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Preface for Adaptation Edition

The world is facing increasing globalization in different areas of our lives in the 21" cen-
tury. With travel and communication as accessible as they are in the world today, it is clear
the tendency of internationalization of education has become more and more obvious.
This has taken effect on and it will continue to influence the medical education in China,
including establishing the curricula which meet the global minimum essential requirements
and standards. Textbooks, which are the carrier of knowledge, play an important role in
teaching and learning process as an essential tool. So, in the purpose to realize what re-
quired by the time of 21" century for the medical professional with ability, it’s very mean-
ingful to compile a bilingual teaching material or textbook with new and rich content of
current medical knowledge for medical students. Physiology is an important branch of biol-
ogy, and Physiology is a main basic course for medical students. Based on current popular
physiological textbooks or teaching materials, we try hard to compile a new and excellent
bilingual textbook book for Chinese medical students. Also we have stayed true to the
overall mission of this textbook, which is to present the topic of physiology in a sophisticat-
ed way that is suitable for all medical students to help them realize what required by mod-
ern medical education system.

According to the latest edition of Vander’s Hurnan Physiology by Eric P. Widmaier, et al:
2005. Ed: 10", which published by McGraw-Hill as well as other physiological textbooks pub-
lished by McGraw-Hill, and many domestic textbooks of physiology , we arranged this book
basing on original structure of Textbook of Physiology (Chinese Edition)and mainly selected or
compressed the content of original content of Human Physiology in order to be suitable for
physiological teaching and learning activities. In this book, there are 12 chapters in the popular
order of most Chinese textbooks of physiology. Review and thought questions at the end of
each chapter will help students reviewing, understanding and learning more the content of that
chapter. There is a Chinese-English glossary at the end of this book.

Original edition of Human Physiology is almost the authority of physiological textbooks
with very new, advanced and intensive content. One of the strengths of the textbook is its
thoroughness and clarity of presentation. So the pattern we used in compiling this book
can keep the original structure, content, expressing form and thought of that book. We are
very pleased to have an attempt on reforming the traditional teaching idea and patterns.

This book is suitable for foreign medical students studying in China, medical undergrad-
uate students and graduate students as well as a reference tool book for medical research-
ers, medical educators and physicians.

The Editorial Committee of this book is composed of many domestic physiological pro-
fessors from 9 universities, who have experience of studying or working in English-spoken
countries with skillful literacy in English and rich experience in teaching human physiology.
For the limit of time and some insufficiency, maybe there were some errors or careless
omission. So, if any errors were found, please contact us and we would revised in next edi-



tion.

We wish to acknowledge the support and professionalism of the Science Press Publish-
ing team associated with this textbook. I also wish to express my thanks to Xu Linping,
Chen Ke, Zhang Yuan and Yang Xuejuan of Xi'an Jiaotong University School of Medi-
cine, for their hard works in proofreading, figures and tables designing, and so on.

Yan Jianqun Wu Bowei
Jan. 15, 2006
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Chapter 1

DEFINITION AND SCOPE OF
PHYSIOLOGY

Physiology is the study of how living organisms
work. As applied to human beings, it includes the
study of individual molecules—for example, how a
particular protein’s shape and electrical properties
allow it to function as a channel for sodium ions to
move into or out of a cell. At the other end, it is
concerned with complex processes that depend on
the interplay of many widely separated organs in the
body. For example, how the brain, heart, and sev-
eral glands all work together to cause the excretion of
more sodium in the urine when a person has eaten
salty food. Physiologists are interested in function
and integration—how parts of the body work together
at various levels of organization and, most impor-
tantly, in the entire organism. Thus, even when
physiologists study parts of organisms, all the way
down to individual molecules, the intention is ulti-
mately to apply the information they gain to the func-
tion of the whole body.

In this regard, a very important point must be
made about the present and future status of physiolo-
gy. It is easy for a student to gain the impression
from a textbook that almost everything is known
about the subject, but nothing could be farther from
the truth for physiology. Many areas of function are
still only poorly understood.

