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- INTRODUCTION TO THE SERIES

Rudolf Virchow wrote in 1855 as follows:

“When we require cellular pathology to be the basis of the medical view-
point, a most concrete and quite empirical task is at stake, in which no a
priori or arbitrary speculation is involved. All diseases are in the last analysis
reducible to disturbances, either active or passive, or large or small groups of
living units, whose functional capacity is altered in accordance with the state of
their molecular composition and is thus dependent on physical and chemical
changes of their contents. Physical and chemical investigation has a very great
significance in this respect, and we can do no more than wish a prosperous devel-
opment to the school which is striving to form itself. But we should not conceal
- from ourselves that the story of metabolic interchange will be brought to satis-
factory conclusion only when it is carried back to the primary active parts;in
other words, when it becomes possible to describe the particular role every
tissue, and every pathologically altered part of a tissue, plays in that story.
Therefore, although one may begin with the outworks, the ultimate goal, beyond
the urine and the sweat and the various waste products of organic activity, must
never be lost from sight, nor.should it be supposed that these waste products
are themselves the goal. There would always be the danger of suffering shipwreck
in a more or less exclusively humoral pathology, if this-were to be the case.”

It has taken a hundred years to start the molecular approach in a fruitful
way. Modern developments in physics, chemistry,”and mathematics, both
conceptual and instrumental, make it now possible to exploit that new-old
approach to pathology. Hence, my return to Virchow’s expression, cellular
pathology. .

We, in modern pathology and medicine, are so involved in generating and
interpreting the new research available that no one person at this stage could-
endeavor to write an all-encompassing treatise on the biochemistry of disease.
Besides, we do not know enough yet. We can only highlight some of the most
interesting details. This will be one of our objectives in this monograph series.

Underlying this are two basic roles of pathology in medicine and biology.
The first and most classical role is to analyze disease processes in depth, the aim
being as detailed a knowledge as possible about the causes and the cellular and
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iv INTRODUCTION

tissue development of disease. Included in this is the production of experimen-
tal disease which mimics or simulates the naturally occurring process in order to
study it more easily. However, there is a second role which will assume increasing
importance as we probe more deeply into cells. The molécular approach to dis-
ease has not only as its aim the study of cellular pathology but also the deeper
understanding of the normal cell, both structurally and functionally. Through
the induction of selected derangements ih the cell, especially reversible ones,
cellular pathology offers novel but essential ways to dissect the cell. The contri-
butions of the pathologic (genetic, toxic, etc.) in the development of the
molecular biology of microorganisms clearly point to an important role for such
experimental pathologic systems in the molecular analysis of eukaryotic cells.

All the modern conceptual and methodologic approaches of cellular bio-
chemistry and ultrastructural analysis must be used in such a dissection of the
cell. However, our orientation is quite different. Whereas cytochemists nowa-
days have as their major aim the delineation of the different chemical inter-
actions in cells, the modern cellular pathologist must continually attempt to
integrate these into a gestalt that is meaningful biologically as well as biochem-
ically. Therefore, a second important objective of this monograph series will be
the presentation of model systems of higher organisms which are of particular
use for the modern biologist interested in the molecular analysis of cell function
in higher organisms.

Emmanuel Farber
Philadelphia, Pennsylvania



PREFACE

In ancient times, it was implied that the liver was the seat of the soul, although
Plato decried that view and suggested instead that the organ was the vegetative
center of the body. For the moment, the validity of the former concept remains’
unclear, but no organ deserves.to be held in greater esteem. For the liver is truly
a rich organ; rich in structural complexity, in diverse-function, and as often
follows, rich in. the spectrum of malfunctions to which it falls victim. No other
organ is. involved in as many complex interrelationships with the host as is the’
liver. No. other organ’s functions have been so frequently probed' by varied
scientific methods, norhas any been used so frequently as an experimental tissue, b
both normal and abnormal. Often, as exemplifi¥d in studies of chemieal carcino-
genesis, the liver’s response to challenge has been the model for others’, which are -
more frequently the site of the-disease but less accessible to study. Often, as
exemplified by the studies of the agent aflatoxin, experimental studies of the
‘liver are found to be broadly applicable to-human disease. The liver’s accessi-
bility, its relative homogeneity, and its availability in’ varying ‘states of develop-
ment and physiologie alteration make it a biologic model par excellence.

Despite an enormous literature that deals with every aspect of disease of the ‘:
liver from the clinical standpoint, no single work has attempted to' apply these'
cell biologic findings and modern scientific concepts to the liver in a unified
manner to examine its normal functions, the alterations of these functions as
imposed by injurious challenges, and the various responses of the host to these
alterations. However, the continuing series Progress-in Liver Diseases, ed1ted .
superbly by Popper and Schaffner, has been a major stimulus to the s¢1ent1ﬁc
approach to liver disease. It is that purpose to which this book is dedicated. ks

The richness of the liver’s functions can be grouped roughly into three major
roles; endocrine, exocrine and regulatory.

