex-
ample, muscle cells do not reproduce very readily,
and nerve cells (except in embryonic stages) cannot
reproduce at all. Some less specialized cells, how-
ever, such as in the skin, are constantly replacing
themselves.

Figure 1-2.

Cells of different shapes. A: A nerve cell. B: Red
blood cells and a white cell. C: Part of two
skeletal muscle cells. D: A connective tissue cell.
E: Epithelial cells. F: Cells of the thyroid gland.




THE INTERNAL ENVIRONMENT —
HOMEOSTASIS

The one-celled amoeba is capable of carrying on all
essential processes, but its ability to do so depends
upon the presence of all necessary elements in its
immediate environment (i.e., water). A slight change
in the composition of that environment may be criti-
cal. It is, however, only in the simplest animals that
each individual cell is bathed directly by water from
the outside world. In more complex animals, nearly
all of the cells are quite removed from the external
environment. These cells must then either adapt to
life away from water and the things contained in it
or have the fluid environment brought to them. The
first alternative can be eliminated, since every cell
must live in a fluid environment, regardless of
whether the animal lives in the sea, in a tropical for-
est, or in the desert. No matter where the animal
lives, a fluid environment is the medium from which
the cellular nutrients and respiratory gases are ob-
tained and to which cellular wastes are discharged.
If individual cells are to survive and function within
an animal, therefore, an internal fluid environment
must supply all of their needs.

In 1852 a French scientist, Claude Bernard, first
proposed the concept of an internal environment,
which he called the milieu interieur. He wrote:

i

animals have really two environments: a
milieu exterieur in which the organism is situated,
and a milieu intérieur in which the tissue elements
live. The living organism does not really exist in the
milieu exterieur (the atmosphere if it breathes, salt or
fresh water if that is its element) but in the liquid
milieu interieur formed by the circulating organic
liquid which surrounds and bathes all the tissue ele-
ments; this is the lymph or plasma, the liquid part of
the blood which, in the higher animals, is diffused
through the tissues and forms the ensemble of the
intercellular liquids and is the basis of all local nutri-
tion and the common factor of all elementary ex-
changes. . . .

“The stability of the milieu interieur is the primary
condition for freedom and independence of existence;
the mechanism which allows of this is that which
insures in the milieu interieur the maintenance of all
the conditions necessary to the life of the elements.”"!

'). k. Fulton, Selected Readings in the History of Physiology, 2nd ed.
Charles C Thomas, Springfield, IIl. (1966), p. 326.

In spite of the fact that his evidence was extremely
meager, Bernard’s concept has successfully with-
stood the test of time. He did not overestimate its
importance: The major task confronting the animal
organism is that of homeostasis. This term, meaning
a steady state, is used to denote the maintenance of
stability of the internal environment. Many different
characteristics of the environment must be kept
within rather narrow limits, even in the face of
changing conditions. These characteristics include
not only the supply of nutrients and respiratory gases
and the removal of wastes, but also the concentra-
tion of a number of specific substances, as well as
the acidity, osmotic pressure, and, in many species,
the temperature. When an animal is able to maintain
the constancy of its own internal environment, it is
free to explore external environments that are very
different from its internal cellular environment.

Various organ systems have evolved in order to
support homeostasis. The digestive system is a pro-
cessing plant that by physical and chemical break-
down prepares ingested material for entrance into
the body and removes unabsorbed material from the
body. The respiratory system transfers oxygen from
the air to the blood and carbon dioxide from the
blood to the air. The excretory system removes
wastes from the bloodstream and carries them from
the body. The circulatory system is a delivery sys-
tem, operating between the other systems and the
immediate local (internal) environment of each
individual cell. There is effective exchange of mate-
rials between the blood and this internal environ-
ment, so that changes in blood composition are
quickly reflected in cellular activities. A case can be
made for homeostatic contributions of the muscu-
lar and skeletal systems as well, although the im-
portance of locomotion of the whole animal to the
well-being of individual cells is somewhat less than
direct. The activities of all these systems are coordi-
nated by the nervous system and the secretions of
the endocrine glands. Thus all the organ systems,
directly or indirectly, serve the purpose of maintain-
ing the proper fluid environment for the individual
cells, Homeostasis then becomes a major objective
of the organ systems and of the body as a whole. It
would be good to bear this in mind when considering
the intricate and seemingly devious means by which
the various systems actually do this.

The Internal Environment — Homeostasis 7



THE CELL—ITS STRUCTURE
AND FUNCTIONS

It is the internal processes of the individual cells that
you must keep in mind when considering the activi-
ties of the whole animal, since it is only as a result of
these cellular functions that the activities of the
whole animal can come about. We will approach
this necessary knowledge by examining the work-
ings of a “typical cell,”” even though one of the first
things you must realize is that a ““typical cell” does
not exist. What is really meant by such an expres-
sion is a composite cell that possesses the general
characteristics of most cells, but none of the unique
properties of specialized cells. The concept of the
hypothetical “typical cell’” has changed drastically
in the last two decades, as is apparent after even
casual comparison of Figures 1 =3 and 1—4. The first
(Figure 1=3) is the type of illustration found in most
texts prior to 1950 (and many after that), while the
second (Figure 1-4) represents more current con-
cepts.

The differences are due largely to improved
methods and tools of investigation, such as the elec-
tron microscope. A modern light microscope is cap-
able of magnifications on the order of 1000x and an
effective resolution of about 2000 A (0.0002 mm),
but the electron microscope permits magnifications
on the order of 300,000% and resolution of biologi-
cal structures of about 10—15 A. This permits de-
tailed study of structures scarcely detectable with the
light microscope and borders on the visualization of
molecules. Other advances that have been helpful to
cell study include biochemical techniques for sepa-
ration of various cellular components and identifica-
tion of their chemical composition. With facts
gleaned by using these and other methods, it has
been possible to put together a remarkable picture of
many of the internal processes of average and spe-
cialized cells. The picture is by no means complete
yet, but more pieces are being added continually.

In its simplest form, a cell consists of a nucleus and
cytoplasm, enclosed by a cell membrane. From early
evidence, the nucleus was known to contain a dark-
ly staining material called chromatin and a small
clump of material that stained differently, called the
nucleolus. A number of structures in the cytoplasm
had been described, some of which could be seen
only with the aid of special techniques or stains.
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Details were lacking, and in most cases the function
of these intracellular (within the cell) components
remained obscure. The membrane of animal cells was
known to be very thin, scarcely visible in many
preparations, but it was considered to be essential to
the integrity of the cell.

The current picture of the “typical cell” is much
more detailed. Not only have many of the intracellu-
lar components been described structurally, but their
functional roles have even, to some extent, been
identified.

Figure 1-3.
A classical early diagram of the cell.

Golgi complex

_Cytoplasm

Centrosome — _

— Nucleolus
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Figure 1-4.

An electron micrograph of two white blood
cells. The nucleus of one cell contains two
nucleoli, and the cytoplasm of the other clearly
shows mitochondria, the Golgi apparatus, and
rough endoplasmic reticulum.

Source: Courtesy of Dorothy Patton, Depart-
ment of Biological Structure, University of
Washington, Seattle.