Indeed, we can predict with certainty a continu-
ing explosion of new physiological information and
understanding. One of the major reasons is related
to the recent landmark sequencing of the human ge-
nome. As the functions of all the proteins encoded
by the genome are uncovered, their application to
the functioning of the cells and organ systems dis-
cussed in this text will provide an ever-sharper view
of how our bodies work. The integration of molecular
biology with physiology has, in fact, led to the need
for a new term to describe this growing area of re-
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search—physiological genomics. Nowadays, physi-
ologists use the tools of molecular biology to ask not
just what changes occur in the body in response to
some external or internal stimulus (as in the earlier
example of a salty meal), but how the changes are
produced at the level of the gene.

Finally, a word should be said about the relation-
ship between physiology and medicine. Some dis-
ease states can be viewed as physiology “ gone
wrong,” or pathophysiology, which makes an under-
standing of physiology essential for the study and
practice of medicine. Indeed, many physiologists
are actively engaged in research on the physiological
bases of a wide range of diseases. In this text, we
will give many examples of pathophysiology to illus-
trate the basic physiology that underlies the disease.

STRUCTURE AND FUNDAMEN-
TAL CHARACTERISTICS OF
LIVING ORGANISM

Structure of Living Organism

Cells

The Basic Units of Living Organisms. The simp-
lest structural units into which a complex multicellu-
lar organism can be divided and still retain the func-
tions characteristic of life are called cells. One of
the unifying generalizations of biology is that ceriain
fundamental activities are common to almost all cells
and represent the minimal requirements for maintai-
ning cell integrity and life.

Each human organism begins as a single cell, a
fertilized egg, which divides to create two cells,
each of which divides in turn to result in four cells,
and so on. If cell multiplication were the only event
occurring, the end result would be a spherical mass
of identical cells. During development, however,
each cell becomes specialized for the performance of
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a particular function, such as producing force and
movement (muscle cells) or generating electric sig-
nals (nerve cells). The process of transforming an
unspecialized cell into a specialized cell is known as
cell differentiation, the study of which is one of the
most exciting areas in biology today. All cells in a
person have the same genes; how then is one unspe-
cialized cell instructed to differentiate into a nerve
cell, another into a muscle cell, and so on? What
are the external chemical signals that constitute
these “instructions,” and how do they affect various
cells differently? For the most part, the answers to
these questions are only beginning to be understood.
In addition to differentiating, cells migrate to new
locations during development and form selective ad-
hesions with other cells to produce multicellular
structures. In this manner, the cells of the body ar-
range themselves in various combinations to form a
Differentiated
cells with similar properties aggregate to form tissues
(nerve tissue, muscle tissue, and so on), which
combine with other types of tissues to form organs
(the heart, lungs, kidneys, and so on), which
work together to form organ systems ( Figure 1-1).
About 200 distinet kinds of cells can be identi-
fied in the body in terms of differences in structure
and function. When cells are classified according
to the broad types of function they perform, how-
ever, four categories emerge: (1) muscle cells,
(2) nerve cells, (3) epithelial cells, and (4) con-
nective tissue cells. In each of these functional cate-

hierarchy of organized structures.

gories, several cell types perform variations of the
specialized function. For example, there are three
and
smooth—which differ from each other in shape, in
the mechanisms controlling their contractile activity,
and in their location in the various organs of the
body.

Muscle cells are specialized to generate the me-
chanical forces that produce movement. They may
be attached to bones and produce movements of the
limbs or trunk. They may be attached to skin, as
are, for example, the muscles producing facial ex-
pressions. They may also surround hollow cavities so

types of muscle cells—skeletal, cardiac,

that their contraction expels the contents of the cavi-
ty, as in the pumping of the heart muscle cells also
surround many of the tubes in the body—blood ves-
sels, for example—and their contraction changes the
diameter of these tubes. ;

