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Preface

Before the Second World War, an understanding of kidney function in broad outline had gradually emerged.
The filtration-reabsorption theory formulated by Cushny and based on earlier proposals by Ludwig was placed
on firm footing by the pioneering micropuncture studies of Richards, Wearn, Walker, and their associates.
Marshall and his school, resurrecting the earlier views of Heidenhain, demonstrated the participation of tubular
secretion in urine formation. It became clear that three processes, glomerular filtration, tubular reabsorption, and
tubular secretion mediated the urinary excretion of water and electrolytes.

Two great methodologic advances facilitated the translation of this conceptual framework into quantitative
terms. Smith, Rehberg, and their associates successfully elaborated and then applied noninvasive techniques to
the measurement of renal hemodynamics in both animals and human subjects. As a consequence, it became
possible to assess quantitatively glomerular filtration rate, renal blood flow, and tubular secretion under normal
and abnormal circumstances. At the same time, Peters and Van Slyke developed and consolidated a precise
methodology for measurement of the composition of body fluids and urine.

The initial studies emanating from these conceptual and methodologic developments were utilized principally
for a static portrayal of the chemical composition of body fluids and urine. The function of the kidney as a
regulatory organ governing the maintenance of the volume and composition of body fluids was only dimly
perceived. The mechanisms responsible for the adjustments of renal function under the impact of physiologic
disturbances or frank disease states were almost wholly unknown. In part, this focus on chemical anatomy was
the inevitable expression of technical limitations: Analytic methods were painfully cumbersome and time-con-
suming, and usually required substantial amounts of material; furthermore, many critical constituents simply
could not be measured. In part, this narrow preoccupation with static steady state measurements reflected the
relatively primitive conceptual system: The kidney was conceived in the main as a black box, so that input in
the form of glomerular filtration and output as urine flow constituted the principal analytic framework.

It was the application to biologic systems of the methods and principles of the generalizing sciences, physics
and chemistry, after World War 11, that transformed renal physiology from a crude empirical enterprise into a
formidable discipline of explanatory power and technical sophistication. Powerful analytic methods—typified
early by the flame photometer and later by sensitive micromethods involving isotopes, microchemistry, immu-
noassay, microelectrodes, electron microscopy, optics, nuclear magnetic resonance, and the like—paved the way
for truly novel advances. At first, the newer analytic armamentarium was utilized by Albright, Peters, Pitts, and
many others in balance and clearance studies to investigate the adaptations in renal function under the impact
of physiologic and pathologic derangements. Then, the reintroduction of micropuncture and the development of
microperfusion of isolated tubules permitted an assessment of segmental function which Richards and his as-
sociates, a decade earlier, had just begun. At the same time, the introduction by Ussing and his associates of
an isolated two-membrane epithelial system, the frog skin, provided an enormously fruitful model for the
exploration of the transport properties of the renal tubule. Later still, the study of membrane vesicles in vitro,
coupled with micromethods of exquisite sensitivity, permitted the formulation of principles of cellular and
epithelial function. As a result, the investigation of renal physiology could progress from the analysis of the
whole organ to the level of the nephron and finally to the basic domains of epithelial and cellular function. The
fundamental mechanisms underlying changes in overall renal function were now available for study and began
to provide a conceptual framework for powerful theories of renal regulation.

These advances in renal physiology were paralleled by a similar transformation in the understanding of renal
disease. The development of electron microscopy and immunofluorescent techniques, together with the explosive
progress in immunologic theory, resulted in the new discipline of immunonephrology. An understanding of the
pathogenesis of the major renal diseases began to emerge. It was now possible to design rational therapy to
interrupt injurious processes originating in immunologic disturbances, coagulation, and inflammation.
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viii PREFACE

The recognition of the kidney as an endocrine organ served to expand the study of the kidney outside its
traditional arena of renal physiology and renal disease. It was first appreciated that the kidney was the target of
circulating hormones, such as antidiuretic hormone, parathyroid hormone, aldosterone, glucocorticoids, growth
hormone, and the like. Then the kidney was found to secrete hormones acting on such distant sites as blood
vessels, bone marrow, and bone. Finally, various humoral agents, produced by the kidney, were shown to act
within intrarenal loci. The integration of the rapidly advancing disciplines of renal physiology, immunonephrol-
ogy, and renal endocrinology transmuted the study of kidney function into the new specialty of nephrology.

The focus of these volumes has been principally on renal physiology, conceived broadly as the study of those
processes by which the kidney maintains the volume and composition of the body in the face of physiologic
demands and pathologic disturbances. Rather than presenting superficial coverage on the many aspects of
nephrology, the editors decided to omit an analysis of specific renal diseases, immunonephrology, and such
modalities of therapy as transplantation and dialysis. These are complex areas that clearly deserve separate
treatment in depth.

Section I analyzes the principles governing the exchange of water and solutes within the body fluid com-
partments. Consideration is first given to the factors involved in external balance. Thereafter, exchanges within
the body compartments are explored. This compartmental analysis is followed by a treatment of the basic principles
underlying solute and solvent transport. Section II explores the organization of the kidney from the standpoint
of structure and development; then functional organization, examined in terms of the categories of renal hemo-
dynamics, tubular function, and hormonal regulation, is considered in depth.

Section III deals in depth with the regulation of water and electrolyte balance. Ideally, such a treatment would
involve a reduction of normal and deranged overall renal function to a segmental level, then to a cellular and
membrane level, and finally to a molecular level where the properties of pumps and membranes would provide
the explanatory framework for macroscopic phenomena. Such a thoroughgoing reduction is not yet possible.
However, in the case of each constituent the basic mechanisms of transport are first considered, the regulatory
influences are explored, and the derangements are analyzed, so far as possible, in terms of physiologic principles
developed.

Section IV is devoted to a consideration of the failure of the kidney and the action of various pharmacologic
agents, both in a setting of impaired renal function and as the cause of other derangements.

It is our hope that the basic principles presented here will furnish an explanatory framework for the understanding
of the principles underlying internal exchanges of water and electrolytes and of the key regulatory role of the
kidney in responding to normal as well as abnormal disturbances.

DONALD W. SELDIN
GERHARD GIEBISCH
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