An endocrine organ can be defined broadly as that which synthesizes and se-
cretes proteins possessing activities related to the functional modulation of other -
target tissues. The liver secretes numerous, immunochemically distinct ptasmia
proteins, the total number as yet unclear. Indeed, many of these are of unknown
‘function and others bear functional designations that may be only a ‘partial esti-

- mate of their capacities. Several, such as those which transport hormones;
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metallic ions, and other substances, interact with tissues distant from the liver.
Furthermore, there are strong hints that vital interactions between other plasma
proteins and distant tissues may yet be uncovered (see Chapter 5), thus approxi-
mating an endocrine activity.

The entire spectrum of liver-synthesized lipoproteins, too, can be considered
as interacting in a crucial manner at many sites, especially at membrane and
endothelial surfaces, although a discussion of lipoproteins and protein transport
will as readily fall into the category of regulatory function.

An exocrine organ is defined as one that secretes its products to the external
environment. The liver does this and mote. Components of bile are produced
within the hepatocytes and flow to the gut, wherein they act in a vital digestive
capacity. Moreover, the liver clears the blood of exogenous and endogenous
chemical substances, bacteria, and other particulate matter; processes these; and
secretes them to the external environment. In this regard it is exocrine, but once
again the definition between this function and that of regulation is blurred. For
without the. vital catabolic and alterative functions of the hepatocyte, pharma-
cologic agents, toxins, and carcinogens would often be fatal.

I have described the regulatory capacity of the liver above in terms of plasma
protein function and metabolic elimination of many substances. But nowhere is
the regulatory capacity of the liver more vivid than in its handling glucose. It is
the ultimate storage depot and site of synthesis of this vital substance, smoothing
the peaks and troughs of nutritional supply and energy demand. The liver then
can be considered as the ultimate regulator of its host.

The liver has also been the most .useful model for the rapidly expandmg
studies of the correlation of structure and function. The granular and smooth
endoplasmic reticulum, glycogen aggregates, and mitochondria of this cell have
been used in definitive studies of protein synthesis, drug metabolism, and meta-
bolic regulation. In no other tissue has the study of injury and repair or experi-
mental carcinogenesis been more extensively pursued. In no other tissue is the
spectrum of diseases more varied, ranging as it does from abnormalities of a
genetic nature, to toxic alteration, to tumors or parasitic infestation.

And last, but of crucial importance, is our rapidly expanding realization of
relationships between the liver and the host other than those described above.
Who would have proposed a liver defect as basic to lung pathology prior to the
description of a-trypsin inhibitor deficiency? What other alterations in the
structure -or secretion of plasma proteins are responsible for other “distant™
disease patterns? Is atherosclerosis a liver disease? Are the altered lipoprotein
patterns, so much in vogue, seated in an abnormality of liver metabolism?

Therefore, this book is not written as a final word. It is written more as a
landmark to indicate the progress made and to suggest some of the paths of the
future.

Frederick F. Becker
New York, New York



CONTRIBUTORS TO PART A

BERNARD P. LANE, Department of Pathology, State University of New York
at Stony Brook, Stony Brook, New York

CHARLES L. WITTE, Department of Surgery, University of Arizona College of
Medicine, Tucson, Arizona

MARLYS H. WITTE, Department of Surgery, University of Arizona College of
Medicine, Tucson, Arizona '

ALLAN E. DUMONT, New York University School og Medicine, New York
New York

FREDERICK F. BECKER, Department of Pathology, New York University
Medical Center, New York, New York

RICHARD ASOFSKY, Laboratory of Microbial Immunity, National Institute of
AIlergy and Infectious Diseases, National Institutes of Health, Bethesda,
Maryland

7 A. MYRON JOHNSON, Department of Pediatrics, University of North Cardlina
School of Medicine, Chapel Hill, North Carolina

LAWRIE W. POWELL, Department of Medicine, University of Queensland,
Royal Brisbane Hospital, Brisbane, Australia

JAMES R. GILLETTE, Laboratory of Chemical Pharmacology, National Heart
and Lung Institute, National Institutes of Health, Bethesda, Maryland

DAVID J. JOLLOW, Laboratory of Chemical Pharmacology, National Heart and
Lung Institute, National Institutes of Health, Bethesda, Maryland

ILENE H. RAISFELD, New York University School of Medicine, Department of
Medicine and Stella and Charles B. Guttman Laboratory for Human

Pharmacology and Pharmacogenetics, Department of Pharmacology, New
York, New York -

HYMAN J. ZIMMERMAN, Veterans Administration Hospital and George Wash- /
ington University School of Medicine, Washington, D. D.