Nerve cells are specialized to initiate and conduct

electrical signals, often over long distances. A sig-
nal may initiate new electrical signals in other nerve
cells, or it may stimulate a gland cell to secrete or a
muscle cell to contract. Thus, nerve cells provide a
major means of controlling the activities of other
cells. The incredible complexity of nerve-cell con-
nections and activity underlie such phenomena as
consciousness and perception,

Epithelial cells are specialized for the selective
secretion and absorption of ions and organic mole-
cules, and for protection. They are located mainly at
the surfaces that (1) cover the body or individual
organs or (2) line the walls of various tubular and
hollow structures within the body. Epithelial cells,
which rest on an extracellular protein layer called
the basement membrane, form the boundaries be-
tween compartments and function as selective barri-
ers regulating the exchange of molecules. For exam-
ple, the epithelial cells at the surface of the skin
form a barrier that prevents most substances in the
external environment—the environment surrounding
the body—from entering the body through the skin.
Epithelial cells are also found in glands that form
from the invagination of epithelial surfaces.

Connective tissue cells, as their name implies,
connect, anchor, and support the structures of the
body. Some connective tissue cells are found in the
loose meshwork of cells and fibers underlying most
epithelial layers; other types include fat-storing
cells, bone cells, red blood cells, and white blood

cells.

Tissues

Most specialized cells are associated with other
cells of a similar kind to form tissues. Corresponding
to the four general categories of differentiated cells,
there are four general classes of tissues: (1) muscle
tissue, (2) nerve tissue, (3) epithelial tissue, and
(4) connective tissue.

The immediate environment that surrounds each
individual cell in the body is the extracellular fluid.
Actually, this fluid is interspersed within a complex
extracellular matrix consisting of a mixture of protein
molecules (and, in some cases, minerals) specific
for any given tissue. The matrix serves two general
functions; (1) It provides a scaffold for cellular at-
tachments, and (2) it transmits information, in the
form of chemical messengers, to the cells to help
regulate their activity, migration, growth, and dif-
ferentiation.
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Figure 1-1 Levels of cellular organization. The
nephron is not drawn to scale.

The proteins of the extracellular matrix consist of
fibers—ropelike collagen fibers and rubberband like
elastin fibers—and a mixture of nonfibrous proteins
that contain chains of complex sugars ( carbohy-
drates). In some ways, the extracellular matrix is
analogous to reinforced concrete. The fibers of the
matrix, particularly collagen, which constitutes one-
third of all bodily proteins, are like the reinforcing
iron mesh or rods in the concrete, and the carbohy-
drate-containing protein molecules are the surround-
ing cement. However, these latter molecules are not
merely inert “packing material,” as in concrete,
but function as adhesion/recognition molecules be-
tween cells. Thus, they are links in the communica-
tion between extracellular messenger molecules and
cells.

Organs and Organ Systems

Organs are composed of the four kinds of tissues
arranged in various proportions
sheets, tubes, layers, bundles, strips, and so on.
For example, the kidneys consist of (1) a series of

and patterns;

small tubes, each composed of a single layer of epi-
thelial cells; (2) blood vessels, whose walls con-
tain varying quantities of smooth muscle and connec-
tive tissue; (3) nerve cell extensions that end near
the muscle and epithelial cells; (4) a loose network
of connective-tissue elements that are interspersed
throughout the kidneys and also form enclosing cap-
sules; and (5) extracellular fluid and matrix.

Many organs are organized into small, similar
subunits often referred to as functional units, each
performing the function of the organ. For example,
the kidneys’ functional units, nephrons, contain the
small tubes mentioned in the previous paragraph,
and the total production of urine by the kidneys is
the sum of the amounts produced by the two million
individual nephrons.

Finally we have the organ system, a collection of
organs that together perform an overall function. For
example, the kidneys, the urinary bladder, the
tubes leading from the kidneys to the bladder, and
the tube leading from the bladder to the exterior con-
stitute the urinary system.

