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PREFACE TO THE
FIFTH EDITION

Vast amounts of information are accumulating rapidly concerning metabolic processes
involved in the formation, maturation, and function of body tissues and in the patho-
genesis of many diseases, including atherosclerosis, heart disease, hypertension, cancer,
mental disorders, and genetic abnormalities, among others. Indeed, every illness is asso-
ciated with metabolic changes. Furthermore, in all body cells hormones influence the
metabolism of nucleotides, proteins, lipids, carbohydrates, vitamins, water, and electro-
lytes. Therefore, knowledge of endocrinology and metabolism is important in every branch
of medicine. ’

The contributors to this book have previously demonstrated excellence as investigators,
teachers, and authors. Most of them are engaged in both basic and clinical investigations
and teaching. They are adept in the practical application of basic knowledge to clinical
problems and use this approach in discussing pathogenesis, diagnosis, and therapy.
They have been encouraged to indicate where controversy exists, but to submit tentative
conclusions based on available data.

Great efforts were made to restrict the length of each chapter; several chapters are about
the same length as in the fourth edition or shorter. A smali amount of repetition in differ-
ent chapters has been permitted and encouraged for emphasis, and because many hormone
activities are interrelated.

The authors were asked to use many figures, tables, and prominent headings to aid in
clarification and rapid reference. Special attention was devoted to diagnostic tests and
treatment, and emphasis given to measures that are most helpful.

The authors were urged to make their references selective and, especially, to include
a number of recent reviews. They were told not to attempt to document each statement;
sometimes one paragraph includes the results of many investigations.

This s predominantly a new book. Twenty-one of the 38 authors are new, and 12 chap-
ters with new content have been added. In seven other chapters, there are one or more
new authors. All of the chapters have been extensively rewritten.

The new chapters discuss (a) hormone actions on skin, on skeletal muscle, on blood
elements, on allergic and immunologic reactions, and on cancer; (b) the pineal organ,
gastrointestinal hormones, angiotensin-aldosterone system, and prostaglandins; and (c)
the interrelationships of hormone secretion and action with cyclic nucleotide metabo-
lism, protein metabolism, and aging.

Chapter 1 deals with major principles, especially with key regulatory and coordinating
processes. It considers functions of the cell membrane and reciprocal communications
and actions between it, the nucleus, and other intracellular organelles. This chapter also
discusses the mechanisms for coordination of metabolic activities in large organisms.
The endocrine system and the autonomic nervous system together form a single neuro-
endocrine unit, with the main endocrine and metabolic coordinative center in the hypo-
thalamus. As discussed particularly in Chapter 12, specific areas in the hypothalamus are
inhibited or stimulated by hormones or other constituents in plasma and by neurotrans-
mitters. In turn, individual areas of the hypothalamus respond by releasing specific
hormones that are transmitted either directly to the pituitary, or through the auto-
nomic nervous system. The hypophysiotropic hormones consist of those that release
ACTH, TSH, GH, FSH, LH, prolactin, and MSH and of those that inhibit the release of
GH, prolactin, and MSH. Several chapters emphasize that the site and amount of action
by a hormone depend upon its binding to its own specific receptor. From the hormone-
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receptor complex, messages are transmitted to other cell sites. As discussed particularly
in Chapter 16, cyclic nucleotides act as intracellular messengers. .

Chapter 25 emphasizes the extensive role of genetics in growth, maturation, aging,
and other events, and Chapter 8 details genetic abnormalities in sex differentiation and
development.

The special roles of vasopressin, aldosterone, glucosteroids, and angiotensin in water
and electrolyte metabolism and in the maintenance of plasma volume and blood pressure
are discussed in Chapters 3, 5, 19, and 20.

Hormonal interrelationships between the gastrointestinal tract, pancreas, and liver
are presented in Chapters 9, 10, and 14. The roles of gastrin, secretin, pancreozymin,
proinsulin, insulin, glucagon, enterogastrone, and serotonin are emphasized.

There are discussions of the latest developments regarding calcitonin, vitamin D
metabolites, somatomedin (NSILA), chorionic somatomammotropin, catecholamines,
prostaglandins, erythropoietin, thymic hormones, pherhormones, and hormones from
ectopic sites.

Newer methods are mentioned for measuring many hormones: melatonin, hypothal-
amic hormones, vasopressin, oxytocin, anterior pituitary hormones, triiodothyronine,
thyroxine, calcitonin, glucagon, glucagon-like hormone, gastrin, secretin, angiotensin,
aldosterone, testosterone, estrone, estradiol, progesterone, placental hormones, proinsulin
and its connecting peptide, prostaglandins, and erythropoietin. There are discussions
of the diagnostic use of hypophysiotropic hormones, '*'I-cholesterol, and technetium.
Several chapters contain tables listing the order of preference of tests for many clinical
disorders.