J. DONALD OSTROW, University of Pennsylvania Medical Division, Veterans
Administration Hospital, Philadelphia, Pennsylvania

"KARL E. ANDERSON, Division of Gastroenterology, The New York Hospital—
Cornell Medical Center, New York, New York



xiv CONTRIBUTORS TO PART A

NORMAN B. JAVITT, Division of Gastroenterology, The New York Hospital—
Cornell Medical Center New York, New York

ANTHONY S. GlDARl The Department of Medlcme State Umversny of New
York College of Medicine, Brooklyn, New York

RICHARD D. LEVERE, The Department of Medicine, State University of New
York College of Medicine, Brooklyn, New York

ATTALLAH KAPPAS, The Rockefeller University Hospital, New York, New
York

NORMAN ALTSZULER, Department of Pharmacology, New York University
School of Medicine, New York, New York

MILTON J. FINEGOLD, Department of Pathology, New York University School
of Medicine, New York, New York .

R. L. HAMILTON, Cardiovascular Research Institute and Department of Ana-
tomy, University of California;, San Francisco, California

H. J. KAYDEN, Department of Medicine, New York University Medlcal Center,
New York, New York ,



16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

CONTENTS OF PART B

The Hepatitis B Antigen

ALFRED M. PRINCE
Hepatitis

KENNETH M. KLEIN and FREDERICK F. BECKER
Alcohol-Induced Liver Injury: Pathogenetic Considerations

HENRY M. MIDDLETON, III, G. DEWEY DUNN, and
STEVEN SCHENKER

Worms
K. S. WARREN
Cirrhosis
ROGER A. SCHINELLA and FREDERICK F. BECKER

Acute Hepatic Failure: Hepatic Coma and the Hepatorenal Syndrome
JOSEF E. FISCHER

Liver Carcinogenesis: A Unifying Hypothesis
E. FARBER, D. S_R. SARMA, S. RAJALAKSHMI, and
- H SHINOZUKA

a-Fetopiotein
S. SELL and H. T. WEPSIC

Protracted Obstructive Jaundice in Infancy with Emphasis on Neonatal
Hepatitis, Biliary Artesia, and Choledochal Cyst
BENJAMIN H. LANDING

Childhood Cirrhosis
N. C. NAYAK and V. RAMALINGSWAMI

Transplantation of the Liver
C. G. GROTH and THOMAS E. STARZL

XV



CONTENTS

INTRODUCTION TO THE SERIES
PREFACE

CONTRIBUTORS TO PART A i
CONTENTS OF PART B

FUNCTIONAL MORPHOLOGY

1. Functional Analysis of the Liver
BERNARD P. LANE

I. Introduction
II. Blood Vessels
III. Biliary System
IV. Lobular Structure
V. Cytology
Bibliography

2.  Hepatic Circulation
CHARLES L. WITTE and MARLYS H. WITTE

I. Introduction
II. Hepatic Topography
III. Physiology
IV. Measurements
V. Disorders of Hepatic Circulation
VI. Final Comments
- References

3.  Liver Lymph
ALLAN E. DUMONT

I. Anatomic Considerations
II. Formation of Liver Lymph
III. Factors Responsible for Increased Lymph Formation

iii
xi
xiii
Xv

oW bW

11

56
58



vi
IV.
VI.

VII.
VIIL

Sequelae of Increased Liver Lymph Formation

Lymph Formation in Extrahepatic Portal Congestion

Ascites Reconsidered

Origin and Significance of Icteric Liver Lymph
Transport of Particles and Cells in Liver Lymph
References

4.  Regeneration

II.
II1.
V.

FREDERICK F. BECKER

CONTENTS

69

Hepatic Regeneration: Mitotic Response of Mammalian Hepatocytes 70

Control of Liver Regeneration
Blood Flow and Humoral Control
Function During Regeneration
Applications

References

ENDOCRINE FUNCTIONS

5.  Plasma Protein Synthesis by Liver

i 8
i,
II1.

6.

L
IL.
II1.

