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FOREWORD 

We all know how much time, effort and money it takes to develop a new drug. Hundreds of chemical 
compounds have to be synthesized and thousands of different activities in biology, physiology, 
pharmacology, clinical investigation, management and marketing have to be initiated and coordinated. 
Each new drug starts a voyage of discovery through an unmapped terrain which is shrouded in mist 
and beset by pitfalls, as Dr. Rein Vos puts it in his absorbing inside story of the development of the 
beta-adrenoceptor blocking agents and the calcium antagonists. 
Indeed we know, for example, how long it took before the theory of Ahlquist of the alpha and beta 
adrenergic receptors was widely accepted. Similarly, it suffices to memorize shortly the difficulty of 
expanding the new concept of calcium antagonism through the national German boundaries into the 
world. This shows how laborious and complex pharmaceutical progress is, and we all will benefit from 
a deeper understanding of the process of innovative drug research. 
Dr. Vos provides an absorbing account of the origin of the pharmacodynamic concepts of beta 
blockade and calcium antagonism, and of the further development of these concepts as a new 
therapeutic rationale in cardiovascular medicine. The book is extremely interesting since it depicts the 
dominant trends in Anglo-American and German coronary therapy and the underlying theoretical 
concepts. I have never seen such a thorough study of cultural differences of medical thinking and their 
relevancy for progress in cardiovascular medicine. In this respect it is also really surprising how 
diligently my own work on calcium antagonism has been investigated in every detail. Such a 
scrutinizing study has never been made before, and I am sure that the colleagues in the various fields of 
cardiovascular and pharmaceutical research will have the same experience with respect to the subjects 
of their own expertise which are described in this book. Further, Dr. Vos' treatise of the interactions 
between industrial laboratory work, academic research and clinical investigation sheds light on the way 
of thinking by medicinal chemists, pharmacologists and physiologists, and clinical investigators and 
clinicians. 
However, the most important prospect, as outlined in the book, seem to arise from the author's view
point that the drug discovery process can be studied and modeled. Throughout the book the view is 
developed that medical-pharmaceutical practice is an indispensable source of feedback to the discovery 
process. In this way Dr. Vos counteracts current views of drug research, yet simultaneously provides us 
with a new perspective on the shaping of new medicines. 

Prof. Dr. A. Fleckenstein 

Freiburg, West Gennany 
November 1990 
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PREFACE 

The theme of this book is the role of medical-pharmaceutical practice as an indispensable source of 
feedback to the drug discovery process. The origin of medicines lies in the interface of development in 
the laboratory and the application of therapy in daily medical practice. This will be demonstrated with 
the help of the fascinating history of the beta adrenoceptor blocking agents and the calcium an
togonists. 
The search for the essentials of the drug discovery process delves into questions concerning the 
cognitive structures and types of knowledge representations in drug research. The view is developed 
that therapeutic change can be regarded as as the movement of patterns between profiles of drugs and 
diseases. Accordingly, the concept of profile, which forms a central part of communicating knowledge 
in the pharmaceutical and biomedical sciences, involves the kernel ofthis author's analysis. 
Throughout, this analysis is interfered with the translation of the concept of profile into a set-theoreti
cal model. Readers, primarily interested in the historical developments can easily skip the formal 
sections on the logic of drug and disease profiles, i.e. sections 2.6, 2.7, 5.7, and 7.4. These sections are 
intended, on the one hand, as a legitimation of the use of cognitive (and social) maps of medical 
knowledge in subsequent chapters and the application of the model to the collected historical material; 
on the other, as a way of first-order exploring of the computational foundations of the drug discovery 
process. 
The study of these cognitive patterns not only contributes to theory development in cognitive science 
and science studies but offers also perspectives towards the modelling and improvement of the search 
processes in pharmaceutical research. This is of great importance considering the high costs and long 
development time in drug research, particulary in the context of the policy debate about the regulation 
of 'high tech' products from the research fronts in biotechnology and molecular biology. 
The book attempts to set the foundation for a deeper understanding of how 'practice' contributes to the 
shaping of new medicines, that is it seeks to integrate the relevant aspects related to the construction of 
medical knowledge; classification of drugs and diseases; cultural differences in medical practice; drug 
regulatory affairs; the organization and development of clinical research programs; post-marketing
surveillance; drug utilization studies and pharmaco-epidemiology; and the history of drug research. 
These topics will become increasingly important to the medical profession and the pharmaceutical 
industry. 

It is hoped that this book will provide the pharmaceutical industry, academia, government, clinical 
investigators, pharmacists, physicians, and research workers in the life sciences with a comprehensive 
view of drug discovery. Further, the concepts and views developed in this study might be interesting 
for scientists in the field of cognitive science and science studies, and philosophers and historians of 
science, technology and medicine. 

The book has evolved over many years, and clearly it is impossible to thank all of the many people 
who have contributed to this project. The first exception is that I wish to express my special gratitude 
to Dr. Henk Bodewitz who introduced me to the field of drug innovation and regulation and to Prof. 
Dr. D.K.F. Meijer, Prof. Dr. AJ. Dunning and Prof. Dr. T.A.F. Kuipers who were promoters of the 
project leading to my Ph.D. in late 1989. Prof. Kuipers creatively contributed to the "Logic of profiles" 
and the set-theoretical model of drug discovery. 
Secondly, I must record by gratitude to all participants in the field for being willing to invest so much 
and effort in the interviews in spite of their own busy schedules as well as for their invaluable com-

xiii 



xiv PREFACE 

ments on the draft-chapters of this book. Lack of space prevents me to thank to all of them separately
for this reason I have compiled a list of participants - but some of them I would like to name personally 
for making relevant contacts, for the thorough comments, or the provision of additional but indispen
sable information: Prof.Dr. B. Ablad, Prof.Dr. A.M. Barrett, Dr. J.D. Fitzgerald, Prof.Dr. A. Fleck
enstein, Dr. R. Howe, Prof.Dr. G. lohnsson, Dr. I. Ostholm, Dr. G. Pfennigsdorf, Prof. Dr. B.F. Robin
son, and Prof.Dr. E.M. Vaughan Williams. A very special thank you goes to Prof.Dr. E. Kutter for 
allowing me to use the reports and the other material of the beta blocker project at Boehringer. This is 
also true for Dr. H.G. Koppe who has patiently endured my curiosity and has helped me to search for 
the relevant material. 
Furthermore I am grateful to many people from whom I have received encouragement, criticism and 
support: Dr. Henk Buurma, Prof. Dr. M.N.G. Dukes, Dr. lohan Hoek, the late Prof. Dr. A.S. Hom, Dr. 
Reidar Lie, Dr. Annemarie Mol, Dr. Nico Punt, Dr. Rene Remie, Prof. Dr. W. van Rossum, Prof. Dr. 
Jochen Schaefer, Dr. Fred Steward, Dr. Dick Willems, Prof. Dr. J. Zaagsma and the colleagues of the 
Science Studies Unit, the International Institute for Theoretical Cardiology, the "Munga" group, and 
the Department of Pharmacology and Pharmacotherapeutics. 
A special acknowledgment goes to my colleagues Petra Denig, Floor Haaijer, Lolkje de long, Anke 
van Trigt and Nicolien Wieringa. I appreciate the many discussions about drug utilization, pharmaco
epidemiology and post-marketing-surveillance which I could participate in, and which, directly or 
indirectly, have influenced the ideas set forth in this thesis. 
I greatly appreciate the patience and the skills of Nynke Bakker, Greet Popken, and Koos Jansen, the 
latter also for his help with the computerized search in MEDLARS database. For preparing the 
photographical part lowe much to Jacques Duitsch, Jacob Pleiter and Siep Noorman. 
What are ideas without being able to communicate? This is particularly so because my lack of under
standing of the English language diluted the impact of the story that I wished to convey clearly. If the 
story about the beta blockers and the calcium antagonists, and the philosophical view unfolding in this 
study, has been made transparent in its bare bones, then this is a tribute to the skills and understanding 
of Mrs. Biddy Schilizzi. Similarly, I would like to thank Dr. Fulco Teunissen for his excellent transla
tion of the German quotations. 

Rein Vos 
Groningen, November 1990. 
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Introduction 

Aim of the study 

In the past it may have been possible for one person to genera te most of the knowledge needed 
for innovating medical therapy. Comroe has pointed out that when Withering discovered and 
used digitalis in 1785, he "needed little help from those in other branches of science because he himself 
was a botanist, clinician, mineralogist, and chemist. The inteifaces in his discovery were between his 
own brain cells that stored information in botany, chemistry, and medicine, and these neural 
connections quickly enabled him to identify the foxglove as the only ingredient of a Shropsire potpourri 
that was likely to have potent biological activity". 1 Since Withering, the foxglove (digitalis) has 
become a successful therapy for heart disease for more than a hundred years. 
Nowadays scientists have to search through a vast space of theories , facts, numerous drugs and 
techniques, for novel phenomena in order to create new drugs. The search for new drugs takes 
place in large industrial laboratories and the development of one drug frequently takes more 
than ten years and can cost over $ 100,- million dollars. 

This process of drug discovery is the subject of this study the aim of which is threefold. The 
first aim is a plea to re-value the role of medical practice for its contribution to the discovery 
process. With the move of drug research to the laboratory in this century, views on drug 
discovery are increasingly neglecting medical practice as a source for new drugs. However, 
through the use of medicines in different conditions, novel aspects of therapy and disease are 
continuously discovered which form targets for new developments in the pharmaceutical and 
biological sciences. The thesis to be elaborated here is that the origin of new medicines lies 
in the interface of development in the laboratory and the application of therapy in daily 
medical practice. This implies that no particular area in medicine is an exclusive source for 
drug discovery but that the exchange of information is the crucial factor. This emphasis on 
communication is embodied by pharmacological therapy. Probably more than any other 
product of technology, drugs form highly sensitive tools at the frontiers of modern bio
molecular research, yet simultaneously they pervade the daily life of people. This is 
commonly neglected, partly because of the apparent simplicity of drugs themselves: they are 
in a little bottle, they are touchable, green, red or blue, and every human being can swallow 
them. 
The second aim of this study is to develop a theory in order to describe the drug discovery 
process. The assumption is that improvement of pharmacological therapy consists of a bi
directional process of innovating knowledge about drugs or about diseases. Either new 
medicines evolve when new principles of drug action are revealed or when new knowledge 
about the nature of the disease process emerges. In this sense, drugs and diseases are natural 
partners engaged in an intimate dance. One partner makes the first move and the other 
follows, sometimes one of the partners makes a side-step and the other unfortunately is too 
late to react adequately. In taking this dance-metaphor a step further, drugs are too often 
considered the leading party, while diseases have a passive role. Presumably diseases are just 
as frequently important in the innovation of therapies, just as drugs can be invented which 
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reveal new aspects of a disease. Indeed, a dance encompasses two partners and the pattern of 
movements makes up the dance. Needless to say how complex this becomes when the ball
room appears to be filled with many dancing couples and also an exchange of partners is 
allowed. 
If the metaphor stands, drug discovery consists of patterns of movement during which drugs 
and diseases meet and separate. In fact, the description of the partners involved is not entirely 
adequate since not the "drugs" and "diseases" themselves are the partners but rather the 
knowledge concerning the two aspects involved. Therefore knowledge patterns, i.e. 
profiles of drugs and diseases are the starting point of the model. The drug discovery process 
will therefore be conceived as a process of rapprochement between profiles of drugs on the 
one hand and profiles of diseases on the other. 
The third aim of this study is the historical description of the development of the beta 
blockers and the calcium antagonists, two classes of cardiovascular drugs that were developed 
in the 1960s and 1970s respectively and which have improved cardiovascular therapy 
significantly. Moreover both types of drugs exemplify what has been said: while used and 
being used by millions of patients in variable conditions these medicines continue to help 
scientists at the frontiers of medicine in the clarification of bio-molecular processes. 

Nature and scope of the study 

The essence of this study lies in the combination of philosophy and history. From the 
viewpoint of both disciplines, therapeutics is a rather uncommon subject of analysis. 
"Historians", as Rosenberg wrote a decade ago, "have alwaysfound therapeutics an awkward piece 
of business. On the whole, they have responded by ignoring it". 2 The same applies to philosophers. 
Philosophy only seems to be relevant in discussing long-term consequences of therapeutic 
innovation, i.e. its impact on human life, norms and values, health care, in addition to basic 
issues concerning human and animal experimentation. To attribute philosophy a central 
place in the therapeutic enterprise will tend to evoke bland smiles and compassionate looks. 
One reason for this is that traditional philosophy of science is usually abstract and remote 
from scientific reality. Through the upsurge of interest in social studies of science, focussing 
on actual developments in scientific and technological practices, a discipline of cognitive 
studies of science is developing. This forms an area of interest at the Science Studies Unit in 
Groningen and has been called by Kuipers an "empirical meta-science", that is, a descriptive 
science of science.] In the philosophy of medicine this has been termed "empirical"4 or 
"experimental"5 philosophy.6 The chosen method leaves room for normative problems and 
goals and is aiming at the extrapolation of patterns of successful or unsuccessful cases to 
problematic cases in science and technology. 
From this follows an important approach, that is, not to start from general philosophical 
problems but from medical reality aiming at the conceptual clarification of cognitive 
processes. This will also yield new philosophical questions. Therefore attention is given to 
the language of biological scientists and physicians through which they attempt to grasp the 
essentials of knowledge development. In part, sets of terms are used which stem from the 
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positivist philosophy of science such as theory, law, hypothesis and observation but which are 
insufficient in fully describing therapeutic developments. The development of drugs 
embodies numerous strands of knowledge. Since theories and laws are powerful but 
specialized devices for using knowledge, other means of defining regular structures and 
storing knowledge have to be used in drug research. This is reflected in sets of terms which 
are outside the realm of philosophers but which reveal an epistemological structure. 
In this study the concept of profiles is the subject of analysis. This concept forms a central 
part of daily communication both in the pharmaceutical sciences and in medicine. A profile 
is a pattern and enables one to recognize the specific features of an object and to set it apart 
from other items. The epistemology underlying this concept is taxonomy which is considered 
by many philosophers as a primitive mechanism of gathering and storing information. 
However, taxonomy as this study claims is a powerful device for representing and using 
knowledge gathered from different sources. The model of drug discovery which is developed 
in this study, will be largely based on the concept of profile. Next to an epistemological 
analysis the idea will be proposed that the concept of profile can be translated into the 
language of set theory. 

The scope of this study is therefore threefold: 
a) A model will be developed as a contribution to structuring the history of drugs. In particular 
the purpose is to clarifY the intricate relationships between knowledge about drugs and 
diseases. On the one hand this model generates problems for historical research, on the other, 
the historical material collected challenges the model. 
b) The model proposed is an instrument to investigate cognitive structures underlying the 
drug discovery process. It is not a normative theory of discovery but rather the description 
of the process is the target. 
c) By paying attention to the concept of profiles, cognitive structures in experimental sciences 
and medicine are clarified. The exploration of these issues will hopefully contribute to the 
philosophy of science, the philosophy of medicine and cognitive science. 

Methodological issues 

Combining philosophy with history is a delicate affair. Either history serves to illustrate the 
philosopher's view and the full richness of the historical developments is undermined; or the 
richness of history is kept but no room is left for philosophy. From both disciplinary 
viewpoints some methodological issues have to be discussed. 
The historical section describes the development of the beta blockers and calcium 
antagonists. This description focusses on developments in the field of angina pectoris and 
covers the period 1950 - 1975. Because of the importance of both classes of drugs in medicine, 
the long period of use of these medicines as well as their impact on the recent progress in basic 
science, the history of these drugs will reveal essential features of the drug discovery process. 
All the ingredients are available: basic science (receptor theory, biochemistry and physiology 
of the circulatory system), chemical synthesis, clinical experience and accidental 
observations, etc. This is not to claim that the patterns of development shown in these cases 
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can be simply extrapolated to other areas in the pharmaceutical sciences. However, the 
components of the developmental processes described can be used to model various routes 
of drug discovery. 
Various industrial research projects are examined against the background of developing views 
on angina pectoris, heart failure and other cardiovascular disorders. The basic approach 
consists of a comparative analysis of developments in the Anglo-American and German 
speaking medical world. It seems somewhat awkward in treating British and American 
medicine as a single unit. However, the similarities are greater than the contrasts when 
compared with the developments in German medicine. National differences, however, 
between the United States and the United Kingdom should not be forgotten nor the regional 
differences in both countries. No doubt the same applies to German medicine. The 
differences described in this respect were very helpful in the unravelling of the processes 
relevant to therapeutic progress. 
The methods used in this thesis are interviews with participants, literature-analysis and 
scientometric methods. Scientometric methods encompass citation analysis techniques 
based on bibliometric studies including (computerized) search of the Science Citation Index 
(SCI). These are used in particular, to illustrate developments revealed by the other methods. 
The specific methods are explained in notes to match and the appendices II and III. 
The major medical journals in both medical settings as well as cardiovascular journals have 
been screened systematically. The respective names of the disorders involved, such as "angina 
pectoris", "heart failure", "(ischemic/coronary) heart disease", in addition to the categories 
of drugs and their individual components, were used as the key-words. 
The interviews were open and unstructured but a check-list was used and for each interview 
separately prepared; this list grew with time. The interviews lasted from about an hour to 
more commonly about three hours. In some cases a round-table conversation with 
participants took place; in other cases interviews were repeated to yield additional 
information. All participants were given the opportunity to read the text with the relevant 
passages in which the material taken from the recorder was used; in various cases additional 
information was provided by the participants. With respect to representing developments in 
various disciplines and social settings, a variety of participants were asked to co-operate. In 
addition interviews were held with scientists and clinicians in the Netherlands to represent 
"outsider" views. 

Taking the hypothesis that medical-pharmaceutical practice is an important source of 
feedback to the drug discovery process as the starting point, the term practice has to be 
defined. Current views distinguish between clinical medicine and general practice. The 
former represents the scientific side of medicine and is often characterized by the use of 
sophisticated techniques. Medical practice in contrast takes care of individual patients and is 
responsible for the careful and rational application of knowledge and techniques. Thus 
clinical medicine is considered as the forward-line of basic sciences. Alternatively clinical 
medicine is distinguished from the pre-clinical sciences and is in line with general practice. 
Both ways oflooking at clinical medicine declare themselves in the debated "double-position" 
of the clinician: being a scientist as well as a practitioner. Moreover the intricate relationship 
between biomedical science and clinical medicine is the subject of a long-lasting discussion. 
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This shows that the term practice requires clarification. Various definitions are proposed. 
Thus, the institutional setting in which physicians perform their tasks can be taken as starting 
point, e.g. the distinction between single- and group practice versus the complex 
organizational structure of hospitals. In addition, the nature of medical work, e.g. research 
versus patient care, or the disciplinary origin of medical professionals can be used to define 
practice. In medical sociology the term practice denotes the centre of defining the labels 
"health", "disease", "deviance" or "handicap" which mediate societal processes. In the 
philosophy of medicine attempts are made to define prac f' in terms of therapeutic action, 
the intrinsic relationship of diagnosis and treatment with societal values, and the physician
patient interaction. However, no consensus exists on this issue which is considered an 
important mission in the philosophy of medicine. Heterogeneous terminology is the result, 
e.g. "science of actions" , "practical science", "science of individuals" , "science of practice" and 
"praxiology" .7 

In this study the term practice is used as in the main stream philosophy of medicine, i.e. that 
therapeutic intervention is essential to medicine. In this respect, emphasis lies on a particular 
source of medical knowledge: casual experience (or casuistry or knowledge of particulars). 
The various methods of gathering knowledge about pharmacotherapy will be revealed ::1 this 
study. As far as clinical medicine uses casual experience it may be considered as practice. 

Outline of the argumentation in this thesis 

Present views of drug discovery seem to be based too much on the simple model of the 
application of knowledge. Medical science develops theories, and as a result techniques used 
by physicians to establish the diagnosis, to estimate the prognosis and to prescribe therapy. 
This model is inadequate to grasp the multi-faceted aspects of therapeutic development. 
In this thesis the model of the body of knowledge is used to shed light on the role of medical 
practice in the drug discovery process. This body of knowledge is as complex as the human 
body. It is composed of mechanisms for information storage, retrieval and usage in order to 
maintain its homeostasis and to perform its functions. Various sources are continuously 
shaping and reshaping the body of medical knowledge. Therefore the juxtaposition of 
different methods of obtaining medical knowledge will form a continuous thread through this 
thesis. 
In chapter 1 this issue is taken up by discussing the conflict between the controlled clinical 
trial and casual experience. The clinical trial is generally considered as the crucial step in 
transferring knowledge from laboratory to practice. Viewed in the light of the generation of 
knowledge instead of the valida tion of knowledge, the clinical trial must be regarded as a poor 
instrument. Other sources of obtaining medical knowledge, amongst which casual 
experience, are more powerful devices in generating new knowledge. It will be shown how 
various ways of gathering knowledge interact, thus addressing a wide range of medical topics 
and continuously reshaping the body of knowledge. 
This issue is pursued in chapter 2 in which the basic features of the drug discovery process 
are discussed. The analysis of two sets of philosophical terms in the pharmaceutical sector, 
i.e. basic-applied and rational-empirical (including art-serendipity), reveals that scientists 
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recognize the various sources of knowledge which range from theory through experimental 
skills and craftsmanship to sharp-sighted observation. Nevertheless, through these sets of 
terms they are selectively focussing on specific features of the discovery process. The term 
selectively focussing is particularly apt because scientific development is viewed from the 
formation of scientific theories, thus excluding other aspects of the creative process. 
For this reason, attention is paid to the renewed interest of philosophers in the role of the 
experiment in science. Philosophers like Hacking who shape this "new philosophy of the 
experiment" criticize present positivist philosophy for splitting up scientific activity into 
theory and observation, experiments merely serving the purpose of providing the evidence 
for the theories to be developed. Instead it is argued that theory and experiment both have 
variable shapes and a lrfe of their own. Hence, several types of relationships between theory, 
experiment, invention and techniques have to be discerned. 
Thus, starting from the conflict between the controlled clinical trials as the prototype of 
general scientific knowledge and casual experience as the prototype of particular knowledge 
gathered in medical practice, a landscape of the various sources of invention is drawn. This 
sketch substantiates the point of departure of this thesis, i.e. that no area in medicine is an 
exclusive source for drug discovery but that the coordination of the different kinds of activities 
in medicine is decisive. Hence, the choice of the case studies can be justified in the sense that 
they reveal the components of the discovery process which can be used to model the various 
pathways of drug development. 
At this point the tension between the differen t ways of gaining knowledge will not be pursued 
but will reappear in the last two chapters. 
From this point, the body of knowledge becomes the subject of the analysis. This analysis 
starts with a short overview of the state of affairs in cognitive science, in particular as seen 
through the eyes of Langley, Simon and colleagues. This overview generates the useful 
distinctions between descriptive and normative theory of discovery, theory and data driven 
discovery, and the representation and usage of knowledge. It also provides the author with 
the important concept of viewing the scientific process as the transition of one state into 
another. Searching through the vast space of scientific knowledge, scientists proceed from the 
initial state to a goal-state, hereby continuously evaluating the success of intermediate states. 
In this way the model of the body of knowledge is transformed into the image of a universe 
of goal-states and realized states which scientists attempt to match. 
This image of goal-states and realized states is developed further by analyzing the concept of 
profile which is used in the pharmaceutical sector and in medicine to represent the state of 
knowledge about drugs and diseases. This concept of profile is chosen as the instrument for 
characterizing the states in the aforementioned universe of knowledge. The epistemological 
analysis is followed by the development ofa set-theoretical model of the concept of profile. 
Subsequently, the drug discovery process seen as a process of rapprochement of drugs and 
diseases is described as the interaction between profiles within and between separate 
domains of knowledge about drugs and diseases. 
Apart from providing a historical picture of the development of the beta blockers and the 
calcium antagonists, chapters 3 to 7 attempt to substantiate the thesis that the developed 
model is useful in structuring therapeutic developments. But simultaneously, the question 
about the role of medical practice in therapeutic development is intertwined with the 
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historical analysis in four ways. 
Firstly, attention is paid permanently to show how emanating profiles in clinical medicine and 
general practice yield therapeutic objectives. These objectives are the targets of industrial 
researchers for profiling the desired drugs by means of experiments. This is shown in the 
descriptions of the industrial projects ofICI and AB Hassle (chapter 4), and the project of 
Boehringer (chapter 7). 
Secondly, the contribution of clinical issues in the development of scientific concepts is 
analyzed. This applies to Ahlquist's theory (chapter 3), Land's theory and the concept of 
intrinsic activity (chapter 4), and biochemical and physiological concepts of the 
cardiovascular system (chapters 4,5 and 7). In particular, this is the case when describing the 
concept of calcium antagonism developed by Fleckenstein (chapter 5). But in this part the 
importance of creatively filling drug profiles with its spin off both to the basic sciences and 
medical therapy receives considerable attention. 
Thirdly, the description of the changing views of diseases and therapeutic interventions 
(chapter 6 and 7) also reveals the important role of clinical medicine and general practice in 
therapeutic developments. Fourthly and finally, the cultural differences between Anglo
Saxon and German medicine revealed by the comparative method in the historical analysis 
(chapter 6 and 7) makes the role of medical practice much clearer. 

In chapter 8 the philosophical analysis is taken up again. The critical limits of the developed 
model will be discussed by analyzing the search process in drug research, the epistemological 
status of the concept of profile, and the question raised by Collins about the possibility of 
explicating knowledge as presupposed in artificial intelligence research. 
Mter this critical outline of the model, the issue of different ways of gaining medical 
knowledge receives renewed attention. Firstly, by introducing the epistemological map as 
developed by Toulmin, the concepts such as general, particular, theoretical and practical 
knowledge are clarified further. Moreover, the conflict between the controlled clinical trial 
and casual experience is analyzed anew. This analysis culminates into the unraveling of the 
mechanisms through which medical practice contributes to the scope of medical knowledge 
about drugs. 
In the final chapter 9, the role of medical practice is discussed by starting from the evolving 
trend in the pharmaceutical sector, i.e. the view that the understanding of the biological 
processes at the bio-molecular level allows the drug designer and the biologist to develop 
powerful and selectively acting drugs. This view is gaining increasing popularity and does not 
seem to leave much room for medical practice. 
This view will be criticized because it endangers the creation of new therapies. Consequently, 
the concept of communication in medicine will be elaborated by showing that whatever 
extremes are chosen, e.g. theoretical and applied knowledge, general and particular 
knowledge, or reductionist and holistic knowledge, there is a step-wise system of knowledge 
formation which is spread out between these extremes. In this step-wise system, scientists are 
involved in an iterate process in which information collected at one step is sent through to the 
generation of knowledge at another step, and back again. In this to and fro process of 
gathering knowledge, the medical practice is indispensable, and the mechanisms are clarified 
through which it contributes to the drug discovery processes. 



It is much easier to write 
upon a disease 
than upon a remedy. 

The former is in the hands of Nature 
and a faithful observer with 
an eye of tolerable judgment 
cannot fail to delineate a likeness. 

The latter will ever be subject 
to the whim, 
the inaccuracies and 
the blunder 
of mankind. 

William Withering, 1741-17991 

Chapter 1. The controlled clinical trial- A model for the intricate relation
ships between clinical medicine and drug research 

1.1. Introduction 

Over the past 30 years the controlled clinical trial has become the norm in clinical medicine 
and the pharmaceutical sector. Through a comparative analysis of treatment effects in two 
groups of patients - one group receiving the new remedy, the other group standard therapy 
or placebo - the effectiveness of the new therapy can be assessed.2 A great deal of the 
fascination clinicians have in the performance of the controlled clinical trial derives from its 
rational nature and clearly defined outcome. Moreover, the controlled clinical trial is 
demanded today by authorities and policy makers in the health field. The regulatory systems 
that rapidly developed after the thalidomide disaster around 1960, took the controlled clinical 
trial as the basis for licensing new drugs. It was to form a barrier for the stream of chemical 
compounds coming out of industrial laboratories, and sift the good from the bad. The 
controlled trial has structured the way clinical medicine, both in theory and practice, became 
involved in the drug discovery process. 
In this chapter the controlled clinical trial is discussed as the model for the intricate rela
tionships between clinical medicine and drug research. The aim is twofold. On the one hand 
a linear view on the role of clinical medicine in the drug discovery process will be revealed. 
On the other some epistemological issues are elucidated which form the subject of subsequent 
chapters. The evolution of the controlled clinical trial will be briefly reviewed (1.2.) and the 
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way the controlled clinical trial has been implemented in drug research will be discussed 
(1.3 .). Finally, both historical sections culminate in a critique of the classic view of clinical 
medicine in drug discovery (1.4.). 

