The Principles and Practice of
DIAGNOSTIC ENZYMOLOGY

J HENRY WILKINSON



The Principles and Practice of

Diagnostic Enzymology

J.Henry Wikinson

PhD, DSc, FRIC, FRCPath.

Professor of Chemical Pathology in the University of

London at Charing Cross Hospital Medical School.

Formerly Professor of Clinical Chemistry,

University of Pennsylvania, Philadelphia, U.S.A.

Formerly Reader in Chemical Pathology in the University of London
at Westminster Medical School

An Edward Arnold Publication

Distributed by
Year Book Medical Publishers, Inc.
35 E. Wacker Dr., Chicago



© J. Henry Wilkinson 1976

All Rights Reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic, mechanical,
photo-copying, recording or otherwise, without the prior permission of Edward Arnold
(Publishers) Ltd.

First published 1976 by
Edward Arnold (Publishers) Ltd
25 Hill Street, London W1X S8LL

Distributed in the United States of America, South and Central America,
Puerto Rico and the Philippines by

Year Book Medical Publishers, Inc.
by arrangement with
Edward Arnold (Publishers) Ltd.

ISBN: 0 8151 9316 5
Library of Congress Catalog Card Number: 76-4514

Text set in 10/12 pt Monotype Times New Roman, printed by photolithography,
and bound in Great Britain at The Pitman Press, Bath



The Principles and Practice of

Diagnostic Enzymology



Contributors

E. BEUTLER, M.D.

Chairman, Division of Medicine, City of Hope National Medical Center,
Duarte, California.

A. H. GoweNLock, M.Sc., Ph.D., M.B., Ch.B., F.R.C.Path., F.R.I.C.
Consultant Chemical Pathologist, Royal Infirmary, Manchester, 13.
Reader in Chemical Pathology, University of Manchester.

D. W. Moss, M.A., M.Sc., Ph.D.

Reader in Enzymology in the University of London, Royal Postgraduate
Medical School, London, W.12.

D. N. Rang, Ph.D., M.B,, B.S,, F.R.C.Path., F.R.I.C.

Consultant Chemical Pathologist, The Children’s Hospital, Birmingham.

S. B. RosaLki, M.D., M.R.C.P.,, F.R.C.Path.

Consultant Chemical Pathologist, St. Mary’s Hospital, London, W.2.

BRenDA E. RymMaN, M.A., Ph.D.
Professor of Biochemistry in the University of London, Charing Cross
Hospital Medical School, London, W.6.

A. WESTWOOD, M.Sc.
Biochemist, The Children’s Hospital, Birmingham.



Preface

The extensive use of enzyme activity determinations as aids to the diagnosis of
disease in hospital laboratories all over the world is one of the most dramatic
developments in modern medicine. From small beginnings early in the present
century when the digestive enzymes were studied in blood and urine, clinical
enzymology has grown to the stage when the chemical laboratories of our
major hospitals perform several hundred enzyme tests each working day. -
Such progress is due partly to the recognition that the activities of certain
enzymes may change in certain disease states and partly to the development of
procedures convenient enough for routine use.

In the 1930’s the serum acid and alkaline phosphatase were found to have
diagnostic applications in diseases of the prostate, bone and liver and thanks
to the introduction of relatively simple techniques for the determination of
their activities by King, Bodansky and others, these tests soon found their way
into the repertoire of clinical laboratories. Recent advances in our knowledge
of the chemistry of alkaline phosphatase have led to ever-increasing interest in
the clinical value of this enzyme. Perhaps the most important single factor
leading to the rapid development of clinical enzymology has been the intro-
duction of the ultra-violet spectrophotometer which has permitted the activities
of NAD*- and NADP *-dependent enzymes to be determined conveniently
and with acceptable precision. This has undergone further refinement so that
today a number of semi-automated instruments are available which enable a
single technician to make hundreds of determinations in a few hours.

The introduction of serum transaminase measurements to confirm the
diagnosis of myocardial infarction by Wréblewski and his colleagues in 1954
led to the recognition that intracellular enzymes may be released into the
plasma from damaged tissues generally. This single event acted as a trigger to
fire the imaginations of clinicians and clinical biochemists all over the world
and enzyme tests for the investigation of diseases of the liver, skeletal muscle,
gastro-intestinal tract, blood, brain, kidney and other tissues soon followed.
In 1962, my Introduction to Diagnostic Enzymology was published in an
attempt to review the diagnostic applications of enzyme determinations.
Although many of the recommendations made are still valid, the kind
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reception accorded this work, the suggestions of many clinical and laboratory
colleagues, and the wealth of new material which has since become available,
persuaded me to write the present book with the aim of summarizing the
current situation. It is hoped that it will prove of interest to clinicians,
especially cardiologists, gastroenterologists, and paediatricians, as well as to
pathologists and clinical biochemists, particularly those preparing for the
examination in chemical pathology for Membership of the Royal College of
Pathologists and for the Mastership in Clinical Biochemistry.

The task of writing this monograph unaided, however, proved beyond my
resources, and I am most grateful to a number of friends and colleagues, all
acknowledged experts in their respective fields, who kindly agreed to con-
tribute chapters.

The book is divided into two parts, the first six chapters are concerned with
biochemical considerations while the remaining twelve are devoted to the
clinical applications of enzyme activity measurements. As in the earlier book,
the first chapter summarizes relevant basic enzymology. This is followed by
chapters dealing with the oxidoreductases, transferases, hydrolases, lyases and
isomerases of diagnostic interest. The classification of enzymes recommended
by the International Union of Biochemistry has been followed throughout.
Part I is completed by a chapter on clinical enzyme assay methods which it is
hoped will be of interest to laboratory workers responsible for deciding the
procedures to be used for routine purposes.