7

IL.
III.
Iv.

VL.
VIIL.

RICHARD ASOFSKY

Introduction

Methods

Synthesis of Specific Proteins
References

Antiproteases and the Liver

A. MYRON JOHNSON

General Introduction
a,-Antitrypsin Deficiency
Conclusions

References

Hemochromatosis

LAWRIE W. POWELL

Historic Sequences

Definitions and Classification

Etiology

Pathology

Clinical Manifestations and their Pathogenesis
Diagnosis

Treatment and Prognosis

References '

77
79
79
80
81

103

103
106
123
123

129

130
131
133
142
145
151
153
155



CONTENTS
' EXOCRINE FUNCTIONS

8.  Drug Metabolism in Liver
JAMES R. GILLETTE and DAVID J. JOLLOW

I. Phase I Reactions
II. Phase II Reactions
" III. Inhibitors of Drug Metabolism
IV. Variations in Drug Metabolism
V. Effects of High Doses on the Pattern of Drug Metabolism
VI. Individual Variations of Drug Metabolism in Man
References

9. Models of Liver Injury: The Effect of Toxins on the Liver
ILENE H. RAISFELD ;

I. Introduction
II. Carbon Tetrachloride
‘III. Bromobenzene
IV. Acetaminophen
V. Pyrrolizidine Alkaloids
VI.  Fungal Toxins
"VII. Conclusion
References

10. Hepatic Injury Caused by Therapeutic Agents
HYMAN J. ZIMMERMAN

I. Historic Aspects
II.  Vulnerability of the Liver to Toxic Injury
III. Types of Drug-Induced Injury and the Associated Manifestations
IV. Classification of Hepatotoxic Agents
V. Intrinsic Hepatotoxins
VI. Host Idiosyncracy
VII. Characteristics of Each Category of Hepatotoxin
VIII. = Hepatic Injury Caused by Host Idiosyncracy
IX. Analysis of Hepatotoxic Reactions Induced by Chemical Agents
According to Circumstances of Exposure
X. Diagnosis of Hepatotoxicity
~ XI. Concluding Comments
References

11. Bilirubin and Jaundice
J. DONALD OSTROW

VI. Step 1: Formation of Bilirubin
II. Steps 2 and 3: Delivery and Hepatic Uptake of Bilirubin
III. Step 4: Conjugation of Bilirubin

vii

‘165

167

174
176
180
186
193
195

203

204

205
208
209
211
214
218
218

225

229

230
230
238
240
240
241
248

251
282
284
284

303
308

308
320



v.

VL
VIIL
VIIIL.

“ XL

Step 5: Secretion of Bilirubin into the Bile Canaliculus

CONTENTS

327

Step 6: Passage of Conjugated Bilirubin Down the Biliary Tree 330

Step 7: The Enterohepatic Circulation of Bile Pigments

Bilirubin Metabolism in the Fetus and Neonate
Albumin-Binding and Distribution of Bilirubin
Adjustments in Heme and Bilirubin Turnover in Disease

.Therapy of Jaundice

Summary
References

12. Bile Formation

IL.
“IIIL
IV.

VIIL.

13.

I1.
II1.
IV.

VL

K. E. ANDERSON and NORMAN B. JAVITT

Introduction

Formation of Hepatic Bile

Secretion of Organic Anions in Bile

Secretion of Cltions and Other Compounds in Bile
Gall Bladder Function

Cholesterol Metabolism and Bile Acid Synthesis

Pathophysiology of Altered Hepatic Excretory Function

References

Porphyrin-Heme Synthesis and the Hepatic Porphyrias

ANTHONY S. GIDARI, RICHARD D. LEVERE, AND
ATTALLAH KAPPAS

Introduction

333
337
338
340
342
344
345

371

372
372
380
386
386
389
392
394

401

402

Biosynthesis of Porphyrins and Heme: Chemistry and Enzymology 402

Cellular Controls on the Heme Pathway in the Liver
Experimental Hepatic Porphyria

Hepatic Porphyrias in Man

Pathogenesis of Hepatic Porphyrias in Man
References

REGULATORY FUNCTIONS

14. Glucose Metabolism

IL.
II1.
Iv.

VIIL.
VIIIL.

NORMAN ALTSZULER and MILTON J. FINEGOLD

Introduction

Glucose Uptake

Glycogen Formation by the leer
Glycogenolysis

Regulation of Glycogen Metabolism
Glycolysis

Pyruvate Oxidation and the Krebs Cycle
Other Pathways

415
424
436

439
443

463

464
465
468
471
474
477

483



CONTENTS

IX.
X.
XI.
XII.
XIII.

15.

II.
III.

VL
VII.

Lipogenesis

Gluconeogenesis

Regulation of Hepatic Glucose Output

Abnormal Carbohydrate Metabolism and the Liver
Concluding Remarks

References

The Liver and the Formation of Normal and Abnormal Plasma

Lipoproteins
R. L. HAMILTON and H. J. KAYDEN

Introduction

Scope

Lipoprotein Terminology
Synthesis and Secretion
Lipoproteins in Cholestasis
Formation of LDL
Summary

References

486
487
491
493
514
517

531

532
532
534
539
553
562
566

568



FUNCTIONAL MORPHOLOGY



OO0 I0RAA0M JAUOTTDHUT

1

SR, FREEAPDFIEIE K www. ertonghook. com