1.2. The evolution of the controlled clinical trial (CCT) 

Proponents have emphasized the value of the CCT in forceful language on two fronts. 
The first was formed by the campaign against empiricism and casual experience in medical 
practice which were considered as sources of self-validating pronouncements in thera
peutics. Lasagna, an influential proponent of the controlled clinical trial, pointed out "that in 
the day-to-day clinical evaluation of possible new drugs we can do better than merely capitalize on 
unplanned accidents or to observe more or less naturally occurring phenomena". 3 Antagonists of the 
clinical trial are criticized by Lasagna for taking "refuge in the sanctity of'clinical experience', boti! 
their own and that of other physicians". 4 The inadequacy of casual experience concerned the 
"post hoc propter hoc" dilemma: when patients, or atleastsome of them, recover, is the result 
due to the remedy or to the healing power of Nature - "vis medicatrix naturae"? In addition, 
the beneficial effects of medical therapy might be due to a placebo effect, not to its claimed 
therapeutic activity. When prescribing a new remedy to patients, physicians, consciously or 
unconsciously, display enthusiasm or scepticism. Thus, the physician's (and patient's) bias 
disturbs the proper evaluation of medical therapy. Casual experience in medical practice is 
unable to separate the three sources of recovery, e.g. placebo-effect, spontaneous recovery 
and treatment effect; nor can it avoid bias. 
The second front consisted of the desire to keep clinical medicine in pace with the rapidly 
developing laboratory sciences. The intellectual procedures of valid evidence, logical analysis 
and demonstrable proofs of these sciences are in painful contrast with the hazy bedside 
procedures of the clinician . .5 

Both fronts amalgamated into the controlled clinical trial. During the 1920s and 1930s the 
Medical Research Council (MRC) in Britain institutionalized the testing of the efficacy of 
new drugs under "controlled conditions". In 1931, for example, the Council created the 
Therapeutics Trial Committee. During the 1930s various controlled clinical trials were set 
up to test therapies, mainly in the field of infectious and nutritional diseases. These activities 
merged into the famous Streptomycin Trial, initiated in 1946 under the auspices oftheMRC 
to test streptomycin - developed in 1944 - in the treatment of pulmonary tuberculosis. 
Awareness had grown about the inadequacies of casual clinical experience and as remarked 
by the Medical Research Council: "The natural course of pulmonary tuberculosis is in fact so 
variable and unpredictable that evidence of improvement or cure following the use of a new drug in 
a few cases cannot be accepted as proof of the effect of that drug. The history of chemotherapeutic trials 
in tuberculosis is filled with errors due to empirical evaluation of drugs; the exaggerated claims made 
for gold treatment, persisting over 15 years, provide a spectacular example". 6 The streptomycin trial 
set the standards for future clinical trials.7 Soon thereafter, the MRC conducted new 
controlled clinical trials on anti-tuberculosis chemotherapy.8 
The controlled clinical trial concept started to make inroads into clinical medicine. More-



THE CONTROLLED CLINICAL TRIAL 3 

over, it expressed how clinical medicine could contribute to pharmaceutical development in 
this "Golden Age of Drug Discovery" of the 1940s and 1950s. 

Growth and impact of the controlled clinical trial 

Most authors describe the development of the controlled clinical trial (CCT) - also often 
called the randomized clinical trial (ReT) - as the emergence of a scientific paradigm. The 
full model took a long time to develop, but reached its zenith during the 1960s and 1970s.9 

Most studies, which in fact assess impact as well as quality, use numbers of articles as indicators 
of the frequency with which trials were performed.1o 

In a well-known study, conducted by Fletcher et al., a random sample was examined of 612 
original articles published in 1946, 1956, 1966 and 1976 in three prestigious general medical 
journals: the Journal of the American Medical Association, the Lancet and the New England 
Journal of Medicine. The category of all clinical trials as defined by Fletcher et al. includes 
randomized controlled trials; non-random controlled trials, in which patients are allocated 
to experimental and control groups by means of some non-random process (e.g., convenience 
or clinical judgment); and uncontrolled trials, in which there is no control group. 
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Figure 1.1 
Research designs for 612 articles from 1946 to 1976. 
Reproduced with permission from Fletcher et al. (1980). 

The number of clinical trials increased from 13% to 21 %, while the amount of randomized 
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controlled trials rose from 0% to 5% of all investigated articles during this period. Studies by 
Juhl et al. for the field of gastroenterology and by Mulrow et al. for the field of digitalis 
treatment show the same pattern. 11 

Though the randomized controlled clinical trial is mainly a post Second World War acqui
sition, its influence seems to be marginal. Fletcher et al. conclude to their own surprise, "that 
with the exception of the small growth in the number of randomized controlled trials, there was no 
evidence that the predominant research designs used in 1976 were more accurate ways of conducting 
clinical research than had been used in earlier years". 12 

Their conclusion reflects a general disappointment in the medical community. Despite many 
attempts to improve the assessment of therapeutics the gap between theory and practice 
seems to be as wide as it used to be. However, the gap may be less than suggested. 
1. The demarcation between controlled clinical trial and other clinical studies depends on the 
criteria used; or the type of empirical material collected. Lionel and Herxheimer, for example, 
studied 141 therapeutic reports, published during 1966-1969 in four British journals. They 
evaluated these reports by using a comprehensive set of strict criteria such as the use of 
appropriate controls, random allocation, objective measures (double-blind) and the statistical 
analysis used. In this way they concluded that 51 % of all reports were "acceptable", 33 % 
"unacceptable" and 16% "probably acceptable" (apparently satisfactory but lacking descrip
tive information to assess their definite validity). These findings differ from those presented 
above. 

2. The impact of the clinical trial differs in distinct medical areas.Il 

Many authors have pointed out that specific areas were very prominent in the application of 
controlled clinical trials, e.g the fields of bacteriology (antibiotics) and immunology (vac
cines), cardiology and oncology. 14 Furthermore, the evolution ofthe controlled clinical trial 
interfered with the expansion of pharmaceutical development and drug regulation. In this 
area many clinical trials are not published. In Finland, for example, the proportion of 
controlled clinical trials about psychotropic drugs that were not published, increased from 
15% in 1965, via 17% in 1970 to 41 % in 1974 and 1975. The quality of these unpublished 
trials seems to be as good, or as bad if preferred, as that of the published ones. IS 

3. Contextual differences are pertinent to the development of the CCT. Cochrane, a strong 
advocate of the controlled clinical trial, wrote: "If some such index as the number of ReT's per 
1. 000 doctors per year for all countries were worked out and a map of the world shaded according to 
the level of the index (black being the highest), one would see the UK in black, and scattered black patches 
in Scandinavia, the USA and a few other countries: The rest would be nearly white". 16Though this 
map represents differences in actual research power and other factors, the geographic 
distribution of CCTs probably reflects differences in the standard of clinical science. A 
further indication is the finding of Juhl et al. that 40% of the CCTs were published in 10 
medical journals, six of which were British. British editorial boards pay substantial attention 
to this type of clinical researchY 
4. The studies discussed use frames of reference in a retrospective way. Though these frames 
conform reasonably well to the accepted definitions of clinical research designs, they 
originate from prevailing views at a certain time; subsequently they are used to study clinical 
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research in the foregoing period. Major problems with this approach will rise if shifts in 
emphasis on criteria took place. 
Ross, for example, concluded in 1951 on the basis of his analysis of 100 articles in 5 major 
American medical journals that 75% assessed treatment incorrectly due to the absence of 
adequate controls. 18 According to Ross 25% of the reports fulfilled the scientific criteria, a 
higher amount than the 13 % (in 1946) as suggested by Fletcher et al. The crucial point, 
however, is that Ross emphasized the use of control groups more than randomization. 
During the 1940s and 1950s placebo and double-blind controlled trials received most atten
tion in the medical world. In contrast, randomization as a strict criterium was restricted to the 
specialised circles ofbiostatisticians and clinical epidemiologists. During the 1940s and 1950s 
a flood of studies appeared about the placebo-effect.19 These studies covered a wide range of 
topics: characteristics of the "placebo reactor", the degree of efficacy of placebo in different 
therapeutic areas, mechanism of action and toxicological profile of placebo etc. 
In the field of anti-anginal treatment, Greiner etal. (1950) and Beecher (1955) estimated that 
in 35% - 38% of cases in a series of pa tients - exceeding a thousand - beneficial effects were 
achieved with placebo therapy. Subsequently, this estimation was taken as a sort of baseline 
in anti-anginal treatment. 
The following quotation is illustrative: " ... if the effectiveness of a substance exceeds 40%, this fact 
becomes highly significant because it is impossible to exceed this figure with a placebo. In effect, the total 
subjective effectiveness of a drug is equal to its true effectiveness augmented by that of its placebo which, 
it is reasoned, represents the beneficial effect which the a priori favorable anticipation associated with 
the trial of a new treatment can have and actually does have". 20 This practice was eliminated when 
control groups were accepted as the norm for therapeutic assessment. This standard implied 
that in each test separately the effects of the new drug had to be checked with reference to a 
placebo (or another medication). 

How should we evaluate these four critical points? The emphasis of these studies lies in the 
evaluation of the merits of the clinical trial, not in its historical development. We are far from 
a clear picture of the historical development of the clinical trial. However, three aspects have 
to be stressed. Firstly, the clinical trial did not develop uniformly in distinct medical areas and 
settings. Secondly, the relationship between theory and practice of the clinical trial is much 
more complex but also closer than generally suggested. Thirdly, shifts in definitions did take 
place over time. 
All three aspects point in the same direction. The advent of the controlled clinical trial was 
meant to reform medical practice. To understand its impact on medicine a monolithic 
conception of medical practice is insufficient. Different medical practices reveal a variety of 
relationships between different methods of gathering and testing medical knowledge. 

Science or art? 

The introduction of the controlled clinical trial has been perceived to upset the balance 
between clinical science and clinical experience. On the one hand it was strived for to develop 
a science of experimental medicine with the patient as its subjectY On the other it was claimed 
that the clinician was "the field naturalist who cannot treat problems in a ward as the physiologist 
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does rabbits in the laboratory". 22 Medicine was beyond science, being more like an art. This 
professional concern originated from a conflict about what counts as the proper subject and 
method of medical knowledgeY A majority view is that the epistemological basis of clinical 
medicine lies within the limits of the clinical encounter between doctor and patient. Clinical 
medicine equals knowledge of (individual) patients; its basis is clinical experience that is 
acquired, taughtand applied at the bedside. The controlled clinical trial directly conflicts with 
this medical self-image.24 As Ambrose declared in 1950: "Clinical impression against cold 
science". 25 

However, self-images involve more than just medical practice. These images were reactions 
to the profound changes that took place in medicine after the Second World War. One such 
profound change was the move from the patient to the laboratory. 
Feinstein and his colleagues found that there was a decline in the proportion of "clinical" 
research projects - that is, those that contain human material, are disease oriented, or are 
"people centered" - whereas there was an increase in the proportion of research containing 
non-human material or measuring laboratory values.26 Furthermore, while the authors 
concluded that the proportion of therapeutic projects devoted specifically to therapy 
dropped from 8% to 2 %, they simultaneously pointed ou t that "many pharmacologic studies of 
new drugs and of other therapeutics were not classified as therapeutic because the only variablesreported 
and correlated in the response to therapy were such laboratory measurements as blood counts, urinalysis, 
chemical tests, and X-ray changes". 27 

Thus, in contrast to what Feinstein and co-workers described, the number of "therapeutic" 
projects actually rose though this was not overtly apparent. Indeed, the controlled clinical 
trial moved therapeutic assessment from the bedside to the laboratory. This move from the 
patient to the laboratory was a general trend in medicine. Ruesch pointed to 
"a declining clinical tradition" that disrupted clinical and medical practice.28 Pellegrino referred 
to "the identity crisis of an ideal". 29 

This professional concern should not surprise us. The controlled clinical trial was brought 
to medicine to reform medical practice and therapeutic assessment. The aim was the 
expulsion of casual experience. Many believed that through the controlled clinical trial not 
only disease but finally also therapy was in hands of Nature. "Through strict adherence to a 
methodologically rigorous research design", as Mulrow et al. declared, " 'the whim, the inaccura
cies and the blunder' can be eliminated ... ". )0 

The rapid development of the pharmaceutical industry during the "Golden Age of Drug 
Discovery" and of drug regulation shortly thereafter interacted with the salient rise of medi
cal and scientific specialization to fit clinical research to the needs of therapeutic innovation. 
This forms the subject of the next section. 

1.3 The implementation of the controlled clinical trial in drug research 

A remarkable feature in the history of drug regulation is its slow development, yet it speeded 
up in response to disasters.)] An example was the use of the "Elixir of Sulfonamide" which 
caused a major disaster in 1927 in the United States. This elixir contained, as a solvent, 
diethylene glycol, that caused death to more than one hundred people. Consequently, a new 
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law was enacted which demanded that industry demonstrate the safety of a new medicinal 
product before marketing. The basic shortcoming of this law was that it did not require the 
proof of a drug's effectiveness.32 The debate about this shortcoming continued for decades, 
until it was settled as a result of the thalidomide disaster around 1960. This new drug, used 
as a hypnotic drug in pregnant women, caused gross fetal deformities. This dramatic event 
aroused great community concern and led to the enactment of the Kefauver-Harris Amend
ments to the existing Food, Drug and Cosmetic Act in 1962. These Amendments provided 
the Food and Drug Administration substantial power to control the investigational use of 
drugs, to demand pre-marketing testing with respect to both efficacy and safety, and to 
remove unsafe, ineffective or improperly labeled drugs from the market.)) In other western 
countries the thalidomide disaster also initiated new drug legislation.14 

However, regulatory patterns differ widely because of varying regional situations. Firstly, 
these regional differences are pertinent to the scope, or what Klaes et a1. called the "inten
sity" or "density" of drug regulation.15 Potential subjects of regulation concern manufactur
ing conditions, quality control procedures, packaging and marketing issues. Other subjects 
relevant to this analysis, concern development and investigation: animal studies (scientific 
and ethical aspects); comparative safety and efficacy in man; clinical trials (protocols, licensing 
of investigators); efficacy/safety ratio; and adverse reaction monitoring.16 

In the United States of America the scope of regulation was most extensive; in West-Ger
many, on the contrary, much less. In Norway, however, legislation that stretched back as far 
as 1928, incorporated the medical need for licensing of medicines.17 In principle, this "need 
clause" formed an extension of the set of well-known criteria such as efficacy, safety and 
quality. 
Secondly, regional differences influenced the extent to which these regulatory matters have 
been implemented in practice. The role of the FDAhas often been contrasted with the British 
system of drug regulation with its voluntary basis in the 1960s. The FDA prepares and issues 
guidelines for conducting clinical studies; whereas the federal acts and regulations are 
mandatory, the guidelines are mostly voluntary, but they enter decision making through the 
repeated contacts between the FDA and industry.1B 
Thirdly, there were differences in the extent the medical profession agreed with the regula
tory process. Though the subject of professional freedom formed a source of counter
pressure, the British and American medical communities were in favour of controlled clini
cal studies to evaluate drugs. In contrast, German physicians were not eager to have this type 
of clinical research interfering with medical practice.19 

Despite these regional differences other factors brought unification to drug regulation with 
emphasis on the American situation. Firstly, the United States is the biggest market for 
pharmaceuticals and in preparing clinical studies and marketing plans most pharmaceutical 
industries primarily take the American situation into consideration. Secondly, internation
alization of medicine became prominent in the post-War period, and Anglo-American 
medicine became the centre of international medicine. Thirdly, international organizations 
such as the World Health Organization and the World Medical Association committed 
themselves directly or indirectly to the need for clinical trials.40 

Hence, through regulation, directly or indirectly, the controlled clinical trial became intri
cately connected with drug research. Since the United States is widely considered as the 
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model for the implementation of the controlled clinical trial in drug research, this will be 
discussed in more detail in the following section. 

The American way of regulating drugs 

Any new drug to be tested in man has to have approval from the Food and Drug Administra
tion. Sufficient preclinical evidence of safety and efficacy is required; extensive toxicity testing 
on potential teratogenic, mutagenic and carcinogenic hazards has to be performed. When 
permission has been given by the FDA, the drug is then called an Investigational New Drug 
(IND). If the required clinical studies are completed, and approval for licensing is applied for, 
the drug is called a New Drug Application (NDA). Once approved, the drug is coined with 
the term "NDA-approved". Through the regulations the FDA has promulgated, this phase 
of clinical testing is divided into four stages which, still following American practice, have 
become known as Phases I-IV. 

Licensing 

Pre-marketing Post-marketing 

Figure 1.2 
Stages of drug development. 

During phase I the new drug will be tested in healthy volunteers for efficacy, dose-res-ponse 
relationship, duration of action, kinetic behaviour and potential hazards. The second phase 
encompasses studies with small group of patients, selected by strict criteria. Kinetic aspects 
of the drug, such as resorption, distribution, metabolism and biological availability, are 
studied in more detail. Also the pharmaceutical aspects are examined. Indications, absolute 
and relative contra-indications, side-effects, route of administration and precautionary 
measures are determined. 
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Subsequently, during phase ill, double-blind, randomized controlled clinical studies have to 
be conducted. According to the guidelines of the FDA, the firm that conducts the IND
program, is required to study the safety and efficacy of each clinical indication in a minimum 
of two hundred subjects registered in studies supervised by at least two different clinical 
investigators. Other guidelines are to ensure that all clinical studies are reviewed and 
approved by an Institutional Review Board, to review and to evaluate all data received from 
investigators, to make progress reports regarding safety and effectiveness at least annually, 
and to report hazards immediately. Moreover, the FDA has developed requirements 
concerning informed consent documents, informed consent procedures, clinical protocols 
and expertise of clinical investigators, labeling of the IND, and many other aspects relevant 
to the IND-programY 
When sufficient data are collected to support reasonable claims of safety and effectiveness, 
and the drug is approved, phase IV, e.g. the "Post-Marketing-Surveillance" -phase, starts. In 
many countries the new drug is marketed without follow-up. Only, ifunknown and dramatic 
hazards are reported, will the drug be evaluated again. The FDA, however, has the power to 
require from firms, on approval of a new drug application, reports to the FDA quarterly for 
the first year, semiannually during the second year, and annually thereafter, for as long as the 
product is marketedY 

Two sides of the same coin 

That the Kefauver-Harris Amendments gave the FDA power to require evidence about the 
efficacy of drugs has been considered as somewhat illogical. The thalidomide disaster speeded 
up the enactment while the major problem with this drug was its toxicity, not its efficacy. Still, 
the Amendments were in accordance with prevailing views. During a four day meeting on the 
regulation of drugs in 1963 under the auspices of the Johns Hopkins University, attended by 
a select audience of pharmaceu tical, medical, academic and governmental people in exploring 
the major problems in making safe and effective drugs, the conferees "were universally 
committed to the view that the basic features of saftty and effictiveness are inseparable and constitute 
two aspects of the same fundamental properties of a drug". 43 Safety and efficacy formed two sides 
of one and the same coin. Drug manu-facturers were also committed to this view. The 
summary of the comments during this meeting stipulated "that in the course of the Senate 
hearings preceding passage of the Drug Amendments of 1962, the majority of the directors of the 
Pharmaceutical Manufacturers Association favored the inclusion of the effectiveness clause and that 
the P MA officially testified in favour of this provision". 44 

However, during the B la mik and the Kefauver commi ttee hearings pharmaceu tical manufac
turers were vigorously battling another issue closely related to it. It was proposed that if a drug 
available on the market was therapeutically adequate, then no new drugs should be certified 
for use for the same indication. Pharmaceutical manufacturers contested this proposal 
because experience in the hands of general practitioners could bring out aspects not fully 
revealed during initial clinical tests. Thus, physicians-at-large should be given the privilege 
of working with new drugs, in certain cases at least, even though officials believed that 
satisfactory drugs were available for the same condition. This view was challenged by other 
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participants who cast serious doubts on the capability of the average physician to contribute 
significantly to the generation of knowledge about the drug. Manufacturers and the medical 
profession joined in arguing that the proposal encroached on the professional freedom of the 
physician. Furthermore, ethical arguments were put forward to state that minor groups of 
patients would possibly be deprived of drugs which, though in general not more effective than 
already marketed drugs, would be beneficial for them. These arguments achieved the purpose 
of keeping the entry to the market as large as possible. Political, ideological and economic 
factors came to the forefront while the epistemological dimension, i.e. conflicting concep
tions about the role of medicine in drug innovation, shifted to the background. 
Increasingly, the debate about the factors influencing drug innovation became dominated by 
two opposing views. The first view was subscribed to by the FDA, notably by the Commis
sioners Schmidt and Kennedy, and was more or less accepted by a broader, though 
heterogeneous audience of academic, medical and regulatory people. This view stated that 
the drop in drug innovation as a worldwide phenomenon was caused by the thought "we are 
on a plateau of discovery" or "the well has run dry -wait for the millennium". 45 The following 
quotation, retrieved from an address by FDA Commissioner Schmidt in 1974 is typicalin this 
respect: "That reason begins with the fact that in many areas of biomedical knowledge, we are on a 
plateau. We have temporarily exhausted the exploitation of known concepts and tools. Truly dramatic 
new progress in medicine now awaits some basic innovation in molecular science, some breakthrough 
in our understanding of disease mechanisms, some new therapeutic concept or some new tool". 46 

This view, known as the "Knowledge gap hypothesis" or "Research depletion hypothesis", 
considers the "Golden Age of Drug Discovery" in the 1940s and 1950s to be the result of the 
dramatic and steady progress in bacteriology and chemistry in the latter part of the 19th and 
the first half of the 20th century.47 Subsequently other types of disease, e.g. chronic, 
degenerative diseases such as cardiovascular distress, cancer and rheumatic arthritis, ap
peared on the scene. Since these diseases have complex and multifactorial etiology, medical 
science had to adjust its course to find new directions. There still is a lack of fundamental 
knowledge in biochemical and physiological processes underlying these diseases. The other 
view is that drug innovation is slowing down because of regulatory activities. Time, money 
and creative energy is spent on routine pharmacological and toxicological studies to meet 
regulatory demands. Together with other governmental measures which negatively influ
enced price standard, patent protection, and restriction of physician prescription has 
diminished the return of profits. Hence, this view is called the "Declining profitability 
hypothesis". 48 

Despite the differences both views have a common concept of drug innovation. While de
fending the 'declining profitability hypothesis' Clymer described drug discovery as follows: 
"By a myriad of pre-clinical research pathways originatingyears before, often with basic fundamental 
biological findings that evolved into applied research, synthesis, and animal testing, a new chemical 
agent reaches the critical decision-making stage. This is the point at which a compound has been 
identified with a unique pharmacological spectrum, sufficiently active and non-toxic to meet the 
criteria for potential new therapy. A decision is then made to take it into clinical trial. At this point 
it becomes a specific, identifiable product candidate, and the discovery phase has been completed". 49 

This view of Clymer on drug discovery is basically the same as expressed by Schmidt. Both 
differ, however, in their explanation of the decline of drug innovation during the 1960s and 
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1970s. The former attributes this to the suffocation of the discovery process by regulation; 
the la tter to the temporary slackening of the process due to the exhaustion of basic knowledge. 
One consideration remains: the "declining profitability hypothesis" which conceives of drug 
innovation as a black box using input and output parameters to establish that the rate of drug 
innova tion has declined. This implies that this hypothesis can be juxtaposed to different views 
of the discovery process. In practice, however, the black box presupposed by the declining 
profitability hypothesis, is filled with a view about drug innovation which is essentially the 
same as that expressed by the knowledge gap hypothesis. 

Basic criticism 

The role of the FDA has been much discussed during the 1960s and 1970s. The basic criti
cism of the drug regulatory system was that it was too restrictive, that it was too bureaucratic 
and too costly, not that it was fundamentally wrong. In the course of the 1970s, however, the 
controlled clinical trial, the centre-piece of drug regulation, became the target of basic 
criticism. 

During the 1970s the occurrence of new, unexpected and severe adverse drug reactions 
(ADR's) led to widespread publicity: practolol, SMON, stilbestrol- induced vaginal cancer 
in the second generation, clozapine associated agranulocytosis and lactic acidosis caused by 
phenformin. Shortly thereafter therapeutic newcomers such as triazolam, benoxaprofen, 
zomepirac, osmosin and zimelidine "once again alanned the public, physicians, drug regulatory 
agencies and manufacturers", as Idanpaan-Heikilla, Chief Medical Officer for Drug Evaluation 
in Finland commented. He posed the obvious question: "Why do so many surprises occur in the 
post-marketing phase despite modern methods of drug development, sophisticated medicine and high 
technology? Are they avoidable?". 50 Awareness grew that controlled clinical trials could not pick 
up these side-effects in the pre-marketing phase. 
Simultaneously, another basic criticism appeared: the artificiality of the clinical trial. The 
majority of all medicines are prescribed by general practitioners in pathological conditions 
which are hardly ever seen or distinctly differ from those conditions seen in clinics. Moreover 
the population actually studied in controlled clinical trials concerns a specific and selected 
group even compared to the clinical population: highly selected patients with clear-cut 
syndromes while elderly subjects, pregnant women, severely ill patients, children, and other 
kinds of subgroups of patients are excluded from controlled clinical studies. The conditions 
under which drugs are marketed and prescribed routinely to patients differ from the clinical 
trial situation. Awareness grew that "a drug's actual perfonnance is what we care about, not what 
it ideally might do". 51 

The evaluation of a drug in the post-marketing phase was acknowledged as a neglected 
subject. This led to a renewal of interest in other methods of establishing cause-effect rela
tionships: case-control studies, retrospective analysis, and spontaneous reporting systems -
based on the method of casuistic reports. This re-appraisal of methods of gathering medical 
knowledge was stimulated by the progress in computer sciences, decision theory, clinical 
epidemiology and pharmaco-epidemiology. The major objective formed the detection of 
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adverse drug reactions. Gradually, other objectives were added: economic and social 
assessment of therapeutic outcomes, improvement of drug use, and analysis of prescribing 
patterns. Recently these post-marketing-surveillance (PMS) systems have been acknowl
edged as sources of new knowledge about therapeutics. 52 

1.4. Criticism of the classical view of the controlled clinical trial 

The horizontal dimension - a linear view on drug development 

Oates, professor of medicine and pharmacology at the School of Medicine at the Vanderbilt 
University, has provided an interesting criticism of the classic view of the controlled clinical 
trial. In a presidential address to the Association of American Physicians, he dismissed the idea 
of FDA commissioner Kennedy that the Food and Drug Administration is merely "a 
regulator of technology transfer" and that therefore attrition of therapeutic innovation 
cannot be due to the regulatory climate for clinical investigation: 
"In these statements Dr. Kennedy unveiled his perception that clinical investigation is not a contribu
tor to new knuwledge. So defined, clinical investigation can be regulated without consequence to the 
discovery process which he conceived as taking place entirely outside of the arena of the Food and Drug 
Administration's influence. In disclaiming that regulation of clinical research could influence 
innovation, he proposed that "There has been a decline in basic research", thus emphasizing the 
construction that clinical investigation is not basic research. When a distinguished biologist does not 
recognize that clinical investigation also is a discovery discipline, this perception must be rampant 
among policy makers from nonscientific backgrounds. Accordingly, I have no critique for Donald 
Kennedy but thank him for his clear articulation of a concept that has become pervasive in Washing
ton". 53 

Thus, Oates wrote cynically, "each molecule should arrive at the bedside for the first clinical inves
tigation with the package insert already written". 54 

According to Oates the source of this limited vision is the attitude, widely held in policy 
circles, that research is a one-way street in which acquisition of fundamental knowledge leads 
to testing and evaluation of tha t knowledge, and then to applica tion; basic research is followed 
by technology transfer. Oates supports his assessment by showing how this limited view 
which governed American research planning during the 1950s and 1960s influenced bi
omedical policy. In doing so he refers to his experiences as a medical expert participating in 
the research program strategy of the National Heart, Lung and Blood Institute (NHLBI) 
Planning Report of 1973 under the auspices of the National Institute of Health (NIH). The 
NIH policy was strongly influenced by the Department of Defense strategy towards research 
policy in the post-War-period. Consequently, a misinterpretation took place during the 
application into the biomedical sciences (figure 1.3). 

The misinterpretation consists of equating the acquisition of fundamental knowledge to 
research by non-clinical investigators, and of clinical investigation as the evaluation of know-
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Figure 1.3 
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Left panel, the "order sequence" describing program strategy in 1973 program planning document of the 
National Heart, Lung and Blood Institute, a sequence quite similar to that put forward previously by the 
Department of Defense (D.O.D.). Right panel, Oates' perception of how a restricted view of clinical 
investigation may have been inferred from such a limited model of program strategy. 
Reproduced with permission from Oates (1982). 

ledge generated solely from non-clinical research.55 Oates points out that this misconception 
matched the classical way antibiotic (and cancer) research proceeded (figure 1.4). 

Oates states: "In this mode of discovery, research in laboratory systems and experimental models leads 
to a disease-specific potential drug. If it is not too toxic, you then evaluate it in man and, if again it is 
notfult ofilt effects, it will become a therapeutic agent. However, I believe this model from the antibiotic 
is too broadly generalized in terms of drug discovery". 56 

DISCOVERY PATHWAY I 

I Research in laboratory systems I 
and experimental animals 

\ Ol ....... p.clflc pot.ntl.1 drug I 

~I Evaluation in man I 
~[ Therapeutic agent I 

Figure 1.4 
Pathways of drug discovery according to Oates. 

Reproduced with permission from Helms (1975). 

DISCOVERY PATHWAY II 

II Agent with biochemical or pharmacologic activity J 
8S basi, for en experimental hypothesis 

(investigational tool, "me-too" drug, 
dlsease-apecific hypothesis) 

~rrl----I-~-n-tig-.tl-o"-In-m-·"----~I 

\ r Dlocov.ry for tho fl"ttlmo In man of I I an unpredicted therapeutic action 



14 CHAPTER 1 

Consequently he stresses another route in drug discovery in which clinical investigation is a 
prime source of new drugs. This author agrees with Oates in his critique of the classic view 
and with his attempt to unravel other pathways of drug discovery. In this thesis some examples 
of these pathways will be provided, including some in detail. 
The classic view of the controlled clinical trial, i.e. a linear view on therapeutic innovation can 
now be summarized: first basic science, then applied science, clinical research and finally 
medical practice. This will be called the horizontal dimension of the classic view of the 
controlled clinical trial (figure 1.5). 

Figure 1.5 

- Basic science 
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Horizontal and vertical dimension of the classic view about the role of clinical medicine in drug discovery. 

The vertical dimension - the clinical trial as a particular type of clinical activity 

But there is a second characteristic, i.e. the vertical dimension (figure 1.5), which means that 
clinical medicine is restricted to one particular method. The fact that doctors resort to other 
sources of knowledge, e.g. observation and retrospective analysis of clinical records, is 
regarded as an undesirable, although in practice, unavoidable situation. The reason for this 
is the standard view that the CCT provides the best information for medical therapy. Thus, 
different forms of medical knowledge are ranked in order of merit or quality with respect to 
therapeutic knowledge. In practice many interpretations of this normative judgment from 
weak to strong can be defined but this will be dealt with in chapter 8. 