There are descriptions of the therapeutic uses of calcitonin, mithramycin, o,p’-DDD,

propranolol, clomiphene, streptozotocin, diazoxide, monocomponent insulin, clofibrate,
cholestyramine, lithium, parachlorophenylalanine, methysergide, vitamin D derivatives,
L-dopa, antifertility drugs, and other compounds.
. The editor is grateful for the splendid cooperation and superb contributions of the
authors, the great assistance given by Alison Ross and other manuscript editors, the ex-
cellent secretarial activities of Sharon Kemp, and the many contributiong of the mem-
bers of the W. B. Saunders Company.

RoBERT H. WiLLIAMS, M.D.
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CHAPTER 1

Organization
and Control of

Endocrine Systems

By Howard Rasmussen

THE ENDOCRINE SYSTEM
ORGANIZATION
HORMONES
HORMONE ACTION: THEORIES
CELLULAR CONTROL MECHANISMS
MEMBRANES AND THE IONIC NET
ORGANELLAR FUNCTIONS AND THEIR INTEGRA-
TION
CONTROL OF INDIVIDUAL ENZYMES
CONTROL OF MULTIENZYME SEQUENCES
ISOZYMES AND DUPLICATE PATHWAYS
ENZYMES, MEMBRANES, AND COMPARTMENTA-
TION
. REGULATION OF MEMBRANE FUNCTION
REGULATION OF ENZYME CONCENTRATION
HORMONES AND INTRACELLULAR HOMEOSTASIS
HORMONAL CONTROL MECHANISMS
MODE OF PEPTIDE HORMONE ACTION
MODE OF STEROID HORMONE ACHON
HORMONES AND ENERGY METABOLISM
HORMONES AND CLINICAL MEDICINE

Claude Bernard was the first to appreciate that
the composition of the fluids bathing the cells of
multicellular organisms must be controlled. He
proposed that the stability of this internal environ-
ment, which he termed the miliew organique in-
terieur, gave the body a degree of functional free-
dom from the variability of the external one, the
milieu cosmique ambiant. Since Bernard, it has
become evident that such stability is attained by
the coordinated activities of two major systems: the
endocrine system and the autonomic nervous sys-
tem.

At first glance, these two regulatory systems ap-
pear rather distinct. Information is carried by
neural impulses in the autonomic system, and by
the blood in the endocrine system. In general, au-
tonomic responses are more localized and more
rapid than hormonal ones. Closer scrutiny, howev-
er, reveals that this classification is indistinct. The
nerve endings release chemical transmitters, ace-
tylcholine and norepinephrine, which under some
circumstances circulate in the plasma and can be

considered endocrine gland products or hormones.
There is a gradation from what might be termed a
purely neural response through intermediate re-
sponses to a purely endocrine one.

The first response can be illustrated by the re-
lease of norepinephrine from sympathetic nerve
endings in the smooth muscle of the wall of an ar-
teriole; the second by the release of norepinephrine
from the adrenal medulla; and the third by the
release of parathyroid hormone from the para-
thyroid gland. Each response is elicited by an af-
ferent stimulus which is neural in the first two in-
stances and humoral in the third. The efferent
response in the first is primarily neural, the nor-
epinephrine acting primarily at the site of its re-
lease. In the second, the efferent response is ini-
tially neural (preganglionic fibers to adrenal
medulla) but soon becomes endocrine because the
norepinephrine is disseminated by the circulation
and acts at widely different sites within the organ-
ism. The efferent response in the third is com-
pletely endocrine, the hormone being released di-
rectly under the influence of the chemical afferent
stimulus. _

The unique interrelationships between the two
systems are even more apparent in the hypothal-
amus. This portion of the central nervous system
is the highest integrative center of both the au-
tonomic and endocrine systems, as well as the
major site at which the activities of the two sys-
tems merge. In addition to its classic nervous func-
tions, it is the site of synthesis of several polypep-
tide hormones. Hence in the largest sense the
autonomic nervous system and the various endo-
crine glands represent a single neuroendocrine
system that has evolved to integrate and coordi-
nate the metabolic activities of the organism. Al-
though this book deals primarily with the endo-
crine aspects of this larger system, references to
the autonomic system are made, particularly to
those aspects most clearly related to endocrine ac-
tivity.

1



2 ORGANIZATION AND CONTROL OF ENDOCRINE SYSTEMS

Be.ore a discussion of the general aspects of en-
- docrine organization is undertaken, another facet
of the concept of the milieu intérieur remains to be
considered.