Part II begins with a chapter in which the rationale of clinical enzymology is
discussed in the light of the results of some recent personal researches. Chapter
8, devoted to enzyme tests in myocardial infarction and other cardiovascular
diseases, is followed by one contributed by Dr S. B. Rosalki on enzymes in
diseases of skeletal muscle. Dr Rosalki is also the author of Chapter 10, in
which he discusses enzyme tests in liver and hepatobiliary diseases. The role of
enzyme procedures in the investigation of diseases of the alimentary tract,
contributed by Dr A. H. Gowenlock, is followed by a consideration of enzyme
tests in diseases of bone by Dr D. W. Moss. The occurrence of a number of
haematological diseases due to the congenital deficiency of certain enzymes is
the topic discussed by Dr E. Beutler. Succeeding chapters are devoted to
enzyme tests in diseases of the urinary tract, malignant diseases and pregnancy.
Professor Brenda Ryman then discusses the role of enzyme procedures in the
diagnosis and classification of the glycogen storage diseases, and finally
Dr D. N. Raine tackles the enormous number of congenital enzyme anomalies,
most of which are manifested in infancy or childhood. I have endeavoured to
ensure that the treatment is as comprehensive as possible within the space
allowed, and at the same time have tried to eliminate unnecessary repetition
by the use of appropriate cross-references.

In addition to thanking my co-authors I should like to express my gratitude
to members of the staff of Charing Cross Hospital and its associated Medical
School for their help. In particular I wish to thank Dr J. Swale,
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Dr A. L. Wyman, Dr G. R. Doran and Dr A. Vaughan for their helpful
comments and criticisms, Dr Jean M. Robinson and Mr A. R. Qureshi, who
collaborated in some of the investigations reported, my secretary, Miss Gil
Pearson, for her skill and patience in typing the manuscript; and Miss P.
M. Turnbull and the Department of Medical Illustration, Charing Cross
Hospital Medical School, for their help with the illustrations.

I wish to thank the authors, whose names appear in the legends, and the
following editors and publishers for permission to reproduce illustrations:
The American Association of Clinical Chemists and the Executive Editor,
Clinical Chemistry (Figs. 1.2, 6.2, 6.4, 6.6, 7.2 and 15.1); ASP Biological and
Medical Press (Elsevier Division) (Figs. 1.11, 6.3, 12.4 and 12.5); The
Canadian Medical Association (Fig. 4.3); The Editor, Journal of Clinical
Pathology (Figs. 6.1 and 16.1); The Editorial Board, Clinical Science and
Molecular Medicine (Figs. 7.3 and 8.6); The C. V. Mosby Company (Figs.
7.4 and 12.1); The Editor, The Lancet (Fig. 12.2); Georg Thieme Verlag,
Stuttgart (Fig. 13.2); Blackwell Scientific Publications Ltd. (Figs. 13.3, 13.4
and 13.5); Verlag Hans Huber, Berne (Fig. 14.1); The Editor, Nature (Fig.
15.4) and S. Karger AG, Basel (Fig. 15.5). I am also grateful to the Inter-
national Union of Pure and Applied Chemistry and the International Union
of Biochemistry for permission to reproduce material from Enzyme Nomen-
clature. Recommendations 1972 (Elsevier, Amsterdam) in Table 1.2.

It is a pleasure to acknowledge the assistance kindly provided by Miss
Barbara Koster and Mr P. J. Price of Edward Arnold. Finally I must thank my
wife, Dorothy, for her unfailing support during the preparation of this work
and for her help in preparing the index.

J. H. Wilkinson
London, W6
December 1975
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Biochemical Considerations







Chapterl

The structure and actions
of enzymes

The use of enzymes in diagnosis dates back to the beginning of the present
century when Wohlgemuth introduced his procedure for measuring urinary
amylase activity. Together with the serum amylase and serum lipase, this test
soon found applications in confirming the diagnosis of acute pancreatitis, but
although a number of refinements of the techniques were introduced, little
progress was made in applying enzyme measurements to the investigation of
disease until about 1930 when the potentialities of the serum alkaline phos-
phatase were recognized. Earlier, Robison (1922) had demonstrated phos-
phatase activity in bone extracts and subsequently in blood plasma (Martland
and Robison, 1926). Largely through the efforts of Bodansky and King,
convenient methods for the determination of serum alkaline phosphatase
were developed, and these enabled this enzyme to be used in the study of bone
disease and later in post-hepatic obstructive jaundice.

Meanwhile, Warburg and his colleagues made the important observation
that in malignant tumours glucose was metabolized mainly by glycolysis in
contrast to the oxidative processes in most normal tissues (Warburg and
Minami, 1923), but many years were to elapse before this discovery could be
turned to practical advantage. In 1943, Warburg and Christian found increased
levels of aldolase and phosphohexose isomerase in the serum of tumour-
bearing rats, an observation applied to human serum by Bodansky (1954) and
by Bruns and Jacob (1954).

1954 proved to be a watershed in the history of clinical enzymology for in
that year LaDue et al. reported transient elevations in the serum glutamate
oxaloacetate transaminase (now more correctly known as aspartate trans-
aminase) after an episode of myocardial infarction. This highly significant
discovery had a tremendous impact on the development of the subject, since it
demonstrated that intracellular enzymes could be released into the circulation