It is remarkable that the discussion over the value of the CCT is directed at the evaluation of 
therapy but takes place in the context of the development of therapy. In this respect the CCT 
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is a critical test for a hypothesis which is generated from other areas of medical knowledge. 
It is a means of producing reliable data - not of producing new data, in spite of the fact that 
during a clinical trial often new aspects of a drug or new areas of application may be 
discovered. These discoveries are not the result of the CCT itself but rather the unexpected 
findings during retrospective analysis of the data gathered during the trial. This implies that 
other forms of medical knowledge are more potent sources of new information than the CCT 
(figure 1.6).57 

Figure 1.6 
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Sources of generating and validating medical knowledge project along two axes, i.e. "validation of knowledge" 
along the X-axis and "generation of knowledge" along the Y-axis. 

While the CCT is a strong source for the validation of therapy it is a weak source for discov
ering new knowledge about the therapy. For unexpected or unplanned findings originating 
from casual experience the reverse is true. Of course, one could claim that casual experience 
should be placed in the lower left quarter of the diagram. However, this is incorrect because 
this source of medical knowledge cannot be interchanged with the unobservant and uncritical 
attitude which one often finds in practice. The process whereby casual experience leads to 

new therapies will be discussed in chapter 8. 

The generation and validation of therapeutic knowledge 

The preceding section shows that the standard view of the CCT is based on a sharp differ
entiation between the development and the validation of a therapy. The stronger the 
normative judgment on the controlled trial the more visible is the contrast between genera
tion and validation of knowledge. A good example of this is found in the following passage 
taken from the book Clinical Epidemiology. A Basic Science for Clinical 
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Medicine written by Sackett, Haynes and Tugwe1l58 (emphasis by the authors themselves): 

"Having decided that the patient's sickness does warrant treatment and having selected the goal of this 
treatment, you must now select the specific drug, operation, splint, exercise, or conversation that will 
best achieve this goal. How (on earth) do you decide which one to prescribe? It seems to us that there 
are three ways to pick a therapy: 
1. On the basis of retrospective analysis of your own uncontrolled clinical experience, that of others, or 
the extension of current concepts of mechanisms of disease you can logically arrive at the therapy that 
seems to work or ought to work; we shall call this the method of induction. 
2. On the basis of prospective analysis of formal randomized clinical trials designed to expose worth
less or dangerous treatments, you can select the therapies that successfully withstand formal 
attempts to demonstrate their worthlessness; we shall call this the method of deduction. 
3. On the basis of recommendations from your teachers, consultants, colleagues, advertisements, or 
pharmaceutical representativesyou can simply accept a treatment on faith; we shall call this the method 
of abdication (or, to fit the rhyme and cadence of the other two, the method of seduction). 
It will, by this point in the book, come as no surprise to learn that we prefer the deductive (or, more 
correctly, the hypothetico-deductive) method for selecting specific treatments. The best information 
on whether a given treatment does more good than harm to patients with a given disorder is the result 
of a randomized clinical trial (..)". 59 

The claims put forward by the authors are strong indeed. Do not believe your colleagues or 
others unless they back up their claims with proper evidence from randomized clinical trials; 
and do not believe retrospective material which is necessarily unreliable knowledge! The key 
to the above division lies in the strong separation between development and validation of 
therapeutic knowledge. This can be best illustrated in the distinction between induction and 
deduction. The authors say: "Why are we so hard on the method of induction? After aii, this method 
constitutes the major strategy for nominating the treatment ideas that get tested in randomized clinical 
trials, and many of these treatment ideas prove to be powerfully efficacious. The fatal flaw in the method 
of induction is that it is often incapable of exposing erroneous conclusions about efficacy, even when the 
observations on which it operates are totally accurate". 60 

At the moment when the development of therapeutic knowledge is raised, the authors call on 
the power of sources of knowledge other than the CCT. Development and validation form 
the extremes of a continuum or rather, two aspects of an iterative process in which scientists 
generate and test hypotheses until finally a critical clinical test is made possible. Phase I and 
II research, preceding this critical test in phase III should be viewed in this light. During these 
phases clinical scientists spy out the land of the new therapy. In part they rest on their own 
experience, in part they feel their way along untrodden paths creating new boundaries. 
Therefore a laborious process of determining dosage regimens, period of treatment, in- and 
exclusion of patients, and diagnostic and therapeutic parameters precedes the clinical trial. 
This occurs against the background knowledge of the therapeutic problem concerned. This 
is disguised by the rigid dichotomy in generation and validation as two separate spheres of 
activity, but which relate to the classical view of the controlled clinical trial. 
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Schaffner who has done much work to develop a logic of discovery in the biomedical sciences, 
has developed a frameworkin order to explicate the stages of both the generation and the early 
evaluation of scientific hypotheses, and not just at their justification subsequent to their 
having been fully elaborated.61 In addition he stresses that scientific inquiry always begins in 
medias res. While employing a spatial metapher Schaffner argues that surrounding the set of 
experimental results and the theory or hypothesis that ought to account for these results, 
which he calls a subdiscipline, lie "clusters of often entrenched theories which provide relevant 
background for the subdiscipline. Around the subdiscipline of antibody diversity theorizing, and 
interacting strongly with it for example, are located theories of genetics, a theory (or theories) of protein 
synthesis, and evolutionary theory, which serve both as sources of potentially fruitful ideas in the sub
discipline and as constraints: a new theory in the subdiscipline is required to be consistent with these 
background theories (or at least with the entrenched background theories)". 62 

Analogous to Schaffner's viewpoint "disease" and "therapy" being the subject of the con
trolled clinical trial, form nodal points in a maze of background knowledge. However, this 
maze entails not only theories. This is not to deny that theories about disease (mechanisms) 
as well as theories about (mechanisms of action of) therapeutics exist. However, the maze 
entails various types of experimental results not yet accounted for by theories, experiences 
with particular compounds or patient populations as well as with therapeutic outcomes in 
different situations. 

Ifwe focus on the body of knowledge pertinent to medical therapy clinical medicine addresses 
itself to a wide range of topics (table 1.1). 

Table 1.1 
Classification of clinical topics. 

Normality 

Manifestations 

Diagnosis 

Frequency 

Cause 

Prognosis 

Therapy 

Biology of nondiseased humans 

Clinical presentations of disease 

Properties of diagnostic tests 

Incidence and prevalence of 
disease frequency 

Factors increasing the risk of 
disease; pathogenesis (mechanism) 
of disease 

Natural history of disease 

Value of treatment, risks of 
treatment, mechanism of action 

Reproduced with permission from Fletcher et al. (1980). 
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Answers to these different questions may lead to new knowledge which directly or indirectly 
affects therapeutic development. More specifically this knowledge affects the decisions to be 
taken in order to achieve a critical test of the new drug. 
If we focus on the available clinical methods - various types of classifications exist - the 
controlled clinical trial is merely one method.63 These methods contribute in their respective 
ways to the knowledge of disease and treatment. This finds expression in the way the object 
of study is treated. The clinician emphasizing the study of the "natural history" of angina 
pectoris, sees patients other than encountered by the clinician evaluating anti-anginal drugs 
on the basis of the clinical trial. 
Russek and co-workers, for example, developed during the 1950s a method - combining the 
two-step-exercise-test with ECG-registration developed by Master - on the basis of a group 
of almost two hundred patients being observed for more than ten years. Fewer than forty 
papers were published in leading medical journals during the 1950s and 1960s.64 The 
experience of this group showed that merely one out of fifty patients were suited for this type 
of investigation. Thus, a specific "angina-patient" forms the subject of their research. 
Next to Russek's approach are other types of investigation: clinical lesson, casuistic report, 
open- and single-patient-studies, and the varieties of clinical-epidemiological research. Each 
type defines the angina patient differently, and collects in its own way knowledge about the 
disease.65 This knowledge is stored with the background knowledge which is not a static entity 
nor an amorphous mass of da tao It is - note the anthropomorphism - a body of knowledge with 
a specific structure but continuously re-shaped in many ways and by various sources. 

1.5. Conclusions 

The evolution of the controlled clinical trial exhibits a complex history. It is generally ap
praised as a decisive step forward on a long and laborious pathway towards a rational medi
cal therapy. The apparent clarity and ingenuity of the clinical trial, however, merely proves 
to be the tip of a complicated iceberg. On the one hand it represents a particular way of 
organizing medical knowledge and encompasses heterogeneous elements - knowledge, 
funding, logistics, ethics and social features. 66 On the other hand it reveals the intricate 
relationships between clinical medicine and drug development. From the epistemological 
point of view the classic view about the controlled clinical trial consists of five elements: 
1. the scientific reform of medical practice aimed at the expulsion of casual experience; 
2. the central role attributed to the clinical trial to sift effective from non-effective drugs; 
3. the basis of decision making in drug regulation; 
4. the strong emphasis on the pre-marketing period in drug innovation and development; 
5. the exclusive role ascribed to the clinical trial to establish a rational preference in therapy 
choice. 
During the 1950s and 1960s the classic view of the controlled clinical trial dominated clini
cal medicine and the pharmaceutical sector. Thereafter this view tends to disintegrate as a 
result of varying degrees of acceptance and criticism of each element. Emphasis is nowadays 
more on post-marketing surveillance (elements 3 and 4). Moreover, the exclusive status 
attributed to the controlled clinical trial in establishing effectiveness and rational preference 
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in therapy choice (elements 2 and 5) is balanced within the spectrum of scientific methods in 
clinical medicine and epidemiology . Yet, the balance is unstable and the impact of the classic 
view about the controlled clinical trial is still considerable. This applies in particular to the 
negative attitude towards casual experience (element 1). 
This classic view became amalgamated with a linear view about drug discovery. As a result 
conceptions of the role of clinical medicine and medical practice in drug discovery have been 
narrowed down. First, clinical medicine was assigned a specific place in the sequence of events 
leading to new drugs (horizontal dimension). Secondly, the contribution of clinical medicine 
to the growth of therapeutic knowledge was curtailed in two particular ways (vertical 
dimension): 1. the range of topics that clinical medicine addressed itself to, hereby yielding 
relevant knowledge about diseases and drugs, and thus, directly or indirectly, affecting 
therapeutic development, was restricted to therapeutic assessment in a narrow sense; 2. the 
range of clinical methods was restricted to the one that could claim to provide reliable 
knowledge about medical therapy: the controlled clinical trial. 
This by no means implies that the clinical trial cannot figure in an epistemologically adequate 
conception of the discovery process.67 

Most striking is that the merits of the clinical trial have been discussed with respect to the 
evaluation of medical therapy while the trial has also structured, both in theory and practice, 
the developmental process. Underneath lies the sharp distinction between generation and 
validation of therapeutic knowledge. This distinction disguises the fact that clinical research 
workers and physicians are involved in a lengthy and iterative process in which they go back 
and forth, add new elements to background knowledge, eliminate or transform others, and 
test certain hypotheses in the light of this background knowledge. 
Viewed in that light the apparent simplicity with which protagonists advocated the clinical 
trial, is an understatement because this simplicity conceals the complex relationship between 
medical theory and practice. Most striking therefore is that the controlled clinical trial has 
been discussed in general terms which is not surprising since it has been advocated for 
medicine as a whole. This monolithic conception of medicine immediately appears to be 
unrealistic. Not only because medicine consists of a conglomerate of medical practices, but 
also when we realize that various groups of patients are excluded from clinical trials: elderly 
people, seriously ill patients, pregnant women, and young children. In all cases the assessment 
of effectiveness and of toxic effects and the creation of the criteria for proper treatment are 
dependent upon other methods. Even when the controlled clinical trial is applied to these 
heterogeneous groups of patients in a satisfactory way, the fundamental problem remains. 
Every time a trial is set up, we know it is a selected and re-interpreted part of medical practice, 
but itis never the practice itself. The controlled clinical trial therefore is notan exclusive form 
of medical thinking and acting; it never has been and it never will be. This historical analysis 
of the evolution of the controlled clinical trial, specifically in the context of drug development, 
reveals four closely related topics that form the subject of subsequent chapters: 
a. The differential relationships between academic and industrial research, clinical medicine 
and medical practice; 
b. The different pathways of drug discovery; 
c. The role of casual experience and other sources of medical knowledge in drug discovery; 
d. The structure and change of the body of knowledge of drugs and diseases. 



Chapter 2. The architecture of drug discovery 

2.1. Introduction 

In this chapter an architectural framework of the drug discovery process is developed. 
Part 1 discusses basic features of drug discovery by analyzing two sets of philosophical terms, 
i.e. basic-applied and rational-empirical, including art and serendipity, used in the pharma
ceutical sector (2.2.), and by presenting (2.3.) the view of cognitive science on scientific 
creativity. Subsequently, some basic features of the drug discovery process will be analysed 
again (2.4). 
In part 2 the concepts of drug (2.5.2.) and disease (2.5.3.) profile will be examined. Part 3 
develops a set-theoretical definition of the concept of profile (2.6.) and a set-theoretical 
model of the drug discovery process (2.7.). 

Part 1. The discovery process 

2.2. Current views of drug discovery 

2.2.1. Basic concepts in drug discovery 

Drug discovery is commonly divided into two stages: the discovery and development phase. 
Almost synonymously the terms "lead generation phase" and "lead development phase" are 
used. Creativity guides the first phase, and once a new concept is born and a novel compound 
found, the second phase starts to bring the drug to the market. The first phase is the more 
glamorous of the two, but the second is in fact no less important. Both phases are highly 
complex processes in which thousands of different activities are put together. The term 
"development" is misleading since it is in fact research as Smith nicely puts it, "using as the 
definition of this word 'the seekingfor and interpretation of new knowledge "'. 1 Indeed, each new 
drug starts a voyage of discovery through an unmapped terrain which is shrouded in mist 
and beset by pitfalls. Moreover, these phases and their basic components, although usually 
mapped out sequentially, often occur coincidentally and have constant feedback. However, 
since many explorers are involved and many aspects of the drug have to be defined, much 
time is involved and critical to the developmental phase is the ability to coordinate 
effectively. "As opposed to drug discovery, where a certain degree and type of disorder is encouraged", 
Spilker comments, "drug development has order, organization, and discipline as goals".2 
The creative phase of drug discovery involves finding lead compounds. Every day thousands 
of chemical compounds are synthesized in industrial laboratories, but only when a com
pound with an interesting biological activity is found, is it called a lead compound (or a 
chemical lead). The term "lead" suggests on the one hand what the chemical compound 
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should be or in what direction to search for such a compound, and on the other hand about 
what the substance should do. If a concept about the biological activity is lacking, one is left 
with a chemical compound. If there is an interesting concept but no chemical compound, 
one has a lead. It is very important to any pharmaceutical industry to find such a compound 
while it can be patented and thus ensure repayment of its development costs. 
The term "lead compound" is used to designate the first interesting compound that fits the 
basic concept of the project. This compound triggers the synthesis of many new compounds 
until a substance is found which it is hoped will become a drug, e.g. a candidate compound. 
Usually this marks the end of the discovery phase.3 

The terms lead and lead compound encompass a time dimension as well. Sometimes, after 
a phase of dramatic and feverish search, one finally finds a compound with demonstrated 
biological activity. Alternatively, chemical curiosity may yield a chemical compound which 
shows interesting activity when tested, and the substance becomes a lead compound. 
Many approaches and methods have been proposed for finding leads or lead compounds.4 

In general four ways of searching new lead compounds may be distinguished: 
1. screening 
2. molecular modification 
3. rational approach 
4. serendipitous findings, chance observations 

Ad 1. Screening 

The screening approach consists of making large numbers of new chemical compounds; 
subsequently testing them in a battery of test-systems to identify their potential action and 
picking outthe candidates with possible usefulness in man. This approach has been variously 
termed "blind screening", "random screening" and "molecular roulette" and became very 
popular in pharmaceutical science after the War. Numerous compounds, sometimes 
exceeding hundreds of thousands, were synthesized and tested but many were rejected. But 
increasingly more "targeted" (non-random) screening is performed, in which case the 
frequency of successful discovery is much higher. Hahn estimated the odds in finding leads 
among synthetic compounds in the chemotherapeutic area is one in several thousand, 
varying between 1 in 3.000 and 1 in 10.000.5 

Ad 2. Molecular modification 

This approach starts from a given substance with biological activity with the aim of 
increasing or altering the spectrum of activity, reducing side effects and toxicity, prolong
ing the duration of action or improving absorption. Very often modification oflmown drugs 
is employed. Side-effects for one use of a drug may serve as a new indication for the same 
drug. More often such problems trigger chemical work to search for related compounds 
with a more potent action of the desired type. 
Many attempts have been made to put this approach on a more rational footing in 
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developing pattern analysis methods to correlate biological activity and structural or 
physico-chemical parameters more specifically. These methods are also used in the process 
of lead definition, that is, while having a lead but no compound, defining the desired 
structural properties to reduce the vast number of chemical possibilities. 
This approach has been questioned for its potential of achieving innovative drugs because 
one depans from known structures and tries to change the basic structure to improve 
specificity, potency or toxicity.6 Thus, molecular modification purportedly leads to "me
too" products, not to breakthroughs. However, this view is criticized because drug discovery 
not only encompasses revolutionary stages but also an incremental process of step-by-step
improvement. 

Ad 3. Rational approach 

This approach aims at finding a new drug as a rational, or totally planned design. It can 
sometimes be best explained by contrasting it with what it is not: it is not empirical, 
serendipitous or random. More often, it covers all the approaches based on knowledge of 
the physiology and biochemistry of the disease and the chemical nature and mode of action 
of key substances within the chain of communicative events in the body. The past decade 
has witnessed an upsurge of interest in this rational approach. The rapid developments in 
biological sciences and the expanding knowledge ofbio-active agents at the molecular level 
are increasingly perceived as the cornerstone of drug innovation? 
There are, however, various routes through which biological knowledge filters through to 
the drug discovery process. New knowledge may be used to set up new animal models of 
disease, to hypothesize biological and biochemical key reactions in a panicular disease or to 
disentangle the mechanism of action of drugs. 

Ad 4. Serendipitous findings, chance observations 

It is difficult to summarize this approach in a few words.8 Sometimes it designates what is 
called the "scientific hunch" which is even harder to define. This "flash of insight" or 
whatever term is suitable to denote this moment of "Eureka" could apply to any scientist, 
e.g. in the pharmaceutical sector, the chemist, biologist, pharmacologist, etc. 
Most often, however, serendipitous findings or chance observations refer to accidental 
discovery. Then it is the unexpected, unprecedented discovery of a novel chemical that has 
biological activity, or it is the finding of a biological activity of an unanticipated type during 
any stage of drug discovery and in any laboratory. The elucidation of a new clinical activity 
during human studies or in clinical practice belongs to this category as well. 

Difficulties in categorizing drug discovery methods 

The categories in this review of basic approaches in drug discovery, are unsatisfactory for 
various, interrelated reasons. It is unclear to what the terms apply: the process or basic 
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components of it; the results of this process or the prime mover? Furthermore, it is unclear 
at which level of the pharmaceutical sector -laboratory, company or industry - these terms 
operate while their purpose is also unspecified. Moreover, the categories are not exclusive, 
and hereby loose their significance. 
However, these categories attempt to grasp the essential features of the drug discovery 
process and underneath lies the question of what kind of knowledge is pivotal to the 
discovery process. For this reason two epistemologies in the pharmaceutical area will be 
discussed in more detail in the next section. 

2.2.2. Basic epistemologies in drug discovery 

Members of directory boards, managerial drug decision makers, directors of scientific, 
medical and sales departments address themselves at business and professional meetings to 
the basic principles of the drug discovery process. These addresses are often cast in 
philosophical terms. True, these addresses form the rhetoric of the pharmaceutical 
enterprise, but they also reflect a genuine view on the role of scientific knowledge. Two sets 
of philosophical terms are relevant to the therapeutic enterprise. The first relates to the 
distinction between 'basic' and 'applied' science; the second to the 'rational-empirical' 
distinction. 

Basic and applied research 

In its strongest sense, the term "basic" designates the type of research which is fundamen
tal or exploratory without any clearly identifiable usefulness. In contrast, applied research 
is targeted and makes use of the knowledge acquired in the basic sciences. 
These terms originated from the positivist philosophy of science which regards the 
formulation of theories the ultimate objective of science, and which takes physics as the 
classic example of real science. The general principles that comprise the body of physical 
knowledge may be "applied" to particular events in nature. From this epistemological 
tradition stems the logical sequence of hypothesizing, gathering data, testing, establishing 
universal laws and again deriving new hypotheses for gathering data and testing. 
The issue as to what extent basic or applied research contributed to drug discovery and how 
much of each type of research should be conducted within the company became a much 
debated issue during the 1950s and 1960s. Many examples were given of innovations which 
originated either from academic or industrial laboratories and either side could make a good 
case for whether it was academia or industry that could monopolize the role of true 
innovator.9 

During this period the conventional view about drug innovation emerged which Maxwell 
has aptly described as the "prime mover" model (figure 2.1). 
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Pharmacological research _ Exploitable knowledge - Screening - New drugs 
(nonindustrial, basic) (industrial. applied) 

Figure 2.1 
The "prime mover" model of drug discovery. 
Reproduced with permission from Maxwell (1984). 
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Non-industrial research yields the body of basic knowledge which will be applied to 
chemical screening and pharmacological testing systems. According to this view basic, 
academic research is the prime mover of drug discovery. This view confuses epistemology 
with sociology. The type of research (basic-applied) is conceived of as synonymous with the 
institutional setting (academic - industrial) in which it is conducted. According to Maxwell 
this prime-mover model is insufficient. It is too much based on textbook and educational 
science. To cite Maxwell: 

"These perceptions (of the prime mover, R ~ are often advertently passed on to succeeding genera
tions via the professor-student relationship. Inadvertently, they are passed on in the medical school 
or graduate student classroom by the didactic convenience of teaching a coherent, logical story. For 
example, the physiology of the sympathetic nervous system is logically taught: preganglionic neuron 
acetykholine postganglionic neuron norepinephrine effector cell; the details of the biochemistry of 
norepinephrine at nerve terminals are then presented. Once this scheme is in mind, in the same order 
we learn; preganglionic neuron inhibitors (nicotine, hexamethonium) postganglionic neuron, 
inhibitor (guanethidine) effector cel4 inhibitors (phentolamine, propranolol); the drugs that 
influence the biochemistry of norepinephrine in and at the nerve endings are then presented (cocaine, 
reserpine, desmethylimipramine, MAO inhibitors). Unfortunately, this mnemonically appealing 
picture tacitly teaches that this body of pharmacologic knowledge was developed in the same orderly 
fashion. The reality, however, is much different from the linear model". 10 

Here, Maxwell touches upon the difference between the process of discovery and the 
intellectual products ofit. The results of this discovery process will be validated and stored 
as accepted knowledge. This body of knowledge forms the background of new discoveries 
and serves the purpose of educating students and young scientists and of passing it to allied 
fields and disciplines. Hence, this knowledge has become detached from the context of 
scientific change, and it is insufficient to characterize the discovery process itself. Thus, the 
conventional view overlooks the fact that drugs are frequently developed first and thus 
precede basic knowledge being ex post facto explanations. Furthermore, it forgets that drugs 
are sensitive research tools and lead to an accumulation of biochemical and pharmacological 
knowledge. 

Therefore, Maxwell has good reason to question this view and to propose another model 
that probably comes closer to reality (figure 2.2) 



26 

Industrial research 
(basic; mission-oriented) 

Figure 2.2 

New drugs; 
new mechanisms of action 

Theories of 
mechanisms of action; 

new physiological and biochemical 
information 

The "interaction" model of drug discovery. 
Reproduced with permission from Maxwell (1984). 

CHAPlER2 

Academic research 
(pharmacology, biochemistry, 

physiology: basic) 

Figure 2.2 expresses a symbiotic relationship between industrial drug discovery and 
academic research with each segment nurturing the other to mutual benefit. In Maxwell's 
model, the confusion of the epistemological with the sociological is resolved. Further, the 
terms basic and applied are relaxed to some extent. Hence, industrial research apparently 
encompasses both types of research but this seems not to apply to academic researchY 
Moreover, the model is asymmetric in what is transferred from one context to the other. 
There is good reason to presuppose that industrial research generates theories of mecha
nisms of action, and new physiological and biochemical information as well. 
One important assumption still applies to Maxwell's model: clinical medicine and medical 
practice are excluded from the domain of discovery. In this sense Maxwell's revised model 
does not repair the damage caused by the misuse of the notions basic and applied in the 
biomedical field. 
Obviously, there is much more to say about the categories of basic and applied research than 
discussed here. 12 Nowadays, these categories are rendered obsolete, and more refined 
classifications now cover the range of research activities conducted in both contexts. ll To 
the extent that these classifications have rendered the distinction between science and 
technology itself obsolete, the distinction is dispersed into a much broader taxonomy of 
scientific and technological discovery.14 However, many classifications still relate to this 
distinction between basic and applied, and reflect the dominance of theory-oriented 
epistemology .15 
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Rational and empirical drug discovery 

The distinction "rational" versus "empirical" functions on the conceptual and methodologi
cal level. The methodological level concerns the methods for actually finding and creating 
a new lead. The preceding section described several of such methods ranging from empirical 
screening methods to rational procedures. In this respect a pragmatic attitude guides 
pharmaceutical science. All methods are used while differences in emphasis depend on 
laboratory culture, managerial style and the area of research. Whenever the methodological 
discussion permeates the debate about traditional and modern approaches in drug innova
tion we immediately reach the conceptual level which will be discussed in more detail. 
The topic rational drug design is the centre point of interest in the pharmaceutical sector. 
Rational drug design aims at correlating conformational or other basic features of molecular 
structures with changes in biological activity on a highly predictive level. The ultimate 
interest is to achieve such a degree of prediction and sophistication that rational design may 
depart from first principles. The term design brings no semantic difficulty because it 
denotes shaping of the kind of substances suggested by the rationale. For quite some time 
this view has fluctuated between hope and reality and nowadays hopes are high that rational 
design is no longer a dream. 16 Rapid developments in computer sciences, molecular biology 
and biotechnology greatly influence these high expectations. 
Rational drug design is very often juxtaposed to the rational approach in drug discovery, 
though they are not similar. The former concerns the rationale underlying the shaping of 
the desired molecules. The latter, in contrast, designates a rationale of the desired biological 
activity. The rational approach is also called the "biological" approach. Detailed knowledge 
of intracellular processes is needed to identify the key mechanisms in disease. However, 
terminology is fuzzy, and sometimes one expression overlaps another. 
Both are concealed in the idea of specificity which actually has a long tradition in medicine 
and therapeutics. 17 One approach of this concept is the attempt to localize disease, that is, 
to identify the target for therapy. The other is therapeutic specificity or in modern terms: 
selectivity. There may be many possibilities for intervention, but each intervention it is 
hoped will reach its target selectively and replace mediators, switch off transducer and 
messenger systems by disturbing the normal physiological mechanisms as little as possible. 
The old dream of the "Magic Bullet" has its modern equivalent in this idea of selectivity. 
It is the rational drug designer's task to make the bullet, i.e. to shape this selectively acting 
molecule. It is the rational biologist's task to mark the selective path the bullet should take 
to hit the mark. 

This rational way of thinking is balanced by its opposite: empiricism. To these opposite 
concepts Biel and Martin address themselves as follows: "Our young graduates (medicinal 
chemists, RV) have become increasingly reluctant toward the 'instinctive' empirical approach of 
molecular modification. They are much more inclined toward the rational, mathematical, and 
computer oriented type of research. This is fine as long as it is based on sound biochemical and phar
macological principles and is not oblivious to the fact that there still is a living organism to be treated 
that is suffICiently complex to defy mathematical typing. Over-reliance on pure rationale is as 
dangerous as blind adherence to indiscriminate and unsophisticated molecular modification. Properly 
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balanced, the two styles of research are eminently compatible ".18 

But this balance is an unstable equilibrium. It is acknowledged that the history of therapeu
tic discoveries is in large measure a tribute to empirical observations and random discovery 
but this reflects a lack of intellectual power. Drug research finds itself in a situation of 
underdevelopment. "There isno mystery aboutthis situation", as Lasagna argues, for "it is simply 
that the state of the science does not permit us the luxury of thoroughly rational drug development 
and will not for a long time to come. This is not to say that we should spurn progress achieved by any 
route, that we need to be anti-rational, or that it is wrong to be as rational as we can be ".19 Lasagna 
expresses a majority point of view in pharmaceutical industry. The empirical approach is a 
reflection of the present state of incapacity in science and medicine. The most appreciation 
empiricism seems to get is_ to make a virtue of this necessity. This implicit feeling of 
inferiority and subordination easily leads to disdain about empiricism in drug research as 
terms like "molecular roulette", "molecular manipulation", "blind screening" and "random 
or chance discovery" might suggest. 
Empiricism, however, enjoys a re-evaluation when connected with the terms "art" and 
"serendipity". Drug research resembles art because the discovery process needs the 
experience and expertise of chemists and biologists. Hence it will be governed by rules and 
preferences similar to those of an artistic vision at a given period of time, style, and 
innovative experimentation.20 Thus, the nature of the chemist's or biologist's work re
sembles the artist's or craftsman's practical grasp. This practical grasp is necessary because 
the basic difficulty in drug research is that biological systems not only interact with drug 
molecules, but also form the living context in which these interactions do take place.21 

From the chemist's perspective this difficulty implies the creation of relatively small 
molecules that must react with target molecules that are enormous and convoluted 
structures. Drug design therefore resembles shadow boxing; the target is there but can be 
barely discernedY It is largely a process of making good guesses, relying on intuition and 
exploiting one's skills to trace the mark. Just as for the artist, the essence of the chemist's job 
lies between shaping what is imaginable and imagining what is shapeable. And probably 
many in pharmaceutical science would agree that drug discovery is an art rather than a 
science.23 
The term serendipity strikes a somewhat different tone. Most often it refers to accidental 
discovery. A pure chance event attracts the attention of a scientist and points to a new 
direction in science. It is the ingenious and bold scientist who is prepared to take up the new 
possibility and carry it over the border of scepticism and unbelief. 
Thus, the terms of art and serendipity express a basic route in drug discovery because it is 
an epistemology per se. It restores the imbalance between rational and empirical. 

Evaluation of the sets of philosophical terms 

Two sets of philosophical terms have been discussed both affecting current views on the 
drug discovery process in two ways. 
Firstly, both sets act in a normative way because of ranking different types of knowledge in 
order of merit. At this point it is not argued that there are no good arguments to do so, but 
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it is merely accepted as a fact.24 The first set of terms, i.e. basic and applied, emphasizes the 
relationships between academia and pharmaceutical industry. In this respect it excludes 
clinical medicine and medical practice from the centre of scientific progress and drug 
discovery. Evidently, this exclusion is incomplete because it does not apply to those areas 
of medicine which are research oriented, use scientific methodology and explore the 
mechanisms of disease. But casuistics, the study of the natural history of disease and 
continuous adjustment of therapy to the needs of individual patients are not incorporated. 
At best they are considered useful in applying scientific knowledge and therapeutics in a 
rational way. In the same normative way, the other set of terms, i.e. rational and empirical, 
operates. However, a balanced picture is evolved when passing from the terms ofrationalism 
and empiricism to that of serendipity and art. 
The other mechanism acts on the descriptive level. Terms derived from these epistemolo
gies are used by participants to describe the crucial episodes. As far as their limitations go, 
terms like "theory", "empirical generalizations", "laws", "experiments" and "observations", 
selectively focus on certain aspects of the discovery process. The same applies to the 
categories of art and serendipity with interrelated terms such as accidental discovery, chance 
observation, and serendipity.25 
Most striking is that these expressions other than those related to art and serendipity stem 
from philosophy of science whereas many philosophers believe that discovery lies outside 
philosophical inquiry. What distinguishes science from art or any other creative activity is 
the insistence on testing, on subjecting knowledge to the most intense scrutiny, and to 
objectify knowledge with the help of empirical evidence. Emphasis is on verification, not on 
generation of knowledge. The following section will therefore deal with that scientific 
discipline in which scientific discovery has been identified as a proper subject of analysis, i.e. 
cognitive science. 

2.3. Scientific discovery from the viewpoint of cognitive science 

The scientific study of the discovery process has become the subject of cognitive psychol
ogy, artificial intelligence and cognitive science. The objective of this section is not to give 
a comprehensive review of the developments in these scientific fields but to touch on some 
topics relevant to any study of the discovery process and to place this thesis in a broader 
perspective of the study of scientific discovery. To do so frequent reference will be made to 
the book Scientific Discovery: Computational Explorations of the Creative Processes 
by Langley, Simon, Bradshaw and ZytkoW.26 
The following passage expresses the purpose of the book: "Huwever romantic and heroic we 
find the moment of discovery, we cannot believe either that the events leading up to that moment are 
entirely random and chaotic or that they require genius that can be undemood only by congenial 
minds. We believe that finding order in the world must itselfbe a process impregnated with purpose 
and reason. We believe that the process of discovery can be described and modeled, and that there are 
better and worse routes to discovery - more or less effident paths". 27 

In this way the central challenge is posed. The authors think that discovery is amenable to 
rational explanation. In this respect they distinguish between a descriptive and a normative 
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theory of discovery.28 The former relates to a theory of the mechanisms that are implied in 
the discovery process, the latter undertakes to provide rules for actually making discovery. 
Specifically, such a theory proposes and evaluates a substantial number of heuristics that 
facilitate and speed up the discovery process - the "How To Make Discoveries Book".29 
Though emphasis lies on the elaboration of the descriptive theory by developing computer 
programs that simulate the discovery process, the foundations for a normative theory are 
explicitly strived for and discussed. 
Langley and his colleagues take the view that discovery is a special case of human problem 
solving. In a sense problem solving involves a process of pattern seeking. Consider the 
alphabetical string as follows: 

ABMCDMFEM •..• 

The pattern concealed in the string forms the problem to be solved. Thus, a possible 
solution is that the characters are ranked in alphabetical order, being interrupted by an M 
at the third, and every subsequent third position. This pattern can be represented by a 
formula such as A(nMn)", where n represents "next character of the alphabet", A and M 
denote themselves, and the asterisk denotes infinite repetition. By seeking for relationships 
such as "similarity", "sequence", "difference" or "inverse order" human beings quickly find 
such problems. Problem solving does not occur at random but is guided by rules that limit 
the range of possibilities. To the above-mentioned problem in which the seeking period is 
limited to a few seconds, the sequence of searching, testing, storing the result, again 
searching, etcetera until a satisfactory solution is found, also applies. 
The problem space which is searched for, involves all conceivable patterns of characters; 
this space is also called the space of instances. When searching through this infinite space 
human beings use rules to produce candidate-patterns. The formula described above -
whether it is correct, however, is another question - is an example of such-like rules which 
are stored in the space of rules. The process of problem solving can now be represented 
as a searching process within the space of rules to find the rule that generates the correct 
pattern. Subsequently, a check is made as to whether the generated pattern compares with 
the one given. 
The essence of this searching process is that the seeking for rules is guided by rules as well. 
In the case of inductive, data-driven discovery these rules are inductively taken from the 
problem space.JO If, for example, it is recognized that B follows A then by induction, the 
hypothesis arises that a rule implying alphabetical order should be searched for; this 
information is transferred to the space of rules. In other words, during inductive discovery 
the data not merely form the test-case for (interim) results of the searching process but also 
act as a direction-finder. 
In short, the basic components of the model of scientific discovery developed by Langley 
and colleagues are: 
1. There is a space of possible locations which they call the problem space. This space is 
composed of a set of states that can be occupied at any given time; 
2. Within this set there exists a special state from which one begins the search process; this 
is the initial state; 
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3. There is a goal state that one wants to achieve; 
4. There are operators (rules) that allow one to generate new states from the current state. 
Such states may be generated in an exhaustive fashion, and this is where heuristics come into 
play. Heuristics provide suggestions for 'cutting of routes and to determine to what extent 
realized states meet the goal state. 

This framework has been used to develop computer programs capable of making scientific 
discoveries by performing several search stra tegies on bodies of da tao A number of compu ter 
programs have been constructed to discover scientific laws and concepts. Well-known laws 
such as those of Kepler, Ohm, Coulomb and Snell were re-discovered making use of the 
original body of raw data on which these scientists performed their creative activities. Some 
new laws were developed as well. 
A simple example provided by the authors themselves, is instructive. The example concerns 
Kepler's third law of planetary motion: The cube of a planet's distance from the Sun is 
proportional to the square of its period. This law can be restated as D3/p2 = c, where D is 
the distance, P is the period, and c is a constant. 
The authors provide the following three simple heuristics: 
1. If the values of a term are constant, then infer that the term always has that value; 
2. If the values of two numerical terms increase together, then consider their ratio; 
3. If the values of one term increase as those of another decrease, then consider their product. 

Table 2.1 
Computational discovery of a scientific law. 

Data obeying Kepler's third law of planetary motion. 

Planet Distance (D) Period (P) Term-I (DIP) Term-2 (D 2IP) Term-3 (D 3Ip2 ) 

A 1.0 1.0 1.0 1.0 1.0 

B 4.0 8.0 0.5 2.0 1.0 
C 9.0 27.0 0.333 3.0 1.0 

Reproduced with permission from Langley et al. (1987). 

The three planets considered in table 2.1 represent Kepler's third law in which the constant 
is 1. Since the names of the planets are the independent variables we have to consider the 
values of the dependent terms, i.e. of D and P. When considering the second and third 
column, we see that D increases with P. Therefore, in applying the second heuristic 
principle, the ratio ofD and P (DIP) has to be calculated, the result of which is represented 
in the fourth column - called Term-I. 
While D increases as Term-1 decreases, the third heuristic may be applied which yields 
Term-2, i.e. D2/P. Consequently, while applying the same rule with respect to Term-1 and 
Term-2, Term-3 is obtained. 
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In this way, by using a small set of idealized data and applying three simple heuristic rules, 
Kepler's third law of planetary motion has been rediscovered. 

This example illustrates the model. There is a problem space in which to seek for a pattern. 
The initial state is formed by a series of data to which heuristic rules and operators - the 
formulas to calculate the products and ratios - are applied to generate the next state. 
Following a pair of intermediate states the goal state is achieved: the desired pattern, in this 
case a law, has been found. ll 

To represent the various states cognitive science has developed symbolic structures such as 
list structures and list processes which form the basis of the majority of current expert 
systems. Noteworthy is that here the term representation denotes storage (list structures) 
as well as the use (list processes) of information. 
A particular knowledge area is represented by objects, properties of objects, relations 
between objects and changes in these relational structures. Objects form elements of lists 
of objects, properties are part of lists of values attributed to objects, and relations are 
components of lists of relationships. Alternatively, (sets of) rules to manipulate objects, 
properties of and relations between objects are components of list processes. 
These symbolic structures are important in representing various routes of discovery. A good 
example is the finding of Fleming that a mold lysed some bacteria. This observation, as 
Langley et al. argue, can be represented by L(m,b), where m is a mold, b a culture of bacteria, 
and L the relation that m lysed b: 

"From this representation, a series of research problems can be defined: to find the range of molds that 
can produce these effects, to find the range of bacteria or other organisms that are affected, and to study 
huw the intensity of the effect depends on the pair (m,b). This is, in fact, a part of the research program 
that Fleming carried out after his accidental discovery of the phenomenon. Of course, to apply this 
problem-generation strategy one must be able to designate candidates for the sets to which m and b 
belong. Generally, prior knowledge in the form of classifications (the relation is a) will provide 
candidates. For example, the fact that Penicillium, the organism originally observed, is a mold 
suggests extending the experiment to other molds. The fact that the target organism is a species of 
bacteria suggests generalization to other bacteria. Every developed field of knowledge has its 
taxonomies and criteria of similarity that can be used as a basis for generalization and for consequent 
generation of candidates". 32 

Thus, the objects m and b are elements of lists of similar objects. The properties of these 
objects, and their relations are part oflist structures too while list processes contain the rules 
and formulas to manipulate objects. The concept oflist must be understood literally as in 
the case ofa telephone-book; in passing down the column with our finger ("pointer") we stop 
when the element of this list has been found. In the same way lists of scientific objects, of 
their properties and relations, can be turned over until the object, property or relation is 
found. Moreover, rules can be imagined to change these lists by adding, changing or 
removing elements; or to seek better and more quickly. 
The assumption of Langley and colleagues is that list structures and processes simulate the 
structure and function of the human mind. In this context the question arises of other forms 
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of representation of (scientific) knowledge. Two important forms are discussed by the 
authors: "sentential" and "pictorial" representations. According to the idea of sentential (or 
propositional) representation it is claimed that scientists think in "sentences". Knowledge 
is stored and used in the form of sentences from a natural or artificial language. In contrast, 
the view of pictorial representation claims that scientists think in "images". These forms of 
representation including list-structure are considered to be the fundamental forms of the 
human capacity of representing. 

2.4. The drug discovery process revisited 

Two sets of philosophical terms, i.e that of basic-applied and rational-empirical, have been 
discussed in order to clarifY the basic features of the drug discovery process. They address 
the issue of the source of discovery and emphasize theory-driven discovery. However, the 
terms rational and empirical express a more balanced view between theory-driven and data
driven discovery when the epistemology of art and serendipity appears on the scene.33 This 
epistemology involves, as described, inter-related terms such as accidental discovery, 
chance observation, and serendipity. It might be useful to clarifY some of these terms and 
it is convenient to start with the term of accidental discovery. 
In this context Langley et al. note: "Accidental discovery requires both prepared minds to notice 
the phenomena and 'prepared' laboratories to originate them. It is not acddental that such discoveries 
often happen in laboratories equipped with instruments or concerned with newly discovered 
substances. There is nothing exceptional or unexplainable in acddental discovery. In the presence of 
new substances and instruments and new experimental arrangements, the simple goal of exploring 
a new domain systematically can generate reasonable research problems". 34 

Where experiments are performed, where nature is manipulated, there such phenomena 
will occur. Bacon, the philosopher of experiment, emphasized that experimenting is to 
"shake out the folds of nature" or "to twist the lion's tail".35 According to Hacking positivist 
philosophy has lost sight of this, literally, creative, aspect of experimenting. With its 
emphasis on theory, philosophy has split up scientific activity into theory and observation, 
and experiments merely serve the purpose of providing the empirical evidence for the 
theories under scrutiny. Philosophers neglect that experimentation has a life of its own.36 In 
fact, as Hacking notes, contrasting theory with experiment tends to neglect that both have 
variable shapes rather than being an uniform kind of thing.37 Thus, there is much more in 
the no man's land between theory and data driven discovery: the production of phenomena, 
the improvement of measurement, the invention of techniques, the explorations of new 
scientific domains, to mention some examples.38 Consequently, differential relationships 
between theory and experiment have to be identified: "Theory and experiment have difforent 
relationships in different sciences at difforent stages of development. There is no right answer to the 
question: Which comes first, experiment, theory, invention, technology, .... ?". 39 

Closely related to this generative, creative side of experimenting, which Hacking terms 
"intervening", is the concept of observation.1O Observations in experimenting are not 
merely used to test theories. Observations also refer to the sharp-sightedness of the 
experimenter and to his skills of enhancing what is of interest to him, and in eliminating the 
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distortions of wha t he sees. Noticing may be a better alterna tive to observing in this respect. 
In this context Hacking points to an important kind of observation, less noticed by 
philosophers but essential to experimentation: "The good experimenter is often the observant one 
who sees the instructive quirks or unexpected outcomes of this or that bit of the equipment. (..) 
Sometimes persistent attention to an oddity that would have been dismissed by a lesser experimenter 
is precisely what leads to new knowledge". 41 In other words, Hacking emphasizes what is coined 
with the term "prepared mind" by Langley et al. in the passage quoted above, and by 
pharmaceutical scientists when using the vocabulary of serendipity. At each step in the 
discovery process scientists have to notice the phenomena which are being studied or which 
profess to be novel. 
At this point the model of scientific discovery elaborated by Langley et al. provides 
intriguing insights about the role of recognition and representation in science. Discovery 
is an incremental process which consists of thousands of mostly minor, and sometimes larger 
steps. At each step the recognition of phenomena plays a crucial role as well as heuristic 
procedures to decide upon how to proceed further. The recognition of new phenomena 
occurs against the background of known regularities, generalizations, laws and theories. 
The sources of new phenomenons are various; new problems are generated; new instru
ments and methods developed; and new generalizations, laws and theories are suggested. 
Still, the novel phenomena derive their meaning from current knowledge and their 
recognition occurs in the field of tension between the known and unknown, or the familiar 
and unfamiliar. 
The issue of representing knowledge raises fundamental questions. In part, these questions 
are the subject of controversy, for example, the pictorial-versus-propositional contro
versy.42 Intriguing is that in these controversies classic philosophical positions are pulled 
down and new positions taken up. Thus, Hacking rejects theory-oriented philosophy and 
pleas for a "Back-to-Bacon-Movement" emphasizing the role of experiment in science. 
Langley and colleagues also reject theory-oriented philosophy suggesting that the distinc
tion between the context of discovery and justification is not as sharp, and much more 
complex and diverse than widely acknowledged. 
The various methods of storing and using knowledge is therefore the subject of the study 
of the discovery process. To draw a parallel with computers: scientists use all kinds of data 
bases, and use various sorts of software programs for storing, retrieving and manipulating 
data. Philosophy has become a philosophy of scientific theory loosing sight of this wealth 
of methods for storage and retrieval of information. The terms "body of knowledge" and 
"background knowledge" which are used by philosophers camouflage this deficiency but are 
in themselves significant. 
If there is a body of knowledge, it is plausible to suggest that this body of knowledge is as 
complex as the human body. As the human body is characterized by all shades of homeostatic 
mechanisms, stores, transport and communica tion processes, so is the "body of knowledge" 
a multi-layered system consisting of hierarchical structures for information storage, 
retrieval and manipulation and of a variety of feedback mechanisms. The following sections 
will deal with an important type of representing knowledge in drug research and biomedi
cine, namely drug and disease profiles. 
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Part 2. The representation of knowledge about drugs and diseases 

2.5. An epistemological analysis of the concept of drug and disease profiles 

2.5.1. Introduction 

The central activity of any scientist and physician involves both data gathering and looking 
for a pattern or form in the data. The concept of profile refers to the latter aspect of pattern
seeking as an attempt to classify a drug or a patient. 
The term profile forms a central part of daily communication between scientists and 
physicians. Scientific and medical literature use it liberally, usually in connection with some 
adjective: "biochemical profile", "pharmacological profile", "chemical-pharmacological 
profile", "clinical profile", "toxicological profile". This term therefore provides a common 
base for communication and understanding in contemporary science and medicine. 
The aim of this section is to investigate the epistemological characteristics of the concepts 
of drug profile (2.5.2.) and disease profile (2.5.3.). 

2.5.2. The concept of drug profile 

2.5 .2.1. The classifica tion of drugs 

In arriving at a more precise definition of the concept of drug profile we may start by giving 
an example of how scientists represent their knowledge about drugs. The following table 
(2.2) is derived from a comprehensive review article in which Zsoter and Church discuss the 
classification of the calcium antagonistsY 

Table 2.2 
The concept of drug profile - profiles of verapamil, nifedipine and diltiazem. 

Action Verapamil Niledipine Diltiazem 

Effect on last channels + 0 + 

Local anaesthetic effect + 0 + 

Slowing 01 AV conduction + 0 + 

Prolongation 01 relractory period in AV node + 0 + 

Vascular 0, consumption 0 

Negative inotropic/negative chronotropic effect > 1 ~1 < 1 

Peripheral vasodilator effect + .++ + 

Activation 01 baroreceptor rellexes + ++ + 

Reproduced with permission from Zsoter and Church (1983). 
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The table represents a common way of depicting the characteristics of some compounds 
within a particular class of drugs. 
An important aspect is the use of heterogeneous elements. The action of verapamil, for 
example, on "fast channels" - i.e. certain holes in membranes for ion fluxes -, is quite distinct 
from the peripheral vasodilator effect, i.e. a dilation of blood vessels. The former relates to 
a biochemically defined action, the latter to a hemodynamically determined effect. Some 
aspects characterize the effects of the drugs on the contractile function of the heart, others 
on the rhythmic function of the heart or other parts of the cardiovascular system. The sixth 
characteristic is interesting because it represents the ratio of two characteristics: negative 
inotropic/negative chronotropic action. 
Furthermore, these characteristics are provided with values represented by mathematical 
symbolism. Each symbol represents a property which can be measured and can be given 
numerical values. But here the wide ranges of numerical values are reduced to some principal 
ranges which are designated by symbols. The symbol of the arrow, for example, is typical 
in this respect. The arrow down, in the case of the effect of verapamil on vascular 02-
consumption, represents that verapamil decreases oxygen consumption. In contrast, 
diltiazem increases vascular oxygen consumption, hence the arrow pointing upwards. The 
same applies to the sixth characteristic: the ratio is expressed as a combination of a numeric 
value and a symbol, i.e. '>1', '»1' and 'd' for verapamil, nifedipine and diltiazem 
respectively. 
Usage of the symbols' +', '++' and '0' is more difficult to understand. With respect to the first 
two characteristics the symbols' +' and '0' are used to denote the absence or presence of these 
characteristics: verapamil and diltiazem have an effect on fast channels and possess a local 
anaesthetic effect while nifedipine has not. In contrast, the third and fourth characteristic 
express a value as well but this is camouflaged by the expressions in the first column: slowing 
of AV conduction, and prolonga tion of refractory period in AV node. These characteristics 
may be reasonably translated into: 

slowing of AV conduction = AV conduction: slowing 
prolongation of refractory period in AV node = refractory period in AV node: prolonged 

Alternative values are "acceleration" or "no alteration". It is not a problem to attribute 
suitable symbols to the values: slowing and prolongation may be represented by arrows 
pointing downward, acceleration and shortening by arrow upwards, and no alternation by 
the symbol '='. 
With respect to the last two characteristics the symbols '+' and '++' clearly designate the 
strength of the effects, i.e. represent three types of values: no effect (= 0 or absent), a 
moderate and strong positive effect. The absence/presence of characteristics is a matter of 
values as well. Now, the wide ranges of possible values is reduced to a borderline above which 
a particular effect is conceived of as present, and below which as absent. 
When using 0 and 1 to denote the absence/presence of characteristics, + and ++ to denote 
the degree of the effects of the compounds, and the arrows to designate the direction into 
which the effects of the compounds point, the following reconstructed profiles result (table 
2.3). 
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Table 2.3 
Reconstructed profiles of verapamil, nifedipine and diltiazem. 

Action V N D 

Effect on fast channels 1 0 1 
Local anaesthetic effect 1 0 1 
AV conduction t .. t 
Refractory period t .. t AV node 

Vascular O2 consumption 
, .. t 

Negative inotropic/chro- >1 »1 <1 
notropic effect 

Peripheral vasodilator 
+ ++ + effect 

Activation baro-
+ receetor reflexes ++ + 

v • verapamil; N • nifedipine; 0 • diltiazem. 

Accordingly, three profiles are obtained that express two basic characteristics: the absence/ 
presence of characteristics; and the values of these characteristics. 
The profiles of the three compounds serve different purposes. One purpose obviously is the 
comparison between the compounds. Taking the first four characteristics separa tely - which 
assess the effects on the rhythmic function of the hean - then verapamil and diltiazem appear 
to be similar compounds but nifedipine is clearly different. The same applies to the last two 
characteristics. If the profiles were constructed on the basis of these six characteristics, two 
profiles had to be discerned: one representing nifedipine, the other simultaneously repre
sentingverapamil and diltiazem. In this respect the fifth and sixth characteristic are decisive 
in distinguishing between verapamil and diltiazem. In addition, the three compounds have 
many more propenies than listed but merely eight are presented. The presented list is 
therefore the result of a selection procedure based on ranking properties in order of merit. 
Thus apan from the presence or absence, and the values of characteristics, profiles have a 
third important feature: ranking of characteristics. 
Another purpose is the representation of prototypes within one particular class of drugs. 
The calcium antagonists encompass a class of drugs of which, at present, verapamil, 
nifedipine and diltiazem are conceived of as prototypes. Each represents a subclass within 
the general class of calcium antagonists. In this way the position of existing or newly 
developed compounds in the class of calcium antagonists can be identified rather precisely. 
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The classification of classes of drugs 

The concept of profile also enables scientists to classify classes of drugs, not only of single 
compounds within a class. In table 2.4, taken from the same review article of Zsoter and 
Church, the calcium antagonists are compared with digitalis and the beta blockers. 
All the symbols used designate values and the absence/presence of characteristics does not 
playa role in this case. The table raises the same issues regarding the values as discussed 
above. However, some other aspects are noteworthy. 
In some cases the symbols are depicted between brackets while in others notes are added to 
specify the location of the effect, the circumstances in which the effects occur or the 
compounds concerned. To some extent these specifications result from uncertainties in the 
body of knowledge; this applies especially to the symbols between the brackets; the most 
extreme example is the question-mark with regard to the second characteristic of the beta 
blockers.44 Also these specifications are the result of over-simplification due to the process 
of the classification itself: the comparison between classes of drugs. However, this over-sim
plification is asymmetrical. The table clearly disregards the differences between related 

Table 2.4 
The classification of classes of drugs. 

Action 

Ca" inllux into cells 

Na' • K' -ATPase 

Cardiac contractility 

Myocardial O. consumption 

Heart rate 

AV conduction 

AV refractoriness 

Excitability 

Coronary artery 

Peripheral vessels 

1 In vessels by diltiazem. 

2 In vivo. 

3 Verapamil and diltiazem only. 

C = constricted. 

D = dilated. 

Digitalis 

(C) 

(C) 

Reproduced with permission from Zsoter and Church (1983). 

Calcium 

antagonist 

drugs 

(1)2 

1(1)2 

I 

1(1)2 

I' 

D 

D 

/I-Adrenoceptor 

blocking drugs 

(propranolol) 

? 

(C) 

(C) 
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compounds within the class of "digitalis-like" compounds and the beta blockers. Digitalis 
is used as the prototype of agents that are used to strengthen the force of contraction of the 
heart, and propranolol is used to represent the class of beta blocking agents. In contrast, the 
table attempts to capmre the similarities and dissimilarities between verapamil, nifedipine 
and diltiazem. 
In comparison with the former table some characteristics are left out in the second, i.e. the 
local anaesthetic effect and the activation of the baroreceptor reflexes. Some others left out 
in fact reappear in another form. The characteristic "effect on fast channels" is related to that 
of "Na+,K+-A TPase", the latter representing the enzyme involved in the sodium and kalium 
pump pertinent to the fast channels in the heart. The ratio negative inotropic/negative 
chronotropic activity has disappeared, but is replaced by adding the characteristics "cardiac 
contractility" and "heart rate" separately into the second profile. While some characteristics 
have remained the same, other characteristics have been added to the second table, i.e. 
calcium influx into cells, excitability and coronary artery dilation/constriction. 

2.5.2.2. Incursion of drug profiles into disease profiles 

As more drugs become used in disease therapy, knowledge about drugs grows, and will be 
incorporated into drug profiles. An example illustrates this point. 
The blockade of sympathetic over-activity by beta blockers during myocardial infarction 
(MI) on arrhythmias and infarct size led to enthusiasm amongst cardiologists to try beta 
blockers in the prevention of early mortality in the post-myocardial-infarction-phase. 
Subsequent experience showed that application of these drugs is justified by the therapeu
tic desire to reduce pain, arrhythmias and infarct size, but not mortality per se. Additional 
investigations showed that patients with infarction in particular areas of the heart and with 
higher rhythmic rates but without overt heart failure were most likely to benefit. 

Table 2.5 Incursion of drug profiles into disease profiles. Advantages of early vs. late initiation of beta 
blockade (metoprolol) in acute myocardial infarction (MI). 

Endpoint 

I. Mortality (9Od) 
2. Enzymatic 

infarct size 

3. Ventricular arrhythmias 
4. Chest pain 
5. Severity of CHF 

6. Hospital stay 
7. Late MI 

Subgroup 

Therapy ~ 12 hr 
after pain onset 

35% 1 
110% overall 
116% if f HR 
initially (P < 0.02) 
Reduced (I) 
Reduced (I) 
Reduced (I) 
(furosemide 140%) 
Shorter stay (1l-2 days) 
ILate MI (vs. placebo) 

Therapy> 12 hr 
after pain onset 

35% 1 

Reduced (I) 
Reduced (I) 
No change ( .... ) 

Longer stay 
ILate MI (vs. placebo) 

Reproduced with permission from Anderson (1986). 
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Table 2.5 shows the results of treatment with beta blockers within twelve hours after MI and 
longer than twelve hours after MI. 
Both groups reveal no differences regarding mortality but the former group reacted 
positively with respect to the therapeutic goals 2), 5) and 6). With respect to the other goals 
there are no differences. If we suppose that these results are accepted by the cardiological 
community as significant and representative, in what way does this knowledge affect the 
drug profile of the beta blockers? 
Characteristics of the beta blockers involve all six therapeutic goals but in addition an 
attempt is made to decide whether the moment of drug administration is relevant to 

therapeutic success. Hence, the time point of administration becomes a characteristic of the 
drug itself. But it is not as simple as that. 
The outstanding feature of this table is that two subsets of patients are characterized, one 
subset associated with a myocardial infarction which did not last for twelve hours, a "fresh" 
infarction, and one subset of patients with a longer-lasting infarction. In the former case the 
reduction of all pathological features ofMI patients is realized while in the latter case this 
was the case for therapeutic goals 1), 3),4), and 7) but not 2), 5) and 6). The point is that 
previously, based on the knowledge about myocardial infarction, cardiologists set these 
seven goals as requirements which any post-myocardial infarction therapy had to meet. 
That is any therapy should at least reduce mortality, enzymatic infarct size, and so forth. To 
some extent the therapeutic results were satisfactory but then it appeared that by splitting 
up the whole categoryofMI patients into two subsets, the treatment with beta blockers gave 
more success in the one subset than in the other. 
This shows that the incursion of drug profiles into disease profiles is a complex issue. Here 
it suffices to mark some points. Firstly, there is a difference between the route of discovery 
and the outcome of the discovery process. The outcome, however, remains the same: there 
are two subsets of MI patients and treatment of one subset is more successful than that of 
the other. Secondly, the clinically relevant features shown in the scheme clearly differ from 
the effects on biochemical processes or other technical and experimental aspects of the 
disease listed in tlle preceding profiles. 

2.5.2.3. The nature of drug characteristics 

The preceding section discussed the characteristics of drugs and the formation of drug 
profiles. To clarify this problem it is convenient to start with a simple definition of a drug. 

Definition: A drug is a remedy to treat disease 

Three concepts are concealed in this definition. 
First, the term "remedy" refers to a means which is in this case a compound. This implies 
that such a means can be characterized by certain properties which are of a physical and 
chemical nature: molecular structure, geometry, lipophilic or hydrophilic aspects, acidity, 
etc. Henceforth such properties will be called structural characteristics of drugs. The term 
"structural" is used because such characteristics determine the "make up" of the drugs.45 
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Secondly, the term "disease" is essential. In the following section the concept of disease 
profile will be discussed but for the moment it suffices to state that a disease is a pathologi
cal condition of the patient, and that disease characteristics are the essential components 
of medical knowledge about disease. 
Thirdly, the term "treat": in its broadest sense it encompasses every legitimate therapeutic 
goal: the relief of pain, the ease of symptoms, palliation, prevention and cure. The least this 
term implies is a change in the organism of the patient. For example, a drug should relieve 
headache in the case of a patient with headache and must therefore induce a variety of 
responses in the organism, e.g. constriction of blood vessels in the head and suppression of 
certain nervous pathways. These changes in the organism which are induced by the drug, 
are called therapeutic characteristics. The term therapeutic denotes that these character
istics are related to some therapeutic goal. 
This simple definition of a drug has produced three types of characteristics: structural, 
therapeutic and disease characteristics. The following example examines these in more 
detail (table 2.6). 

Table 2.6 Characteristics of a drug. 