To sum up, the human body can be viewed as a
complex society of differentiated cells that combine
structurally and functionally to carry out the func-
tions essential to the survival of the entire organism.
The individual cells constitute the basic units of this
society, and almost all of these cells individually ex-
hibit the fundamental activities common to all forms



of life. Indeed, many of the cells can be removed
and maintained in test tubes as free-living “ organ-
( This is termed in witro, literally “in
glass,” as opposed to in vivo, meaning “within the
body. ")

There is a paradox in this analysis: Why are the
functions of the organ systems essential to the surviv-
al of the body when each cell seems capable of per-
forming its own fundamental activities? As described
in the next section, the resolution of this paradox is
found in the isolation of most of the cells of the body
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from the external environment and in the existence of
a reasonably stable internal environment ( defined as
the fluid surrounding all cells).

Fundmental Characteristics of
Living Organism

Metabolism

The metabolism of the body means simply all the
chemical reactions in all the cells of the body, that
make it possible for the cells to continue living. All
vital processes of the body involve myriad chemical
reactions which collectively constitute the metabo-
lism. It includes all the material and energy changes
that occur in the body, and in its broadest sense is
identical with the term “life”. All the changes fall
into two categories: catabolic and anabolic reac-
tions. Catabolic reactions involve the breakdown of
larger, more complex molecules into smaller, simp-
ler molecules, during which energy is released for
the activity of the body. Anabolic reactions involve
the synthesis of complex molecules from simpler
ones. Anabolism and catabolism are two opposing
activities taking place simultaneously in the cell.
Because of various kinds of enzymes the chemical
reactions are processed smoothly and rapidly under
very mild conditions, such as in the temperature
range of less than 40C and in an almost neutral
acidity of body fluid.

It is apparent from the above discussions that ma-
terial and energy metabolism are two intimately re-
lated aspects of one and the same process. It is for
the sake of convenience in teaching that energy me-
tabolism is discussed in physiology, and material
metabolism in biochemistry.

EXxcitability
Changes in the external or internal environment
can induce changes in the activity of a living organ-"

ism, or, in physiological terms, environmental stim-
uli can elicit response of the tissues of the body.
Among the common environmental changes or stimuli
are mechanical, thermal, chemical, electric, pho-
nic, etc. Response can be classified into two types:
excitatory response or excitation, and inhibitory re-
sponse or inhibition. Excitation signifies an increase
in activity, such as contraction of a muscle, acceler-
ation of the heart beat or secretion of tears. Inhibi-
tion, on the contrary, is a decrease in activity, such
as the slowing of the heart beat (as a result of the
activation of the vagus nerve). The property of liv-
ing organisms that permits them to react to stimuli is
defined as excitability. This is a fundamental prop-
erty common to all tissues and cells.

What then is the objective manifestation of the ex-
citation common to all tissues? An adequate stimulus
applied to excitable tissue such as muscle, nerve or
gland can induce an electric change spreading along
the muscle, nerve or gland, that is called “action
potential”. Action potential appears simultaneously
with the conduction of excitation along the nerve fi-
ber, and always proceeds the contraction of a mus-
cle, thereby is regarded as an indication of .excita-
tion.

The excitability of a tissue can be assessed by
measuring the intensity of a stimulus that is needed
for eliciting a minimal reaction or an action potential
in a excitable tissue. The higher the intensity of
stimulus needed ( the threshold of stimulus), the
lower the excitability, and vice versa.

A stimulus is defined not only by its intensity,
but also by the time period used by the stimulus. A
weaker stimulus needs a correspondingly longer time
to be effective. However, below an absolute thresh-
old intensity, the rheobase, excitation never ensues
no matter how long the stimulus is applied. The uti-
lization time needed at a stimulus intensity twice the
rheobase is called chronaxie, and this is commonly
used as a measure of a tissue’s excitability. Several
modifications have been introduced to provide a
more precise index of excitability in various tissues.

Reproduction

Sometimes reproduction is not considered a home-
ostatic function. It does, however, help to maintain
static conditions by generating new beings to take
the place of those that are dying. This perhaps
sounds like a permissive usage of the term homeosta-
sis, but it does illustrate that, in the final analysis,
essentially all body structures are organized such