As defined by Bernard, the milieu intérieur con-
sists of the plasma and extracellular fluids bathing
the cells of a multicellular organism. Yet, from all
indications, life developed in a pre-Cambrian sea
rich in magnesium and potassium, a milieu differ-
ing considerably from that of Bernard’s milieu in-
térieur but strikingly similar in composition to the
intracellular fluids of present-day animal forms. It
is within this milieu that cellular metabolism
operates. In reality the intracellular fluids of many
simple organisms, such as yeast, as well as those of
higher forms, are contained not in a single cellular
compartment but in multiple membrane-bounded
compartments, each with its own distinct composi-
tion. These intracellular fluid compartments are in
fact the true chemical environment of life, the
milieu de la vie.

Each cell of a multicellular organism has in-
herited a complex system of homeostatic controls
with which to regulate and coordinate the activi-
ties of its several components. Much of modern bi-
olpgy is concerned with the elucidation and study
of these cellular control systems. Considerable
unity already has been discovered. For example, it
is apparent that the mechanism for transporting
glucose into a muscle cell is basically similar to
that employed by a bacterial cell and that the in-
tracellular hormone, cyclic AMP (3',5'-AMP or C-
AMP), was involved in regulating cell metabolism
in lower forms long before it became an aspect of
hormone action in the rat liver cell.

It is becoming increasingly clear that an under-
standing of these basic cellular control systems is
necessary to define the basis of hormonal action
and that the control of the composition of Bernard’s
milieu intérieur is achieved by adaptations to later
needs of these ancient but highly sophisticated in-
tracellular systems. In other words, extracellular
homeostasis is but an evolutionary extension of in-
tracellular homeostasis. Much of the present
chapter is concerned with a discussion of these in-
tracellular control systems and their relationship
to hormones and to hormone action.

THE ENDOCRINE SYSTEM

Organization

Basic Concepts

In order to describe how endocrine systems are
organized, it is necessary first to introduce certain
concepts that have been borrowed from the field of
systems analysis and servomechanisms. Basic to
an understanding of these concepts are the defini-
tions of systems and a consideration of whether
these systems are open or closed. A system for the
purpose of our discussion is an organized unit of ac-
tivity from an enzyme or multienzyme complex to

an entire organism or even a population of organ-
isms. In viewing any one of these systems we can
consider them in one of two fashions: either as open
or as closed loop systems. The distinction between
the two is simple yet consequentially profound. In
an open loop system, a cause or input alters the ef-
fect or output, but the converse is not true. In a
closed loop system, output influences the behavior
of the system and its response to an input. In such
systems it becomes meaningless to consider simple
cause and effect. Not only are responses deter-
mined by the nature and strength of the stimuli,
but the stimuli depend upon the responses accord-
ing to the present organization and environment of
the system in question.

The paradox of modern endocrinologic research
has been that, at the physiologic level of analysis,
it has been recognized and generally accepted that
the endocrine system and its various subcompo-
nents are organized in a hierarchy of closed loop sys-
tems. However, at the biochemical or cellular level
of organization, nearly all considerations of the
mode of action of hormones have been cast in the
mold of open systems, cause and effect relation-
ships in which the hormone acts upon the cell to
cause a variety of effects but in which the cell does
not in turn act upon the original stimulus.

This paradox has more than merely philosophic
interest. The models of cellular organization that
we build in innocence and enthusiasm today be-
come the dogma of tomorrow and hence shape the
intellect’s quest for further understanding. It thus
becomes imperative to state explicitly that the
mammalian organism and its organized subcom-
ponents, e.g., cells or metabolic pathways, all
operate as closed loops. The entire system is a met-
abolic net. Homeostasis at the level of cell and or-
ganism depends fundamentally upon com-
munication between the components. Stimulus
(input) leads to response, but response (output), to
be meaningful, must in turn influence the stimu-
lus. Disease and dysfunction result when com-
munication in either direction fails.

The most important general concept is that of
feedback control, and particularly negative feed-
back. The simplest situation to consider is that of
two variables, A and B. If A =f(B) and B = f(A),
then a feedback relationship exists between the
two (Fig. 1-1). If the concentration or effect of A is
increased when B increases, then positive feedback
exists, whereas if A decreases when B increases,
negative feedback exists. These concepts are illus-
trated in Figure 1-1 by solid and broken arrows re-
spectively.

The concept of feedback is derived from the
operation of electrical networks. As it operates in
biochemical or endocrine systems, however, it
differs considerably in operational properties from
electrical systems. Since much confusion exists on
this point, and since many models of biochemical-
feedback have beén constructed as analogues of
electrical models, this difference is stressed below.

The most important feature of feedback in a
physiologic or biochemical sense is that the input
to the system is usually a concentration, and the