Structural 

Nitrite 

Therapeutic 

Reduction of 02 
demand 

Disease 

Pain In the 
cheat 

The characteristics in the three columns are presented without any connection. Undoubt
edly, a connection immediately suggests itself: is the structural characteristic "nitrite" 
responsible for the reduction of the oxygen demand of the heart which in its turn relieves 
the pain in the chest experienced by some patient? 
Suppose such a connection exists, then still, the distinction between the three characteris
tics makes sense. A "nitrite" is a particular molecular structure which may be characterized 
by a variety of physico-chemical parameters which are not necessarily specific for reducing 
oxygen demand. There may be many compounds with quite different structures tha t reduce 
oxygen demand. 

Let us accept this for a moment and return to the distinction between therapeutic and 
disease characteristics. The difference is obvious and no one would deny the difference 
between "reduction of02 demand" and "pain in the chest". However, the clinician might 
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argue that reducing the oxygen demand of the heart is a therapeutic goal as is the relief of 
pain in the chest, particularly because both goals are causally related. Thus, the difference 
is not quite so clear as suggested and the following improvement may be made (table 2.7). 

Table 2.7 
Therapeutic and disease characteristics. 

Therapeutic 

Reduction of 02 demand 

Relief of pain in the chest 

Disease 

Increase of 02 demand 

Pain in the chest 

This particular disease is characterized by an increased oxygen demand and pain in the chest 
whence two therapeutic goals are desirable. However, therapeutic and disease characteris
tics are still different things. Therapeutic characteristics determine what a drug should do, 
disease characteristics determine what a disease is. 
Now, suppose a drug has in addition to the two characteristics described above, some others 
as well, for example, the dilation of the gall bladder. Then clearly this is not a structural 
characteristic. It is an effect in the organism but neither is it a therapeutic characteristic. So, 
a drug produces a variety of effects in the organism but some are judged as therapeutically 
useful and others as useless. This judgment is always considered with respect to a particular 
disease or a range of diseases. Henceforth, the effects of drugs on the organism will be called 
operational functional characteristics. The term "functional" is chosen in contrast to 
"structural" to denote the difference between the make-up and the function of the drug. The 
term "operational" refers to a drug actually having certain effects on the organism. 
Functional characteristics which are considered as therapeutically useful, are desirable 
features; henceforth these are termed "wished for" characteristics. 

The distinction between wished for and operational is crucial. It is an empirical matter what 
the effects of a drug are. However, to treat a disease implies that we wish the treatment to 
have particular characteristics, that is, we wish a drug to act in a certain way. We may test 
a certain drug and find that it has the beneficial effects to be expected; and again, we might 
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determine with the help of sophisticated techniques and methodologies that the drug really 
is efficacious, and all this would be a matter of empirics. But any time we treat the disease 
we would wish the drug to act in a certain way. Ifwe lived in a world in which a drug could 
act first this way and then that way, it would be clear that we literally want a drug to act in 
a particular way. In other domains of real life we experience similar situations often. When 
our car runs out of petrol or our bike has a punctured tire, we suddenly become aware of the 
insufferable difference between what we continuously want a car or bike to perform and 
what they actually do, and we become angry. 
Ifa drug possesses the characteristics wished for, it is a good drug; if this is not the case, then 
it is a bad drug or not a drug at all. But it would be ridiculous to suggest that such a compound 
doesn't induce any changes in the human body. The only thing we can say is that these are 
not wished for, that we don't desire them if we administer the drug to a particular patient. 
In this sense two patterns of characteristics are pertinent to any drug. One pattern, i.e. the 
set of wished for (functional) characteristics, expresses what we desire of a particular drug. 
The other pattern, i.e. the set of operational (functional) characteristics, represents what a 
drug actually does. The extent to which these patterns fit, determines our judgment of the 
drug. 

Similarly we may apply the distinction between operational and wished for to the structural 
characteristics.46 An example illustrates this and provides additional evidence of the 
usefulness of the distinction. 
Suppose, we have a lipophilic drug. In contrast to a hydrophilic drug such a compound is 
to be expected to pass the blood-brain-barrier rather easily. If the therapeutic use of that 
drug in some disease is severely restricted by its central nervous effects, clearly a hydrophilic 
compound is preferable. If we demand that a drug not pass the blood-brain-barrier we set 
requirements for the structural make-up of the drug, i.e. it should be hydrophilic, not 
lipophilic. 
However, when searching for a compound that preferably exerts its beneficial effect in the 
central nervous system, for example, in the case of Parkinson' disease, then a lipophilic 
compound is desired. If that compound exerts central nervous side-effects as well, there is 
a conflict between what is desired and what is not, or better, between what is desired and 
what a drug actually does. Scientists will look for other ways to meet the requirements. If 
they don't succeed, they have to adjust their goals, that is they have to be satisfied with a less 
perfect match between the two patterns described above. However, in this case, there are 
two pairs of patterns. One pair concerns what we wish a drug to do and what it actually does: 
the set of wished for and operational functional characteristics respectively. The other pair 
concerns what we wish a drug's make up should be and what it actually is: the set of wished 
for and operational structural characteristics respectively. In other words, what we desire 
depends upon the intended application which determines what kind of structural and 
functional characteristics we wish. The extent to which we are satisfied with what is actually 
found, depends upon many circumstances: available therapy, the severity of the disease to 
be treated, and goals of medical therapy. 
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2.5.3. The concept of disease profile 

2.5.3.1. Disease profiles as pigeon-holes of medical knowledge 

A central activity in medicine is to delineate disease entities by the clustering of symptoms 
and signs, events in natural history and therapeutic outcome, and by discovering that 
apparently unrelated phenomena have the same causes. Such identification of disease 
entities, called "syndromes", is of immediate practical interest to the diagnostic process of 
the physician in order to provide an appropriate prognosis and treatment of the patient. 
Hence, taxonomy, or nosology, seems to be as old as medicine itself. Feinstein describes this 
basic clinical activity as follows: ''As the main language of clinical communication, diagnostic labels 
transmit a rapid understanding of the contents of the package; diagnostic categories provide names 
for the intellectual locations in which clinicians store the observations of clinical experience. The 
taxonomy used for diagnosis will thus inevitably establish the patterns in which clinicians observe, 
think, remember and act". 47 

Disease profiles are therefore the pigeon-holes in which physicians store their knowledge 
and experiences. The features discussed with respect to drug profiles apply to disease 
profiles as well, and it suffices to discuss one example which is taken from the medical 
Ii te ra ture. 
Developing a classification system of angina pectoris Wartak et al. employed arrays made 
up of numerals that designate five important parameters (see figure 2.3). 

,- duration .. 1 month r pain on effort 

j
'r rapid relief by rest/nitroglycerine r worsening r ST-T segment elevation 

'-1 ""TI-"I""I--'--'! ___ VALUE OF A DIGIT (O.ll ------POSITION 
OF A DIGIT 

Figure 2.3 

Some Possible 
Clinical Patterns 

Diagnostic Categories & Their Coding 

Effort angina 

Spontaneous angina 

Unstable angina 

Variant angina 

\\11111\0\01 
111\ 0\11 01 01 

\101 01110101 
1\ 011\ 111101 

\\1\11 0\1101 
110101011101 

111111 110111 
110101010111 

Numerical coding of pectoris. Left: the principle of constructing the numerical code. Right: numerical codes 
for various clinical patterns of angina within diagnostic categories presently distinguished. 
Reproduced with permission from Wartak et al. (1984). 
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These parameters are: (1) pain on effort, (2) duration> 1 month, (3) rapid relief by rest! 
nitroglycerine, (4) worsening, and (5) ST-T segment elevation. The presence of a given 
factor can be coded as "1", while the absence of that factor can be coded by a "0". As the 
result, one obtains an array of 1 's and O's or a binary vector for a given clinical pattern of 
angina pectoris. Four main diagnostic categories of angina pectoris are established, each 
with a pair of clinical patterns to match. 
The clinical patterns listed by the authors reveal the features and difficulties which have been 
discussed with respect to the concept of drug profile, i.e. absence/presence, values and 
priorities of characteristics. 
In this system of numerical coding, knowledge about angina pectoris is reduced to the mere 
absence or presence of characteristics - indica ted by the binary digits. However, if we look 
at the second parameter, the time period during which the patient suffers from the disease, 
this parameter is formulated in terms of a value: "duration ~ 1 month". Once again, this 
illustrates that by splitting up all the possible ranges of values of this parameter into two 
classes, a binary interpretation of values is generated: either the characteristic is absent or 
present. 
In figure 2.3 the feature of ranking takes a somewhat different form. An example of this is 
seen in the two clinical patterns; the upper one which belongs to the disease category 
spontaneous angina and the one below belonging to the category variant angina. The mere 
presence of the third parameter is sufficient to distinguish spontaneous angina, the mere 
presence of the fifth parameter to make the diagnosis variant angina. 
Also important to note is that underneath this system of numerical coding lies the suppo
sition that the absence of a characteristic is as important as the presence. This seems to be 
somewhat awkward but it makes sense. The presence of pain of effort is an important aspect 
of effort angina; actually this aspect signifies this sub-type of angina. In contrast, the absence 
of pain of effort is a significant symptom of spontaneous angina; the term "spontaneous" 
denotes that the pain (in the chest) is experienced at rest like a bolt from the blue. Effort 
angina is characterized both by the presence of pain on effort and the absence of pain at rest. 
Similarly, spontaneous angina is characterized both by the presence of pain at rest and the 
absence of pain on effort. There is no principal difficulty in formulating the absence of 
certain features as "positive properties". 

There are two additional points to note, particularly because they reveal basic problems in 
the classification of disease: 

1. Obviously, a numerical classification might be developed that extends beyond the five 
parameters just described. Thus, Wartak et al. suggest that a binary vector should be 
included to represent the results of the angiogram, a technique to assess atherosclerosis of 
the blood vessels in the heart. The coding of angiographic patterns would be helpful in 
identifying high-risk sub-sets of patients who benefit from bypass surgery. Such a coding 
would also help to distinguish between the patients suffering from stable, unstable, or 
variant angina with normal and damaged coronary arteries. To the extent that a mere 
enlargement of the number of characteristics is involved, is not a problem. However, in two 
other respects, it is. 
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First, what kind of characteristics do clinicians allow to form components of the classifica
tion; secondly, for what reasons do they do so? In both ways the fundamental basis of the 
classification system is challenged. 

2. An array of five binary digits can produce numerous patterns but only some of these are 
identified as representing subtypes of angina pectoris. Under each diagnostic heading 
merely two patterns are distinguished. But what abouta patient with the pattern "O,1,1,O,O"? 
Such a patient poses a problem to the clinician when using the system of numerical coding 
developed by Wartak and colleagues. This addresses a central problem of medicine: the 
tension between general and particular knowledge. 

2.5.3.2. The fundamental basis of taxonomy in medicine 

Since taxonomy is as old as medicine, each generation of physicians will "split" and "lump" 
to suit its own purposes.48 

Nosologists of the eighteenth century, for example, were complaint-oriented. Under the 
influence of Thomas Sydenham's (1624-1689) concept of the natural history of diseases 
clinicians classified diseases according to the complaints of patients as they appeared to the 
clinician. Late 19th and early 20th century nosologies explicitly aimed for a topographical 
and morphological classification. Concurrent disease classifications, however, mix together 
categories derived from pathology, microbiology and physiology.49 The categories are 
therefore heterogeneous but they still signal, just as the former nosologies did, normative 
judgments in two, interrelated respects. 

The first normative judgment concerns the purpose of the classification. Nosology serves 
not only the purpose of coherent data collection but that of therapeutic decision-making as 
well. 
Consider, for example, whether one lists tuberculosis as an infectious disease, a genetic 
disease, an environmental disease, or one of defective immunity. We signal tuberculosis as 
an infectious disease in that this appears to indicate the most efficient mode of treating and 
preventing the condition. There is evidence, however, that there are genetic variations in 
the susceptibility of populations to tuberculosis, and in any case a eugenics program aimed 
at increasing resistance to tuberculosis would very likely be more dangerous than would be 
justified. Similar considerations influence the categorization as an immunological failure or 
as a disease due to social conditions. With regard to the latter, for instance, there is a great 
deal of information that general social variables bearing on housing and nutrition affect the 
morbidity and mortali ty pa tterns of tuberculosis. The poin t here is tha t nosologies of disease 
can signal where or how one should think about treatment or prevention.50 Even so, the 
purpose of the classification affects what kind of medical knowledge is stored into disease 
profiles. 

This leads to the second normative judgment which concerns the types of categories 
included in nosology. Much of Feinstein's work, for example, consists of developing a 
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disease classification based on bedside clinical procedures, not on laboratory and other 
medical-technical techniques. Feinstein opposes the dominance of pathophysiology and 
technology in contemporary nosology. 
The latter points attest to the various sorts of disease characteristics: biochemical, patho
logical, physiological, technical and patient-oriented. Here two fundamental types of 
disease characteristics will be distinguished, i.e. experimental and clinical. 
Symptoms and signs observed in human subjects are clinical disease characteristics. In 
contrast, information about disease gathered from investigations in non-human material
cell and tissue cultures, animals and the like - are experimental disease characteristics. The 
same applies to data gathered from biopsy, autopsy, amputation of limbs, or otherwise 
extracted human material: organs, blood, sputum, skin, hair and nails. 
The categories experimental and clinical are not absolute but a matter of degree. In most 
cases it will be clear whether experimental or clinical disease characteristics are investigated. 
In addition, the clinician might wonder whether to focus on symptoms or signs. Actually, 
when the technological character of contemporary medicine is debated, the current 
emphasis on signs available through the use of sophisticated medical techniques, is 
criticized. It is argued that medicine should pay more attention to symptoms but the 
distinction proposed here, i.e. between experimental and clinical, avoids the basic question. 
There is no problem in distinguishing between symptoms and signs within the category of 
clinical characteristics. 

2.5.3.3. Convergent and divergent forces in clinical taxonomy 

Clinicians have studied hundreds of thousands of patients to seek for regularities and 
similarities in order to build up medical science. None of these patients were ever completely 
identical regarding the constellation of symptoms and signs they presented.51 Thus, in 
practice, clinicians are confronted again and again with patients whose clinical patterns 
deviate from the ones established as diagnostic categories. Accordingly, clinicians make use 
of rules, formally or informally settled, to solve the problems. If, however, many patients 
were encountered with a particular pattern, clinicians might decide to include this pattern 
into clinical taxonomy. 
This points to the tension between general and particular knowledge in medicine. Essential 
to the latter type of knowledge is that it particularizes its object. Each individual patient to 
be encountered by the physician represents a specific arrangement of signs and symptoms 
that one way or the other will not fit the generalized clinical pattern. Every doctor-patient 
interaction, each therapeutic decision, and each act of intervention in sick people challenges 
clinical taxonomy. The individuality of patients and the complexity of real life medical 
practice forms a rich source of variation and deviation. Disease concepts loose fixed 
meanings in daily practice of clinical diagnosis and treatment. 
This type of medicine therefore may be conceived of as a divergent force in nosology 
opposite to the convergent force of that type of medicine which seeks general knowledge. 
This tension between divergent and convergent forces generates the vocabulary, described 
by Fleck, of pseudo- and para-determinations of disease that is so characteristic for 
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medicine. We may encounter: T yphus-Para typhus; Psoriasis-Parapsoriasis; Anemia -Pseu
doanemia; Pseudobulbairparalysis; Pseudocroup; Pseudonervitis optica; Pseudosclerosis; 
and Pseudotabes; and many other look-alikes of varying shades and degrees.S2 

This shows that disease profiles are continuously being shaped and re-shaped. This iterative 
process is not merely confined to theoretical developments about the etiology and mecha
nism of disease. It is also generated at a deeper epistemological level and is a tribute to the 
feedback of clinical practice to medical science - this will be discussed in detail in chapter 
8 and 9. 
The practical significance of this tension is related to the translation of daily medical 
language into disease profiles. This practical significance is perhaps illustrated most clearly 
by the following examples53: 

i) "Effort usually precipitates pain" 
ii) "Emotional upset frequently produces pain" 

The sentences i) and ii) express characteristics of effort angina. But what do the terms 
'usually' and 'frequently' express? Two interpretations are possible. 

1. A universal law is involved which has, in this case, the form ofa simple universal condition: 
"For any x, ifxis A then xis B". For example, in case of sentence i: "For each patient, if the 
patient has pain on exertion, then this patient suffers from angina pectoris". The profile of 
effort angina can be translated into a profile with two characteristics: effort produces pain 
(in the chest) and so does emotional upset. Nevertheless, patients are found without this 
characteristic but such patients still have to be classified as effort angina. Accordingly, 
clinicians should posses additional rules to assess clinical patterns that deviate from this 
universal pattern. Such a rule might be: "If a patient has pain with emotional upset, but not 
with effort, then it is still probably a patient with angina pectoris". 

2. Both sentences express a frequential probability, though in a quantitatively inexact 
manner. Suppose it is widely accepted that in 70% of all cases patients suffering from angina 
pectoris have pain in the chest on effort, what does such a probabilistic statement mean? 
If it expresses a disease characteristic, the disease profile of effort angina encompasses 
something like "70% likelihood of chest pain on effort". This makes no sense from the 
viewpoint of the clinician mcing his individual patient. This patient might have any clinical 
pattern, but either this patient has pain on effort, or not. 
It is more reasonable therefore to suggest that there are in mct two clinical patterns, one 
associated with the presence of the characteristic pain on effort, the other with the absence 
of it. In addition, a likelihood is expressed with which both patterns may be encountered in 
reality, one in 70% of the cases, the other in 30% of all patients. Somehow this knowledge 
about the distribution of profiles is captured in a rule or set of rules. 
However, from the viewpoint of the clinician mcing his individual patient, the probabilis
tic structure of medical knowledge poses more fundamental problems. Firstly, the clinician 
pays attention to this individual patient in an inclusive way: all characteristics which affect 
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the life of his patient will be considered, many of which are not incorporated in the general 
clinical pattern. Thus, right from the beginning the clinician crea tes a particular constella
tion of symptoms, signs and features of the patient that will not fit the general pattern, at 
least not entirely. Whenever the individual history is critical to diagnosis, then somehow the 
clinician has to use additional rules to match the pattern identified to the general pattern. 
Secondly, the clinician starts by building up the profile of the individual patient from 
scratch. After having identified a small set of symptoms and signs, the clinician must decide 
whether or not this particular patient matches a general pattern. While the clinical scientist 
builds up disease profiles, hence identifies disease characteristics given there is a disease -
or given there is no disease, the clinical practitioner starts by asking whether, given some 
symptoms and signs, there is a disease. This problem is a central part of current research into 
diagnostic reasoning, using Bayes' theorem. This theorem enables the clinician to assess the 
probability a particular patient has a disease on the basis of the symptoms and signs identified 
in this particular patient, and the known frequential probabilities about the occurrence of 
symptoms and signs given the presence or absence of the disease. 

Since a great part of medical knowledge is probabilistic in nature, the second interpretation 
seems to be the best candidate. However, underneath lies the problem of diverse threads of 
knowledge in medicine. The question is whether the language of disease profiles is neutral 
with respect to the various types of medical knowledge. The author's hypothesis is that the 
language can be further specified in order to meet the peculiarities of each type of 
knowledge. In the scope of this thesis this fundamental issue will be put between brackets, 
and reserved for further investigation. This implies that a methodological decision has to 
be taken how to treat terms like "usually", "frequently", "very often", or "mostly" in medical 
knowledge. This forms the subject of the next section. 

2.5.3.4. The translation of everyday medical language into the structure of profiles 

The purpose of the preceding section was also to illustrate the problem of translating 
sentences of everyday medical language into the structure of profiles. A necessary condition 
for this translation is that medical knowledge expressed by clinicians or scientists, either 
informally or formally in text-books and articles, has to be reduced to the three basic 
components of profiles identified above. 

Table 2.8 represents five characteristics of two forms of angina distinguished by Prinzmetal 
and co-workers in 1959, i.e. the classic form of angina (= angina of effort) and the variant 
form of angina (see for the complete profiles chapter 6). 
The expressions illustrate what has been said in the preceding section - note that the 
examples presented in that section represent the first two characteristics of the classic form 
of angina pectoris. 
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Table 2.8 
Differences between the variant and classic form of angina pectoris 

regarding to five clinical characteristics selected from the profiles 
published by Prinzmetal et al. (1960). 

Variant Form 
Exertion usually does not 
precipitate pain 

Emotional upset does not 
produce pain 

Pain is frequently more 
severe and of longer 

duration than in classic 

angina 

Attack often consists of 
series of pain, occurring 

in cyclic and remarkably 

regular pattern 

If pain is not cyclic, period 
of increasing pain is equal 

to period of decreasing pain 

Classic form 
Exertion usually preCipi
tates pain 

Emotional upset frequently 
produces pain 

Pain is usually less 

severe and of shorter 
duration than in variant 
form 

Pain is not cyclic 

Period of increasing pain is 
longer than period of 
decreasing pain 

CHAPTER 2 

The expressions underscore the difference between general and particular knowledge, 
and relate to the probabilistic structure of medical knowledge. However, from the viewpoint 
of general knowledge there is a clear-cut difference between variant and classic angina. In 
the former case exertion does not precipitate pain whereas in the latter exertion does. The 
term "usually" in this example refers to the problem of the clinician facing an individual 
patient - other patterns may be encountered. 
Since the creation of general knowledge forms the subject of this study it was decided to 
eliminate this probabilistic terminology. This applies also to similar expressions in the table: 
"often", "frequently", "generally", "(not) as common" and "(not) regularly". 

Table 2.9 represents the first five characteristics of both disease profiles as reconstructed in 
terms of the theory of profiles. 
The first characteristic of both disease entities listed by Prinzmetal and co-workers have 
been translated into two pairs of characteristics. It might be argued that in fact there are just 
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Table 2.9 
Reconstructed profiles of angina of effort and variant fonn of angina. 

Variant form Classic form 

(v1 ) Exertion does not (c1 ) Exertion precipi-
produce pain tates pain 

("2) Pain at rest (11 ) No pain at rest 

(v3 ) Emotion does not (~) Emotion produces 
precipitate pain pain 

(v4 ) Intensity of pain (~) Intensity of pain 
(severe) (mild) 

("5 ) Duration of pain (%) Duration of pain 
(long) (short) 

("6 ) Series of pain (13) Series of pain 
cyclic/regular not cyclic 

two characteristics, i.e. pain at rest (v 1) and pain on exertion (c 1)' where:" 1 E V, 
VI ¢ C, C 1 E C and c 1 ¢ V. However, the mere absence of the characteristic "pain at rest" 
in case of exertional angina or "exertion precipitates pain" is understating the case. The 
presence of one characteristic was almost as typical as the absence of the other. The same 
argument applies to the relationship between emotion and pain and the (non)cyclic 
character of anginal attacks. The characteristics with respect to the nature of pain, i.e. 
intensity and duration, are in both cases the same, yet their values differ (severe-mild, long
short). This table may be easily extended to cover all characteristics of both disease forms. 

2.5.4. Conclusions 

One special and important way of gathering information and finding a pa ttern in a set of data 
has been identified; the use of drug and disease profiles by scientists and clinicians. A profile 
is a pattern and as such it enables scientists to recognize something and to set it apart from 
other things. There is a rationale for denoting such patterns, e.g. the arrangement of 
attributes of any drug or disease, as the profile of that drug or disease. As a profile ofa man's 
face characterizes that particular man amongst a crowd of people, so the profile of some drug 
or disease brings out that drug or disease from a chaotic spectrum of objects in full relief. 
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From the epistemological point of view a profile has three basic features: a) the absence
presence of a characteristic; b) the value of a characteristic; and c) the priority of a 
characteristic. 
The proposal that profiles are open for translation into the language of set theory will be 
examined in the following section. The aim is to provide a model for modeling the drug 
discovery process, and to elucidate, formally, the concepts of drug and disease profiles as 
cognitive structures in drug research. 

Part 3. A set-theoretical model of drug discovery 

2.6. A definition of the concept of profile in terms of set theory 

2.6.1. Introduction 

The preceding analysis of the concept of profile ended with a proposal to translate the 
concept of profile into the language of set theory. This section attempts to show how this 
can be done and the set-theoretical definition of profile should include the three identified 
components. 

2.6.2. The first aspect of a profile: membership 

Disease profiles can be considered as (finite) sets of disease characteristics.54 Let b denote 
breathlessness, c congestion and h headache. The lower case letters band c represent well
known characteristics of heart failure, a disease entity represented by P. In contrast, h 
symbolizes a complaint not characteristic for this disease. If we presume P possesses no 
characteristics other than band c, then: 

i) bE P 
ii) c E P 
iii) h II' P 
iv) P = {b, c} 

The clinician's comment might be that congestion actually represents a complex of other 
characteristics, for example: enlargement of the liver (1), peripheral edema (e) and increased 
jugular pressure (i). Then: 

v) c = {I, e, i} 
vi) P = {b, {I, e, ill 

Clause vi) shows that members of sets can also be sets. In principle, disease profiles can be 
constructed as sets, sets of sets, and so forth thereby constructing towers of sets of great 
height and complexity. 
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The clinician's comment is interesting for another reason. The fore-mentioned symptoms 
are the result of congestion. Congestion of the liver leads to enlargement of the liver while 
accumulation of fluid in the blood circulation might cause engorged veins in the neck and 
edema in the legs. Similarly retention of fluid in the lungs leads to breathlessness which 
occurs as a consequence of the excessive work of the respiratory muscles required to inflate 
the lungs.55 

Thus, knowledge of physiological and biochemical processes enhances the understanding 
of the relationships between symptoms and signs ofa disease. In the ideal case, when a theory 
describes all characteristics of a particular disease entity and their relationships, it is 
worthwhile representing knowledge in terms of set theory.S6 
However, medical reality is more complex and medical knowledge is incomplete. Still, these 
unsolved features of the disease are clinically relevant to establish prognosis and treatment, 
and they can be included in disease profiles. 

The domain is the set of all conceivable disease characteristics. In the preceding analysis two 
categories were distinguished: experimental and clinical. Let C be the set of all (conceivable) 
disease characteristics, EC the set of all experimental, and CC the set of all clinical disease 
characteristics while P denotes a disease profile. ThenS?: 

i) EC S; C 
ii) CC ~ C 
iii) C = EC u CC; EC n CC = '" 
iv) P s; C 

Clause i) indicates that the set of all experimental disease characteristics is a subset of C; 
similarly the second clause states the same with respect to the set of all clinical disease 
characteristics. Clause iii) expresses tha t the union of both subsets equals the set of all disease 
characteristics and that their intersection is empty. Clause iv) states that disease profile Pis 
a subset of C. 
In a similar way other classifications of disease characteristics (etiological, precipitating 
factors, or therapeutic goals) can be dealt with. 

In conclusion, the first aspect of the concept of disease profile can be defined as follows: a 
disease profile is a set of which the elements are (sets of) disease characteristics. 

The comparison between profiles 

To enable us to compare profiles in different ways we can employ an operation comprising 
the determination of the symmetric difference between two profiles, say P and Q (figure 
2.4). 
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P Q 

Figure 2.4 
The symmetric difference between profiles P and Q. 

The symmetric difference between P and Q is represented by the shaded area in this figure, 
and contains that part of Q that has no overlap with P, as well as that part ofP that has no 
overlap with Q. The notation (P t:. Q) will be used to denote the symmetric difference 
between sets P and Q which is a set as well. To denote the absolute number of elements of 
the set (Pt:. Q), we write 1 P t:. Q I. 
Let us take the comparison of profiles one step further, i.e. the comparison of two profiles 
with respect to a third (figure 2.5.). Let P be a disease profile composed of five disease 
characteristics: P = {a, b, c, d, e}. Let further Q and R be disease profiles, for example, of two 
patients, where: Q = {a, b, c, f}; and: R = {a, b, f, g}. 

(R ~ P) (Q~ P) 

(0) (b) 

Figure 2.5 
Comparison of profiles on the basis of the symmetric difference. 
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Then: 

i) (Q l> P) = {d, e, f) 
ii) (R l> P) = {c, d, e, f, g} 
iii) (Q l> P) c (Rl>P) 

Given the definition of the symmetric difference, i) and ii) are self-explanatory; iii) follows 
from i) and ii) on the basis of the definition of inclusion.58 

Definition 2.1: 

X looks qualitatively more like Z than Y:= (Xl> Z) c (Y l> Z) 

Given definition 2.1 and iii) it is true that Q looks qualitatively more like P than R. We write 

iv) (Q l> P) c (R l> P) 

In contrast to the example presented, this definition proves to be too strongl in practice. 
Therefore it is convenient to have recourse to a quantitative definition. 

Definition 2.2: 

X looks quantitatively more like Z than Y:= I X l> Z I < I Y l> Z I . 

Given definition 2.2 and clause iii) it is true that Q looks quantitatively more like P than R, 
because iii) implies: 

v) I Q l> P I < I Rl> P I 

On closer inspection of figure 2.5. the first term of the equation in clause iv) contains three 
elements, the second term five elements: I Q l> PI = 3; and I Rl> PI = 5. 
From the definitions given it follows that the quantitative definition is weaker than the 
qualitative one. However, the former is useful: Q scores more often with respect to P than 
R. The quantitative definition could compel us to draw conclusions we don't like: one fault 
is not the same as the other while the quantitative definition treats all faults alike.59 

2.6.3. The second aspect of the concept of profile: values of the disease characteristics 

The second aspect, namely values of disease characteristics, has been treated implicitly in 
2.6.2. The definition presented assumes that each characteristic has two values: 1 (yes) or 
o (no). In reality disease characteristics possess more values.60 
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An example helps to illustrate the translation of this aspect in the language of set theory. 
Suppose that P still is a disease profile composed of five characteristics: PI' ... , Ps; P again 
represents the disease entity heart failure. Let us further suppose that the values of the 
characteristics concerned are numerical, where v. denotes the value of each characteristic p. 

I I 

ofP - in this case i is 1 up to and including 5. Figure 2.6. represents one possible situation 
q with respect to the values of the elements of P. 

v (p ) 
j 

p . 
I 

Figure 2.6 

2 3 .. 
0- level 

5 -" 

Representation of a specific profile of P, i.e. a specific combination of values of characteristics 

The horizontal line represents the O-Ievel of the numerical values that disease characteris
tics might possess. Above this level values are positive, below negative. The circles denote 
a disease characteristic of P. 

The line in bold type represents, literally, one particular version of profile P: 

In this case q represents one possible combination of values regarding P, that is, an ordered 
five-tuple : one specific value for each disease characteristic. Such a specific combination of 
values will be called a specific profile. The notation < > indicates an ordered n-tuple of 
elements.61 

In practice disease characteristics will possess more than one particular value. Let Vi be the 
space of possible values of Pi. Then the resulting product 

represents all possible combinations of values of P, hence the set of all possible specific 
profiles.62 Strictly speaking a disease profile P is composed of a set of specific profiles; such 
a set will be called a global profile. Each patient who suffers from heart failure, is 
characterized by a specific profile that is an element ofV. 
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Suppose now three "value levels" ofPj that is, specific profiles, r, s, t E V, associated with 
increasing values all along the linej and suppose that these three levels lie above the O-level 
(figure 2.7 .). 

8eriou8 

moderate 

8 

mild 

0- level 

2 3 5 

Figure 2.7 
Representation of subsets of heart failure on the basis of "value levels" of disease characteristics. 

Suppose clinicians distinguish three categories of heart failure: a serious (X), moderate (Y) 
and mild (2) formj and further the normal condition (N). Let us assume further that the 
serious form of heart failure is represented by the area above r, the moderate form by the 
area between rand s, and the mild form by the area between sand tj the area below the t
level concerns the normal condition. These "value-areas" lead with regard to Pi to a space 
of values V i which is "coarse" in comparison with Vi: 

Vi = {ap bi , cp dJ ' on the basis of the next 

Definition 2.3: 

a. = (r., +00) 

bi = (~i' rJ 
ci = (ti' sJ 
di = (-00, tJ 

=: {x I for all i: r. < x < +oo} 
=: {x I for all i: s: < x ::; r.} 
=: {xl for all i: t l < x::; Sl} 

=: {x I for all i: -'00 < x ::;1 t} 
I 

The original space of values Vi is divided into four global values as it were. As a result a new 
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product V follows associated with new, "coarsened" specific profiles amongst which four 
specific profiles, the "category-profiles", e.g. as follows: 

Definition 2.4: 

X =:< aI' a2, a3, a4, a5 > 
Y =:< bI' b2, b3, b4, b5 > 
Z =:< cI' c2, c3, c4, c5 > 
N =:< dl , d2, d3, d4, d5 > 

(serious heart failure) 
(moderate heart failure) 
(mild heart failure) 
(normal condition).63 

In this way a large set of values has been reduced to a small number.64 Physicians continu
ously apply such reductions to keep their complex world of data about diseases and drugs 
conveniently arranged. In our case, i.e. the diagnosis of heart failure, the clinician merely 
needs to make allowance for 1024 specific profiles - V contains 45 possibilities - which can 
be compared with the four category-profiles X, Y, Z, and N.65 Alternatively, this illustrates 
that a rather simple disease profile composed of five elements each having four values at the 
most, i.e. a, b, c, and d, yields a reasonable number of combinations. Here are six examples: 

(1) < aI' a2, aJ' a4, a5 > 
(2) < aI' a2, bJ' a4, a5 > 
(3) < aI' b2, bJ' b4, a5 > 
(4) < aI' a2, b3, b4, d5 > 
(5) < aI' b2, bJ' d4, d5 > 
(6) < aI' d2, d3, d4, d5> 

Patient (with profile) (1) represents the serious form of heart failure, and will be treated 
accordingly. Patients (2) and (3) pose a classification problem. Patient (2) has four charac
teristics in common with the serious form of heart failure; the third element of the set, 
however, belongs to the moderate form. With regard to patient (3) the problem is more 
complex; the first and last element belong to the serious form, the other three elements to 
the moderate form of heart failure (figure 2.8). 

How should the clinician classifY this patient? 
Acommon solution is to make the diagnosis "moderate to serious heart failure". Sometimes 
however, this is not sufficient. If, for example, treatment of the moderate form strongly 
differs from that of serious heart failure, a choice has to be made. Naturally, other aspects 
of the patient's situation can be taken into account such as the social state, psychical 
constitution or clinical condition - which can be included as characteristics into a disease 
profile. However, if the clinician has to decide on the basis of the situation described above, 
he needs to introduce additional rules, for example: "If a set A has at least three elements 
in common with X, Y or Z, then A might be equalized with X, Yor Z respectively". 
Following this rule patient (2) should be classified as serious, patient (3) as moderate heart 
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Patient (3) 

I \ 
a 2 a 1 b 2 b 1 

a 3 as b 3 b S 

a 4 b 4 

\~ ______ ~A~ ______ ~I 
Serious (X) Moderate (Y) 

HEART FAILURE 

Figure 2.8 
Classification problem and the "logic of profiles". 

failure. In contrast, patients (4), (5) and (6) will be considered as not suffering from heart 
failure. From a clinical point of view this may be unsatisfactory, hence the rule has to be 
modified. What if a similar rule is chosen but now with the restriction that A and X, Yor 
Z should have at least two elements in common to be equalized? Patients (5) and (6) pose 
no problem, patient (4) obviously does. 
With patient (4) the last rule leads to a stalemate. The clinician avoids it by introducing 
additional rules, for example, the rule: "Choose in case of indecision between two (sub)types 
of diseases for the most serious affection". The clinician keeps on the safe side, and makes 
the diagnosis serious heart failure. On the basis of another rule, e.g. "Choose in case of 
indecision between two (sub)types of diseases for the one which first choice of treatment 
causes the smallest harm", patient (4) will be classified as a patient with moderate heart 
failure. 
From this follows that rules for solving classification problems are complex, that is, are 
composed of two or more rules. In particular, this applies to the rules formulated in the 
preceding paragraph. Moreover, these rules are ofa general nature, and therefore applicable 
to any disease profile. In contrast, the rules formulated in the last paragraph but one are 
specific with regard to disease profiles X, Y and Z. In both cases rules are not purely logically 
motivated; therefore the term heuristic principle will be used. The actual construction of 
such principles falls outside the scope of the "logic of profiles", and are the subject of 
heuristics and statistics. This implies that the heuristic principles can be described only 
partially in the language of set theory. 
To continue with the diagnostic problem posed by patient (4), what happens if he possesses 
two characteristics lying "high in the value-area of serious heart failure", and two charac
teristics lying "high in the b-zone"? Clinicians will be more inclined to classify such a patient 
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as suffering from serious heart failure than a patient with two characteristics "low in the a
zone" and two "low in the b-zone". More often clinicians decide on a pragmatic basis by 
introducing additional rules as illustrated above. 

However, if clinicians increasingly encounter patients with some characteristics "high in the 
b-zone" and other features "low in the a-zone", they may want to reconsider the original 
classification. Other sources of medical knowledge like new theories, or complementary 
information collected by new techniques, might stimulate this process of reconsideration. 
In fact clinicians descend to a lower level to judge previous decisions according to their 
merits, and possibly altering them. 
Summarizing sections 2.6.2. and 2.6.3. together, this reciprocal relationship between 
representation of knowledge (into profiles) and decision rules to use the knowledge, is found 
at different levels. At the lowest level the characteristics of heart failure with the large set of 
values occur; elements (first aspect, 2.6.2.) and values of elements (second aspect, 2.6.3.) can 
be represented in disease profiles. At this level the rule is formulated to distinguish three 
subtypes of heart failure, that is, the value-areas of disease characteristics are divided into 
four "parts". As a result, three disease profiles and a profile representing the normal 
condition, appeared; and additional rules to solve the classification problems are proposed. 
Consequently, this may influence, at another level, the way disease profiles are recon
structed and rules are formulated. 

2.6.4. The third aspect of the concept of profile: ranking order of characteristics 

Patient (4) presented in the preceding section, might represent another problem, i.e. the 
ranking (or priority) of disease characteristics. Some features are considered more charac
teristic than others. When the clinician classifies patient (4) as serious heart failure because 
of the elements a] and az' this indicates that the two elements have a higher priority than the 
other elements. The most extreme example of this is the "pathognomonic" sign, a complaint 
or aberration so peculiar for a particular disease that any patient with this sign is immediately 
labeled as suffering from that disease. If element a] represents a pathognomonic sign of 
serious heart failure, patient (6) from the example in the preceding section has to be 
considered as having serious heart failure. 
The decision problem posed by patient (4) is of a twofold nature: either it is a value-problem 
or a problem of priority. The aspect of ranking is a central part of daily medical practice. 
Though disease profiles contain tens or hundreds of characteristics, a small number of 
features is sufficient to make the diagnosis. In scientific research this aspect of priority also 
plays an important role while from the historian's point of view, shifts in scientific and 
clinical views are crucial. 
Two comments on this aspect of priority can be made. The first is that important aspects 
of a disease entity form central nodes in the maze of medica I knowledge. Since many aspects 
are part and parcel of these central nodes, a characteristic ranked high represents a variety 
of variables and parameters. This is disguised by the examples used in this analysis. In reality 
disease profiles contain, as described, tens, even hundreds or thousands of elements, and no 
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great effort is needed to imagine the large numbers of possible permutations. The problem 
of order dissolves as it were in the first aspect of the concept of profile, that is, in terms of 
membership. For not all possible variables and parameters are assigned the status of 
membership when ranked in order. However, if these variables and parameters were taken 
up as elements into profiles, the quantitative operation of symmetric difference would be 
applicable. 
The second is that order seems to be more like a means to use knowledge than a feature of 
the representation of knowledge. It serves to reduce a finite but large number of elements 
to a small(er) set of important elements which is easy in operation. Just as with the rules in 
the preceding section, some rules may be given a formally tenable interpretation, whereas 
this is not the case for other rules. 
Both comments are inadequate to sufficiently extenuate or eliminate the aspect of priority. 
If this aspect is left from the analysis, the formal elaboration of the concept of profile 
becomes artificial and removed from daily practice.66 The question emerges as to whether 
logical methods are available to compare profiles including the aspect of ranking. The 
positive answer to this question is complex, and falls outside the scope of this study; a 
proposal for such an elaboration is sketched in appendix 1. 

2.6.5. Conclusions 

A set theory definition of the concept of profile has been given. Without difficulty the first 
and second aspect of the concept of profile can be defined; but the third aspect is not so 
simple. The definition proposed therefore partially meets the condition of encompassing 
the three aspects. 
This partial success can be viewed optimistically, however. Firstly, the aim was to make the 
proposal plausible; in this respect we have been reasonably successful. Secondly, the 
definition of the first two aspects of the concept of profile enables the description of 
developments in medical views. Thirdly, some problems with respect to the concept profile 
have been clarified. Thus, the distinction but also close relationship between representation 
and use of knowledge has been touched upon. In this respect the difference between 
formally tenable and heuristic principles to compare profiles and to solve classification 
problems, has been highlighted. 
The formal analysis is performed with respect to the concept of disease profile. Since the 
drug and disease profiles are basically similar, the results achieved also apply to the concept 
of drug profile. 

2.7. The drug discovery process - a set-theoretical model 

2.7.1. Introduction 

It is convenient to start with a fundamental concept from the drug innovation litera ture: the 
concept ofa lead (compound). As described (2.2.1.), this concept indicates the basis ofthe 
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discovery process: a mere compound is insufficient, rather it should possess an interesting 
biological activity. On the one hand this concerns the material or some global idea about it, 
on the other the application or a class of applications, however vaguely formulated . This 
corresponds to the distinction between the operational (the actual properties of the 
material) and wished for (the intended application of a material) characteristics. 
On this basis a naive definition can be given of the concepts of a lead and a lead compound 
in the language of set theory; the term "naive" denotes that this definition will be adjusted.67 

2.7.2 . A naive definition 

Let K be the (finite) domain of all relevant drug characteristics, w the set of all wished for 
properties (wished for profile), and o(x) the profile of compound x (figure 2.9); the symbol 
"0" denotes operational, that is: the profile of x as it really is. 

K 

o(x) 

w 

Figure 2.9 
The domain K of all relevant characteristics of drugs: operational and wished for drug profiles. 

The most plausible interpretation seems to be thato(x) concerns a chemical compound, and 
w the lead. What now is the lead compound? At first sight the lead compound seems to be 
represented by the intersection of o(x) and w, but this interpretation is not very satisfactory. 
Since a lead compound is the starting-point for further research, positive features have to 
be improved and negative features eliminated or minimized. Therefore the symmetric 
difference between o(x) and w represents a reasonable interpretation of the concept oflead 
compound. This concept comprises three aspects: 
1) the set of operational characteristics (= o(x»; 
2) the set of wished for characteristics (= w); 
3) the symmetric difference between o(x) and w (= (o(x) A w». 

In an elementary form the discovery and development of drugs can be described as a process 
of rapprochement between drugs and diseases. 
The searching process in fact does not occur without having an idea about the applicabil-
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ity of the compound searched for. This implies that one has in mind one or more reference 
compounds (o(x» in order to determine whether the new compound improves upon 
standard therapy. 

Definition 2.5: 'S is a qualitative improvement of XI with respect to w:= 

Definition 2.6: x2 is a quantitative improvement of XI with respect to w:= 

Notice that 5 implies 6, and that the terms "qualitative" and "quantitative" possess a formal 
meaning. A drug x2 which is quantitatively better than XI but not qualitatively in a formal 
sense, may be from an informally therapeutic viewpoint a qualitative improvement; or even 
a stronger thing to say, such a drug might be a therapeutic breakthrough. 
The definitions given are based on the assumption that the wished for profile remains 
identical throughout the developmental process, but this need not be the case. Thus, it is 
quite possible that new insights result in certain properties initially being wished for, being 
placed in an unfavourable light. And the reverse is also possible. In both cases the wished for 
profile w changes which may lead to important changes in the comparison with o(x). 

Definition 2.7: w2 is a qualitative concession to X with respect to wl := 

Definition 2.8: w2 is a quantitative concession to X with respect to wl := 

lo(x) I:. w2 1 < I o(x) I:. WI I 

2.7.3. First adjustment of the naive definition: structural and functional characteristics of 
drugs 

Two fundamental types of properties of drugs have been distinguished: structural and 
functional. When incorporating this distinction in the definition of the searching process 
for new drugs (2.7.2.) a first refinement of the naive definition will be achieved. In terms of 
set theory two sets of drug characteristics are at stake: 
1) A set of structural characteristics; 
2) A set of functional characteristics. 
Both are considered as "fixed sets", namely as two separate domains so that: 

i) K = domain of all relevant drug characteristics 
ii) S = domain of structural characteristics 
iii) F = domain of functional characteristics 
iv) Sand F do not intersect, and their union is K, i.e. S n F = 0, S u F = K. 
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The consequences of the naive definition can be summarized by the following clauses (figure 
2.1 0): 

s F 

ws wf 

Figure 2.10 
Domains of structural and functional characteristics of drugs. 

v) O(X) ~ K 
vi) os(x) <;. S 
vii) of (x) ~ F 
viii) os(x) U of(x) = o(x) 
ix) w <;. K 
x) ws ~ S 
xi) wf ~ F 
xii) ws U wf=w 

Henceforth os(x) will be called the operational structural profile, and of (x) the opera
tional functional profile. Furthermore, ws will be called the wished for structural 
profile, and wf the wished for functional profile. 

A fictitious example: the development ofEurrhythmic 

Now it is time to give flesh and blood to the defined concepts by connecting these with the 
reality of drug research. For this purpose a fictitious example will be used that presumably 
is realistic and recognizable. 
The story starts from the molecular modification of an ubiquitously appreciated drug 
"Eurrhythmic" that is applied successfully in the treatment of cardiac arrhythmias. Research 
within the company selling this drug, found that the therapeutic action of Eurrhythmic is 
associated with the presence ofa certain chemical group R2 in the molecular structure. This 
finding is the result of structure-activity-relationship (SAR) research. It was surprising 
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because it departed from the general doctrine in the field that a chemical substituent RJ at 
another site in the molecule is responsible for the therapeutic effects of the drug. Fevered 
attempts were made to confirm this finding. The scientists manipulated the chemical groups 
RJ and Rz in many ways, synthesized various series of substances, and tested these but all the 
evidence pointed in one direction: compounds with the substituent Rz have an improved 
therapeutic activity (potency, specificity, or whatever). Finally, the project appears to be 
successful, and some years later a novel drug is introduced. 

This story can be used to clarifY the basic concepts formulated above. 
Why did the results in the industrial laboratory provoke curiosity? Presumably because the 
structural profile ofEurrhythmic differed considerably from that of the new compound but 
their functional profiles were remarkably similar. The scientists were therefore perplexed 
because their finding conflicted with the general view at the time (figure 2.11). 

s: structural F: functional 

os(x) of(x) 

ws wf 

Figure 2.11 
Conflict about the compound 
Eurrhythmic: 

General opinion in the field: 
Yj = Rj and Y2=~; 
New observation in the com
pany: 
Y2 = R j and Yj = Rr 

The character "T" denotes the therapeutic action, and the symbols RJ and R2 are the 
chemical groups. Notice that these elements in their turn might represent a variety of 
characteristics. The prevailing view is that the structural characteristic RJ belongs to os(x) 
but also to ws, while Rz is a member of os(x) but not of ws. Further, t is an element of of (x) 
but also of wf. 
This view might have been generated from different sources. Perhaps, it is the result of a 
theory about the conformational structure of the receptor to which the compound attaches. 
This theory explains why a chemical group R j given a certain molecular structure perfectly 
"fits" the receptor concerned. In addition this theory may have been a prime force in 
developing Eurrhythmic but it might also have been an ex-post-facto explana tion. It is quite 
possible that the same theory explains why a substituent like Rz is never able to fit the 
receptor. Consequently, the observation of the research team means not only a novel drug 
but also the end of a widely accepted theory. 
At this point the obvious question rises. Why did the industrial scientists find what others 
in the field had not, or had rejected? The answer lies in what the chemical groups RJ and Rz 
in fact represent. Without doubt other scientists have manipulated the molecular structure 
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ofEurrhythmic. They have replaced RJ by various groups largely deviating from the one in 
the chemical structure of the drug Eurrhythmic; in each case the result was the effectiveness 
ofEurrhythmic, the ineffectiveness of the other compounds. Undoubtedly attempts were 
made to introduce small changes into the chemical group RJ, considered crucial to the 
activity of Eurrhythmic. Each time it was found tha~ the biological activity increased or 
decreased slightly but never disappeared, thus enforcing the view that the group RJ was the 
decisive site of action. 
In short, whenever the structural profiles of the manipulated compounds mimicked that of 
Eurrhythmic, an operational functional profile was found very similar to that of the widely 
used drug. Manipulation ofR2 showed that, though structural profiles of the compounds 
obtained were very different from that of Eurrhythmic, the functional profiles remained 
similar to that of the drug. There was no immediate cause to attribute an important role to 
the chemical group R2• 

Then the scientists in the industrial laboratory made their big discovery. Perhaps someone 
replaced RJ in the molecule of this compound Eurrhythmic by some substituent in which 
an interesting biological activity had been noticed. Maybe the substituted chemical group 
was so absurd that only by mere accident due to a failure during the synthesis, this compound 
was discovered. Additional investigation revealed, for example, tha t this compound was very 
much similar to a chemical structure that combined the groups RJ and R2• 

However, it might have fared quite differently. Perhaps the chemist applied a new, 
controversial theory to his problem, hence capable of looking at the conformational 
structure in a completely different way; or maybe he studied aspects hitherto neglected. The 
investigation yielded a structural profile strongly differing from that of Eurrhythmic while 
the functional profiles of both types of compounds were remarkably similar. 
In general two possibilities exist. Either the scientist finds the new compound first, i.e. the 
structural profile, concludes - to his surprise - that it meets the activity wished for, and 
corrects the wished for structural profile. Or the scientist follows the reverse procedure. He 
might have been involved in a research project on the role of particular chemical substances 
in disturbing the rhythm of the heart, mapped out a wished for structural profile, and 
consequently gained insight into the possibility of chemical structures different from that 
of Eurrhythmic. 
However, another possibility is that a new theory about the therapeutic action ofEurrhyth
mic may suggest a particular functional characteristic, for example, the blockade of a certain 
receptor, being oflittle importance to the beneficial effect produced by the drug. As a result, 
the wished for functional profile is adjusted and new avenues are opened up to search for 
other patterns of activity, hence for other chemical structures. However, it might have so 
happened thata clinician applied another drug than Eurrhythmic to a patient suffering from 
(a particular form of) cardiac dysrhythm, and unexpectedly found a beneficial effect. The 
operational functional profile of this compound was basically different from that of 
Eurrhythmic. 

This fictitious story about Eurrhythmic illustrates the introduced concepts but also that new 
observations merely manifest themselves against the background of accepted conceptions, 
either about operational and wished for functional profiles or about operational and wished 
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for strucrural profiles of drugs. Further, it shows that different relationships between 
profiles, both within and between the domains of drug characteristics, exist. 
The relations within domains, i.e. between operational profiles murually and with respect 
to the wished for profile, have already been discussed. The relations between domains, as 
illustrated by the Eurrhythmic-story, are much more complex, and can not be expressed in 
formally tenable principles. Therefore, as said earlier, heuristic principles (HP), of 
importance to the searching process will be discussed. Our analysis is restricted to the 
qualitative formulated heuristic principles but quantitative versions can be similarlyderived. 

HP1:= 
Strucrural similarity implies functional similarity, that is, if Xz looks strucrurally more like 
ws than xI' then xzlooks functionally more like wf than XI: 

HP2:= 
Functional similarity implies strucrural similarity, that is, if Xz looks functionally more like 
wf than XI' Xz looks strucrurally more like ws than XI: 

of (x) A wf C of (XI) A wf ~ os(xz) A WS C os(x) A ws. 

Both heuristic principles played their role in the development of an alternative drug for 
Eurrhythmic; they also form the basis of SAR-research. 

2.7.4. Second adjustment of the naive definition: disease characteristics 

When taking the concept of disease profile into account, a third domain, i.e. that of disease 
characteristics, has to be included into the analysis (figure 2.12). 

s F c 

ws wI 

Figure 2.12 
The three domains of srrucrural (S) and functional (F) drug characteristics, and disease characteristics (C). 
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The processes within the domain of disease characteristics have been discussed extensively 
in the analysis of the concept of disease profile. The relation between the domain of 
structural respectively and functional characteristics on the one hand and the domain of 
disease characteristics on the other hand needs some illumination. The wished for profile 
w will normally be formulated with respect to the disease profile P. This formulation 
originates from theory, experience, or practical know-how and the precise mechanism 
through which w, hence ws and wf, is derived from P is not implied by the model. 
In the preceding history of Eurrhythmic the possible changes in the functional profile 
leading to the discovery of new drugs were touched on. Functional profiles might also 
change due to the fact tha t disease profiles are changing. Two additional heuristic principles 
can be formulated: 

HP3:= 

Similarity of disease profiles implies functional similarity, e.g. of the treatments of the 
disease entities concerned, that is: ifP(y) looks more like P(y) than P(y]), then wf(Y2) looks 
more like wf(y) than wf(y), where Yl' yz and y) denote three disease entities 

(y] * yz * y): 

The reverse is also plausible: 

HP4:= 

Similarity of functional profiles implies similarity of disease profiles, that is: if wf(Y2) looks 
more like wf(y) than wf(y]), then P(Yz) looks more like P(y) than P(y]): 

Both heuristic principles are important and realistic.68 Suppose that on the basis of new 
insights rheumatoid arthritis (Y2) and hyperactive action of the thyroid (y), originally being 
conceived of as two separate disease entities, are considered as the manifestation of the same 
derailment of the immunological system. Then both disease entities may be distinguished 
from a disease associated with another type of immunological disorder (yJ 
On the basis of the heuristic principle 3), the drugs producing beneficial effects in the 
treatment of rheumatoid arthritis can be hypothesized as being more effective in the 
treatment of the hyperactive thyroid, then of the other disease involved. Reversely, on the 
basis of the heuristic principle 4): similarity of the treatment results in different disease 
entities yields insights about the similarity of the diseases concerned. 
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2.7.5. The improvement of toxic effects of drugs: positive and negative aspects and their 
judgment 

Therapeutic properties of drugs pose no problem to the theory because they are considered 
as "wished for" properties, hence can be conceived of as elements of the wished for drug 
profile. When a novel drug produces more beneficial effects than standard therapy, then it 
clearly improves medical therapy. What now ifside-effects of the drug are manifested? Side
effects involve undesirable effects, hence are not included into the wished for drug profile! 
How then can a new drug producing fewer side-effects than current therapy be evaluated? 
This section discusses a solution to this problem without greatly changing the mode1.69 

When administrating a beta blocker to a patient with angina pectoris (A) a side-effect such 
as heart failure (P) might occur. LetA and P be two disease profiles composed of merely one 
element: 

angina pectoris: A = {e}, e = exercise tolerance; 
heart failure : P = {c}, c = cardiac output. 

Further suppose that each characteristic might show three values: low (= 1), medium (= m), 
or high (= h); the value is written as a subscript to the character that represents the disease 
characteristic concerned; thus a high value of c is written as Ch.70 Then the following specific 
profiles are possible: 

~ = {el} 
Am= {em} 
<\ = {eh} 

PI = {S} 
P m= {Cm} 

Ph = {ch} 

Given the above-mentioned profiles, ~ represents the patient with angina pectoris because 
of having a decreased exercise tolerance; Am indicates the healthy subject, and <\' for 
example, the athlete.71 
Further, PI represents heart failure because of the decreased cardiac output, while Pm and 
Ph represent the healthy and trained human being respectively. 
The wished for drug profiles in a functional sense have to be mapped out with respect to ~ 
and PI respectively. Ideally spoken, a therapy suitable for the treatment of angina pectoris 
should increase exercise tolerance; a perfect therapy for heart failure, however, should 
increase cardiac output: 
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However, these are wished for profiles for each disease separately. Suppose that it is a 
question of a combination of angina pectoris and heart failure: AP = <el, C?72 The disease 
profile AP is composed of two elements, one characterizing the decreased exercise 
tolerance, the other the decreased cardiac output. Accordingly, the wished for functional 
drug profile with respect to AP would be: 

Still, this inadequately describes the issue we are interested in. In case of a side-effect there 
is no question ofa patient with angina pectoris associated with heart failure. On the contrary, 
the angina pa tient might have a cardiac output which is normal ("m") or even increased ("h"), 
but which is decreased by the drug itself. The perfect drug in the treatment of angina 
pectoris is a drug which increases exercise tolerance but does not cause heart failure! The 
wished for functional drug profile with respect to angina pectoris, is therefore: 

This states that the drug, in addition to the desired therapeutic effect regarding exercise 
tolerance, may affect cardiac output variably except decreasing it. These variable effects 
except the undesirable one(s) can be considered as desired properties; the decrease as an 
undesirable property. 
Let Xl and x2 be available anti-anginal drugs: of (x) = <eh, C?; of(x2) = <eh, cm v h>' then it is 
clear that of(~) is preferable to of (Xl) on the basis of the symmetric difference criterion. Drug 
x2 scores two times "good", whereas drug Xl scores one time "good", but also one time 
"fault". If drug x2 has been developed to improve on the toxic effects of the standard therapy 
XI' then x2 is indeed an improvement. 

2.7.6. Conclusions 

The process of rapprochement of drugs and diseases has been reduced to the interaction 
between profiles within and between three domains which can be described in the language 
of set theory. The processes within the domains can be characterized with the help of 
formally tenable principles and heuristic principles. The processes between the domains are 
governed by heuristic principles. 
The distinction between formally tenable and heuristic principles is crucial. With respect 
to the processes which can be characterized by formally tenable principles the model 
developed can generate normative claims. However, heuristic principles and rules can only 
partly be described by the language of set theory and cannot support normative claims.74 



CHAPTER 3. Experimental and therapeutic profiling in drug innovation: 
the early history of the beta blockers 

3.1. Introduction 

Current views share the assumption that drug innovation involves the flow of ideas from 
research laboratories (academic or industrial) into the various medical professional settings, 
with therapeutic practice determining the success of these ideas. The consequences of this 
way of analyzing drug innova tion are underestimating the possibility of therapeutic practice 
acting as an important stimulus to innovative drug research and the extent to which it 
contributes to our knowledge of drugs and of the pathophysiological conditions to be 
treated. By using the story of the early history of the beta blockers the view will be developed 
that both clinical research and the therapeutic context are integrally involved in drug 
innova tion. The other purpose of this analysis is to set the stage for the historical develop
ments that form the subject of subsequent chapters. 

3.2. Historical overview of the development of the beta blockers 

The catecholamines, noradrenaline and adrenaline, are key regulators of many physiologi
cal processes in man. As we now know, noradrenaline acts primarily as a neurotransmitter 
released from sympathetic nerve terminals and adrenaline functions as a circulating 
hormone released from the adrenaline medulla. These catecholamines then interact with 
receptors in the tissues and the end result of the transmitter-receptor interaction is the 
biological response of the tissue. Electrical stimulation of sympathetic nerves as well as 
injected catecholamines, e.g. (nor)adrenaline-like-compounds, produce their effects in the 
same way. The concept that catecholamines bind to specific receptors in various tissues, that 
this binding initiates the physiological response and that there are two types of tissue 
receptors, excitatory and inhibitory, was first suggested by Langley in 1905.1 

However, most historical reviews of beta blockers start with Sir Henry Dale's experimen
tal work. Dale (1906) observed that, while the excitatory actions of adrenaline, e.g. vasocon
striction and contraction of smooth muscle in other tissues, were blocked by ergot alkaloids, 
the inhibitory effects like vasodilatation and relaxation of bronchial muscle in the lungs were 
not.2 Thus he provided evidence for Langley's hypothesis. 
It remained for Ahlquist (1948) to propose a new receptor classification.) He differentiated 
between two adrenoceptor populations by their responses in a variety of tissues. Ahlquist 
found only two orders of potency and therefore proposed the existence of two types of 
adrenergic receptors which he named alpha and beta. In general, stimulation of alpha 
receptors resulted in such excitatory responses as vasoconstriction and contraction of 
smooth muscle in various tissues while beta receptor stimulation resulted in the inhibitory 
responses such as vasodilation, bronchial muscle relaxation and relaxation of the womb. 
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A crucial exception to this general rule was in the heart. Cardiac excitatory responses, the 
increase in rate and force of contraction, were attributed by Ahlquist to the beta receptors. 
In this way Ahlquist classified cardiac excitatory responses along with the inhibitory 
responses of other tissues. Since at that time drug receptor interactions at the cell level were 
poorly understood, the significance of Ahlquist's contribution is that he proposed an 
operational classification in which the cardiac adrenergic receptors were considered 
functionally homologous to the adrenergic inhibitory receptors of other tissues. 
Ahlquist's theory became the model for the pharmacological and physiological study of the 
sympathetic nervous system, and his terminology has been extended to the realm of 
adrenergic drugs. They can now be designated according to the receptor for which they have 
the greatest affinity and according to the type of response which they induce. Hence, alpha
stimulating, alpha-blocking, beta-stimulating and beta-blocking drugs could be developed. 
Little attention was paid to Ahlquist's theory for over 10 years. However in 1958 the 
situation changed dramatically with the discoveryofdichloroisoproterenol (DCI) by Powell 
and Slater at Eli Lilly (USA).4 They were searching for a long-acting and specific 
bronchodilator to compete with isoprenaline, which at that time was a leading drug for the 
treatment of asthma. They hoped that chemical manipulation of isoprenaline would yield 
a new and better drug. DCI however exhibited some unexpected effects. The substance 
could block adrenergic inhibitory actions on smooth muscle, and thus DCI was launched 
in academic circles as an interesting pharmacological tool to study adrenergic mechanisms. 
Most authors regard the action of DCI as an accidental discovery, a chance observation 
which unfortunately did not alert the Lilly research team.5 Powell and Slater had missed the 
blocking action of DCI on the heart, i.e. the blockade of excitatory responses which were 
supposed to be mediated by "excitatory receptors" according to Dale's classification. It 
remained for Moran and Perkins in 1958 to demonstrate that the effects of DC I supported 
Ahlquist's theory.6 
Initially DCI and its analogous were considered to be laboratory curiosities or drugs looking 
for a disease.? No one seemed able to envision its therapeutic value. It was Black, working 
at Imperial Chemical Industries (ICI), who first saw the real clinical potential of DC I and 
ultimately succeeded in bringing pronethalol, the first beta blocker, to the market in 1962.8 
Pronethalol, which proved to be carcinogenic in mice, was followed by propranolol, 
marketed by ICI in 1964. ICI was closely followed by AB Hassle (Astra Sweden) with 
alprenolol and Ciba-Geigy with oxprenolol, both around 1966. Propranolol remains the 
most widely used beta blocker and the prototype of the so-called first generation. Me
toprolol (AB Hassle, Ciba-Geigy) and atenolol (ICI) are the major representatives of the 
cardioselective, second generation beta blockers, which are presumed to block the cardiac 
receptors more selectively than those of the bronchi. The use of beta blockers became a 
major advance in cardiovascular treatment, initially for angina pectoris and cardiac arrhyth
mias and later on for hypertension.9 

3.3. From Dale to Ahlquist: a new methodology in pharmacology 

At the turn of this century, physiologists were familiar with the fact that many bodily 
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functions were regulated autonomically. The various responses of the automatic nervous 
system, divided into an (ortho)sympathetic (adrenergic) and a parasympathetic (cholin
ergic) part with often opposed effects on the various organs, were mapped out by means of 
electrical or similar stimuli. 
These classification schemes became the conceptual frameworkin which pharmacologically 
active compounds were studied. Compounds were called "sympathomimetic" when they 
stimulated physiological responses whether "excitatory" or "inhibitory". Compounds were 
called "'sympatholytic"when they blocked physiological responses, whether "excitatory" or 
"inhibitory". For example, a compound that stimulated the relaxation of smooth muscle in 
the bronchi - an "inhibitory" response while constriction would be an "excitatory" response 
- was therefore called a "sympathomimetic agent". A compound which prevented, i.e. 
blocked relaxation of smooth muscle in the bronchi, was called a "sympatholytic agent". 
This resulted in two major lines of research in pharmacology. 
Within the firstline of research physiological effects ofa number of synthetic amines, closely 
related to adrenaline, were studied. In their article in 1910 - a first example of what is known 
now as structure-activity-relation (SAR) research - Barger and Dale coined the term 
"sympathomimetic" because these amines mimicked the responses to the classical physio
logical stimulus, i.e. electrical stimulation of nerves.1O Although these sympathomimetic 
amines did not show all types of responses in the same degree, it was widely accepted that 
sympathomimetic amines caused qualitatively, but not quantitatively, similar effects. 
Despite some doubts expressed by pharmacologists adrenaline remained the reference 
compound. It was considered to represent the physiological stimulus. 
The second line of research focussed on sympatholytic agents. This was initiated by Dale's 
work on ergot that dominated pharmacological research during the following decades. So 
strong was Dale's influence tha t as recently as 1949 Nickerson stated: "Over forty years ago, 
Dale clearly defined the action of ergot in blocking and 'reversing' many responses to circulating 
adrenaline and sympathetic nerve stimulation, but subsequent progress in the field has been slow".11 
Dale showed how ergot-alkaloids inhibited many, but not all physiological responses of 
adrenaline and sympathetic nerve stimulation: the "adrenergic blockade". To explain these 
differences he differentiated between two types of "receptors" for adrenaline: one type as 
a site for adrenaline resulting in excitatory responses blocked ("paralysed") by ergot, the 
other one as a site for adrenaline, resulting in inhibitory responses not blocked by ergot. 12 

Dale's research provided a standard methodology for pharmacological research. The ergot
alkaloids were used as pharmacological tools to classify the several effects of adrenaline and 
sympathetic nerve stimulation. Subsequently other groups of agents which inhibited the 
excitatory responses of the sympathetic nervous system, became available: yohimbine and 
analogous (1925), phenoxyethylamines (1929), benzodioxanes (1933), imidazolines (1939) 
and beta-haloalkylamines (1945)Y Since both Dale and Ahlquist used the receptor concept, 
it is tempting to assume a continuum with no revolutionary change from the early part of 
the 20th century to 1948. However receptors did not mean the same thing in 1906, in 1948 
or indeed 1958. In the 1940s and 195 Os the concepts of sympathomimetic and sympa tholytic 
agents were replaced by agonists and antagonists. This change of terminology was accom-
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panied by an important shift in meaning. 

3.4. Change in the concepts of agonist and antagonist 

The antagonist concept was developed in the 1940s following the spectacular discovery of 
the mode of action of Prontosil, a compound which heralded the era of sulpha drugs. 
Prontosil appeared to be reduced by the host' organism to sulfanilamide that interfered 
selectively with the metabolism of the micro-organism because of its structural similarity 
with one of the bacterial metabolites. As with any dramatic change, it took a while for 
researchers to realize the magnitude of this finding. However it yielded the idea that 
effective drugs could be looked for among compounds that interfered with normal 
biochemical and enzymatic mechanisms of micro-organisms. And why would not the same 
mechanism apply to human regulatory systems as well? This notion was proposed by Fildes, 
in a paper entitled 'A rational Approach to Chemotherapy', into a general theory of drugs 
as metabolic antagonists. 14 Enzyme chemists took up the new concept and developed it into 
a fundamental structure: the theory of competition with and displacement of essential 
metabolites in an organism by substances with similar structure and composition.ls 

This theory of biological antagonism, had more far-reaching effects than ushering in the 
modern era of chemotherapy. It extended to other possible therapeutic domains. Conse
quently experimental drug research ramified into the field of medicinal and organic 
chemistry, biochemistry and pharmacology. The resulting new science cuts across the lines 
of biochemistry, pharmacology, physiology chemotherapy, immunology, and others. It is 
a science based upon fundamental concepts not upon lines drawn in the cloudy sphere of 
didactic definition. 16 

Pharmacologists in their own way elaborated the concept of antagonism based on Clark's 
quantitative expressions of the relation between drug concentration and biological effect.17 

Gaddum and Schild in the 1940s pursued the idea that two drugs compete in a reversible way 
for one single receptor site: the idea of competitive antagonism.18 This was the era ofoccupa
tion theories: the observed biological response was a function of the number of receptors 
occupied by the particular drug. Thus the concept of antagonism had acquired a two-fold 
meaning. Firstly, antagonists could be considered as potential therapeutic agents extending 
the domain of potential drugs. Secondly, antagonism had also become a sharply defined and 
substantial part of a research methodology. Both meanings acquired a central role by 
pharmacologists in industry testing compounds in animal systems and studying the 
pharmacodynamic principles of these compounds and their derivatives. 
The occupancy theory seemed satisfactory for describing the action of most "inhibitors", 
but was found lacking with respect to agonists. To cite Albert: ''As a statement of the action 
of most inhibitors, as important for work in chemotherapy and agriculture, this simple occupation 
theory can hardly be bettered. However it has been found inadequate to explain the kinetics of agents 
which elicit a positive response (our emphasis) ".19 

This notion was pursued in the studies of Ariens, Stephenson, Furchgott and Nickerson. In 
the 19 50s they independently showed that drug action should be understood in terms of two 
functions rather than one, either affinity of occupancy. In the case of Clark's theory affinity 
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meant the ability of a compound to attach to a certain receptor thereby blocking the action 
of the agonist; intrinsic activity meant that attachment to a receptor elicits a positive 
response. Thus compounds could possess in varying degrees both agonistic and antagonistic 
properties. Subsequently, a new experimental practice emerged to dissect the agonistic and 
antagonistic properties of compounds. In this way a new understanding of the drug
receptor-interaction allowed pharmacologists to conceive agonists and antagonists as 
experimental tools as well as potential drugs. 

Ahlquist's theory 

Ahlquist studied adrenaline- and ephedrine-like compounds. He observed that different 
amines stimulating heart frequency and constriction of blood vessels - "a typical sympath
omimetic effect" - sometimes gave rise to an unexpected blood pressure fall (depressor 
response), due to vasodilation. This was a surprising observation because at the time the 
terms sympathomimetic and "vasoconstrictor" were regarded as synonymous.20 These 
results led him to the question whether the adrenergic receptors could be classified simply 
as excitatory and inhibitory. 
He accordingly carried out a comparative study of a series of six sympathomimetic amines 
in several test systems which he considered an adequate measure for the function of the 
adrenergic receptor itself. The results yielded two orders of relative potency. He therefore 
concluded that those effector-response differences must be the consequence of differences 
between two types of receptors. He called the first type the alpha receptor and the second 
type the beta receptor. The adrenergic receptor became a functional concept, i.e. the 
receptor was described only in terms of effector response to drug application. 21 

Neither Ahlquist's experimental work nor his new concept was promptly accepted by the 
research community. His 1948 article was rejected by the Journal of Pharmacology and 
Experimental Therapeutics. His friend and colleague W.F. Hamilton, editor of the Journal 
of Physiology, had to intervene in order for the article to be published in this journal. 
Contrary to Carrier and Shlaferwho suggest that "heresy and audacity, not science, were the crux 
of the controversy", Ahlquist's work was rejected, at least partially, because of the experimental 
approach which he employedP Two points were made by the critics. 
Firstly, on the basis of his experimental findings, Ahlquist concluded that adrenaline must 
be the mediator. This conclusion was contrary to Von Euler's (1946) who proposed 
noradrenaline to be the one and only transmitter of the sympathetic nervous system. The 
point here is that Ahlquist's work had not met the standards for experimental work which 
had been raised by the introduction of biochemical techniques and new specific antagonists 
exemplified by the experimental work of Von Euler. 
Secondly, Ahlquist made no use of experimental systems which used pressor responses to 
evaluate the activity of catecholamines on adrenergic receptors, because he appreciated that 
the arterial pressure represents the resultant of a number of factors.21 Although it was well 
recognized that pressor-depressor test systems were not suited to establish the physiological 
role of the underlying mechanism, they were nonetheless a standard methodological tool 
to classify sympathomimetic and sympatholytic agents. 
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However the key issue was that Ahlquist's work implied a conceptual change, because he 
interpreted the physiological test systems pharmacologically, stating that "in order to study 
each type of receptor (our emphasis) it was necessary to work with more or less isola ted parts 
of the cardiovascular system.24 He conceived these isolated parts of the cardiovascular 
system as input-output-systems which could serve as a model of the function of the receptor. 
The receptor itself thus became the object of scientific interest. 

In the same period, through their work on agonists and antagonists, pharmacologists 
became painfully aware of the fact that they did not have the faintest notion of how 
catecholamines operated at the cellular level, Furchgott asked "Where are these adrenergic 
receptors located in the effector cells?", "What is their chemical and physical nature?" and "H uw lead 
the reactions between them and the catecholamines to the responses which we observe and meamre ?". 25 

This discussion lasted until the early sixties, when a cluster offour methodological principles 
was generally accepted: (1) an agonist should interact directly with the receptor; (2) a suitable 
antagonist must be available to antagonize agonists selectively; (3) active (re)uptake of the 
agonist must be precluded; (4) controls should be performed to exclude the possibility of 
classifYing physiological reflex responses as drug effects. 
Ahlquist followed only the first of these rules by using a series of sympathomimetic agents 
to identifY the adrenergic receptors. He assumed that these compounds acted directly, but 
employed no experiments to support the assumption. Systematic use of antagonists to 
selectively block agonists was not done. Available biochemical techniques to satisfY the third 
requirement were not used; nor did he exclude the possibility that physiological reflexes 
played a role in the responses he observed. The penetrating aspect of his work was the result 
of his classifYing adrenergic receptors by means of studying the effects of agonists. 
The striking feature of this early history was a complex process of disciplinary transforma
tion. Ahlquist's theory became only a paradigm for the experimental study of adrenergic 
receptors after the cognitive matrix of this research area - the concepts of agonist and 
antagonist and a set of methodological principles - emerged. Although the discovery of DC I 
might be said to be accidental, its recognition as a compound with a deviant pattern of action 
was not an observation by chance as is often said in historical accounts of the beta blockers. 
Only within this new cognitive rna trix of experimental work were scientists able to recognize 
DCI as the exemplar of a new class of bio-active compounds. 

3.5. Experimental and therapeutic profiling in drug innovation 

3.5.1. Cardiac arrhythmias 

When Moran and Perkins in 1958 interpreted the action of DCI as a confirmation of 
Ahlquist's theory, it was obvious that it would have great impact on the conceptual 
frameworks of pharmacology and physiology. The concept of alpha and beta receptors was 
then rapidly accepted. However its influence on experimental drug research was not 
immediately evident. With the benefit of hindsight, it is clear that Ahlquist's theory could 
have changed these research practices at one specific point: the cardiac adrenergic receptor, 
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because this theory gave the cardiac adrenergic receptor a new pharmacological meaning. 
This change did take place at the moment pharmacologists recognized DCI as an interest
ing compound because ofits deviant pattern of action. It was tested systematically in various 
experimental systems, and attempts were made to fit the properties of DCI into a 
pharmacological profile. New questions arose:l.the specificity of beta blockade and its 
distinction from other types of pharmacological actions; 2. the contribution of beta blockade 
to normal and pathological mechanisms; 3. the intrinsic sympathomimetic activity; 4. its 
membrane stabilizing activity. These questions led to research on scattered fronts, because 
each could only be posed within a specific therapeutic context. The membrane stabilizing 
activity of DCI, for example, could only be recognized because DCI was tested in 
experimental systems relevant to various types of cardiac arrhythmias.26 

DCI was conceived of as a compound with anti-arrhythmic properties despite prevailing 
views about the pathological role of cardiac excitatory responses. Research on cardiac 
arrhythmias was structured in such a way that the cardiac adrenergic receptors whether 
classified as "excitatory" of "beta" were assumed to play no major role. Thus in 1962 Moran 
and his colleagues pointed out that according to Ahlquist's theory there were two types of 
adrenergic receptor relevant to the cardiovascular system. Beta receptors mediated the 
inotropic and chronotropic responses of the heart, and alpha receptors mediated the ectopic 
excitation by sympathetic stimuli responsible for cardiac arrhythmias. Nickerson in 1959 
had divided these responses into "physiological" and "pathological" responses.27 Thus, 
pharmacologists held to the view that the "excitatory" cardiac responses played no major 
role in the pathogenesis of cardiac arrhythmias. Accordingly itwas not Ahlquist's theory that 
changed this concept, but the way pharmacologists developed a profile of DC I. 

So, an essential feature of drug development is to establish the contribution of the 
pharmacological properties of a compound to its biological effects, whether presupposed, 
ascertained or desired for. This process is called pharmacological profiling. Through this 
process concepts and tools are pushed into therapeutic contexts which give a therapeutic 
relevant meaning to these basic findings. 

3.5.2. Angina pectoris 

For Black and his team at ICI around 1960 there were no "theoretical problems", only 
"practical ones". They were to reduce intrinsic sympathetic activity to zero, consider the 
property of membrane stabilizing activity as a threat to the desired drug profile, choose the 
right test systems out of the field with a high turnover for chemical and pharmacological 
screening and bring pronethalol to the clinic as quickly as possible. He put the ICI -team to 
work on these practical problems by moving another clinical problem area into the field of 
the adrenergic receptors. He was not socialized in the physiology and pharmacology of the 
adrenergic receptors. Nor was he versed in that train of physiological thought that 
determined the pathophysiological significance of cardiac adrenergic receptors in connec
tion with cardiac arrhythmias. He had received his scientific training in experimental 
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cardiovascular physiology and was particularly interested in research on anginal attacks, 
cardiac necrosis and exercise tolerance. 
For a long time this field had been dominated by the conception that coronary vasodilation 
was the choice method for the treatment of angina pectoris. This concept was the basis for 
therapeutic practice with nitrites and their established effectiveness in the treatment of 
angina pectoris. The success of the nitrites led to the search for other vasodilator com
pounds, initially with some success; but with time disappointment grew.28 The time was ripe 
for a therapeutic re-orientation as stated by Winbury: "There must be a re-evaluation of the 
concepts and theories regarding the mechanisms involved in angina pectoris and the approaches to the 
development of drugs for treatment of the disease". 29 

Black and others recognized that DCI had therapeutic potential as a chemical knife to damp 
the sympathetic drive of the heart. The cardiac adrenergic receptors were thus connected 
with a straightforward therapeutic goal. The burden of proof was now reversed. The 
question was no longer which pharmacological properties did DCI possess and what were 
their therapeutic significance. Instead Black focussed on what was desired from DCI in a 
therapeutic setting and how this activity could be enhanced. He thus encouraged the ICI
team to use a chemical structure-activity approach, to see which modifications would 
improve DCI as the chemical knife desired. 
Black thus moved the pharmacology of adrenergic blocking agents to the therapeutic 
context of angina. By developing pronethalol in 1962 and propranolol two years later, he 
established leadership in the field. He integrated the therapeutic contexts of angina and of 
cardiac arrhythmias. He asked questions like: "Will conditions such as atrial fibrillation and 
atrial and ventricular tachycardia be helped by reduang the cardiac sympathomimetic responses to 
anxiety, emotion and exercise?"; "Will myocardial adrenergic blockade reduce the myocardial 
demand for oxygen?" and, ifso: "Will this be helpful to patients with angina?". 30 It is as ifhe would 
say: "I think these questions have to be answered with yes. But if you want to address these 
questions you need pronethalol while it is a tool and a therapeutic modality". 

The use of pronethalol and later propranolol in specific therapeutic settings yielded 
information about their clinically relevant properties and about the conditions essential for 
enhancing the well-being of patients. This second type of process is called therapeutic 
profiling. The emanating profiles enable clinicians to mark the therapeutic objectives at 
stake and to translate basic findings into meaningful medical effects. 

3.6. Conclusions 

The early history of the development of beta-adrenergic blocking drugs is not only 
interesting in its own right. It demonstrates the interaction of physiologists, biochemists, 
pharmacologists and clinical scientists in the development of effective therapeutic agents. 
As is often (but not always) true, the early contributions of fundamental scientists were 
paramount. However, these contributions are not isolated events; they are embedded in 
experimental practice. Furthermore, ata critical point, the transition from the experimental 
to the clinical context required the creativity of the clinical scientist who visualized the 
potential solution to an imponant problem. 
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Emphasis has been given to the process in which experimental and clinical characteristics 
of drugs are revealed. The importance of creatively filling the profiles has been demon
strated in this early history of the evolution of the beta blocking pharmaceuticals. This 
illustrates that through assessing the appropriateness of therapeutic practices therapeutic 
needs and objectives for future drug development are modelled. These needs and objectives 
can be conceived of as demands made upon the "new drug" which have to be met in the lead 
generation and development process by industrial researchers. 



Chapter 4. Industrial research and beta blockade 

4.1. Introduction 

The previous chapter described how the concept of beta blockade became transformed into 
a therapeutically meaningful concept. Evidence was provided for the hypothesis that this 
transformation was not possible without clinical practice that studied cardiac arrhythmias, 
anginal attacks, exercise tolerance, cardiac failure, bradycardia and bronchial spasm in asthma 
and bronchitis. The aim of this chapter is to substantiate this hypothesis more firmly by 
showing that clinical issues have structured industrial research and yielded specific targets for 
industrial scientists to profile their compounds experimentally. 
For this purpose some industrial research projects will be described. Around 1960 several 
industrial laboratories were involved in the study of adrenergic mechanisms. Some programs 
were successful; others were not. Other companies may have searched for beta blocking 
compounds too, but not succeeding they have disappeared in the realm of the therapeutic 
past. Undoubtedly, many industrial scientists tested dichloroisoprenaline and related 
compounds as is common in industry, but they did not publish their results neither did they 
enter the field. Therefore the description of industrial research into beta blocking 
compounds must be necessarily selective. In this chapter five projects are described, i.e. the 
projects ofImperial Chemical Industries (4.2.), Eli Lilly & Co. (4.3.), Mead Johnson (4.4.), 
AB Hassle (4.5.) and Ciba (4.6.). 
The development of the beta blocker projects ofImperial Chemical Industries and AB Hassle 
will be described at length to gain insight into the ways clinical perceptions affect industrial 
research. Academic research will be described with reference to particular developments in 
industrial research. 

4.2. Beta blocker research at Imperial Chemical Industries (ICI) 

4.2.1. The early phase 

In 1957 Black made a request to the Pharmaceutical Division ofICI for money and support 
to elaborate a new approach in the treatment of coronary heart disease. Davey, who was in 
charge of the Biological Research Department, asked him to come to work at the department 
in Alderley Edge, near Manchester to where the Pharmaceutical Division of ICI had just 
moved. Time was apparently favorable for novel and risky ideas and Black was certainly the 
type of person who could persuade people to see his point of view. However, the research 
project started in an atmosphere of great scepticism and Black's unconventional ideas were 
in need of Davey'S support, the more so since at several times the project seemed to have 
reached a dead-lock. No lead compound was found up till 1960 and laborious technical work 
had to be performed, e.g. the building of test-systems and electronic apparatus. 
These activities coincided with the attempts ofICI to alter course in the cardiovascular area 
since the cardiovascular research team at ICI was completing their ganglion-blocker project. I 
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At this point it was already obvious that there would not be much future for this type of 
compound as other types of anti-hypertensive agents with less grave side-effects became 
available. The team moved from the peripherally acting ganglion blocking agents to the 
centrally-active anti-hypertensive drugs but this change of course was beset with pitfalls. In 
fact, a compound was found but it failed the toxicology tests. 

After qualifying in medicine and having worked at the Department of Physiology, first at St. 
Andrew's, then in Malaya, Black joined the Department of Physiology at the Veterinary 
School in Glasgow in 1950. The department had contacts with various laboratories, and also 
with the Departments of Cardiovascular Surgery at Edinburgh and Aberdeen. George Smith, 
professor of surgery in Aberdeen, was an important person in Black's professional career.2 
Smi th, holding a Rockefeller Scholarship, had become familiar with American cardiovascular 
physiology and surgery and through him Black became familiar with concepts and methods 
from both areas. 
The laboratory at Glasgow studied an important technique to improve coronary artery 
disease. Exposing animals to hyperbaric oxygen they attempted to prevent or reverse 
ventricular fibrillation, a serious complication in case of a heart in oxygen distress. Gregg, a 
key figure in cardiovascular physiology, had established that only a very small increase in 
blood flow was needed to avoid damage to the heart. So, the idea arose whether a small 
decrease in oxygen demand would produce a similar beneficial effect.) Since it was known that 
the sympathetic nervous system mediated stress, and hence regulated the demand of the 
heart, Black became interested in the role of the sympathetic nervous system in coronary 
artery disease. 
As early as in 1940 Raab had put forward his theory, that the triggering factors in angina 
pectoris such as effort, emotion, cold, and stress, caused a condition of 
hypersymphathicotony, i.e. a hyperactive state of the sympathetic system associated with 
excessive release of catecholamines from the supra-renal glands and the sympathetic nerve 
endings in the heart.4 The catecholamines were supposed to produce an excessive and 
superfluous myocardial oxygen consumption: their so-called 'oxygen-wasting effects'. 
Throughout his life Raab defended his theory and gradually many scientists and clinicians 
began to follow Raab's ideas.s Based on this theory "anti-adrenergic" measures became 
advocated as a rational treatment in coronary heart disease. Indeed, the anti-adrenergic' 
measure was the key-notion that underlies Black's hypothesis. 
During the 1950s Black studied a commercial extract of bovine heart muscle, for which a 
variety of therapeutic claims with respect to coronary heart disease had been made. Several 
studies had shown that the extract exhibited an anti-adrenergic activity in the heart and Black 
observed that it protected the rabbit heart against the damaging effects of oxygen shortage.6 

This observation initiated Black's decision to develop anti-adrenergic compounds.7 

In part, his desire to find an anti-adrenergic drug fitted common medical knowledge. Patients 
told their doctors under which stressful conditions their complaints were evoked and how 
they could control their distress through re-organising daily life. In the same way physicians 
told their patients how to adapt their daily stress and emotions to the signals of their hearts. 
Hence, anginal pain was not only a sign of the disease's progress, but also the starting-point 
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of therapeutic measures. B But this practice was far removed from attributing a pathological 
role to the sympathetic nervous system. 
Black refers, in the following, to the long tradition in physiology and medicine that perceived 
the sympathetic nervous system as a beautiful mechanism of adaptive behaviour: "Then the 
influence of WE. Cannon (Cannon, 1932) with the sheer success of his work in the twenties in 
formulating his doctrine of homeostasis and the emergency theory of the function of the sympathetic 
nervous system - the mediation of the fight,fright and flight reaction - apparently imprinted the minds 
of generations of biologists with images of a system beautifully adapted to survival with its activity 
ebbing and flowing in a unitary pattern, harmoniously reciprocating w ith the parasympathetic system. 
There was not much room in these theories for the idea that the activity of the sympathetic nervous 
system would not necessarily or always (in cardiac disease, for example) have survival value". 9 

However much this classic view may have dominated physiology and pharmacology, it was 
ambivalent in its practical meaning. It did not hinder the introduction of the therapeutic 
principle of controlling cardiac disease by interfering with the sympathetic nervous system. 
One example is the introduction of the ganglion blocking drugs which essentially try to 
control hypertensive disease by cutting the sympathetic nerves. In this respect strikingly 
different medical practices are seen. In the United Kingdom, for example, ganglion blocking 
agents became very popular whereas they were rarely prescribed in other countries.1O The 
extent to which this therapeutic principle was applied in medical practice, varied accordingly. 
Another example is surgical sympathectomy in hypertension but this treatment was 
superseded by the use of ganglion blocking drugs. 1I 

Several therapeutic measures therefore showed that if cardiovascular disease could not be 
conceptualized as a dysfunction of the sympathetic system, then in any case it could be 
controlled by interference with adrenergic control. 

It is striking to see how Black extracted such heterogeneous elements from different 
backgrounds into this straightforward objective: "Find an anti-adrenergic substance". From 
the pharmacological perspective, however, this was a controversial idea. The 
pharmacological literature was filled with attempts to find anti-adrenergic drugs, but there 
was much confusion and little success. 
Blackrecalls how he screened textbooks of pharmacology and then found the Ahlquist's paper 
on alpha and beta receptors in Drill's textbook Phannacology in Medicine .12 In this paper 
he found what he was looking for: that action of adrenaline in the heart was refractory to 
blockade, and apparently there was a different receptor in the heart. It was a straightforward 
way of thinking. Black was determined to find a compound that annulled the effects of 
adrenaline on the heart, not to solve the intriguing puzzle of the heart as an anomaly to 
medical theory. Unhindered by classic beliefs and the frustrating experiences in the field, he 
drew a connection between the therapeutic goal and the adrenergic receptor in the heart. 
Though developed within the particular context of ventricular fibrillation, this goal was 
broadly formulated: complete blockade of the cardiac adrenergic receptor because 
sympathetic (over)activity is detrimental to the patient's condition in the case of heart disease. 
This attests to Black's personal view on the drug discovery process: "/ am more interested in 
offering a compound with a new type of pharmacological action than in finding a treatment for an 
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experimentally induced disease in animals".ll The therapeutic target, however, would become 
angina pectoris. Shanks commented: "Looking back in the reports that had been written internally 
at leI, he (Black, RV) talked initially about 'coronary heart disease ' and then the clinical trials worked 
out by Dornhorst and Robinson were in angina pectoris. So somewhere the change occurred and I am 
not sure where it did". 14 

4.2.2. The birth of pronethalol 

Black started the project without any formal basis. Black was the pharmacologist and John 
Stephenson the chemist, working in a section managed by Crowther. One of the major 
screening tests used was the Langendorffisolated guinea-pig heart preparation. In searching 
for adrenaline antagonists Black and Stephenson decided to follow up the ideas ofFourneau 
who had done much research into this area at the Pasteur Institute (Paris) during the 1930s. 
This strategy was interrupted by the discovery ofDCr. In january 1959 the Project Team 
Report summarized: "There are two clearly differentiated sympathetic receptors - a receptors 
associated with excitatory effects on blood vessels and smooth muscle and jJ-receptors associated with 
inhibitory effects on smooth muscle and possibly cardiac muscle. All the known adrenolytic agents are 
a receptor inhibitors. Presumably the unknown factor in heart muscle is a jJ receptor inhibitor and 
recently, the dichloroanalogue of isoprenaline has been shown to be a powerful jJ receptor inhibitor. The 
question of whether this latter compound will effectively block the cardiac sympathetic responses remains 
to be satisfactory answered". 15 

The finding of DCI evoked confusion and discussion. The ICI team received the crucial 
papers early in 1959.16 Black immediately recognized the significance of DC I, yet remained 
hesitant. 17 Though Moran and Perkins interpreted the effects of DCI in terms of Ahlquist's 
theory, Black was doubtful because of the strain-gauge-arch-technique used by the authors. 
Two years earlier Moran and colleagues had published an article claiming that 
phenoxybenzamine blocked the actions of adrenaline on the heart. ls According to Black 
phenoxybenzamine did not exhibit this action, and the technique might be the decisive factor. 
When subsequently testing DCI in his own Langendorffpreparation Black ''found it to be about 
as active as isoprenaline as a cardiac stimulant and rejected it as a suitable compound for antagonizing 
the cardiac actions of catecholamines".19 
Consequently, dichloroisoprenaline was rejected as a lead-compound. The search for other 
types of compounds continued but progress was slow. The development of the test-systems 
turned out to be a laborious undertaking.20 Late in 1959 the technical problems were solved 
and Black calibrated the new set-up with the compounds that had been used in the old test 
system. In this new test system more than a hundred compounds were screened, and some 
were active but none as much as DCIY 
It was decided to take DCI as the lead-compound and in february 1960 Stephenson went 
straight to pronethalol. In march 1960 a phase of intensive testing started. The ICI scientists 
took an optimistic view, and the compound became an all-absorbing topic of investigationY 
High priority was given to the project and antihypertensives-research was dropped. 
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4.2.3. The demise of pronethalol 

The patent on pronetholol was applied for in May 1960. Stephenson left ICI about the same 
time, and chemical work was supervised by Crowther while Howe and Smith performed the 
patent completion work and structure-activity studies. When pronethalol was marketed in 
November 1963, about 800 compounds had been synthesized. A number of substances were 
potential candidates for further development and the chemists were aware that it would be 
very hard to keep competitors out of the field. 
This period was crucial in two respects. At the chemical-pharmacological level the search for 
active compounds was performed at fever-speed to keep out competitors in the field. At the 
clinical-pharmacological level studies in animals and man were performed. The relationship 
between both levels of activity was bi-directional. The chemists turned up with a whole array 
of compounds providing the tools for further screening and delivering keys to biological and 
clinical studies. On the other hand, biological and clinical investigations revealed 
fundamental problems that formed targets for chemical research. 
A critical stage of the rf"" ':u:h process was reached when clinical trials started in late 1961. 
In the middle of 1962 the first results were published in The Lancet. The articles reported 
studies with prvnethiliol relating to the cardiovascular effects on normal subjects and anginal 
patients, at rest and during exercise, as well as the effects on glucose and fatty-acid release in 
man. In 1963 more studies were published in the British Medical] ournal. These were small 
clinical trials establishing the effectiveness of pronethalol in the relief of anginal pain, and also 
in some types of cardiac arrhythmias. The atmosphere of the project was positive. Clinicians 
became actively involved in the investigation and many clinicians were receptive to this new 
apjJl'uach in cardiovascular disease. However, some problems emerged that threatened the 
project. 
In an early phase, probably as early as in 1961, experiences with pronethalol in cats and dogs 
showed effects on the central nervous system. Black wrote in the Project Team Report 
Ganuary 1962) "that analogues of leI 38174 (pronethalol) were being tested to find a compound 
which ( .. .) showed less penetration of the central nervous system". 23 

Clinical studies performed by Dornhorst, Rosenheim and others revealed these central 
effects in man too. The side-effects of central nervous origin consisted of paraesthesia, 
'walking on air', visual disturbances, dreams, fatigue, nausea, vomiting and dizziness.24 It was 
suggested that these side-effects were not due to the beta blocking activi ty i tselfbu t to the high 
lipid solubility of pronethalol allowing easy passage across the blood-brain barrier.25 

The clinical reports necessitated that the team find another compound: "The dowmide was that 
this very first drug (pronethalol, R V) caused vomiting at just about the therapeutic dose. So, a lot of 
people were nauseated by it, I can tell you that and it became quickly apparent that that one wasn't going 
to do". 26 High lipid solubility became an undesirable property of beta blocking compounds and 
attempts were made to synthesize compounds without this characteristic. 
To scientists outside the firm it was a surprise that ICI came up with another compound so 
quickly27 but in fact it took a year before a decisive breakthrough came. Shanks who had 
worked at Belfast and who joined ICI because of his expertise in cardiovascular 
hemodynamics became deeply involved in this successful event. In November 1962 he 
performed one of his first experiments administering ICI 45520 (propranolol) to a cat. The 
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compound proved to be about 10 times more potent than pronethalol. In contrast, the dose 
required to produce toxic effects, particularly the neurological symptoms, was about the same 
as the toxic dose of pronethalol. Hence the therapeutic ratio (therapeutic dose/toxic dose) was 
markedly increased.28 Shanks describes how Crowther and Smith were "varying the distance 
of the CHOH group from the aromatic ring by the insertion of different groups; one of the groups 
selected was -OCH2• This normally would have been done by a reaction involvingfJ-naphthol but as 
a-naphthol was available Smith used this instead, and obtained ICI 45520; the compound made from 
fJ-naphthol is less active". 29 

However, the chemists were aware that activity could be found in both u- and fi-naphthyl 
derivatives from their work in the pronethalol area.30 Thus, the compound ICI 45520 was a 
happy discovery but not accidental. Furthermore, the neurological problems stimulated the 
team to search for potent compounds.31 Insights from structure-activity-relationship (SAR) 
research, though far from being a theoretical guide to the chemist, none the less outlined 
routes of chemical manipulation. Biological systems were specific enough to pick up the 
desired compounds of whatever chemical type. Even if the synthesis ofICI 45520 would have 
been a fortunate event, the recognition of its interesting biological activity was certainly not 
a happy chance. 
This compound (propranolol) was not the solution to the whole problem in that its high lipid 
solubility still allowed it to penetrate nervous tissue. In 1963 this property became a major 
problem leading to theoretical and methodological discussions in the field. In the mean time 
work on pronethalol had continued. Gill and Vaughan Williams reported that pronethalol 
acted in the same way as quinidine, an anti-arrhythmic agent, and as procaine, a local 
anaesthetic: "Experiments (. ..)indicated that pronethalol was an anti-arrhythmic agent 
approximately twice as potent as quinidine and with a similar mode of action. Since many anti
arrhythmic agents are also local anaesthetics, it was of interest to discover whether pronethalol also 
could produce local anaesthesia. (...) It was found that pronethalol is 1. 8 times as active as procaine (. . .). 
Pronethalol is very closely related to a series of compounds studied as local anaesthetics by MacIntosh 
and Work ".32 

The emphasis in this quotation has been added to stress that in this way knowledge about 
profiles of anti-arrhythmic agents was transferred to the field of beta blocking drugs.33 A 
fundamental discussion about the basic action of pronethalol began. Was it the beta blocking 
action or that other type of activity similar to that of quinidine the essential feature ofthe anti
fibrilla tory action? This basic question also involved the anti-anginal area. Was it the beta 
blocking action or the "local anaesthetic" action similar to that of procaine the key activity 
that relieved anginal pain? This report therefore disturbed the ICI team because the 
beneficial effects of pronethalol could possibly be attributed to a property other than beta
blocking activity.34 
Different terms have been used interchangeably to denote this aspect of the drug: "quinidine
like action", "local anaesthetic activity" and "membrane stabilizing activity" (MSA).35 In due 
course the latter term became the preferred one to denote this ancillary property of beta 
blocking compounds. The high lipid solubility was purportedly reflected in this local 
anaesthetic or quinidine-like activity. Lipophilic beta blockers were supposed to be 
compounds with membrane stabilizing activity whereas hydrophilic beta blockers were 
agents without this undesirable property. The crucial point is that this property was not 
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merely related to toxicological actions but to the therapeutic effects, i.e. the anti-arrhythmic 
and anti-anginal action, as well. 
In this context clinicians posed another problem that to some extent also affected the 
discussion about the local anaesthetic activity of pronethalol. Stock, a cardiologist in Stoke
on-Trent, reported other than beneficial effects in cardiac arrhythmias: "The aggravation or 
precipitation of heart failure by pronethalol is disturbing. We certainly feel that the drug should be 
given with great caution in the presence of established or incipient heart failure". 36 
Two explanations were provided. First, patients near the borderline of heart failure appeared 
to be in urgent need of the compensating activity of the sympathetic drive that strengthened 
the force of contraction of the heart. Since beta blockers eliminated the sympathetic drive, 
they precipitate or even initiate cardiac failure. Second, beta blockers exhibited a direct 
cardio-depressive action. In fact, local anaesthetics were known to be cardio-depressive 
agents and beta blockers possessed a local anaesthetic activity. The first explanation 
dominated the field but throughout the 1960s the "direct cardio-depressive" action of 
pronethalol, propranolol and other compounds also entered the discussion. 
These toxicological problems, however, were surpassed by another finding that dramatically 
affected the course of the project.37 During testing for long-term toxicity in mice carcinogenic 
activity was found. The tumours found in these mice were most commonly in the thymus but 
other tumours also appeared. Pronethalol was marketed but its use was restricted to "conditions 
which themselves threaten life immediately, or cause such morbidity that only short survival may be 
expected".38 Subsequently many further long term tests were performed in mice, rats, guinea 
pigs, dogs and monkeys butno carcinogenic effect was observed in any species otherthan that 
"Alderley Park strain of mouse" as leI-scientists cynically expressed. This formulation 
reflects the psychology of the industrial scientist. For indeed, it is terrible to lose a compound 
in which so much time and energy has been invested. But it also reflects the strong beliefs and 
high hopes attributed to that drug. 
So, while pronethalol embodied the expectations of a winning team, two dramatic events -
the discovery of the carcinogenic effect and the quinidine-like activity - rapidly culminated 
in an anti-climax: "It came as a shock to us; it was a disaster", as Barrett described the sta te of mind 
of the leI team.39 Both events wrenched the leI team out of its routine activity. The demise 
of pronethalol started and it was replaced by propranolol. Admittedly, it was easy to drop 
pronethalol "as propranolol had already been discovered and no tumours had developed in a chronic 
toxicity study in mice (..J". 40 

This dramatic period coincided with the departure of Black who started a new project at 
Smith, Kline & French that would lead to the famous gastrointestinal drug cimetidine 
(Tagamet). However, the crucial problems related to pronethalol demanded the utmost 
exertion ofICI's scientists and left little room for deploring Black's departure. 

4.2.4. The development of propranolol 

4.2.4.1. A "clean" drug 

The chemists had already found a new range of analogous compounds with potency ratio's 
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of 10-20 times greater than pronethalol, and with mixtures of properties that raised many 
biological questions. About twelve people at the chemical department - five Ph.D. research 
workers and their technical staff - worked on the project. A strong impetus came from patent
completion tasks and the chemists put their ingenuity into the exploration of the chemical 
characteristics of these bio-active compounds that made up "beta blockade". A stream of 
compounds flowed over the biologist~ laboratory benches. Manycompounds with interesting 
activity were discovered and patented. 
At the centre of research stood three classes of compounds (figure 4.1): 
a. the benzodioxan-analogues 
b. the naphthoxy-analogues: compound leI 45520 (propranolol) 
c. the phenoxy-analogues: compound leI 45763 

B. 

C. 

Figure 4.1 

Benzodioxan-analogues.e.g. R 1, H; 

R2' C(CH3)3; R3.R4,R5' H.(cf.compounds 

15 and 16.Howe et.al (1970)). 

Naphthoxy-analogues: R , CH(CH3)2 (propranolol 
ICI 45520) 

Phenoxy-analogues: Rl: CH3;R2' CH(CH3)2 (toliprolol; 
ICI 45763) 

Three classes of potent new beta blocking compounds found at leI in the early phase. 

The benzodioxan-group contained the most potent compounds, many times more potent 
than predicted. There were, therefore, many potential compounds and the problem was "to 
pick the best".41 Once the carcinogenic risk of pronethalol was acknowledged, the question 
arose to what extent this risk also affected propranolol and other look-alikes: "As it was not 
known if the "naphthalene" part of pronethalol was responsible for its carcinogenic action, it was decided 
that a phenoxy derivative should also undergo carcinogenicity testing in mice along with propranolol. 
If propranolol was carcinogenic and the phenoxy compound was not, the latter would have proceeded 
to clinical evaluation; but this did not occur as propranolol did not produce tumours".42 It turned out 
that both compounds - leI 45520 (propranolol) and leI 45763 -did not produce tumours in 
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mice. 
Considering the reasons that led the ICI team to choose propranolol, Barrett suggested that 
propranolol "was chosen on the grounds that the latter (lCI45763, RV) possessed some degree of 
partial agonist activity, which was the reason for dropping DCI",43 The view that intrinsic activity 
represented an undesirable property was widely held in the laboratory.44 This view was 
reflected in Black's objective to search for the purest representative of this new class of drugs, 
and Blackhad conditioned the people having a seaton the decision-making panel that selected 
propranolol for marketing.45 Apparently having no purpose at all, intrinsic activity seemed to 
be rather disadvantageous: "No, we thought that there was no benefit in intrinsic sympathomimetic 
activity because in angina it would increase resting heart rate and therefore you would not get the 
reduction in myocardial oxygen consumption that we thought was important".46 Therefore, as 
Shanks commented, there has been no real competition between the two compounds. 
According to Fitzgerald, however, this aspect of the drug was of minor importance in decision 
taking. It was the lack of potency and the shorter duration of action in man that prohibited 
ICI 45763 from further development, "not its intrinsic sympathomimetic activity, as much aspeople 
want you to believe that".47 Apparently Dornhorst and Robinson had advised the team to test 
both drugs in man but neither scientist was able to recall this point: "It may be that I was asked. 
I don't have a clear recollection of it. And I certainly don't remember having any sort of formal 
conference. But it may well be that one of them called in and discussed it but there has been left no trace 
of that". If there were any studies performed in man with ICI 45763 "it certainly wasn't by Robinson 
and myself'.48 Robinson adds that no one thought that total withdrawal of the sympathetic 
drive would be harmfu1.49 

So, ever since DCI had been discovered, intrinsic activity was largely considered from a 
negative point of view: "One was aware right from the beginning that there was a possibility of 
having the two effects (blockade and stimulation, RV) in the same molecule. And everyone thought how 
wonderful propranolol was that it had completely got rid of this stimulating effect". 50 This fitted the 
idea of a clean beta blocker and explaining this Robinson touches upon an interesting aspect: 
"Well, I think people always have an attraction to pure, simple action, I mean just as in mathematics, 
the elegance of a simple formulation is an attraction to mathematicians. And I think to a pharmacologist 
a drug which does one single thing is always more wonderful than a drugwhich ... I mean, they talk of 
"clean" and "dirty" drugs. You speak of a dirty blocker if it also blocks five-hydroxytryptamine and 
histamine a bit. Things like phenoxybenzamine which block all sort of things as well as catecholamines, 
are regarded as dirty blockers. So a drug which is very specific for a single receptor and has no 
stimulating activity is like a very fine bullet. It appeals to people from an aesthetic point of view that 
a drug has a very pure action. That is pure esthetics and emotion". 51 

So, from the very outset the ICI team followed the idea of searching for a nice, clean drug. 
Contributing to this fact was that the ICI scientists and their consultants were inspired by the 
idea of unravelling complex physiological mechanisms hitherto considered to be impossible. 
Indeed, the adage of the I CI team was "If you want to block, you block". 52 

Obviously, the issue of intrinsic activity revolved around questions that were raised in an ever
changing context. The academic field succeeded in developing more precise standards to 
evaluate this intrinsic activity.53 It was Barrett who introduced the raised standards into the 
ICI project: 
''Just prior to the departure of Dr. Black to the World Congress of Cardiology in Mexico City in 1962, 
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he asked the author (Barrett, RV) to check whether this compound, now known as pronethalol, also 
inhibited adrenaline-induced mobilization offree fatty acids. We chose to use an anesthetized dog and 
to our surprise found no blockade but a marked increase in free fatty acid levels following pronethalol 
injection. Thus it became evident that although partial agonist activity was greatly reduced by 
comparison with DCI it had not been eliminated".S4 
By that time it was suspected that patients during exercise might not be able to mobilize free 
fatty acids and break down glycogen. Hence they might die in a shock-like state or strangle 
when exercising or running for a taxi.55 So, the initiative to evaluate intrinsic activity 
positively, might have come from here but, though there was some discussion, it did not 
became a clinical topic. 
The clinical significance ofintrinsic activity in the cardiovascular domain was far from clear. 
Until new pharmacological tests appeared to assess this aspect with regard to cardiovascular 
hemodynamics, itwas largely neglected. Shanks commented that till late in 1963 pronethalol 
was looked upon as a drug devoid of this property. In fact, the team was surprised when large 
differences between pronethalol and propranolol were found. This occurred after 
pronethalol had been withdrawn.56 Furthermore, intrinsic activity was not a major topic and 
it had no important influence on structure-activity research.57 When testing propranolol and 
leI 45763 in man, marked differences in activity were observed which in themselves were 
sufficient to encourage sticking to propranolol,58 
So, while participants express different views, they in fact refer to different stages of the 
project and to distinct issues. Moreover, there was no particular critical decision point: 
"Decision making was very fuzzy at that stage. I couldn't say who made the decision, singly or 
collectively but we got propranolol (...) and we wished to continue with it".59 Indeed, there was no 
real competition between propranolol and leI 45763 but the decisions arose from the 
successive stages of biological and clinical-pharmacological experiments with both drugs. 

4.2.4.2. The rapid expansion of a successful drug 

leI was a newcomer in the cardiovascular area and the firm lacked an extensive network of 
clinical centres such as powerful companies like Geigy possessed. This clinical vacuum was 
rapidly filled because pronethalol found a fertile soil in British cardiology.60 A major reason 
seems to be that British doctors were very prone to use ganglion blocking drugs in 
hypertension and they had learned to talk and to act in terms of sympathetic overactivity, 
adrenergic discharge and the relationship between stress, sympathetic control and 
cardiovascular disease. Pronethalol exhibited clear-cut effects on the sympathetic system. It 
produced bradycardia, it reduced exercise tachycardia and it exhibited other clinical signs as 
for example the effect on Valsalva's manoeuvre, a clinical procedure to assess the function of 
cardiovascular sympathetic control. 
Here was a drug with such impressive "clean" and clinically translatable effects on the 
sympathetic system. This image was a powerful stimulus for many clinicians to persevere, 
even when the drug seemed to run into difficulties.61 And the same applies to its successor, 
i.e. propranolol. Whereas leI started with four clinical centres in 1961, in less than 4 years 
it had attracted many more clinical investigators to study a variety of cardiovascular aspects 
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of beta blockade.62 Dollery said: "Because the beta blockers were discovered in England, they were 
investigated much more intensively here. There were an extraordinary number of cardiovascular 
groups in Britain who were working on different aspects of the beta blockers (. .. )".63 
The development of the beta blockers coincided with the rise of clinical pharmacology in 
British medicine. In the British context this discipline emerged from internal medicine 
whereas in other countries like Sweden it descended from pharmacology. The renowned 
cardiologists Rosenheim and McMichael encouraged Lawrence and Dollery to develop 
clinical pharmacology as a discipline. As Dollery stated: "So it happened that the two people who 
were rooting for clinical pharmacology, were both in the cardiovascular area". British clinical 
pharmacology began in the direction of cardiology and the first clinical pharmacologists like Prichard 
and Dollery happened to be interested in beta blockers: "(..) and so the people we trained tended to go 
on and continued to be interested in beta blockers".64 Clinical pharmacologists had an exciting time 
because above all they wanted, and still want to measure drug action and fortunately beta 
blockers formed an interesting subject in this respect. 
Clinical studies with propranolol started in the summer 1964 and inJuly 1965 the drug was 
marketed in the United Kingdom. Due to the close relationship with many British clinical 
centres, there was an enormous potential in reaching the therapeutic targets.65 The rapidity 
with which clinicians used propranolol in a variety of clinical conditions, is most striking. 
This demonstrates an important aspect of the development of a new drug so nicely described 
by Black: "When a drug with a new pharmacological action becomes available it is liable to be tried 
clinically in disorders which were not foreseen during its laboratory development. The umbilical 
connexion with the laboratory has been cut and we must rely on the vision of the clinician and be grateful 
for this. In this way, pronethalol was investigated in mitral stenosis (Stock and Dale, 1963), subaortic 
hypertrophic stenosis (Harrison et al., 1964) and hypertension (prichard and Gillam, 1964)".66 
Other clinical indications soon followed: acute myocardial infarction; hypertrophic 
obstructive cardiomyopathy; hyperkinetic heart syndrome; and nervous-functional 
cardiovascular disorders. The field of cardiovascular research opened up. 

4.2.4.3. Endangered drug 

Whereas the therapeutic domain of propranolol's use continued to expand, it also became an 
endangered drug. Rapidly doubts were thrown upon the principle of beta blockade because 
many scientists and clinicians believed that the local anaesthetic activity underlied the anti
arrhythmic and anti-anginal effects of propranolol. 
The ICI team undertook fierce efforts to defend their claims about propranolol and found 
support in the success of surgical sympathectomy. The study of Aphthorp and colleagues 
(1960) establishing the objective improvement of sympathectomy, was carried on by 
Chamberlain who in fact took the view that DC! might be a pharmacological substitute for 
surgical therapy. Despite several requests to Eli Lilly, initially in England and later in the 
United States, he did not receive supplies of DCI and was eventually surpassed by the 
publications about pronethalol. Subsequently, Chamberlain became involved in research on 
pronethalol and propranolol showing that the effects of these agen ts mimicked the beneficial 
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effects of sympathectomy. 
The ICI team drew upon the analogy between the surgical knife and the purity of chemical 
blockade exhibited by propranolol with the aim to convince the medical world; as Shanks 
comments: "Yes, the studies that he (Chamberlain, RV) did with propranolol showing that the effect 
of propranolol on heart rate and exercise tolerance was very similar to that of stellate sympathectomy 
was very important for two reasons. One was it indicated the mode of action of propranolol in angina. 
And secondly, it dispelled or had to dispel the idea that it was the local anaesthetic effect of propranolol 
that was having an effect. (...) It was very important because many doctors believed that propranolol 
was working through its local anaesthetic effect in 1964 and 1965".67 
In addition, feverish activity at the laboratory bench took place. Stereochemistry produced 
the idea of separating the two isomers of propranolol, one with and the other without beta 
blocking action but both in possession of local anaesthetic effects. Mead Johnson provided 
ICI the key to the problem: "And then along the way we heard about sotalol and then we thought 
it would be more realistic to get a beta-blocking drug that did not have local anaesthetic activity to 
compare it with propranolol. And so the plan was to develop ICI 50172, practolol, to compare it with 
propranolol".68 
In this context clinicians raised another problem initiated by the publication of Stock and 
Dale in 1963 about the occurrence of cardiac failure caused or aggravated by pronethalol. 
Rapidly, alarming reports about propranolol accumulated and brought the issue of cardiac 
failure to the fore. Before marketing approximately five thousand patients were treated with 
propranolol, two thousand in the United Kingdom, and three thousand abroad. In about five 
hundred patients treated in the United Kingdom, propranolol was administrated by the 
intravenous route. Twenty six patients died and fourteen deaths were attributed to the use of 
propranolol. In these deaths, unwanted effects such as bradycardia, bronchospasm and 
cardiac failure, were considered to be due to the basic action of the drug.69 

The radius of action of damping the sympathetic drive of the heart became a clinical issue 
and clashed with the basic view of the reI team that sympathetic (over)activity was 
detrimental to the patient'S condition. It became clear that clinical conditions existed where, 
as Fitzgerald stated some years later, "increased sympathetic activity is part of the necessary 
homeostatic response and its blockade leads to failure of homeostasis".70 Indeed, cardiovascular 
disease states presented a conflict between the benevolence of sympathetic adaptation at the 
one end and the malevolence of sympathetic (over)activity at the other end. The problem was 
of a general nature, e.g. how to determine the optimal balance in a variety of pathological 
conditions, as well as of a particular nature, e.g. how to apply the principle of beta blockade 
when faced with the pathological condition of the individual patient. In the latter case 
clinicians attempted to define the criteria for selecting the patients at risk. In the former case 
laboratory and clinical research workers attempted to elucidate the role of the sympathetic 
system in a variety of disease states. 
However, the discussion about the application of beta blockers was complicated by the fact 
tha t the basic action of these drugs still formed a subject of scientific dispute. While it was well 
known that local anaesthetic drugs depressed the action of the heart, cardiac failure might be 
the result of this cardio-depressive action as well. 
In particular, the intravenous administration of propranolol was acknowledged as very 
dangerous. As Goodwin stated: "We have had five disastrous incidents following intravenous 
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pronethalol or propranolol, one of which was fatal. (...) I would like to suggest that there is a sharp 
cleavage between the oral and intravenous use of these drugs and that the ampoule is a very dangerous 
weapon indeed that should be restricted to use in hospitals or places where immediate resuscitation is 
possible. ( . .) and I think perhaps the ampoule should not find its way into general practice at all".71 
Oral administration, however, remained a problem as well, not only in anti-arrhythmic but 
also in anti-anginal treatment. Early clinical trials using fixed dose schemes and relatively low 
doses of propranolol- three times 20 mg. or one time 90 mg. daily - showed varying but not 
impressive rates of success. In 1965, however, Prichard and Gillam presented high rates of 
success when using high doses of propranolol, sometimes up to 4 gram per day.n Their 
approach consisted of individualizing dosages and using run-in periods. The clinician needed 
to take some time to search for the optimal dose, to achieve the best possible therapeutic result 
in each individual patient and to evaluate the adaptive mechanisms of the patient's body. 
This in itself formed a clinical innovation introducing new experimental designs in 
therapeutic trials. But it raised two problems that were initially a set-back to propranolol's 
progress. First, this procedure demanded a different clinical approach which was unfumiliar 
to many doctors. Secondly, the dosage variance aggravated the scepticism and the doubts 
about the mechanism of action of propranolol and the risk of heart failure in cardiac therapy.7l 
The high doses used exceeded by fur the normal dose range required for producing beta 
blockade and supported the view that it was the local anaesthetic action rather than the beta 
blocking action that made propranolol an effective drug. Moreover, the cardio-depressive 
action - synonymous with local anaesthetic action - was believed to increase the risk of heart 
failure. 
The view that beta blockade represented a simple and clear-cut therapeutic principle in 
cardiovascular treatment, so strongly held by the leI scientists and presented to the medical 
world, struck back like a boomerang. Propranolol came to be perceived as a drug most difficult 
to handle in the clinical situation. 
Barrett describes this general feeling very aptly: " ( . .) it (propranolol, RV) gave consultant 
physicians, particularly cardiologists, a powerful new tool in the management of cardiovascular disease. 
But it was difficult to use for two reasons. It was difficult because not everybody understood the 
underlying physiology of autonomic control of the heart. Problems with its use came from a failure to 
anticipate dangerous levels of unopposed vagal inhibition. It was necessary to match the dose to 
individual patients quite carefully but further because of the, as then, undiscovered high first pass effect 
and the consequent variation in the rate of metabolism the dose required for different patients was very 
variable. They ranged from 10 milligrammes to 4 grammes! Those are the two things that stick in 
my mind ... How could one drug work in the same way with a dose ranging from 10 milligram and 
4 gram in one day for two different people? It was difficult to understand. I also believe that there was 
a mystique in the use of propranolol, in some ways it was a dangerous drug only to be used with great 
care by cardiac specialists". 74 

This "mystique" of a difficult and dangerous drug frustrated propranolol's progress. In this 
context, a new compound, practolol, emerged as a possible solution. 
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4.2.5. The development ofpractolol. 

4.2.5.1. Practolol: a tool in industrial research. 

In April 1966 it was observed in anaesthetized dogs that practolol antagonized the effects of 
isoprenaline in the heart but not in the vessels. Subsequently, it was shown that practolol 
blocked beta-receptors in the heart more strongly than beta receptors in other tissues and the 
term 'selective blockade' was coined for this phenomenon.75 

During 1964 - 1966 the leI team was involved in a broad experimental program using several 
compounds as investigational tools.76 The grid of properties of these beta blocking 
compounds is shown in table 4.1. 

Table 4.1 
Profiles of beta blocking compounds at reI. 

Beta -blockade ISA MSA ·Selectivity· 

d-Propranolol +++ ++ 

I-Propranolol ++ 

lei 45763 ++ + + 
( toliprolol) 

MJ 1999 + 

lei 50172 + + + 
(practolol) 

lei 50232 +++ + 

The leI-team tested these drugs in animals and man. The first four compounds together with 
pronethalol became the subject of a research project. When pronethalol was replaced, 
propranolol became the target of research. The compounds, leI 50172 and leI 50232, 
entered the project later, in 1965. 
From the very outset, the leI scientists were puzzled by the effects of pronethalol on the 
peripheral blood vessels.77 Then, an intriguing problem arose when marked differences 
between MJ 1999 and propranolol were observed. Since the major difference between the two 
compounds seemed to be the absence/presence of the local anaesthetic action, the separation 
of beta blocking and local anaesthetic properties with respect to the peripheral vasodilator 
effects became a central problem.78 
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This "vasodilator" project was carried out by Shanks and Dunlop at ICI and by Bricks and 
colleagues at the Departments of Physiology and Pharmacology at the Belfast University. 
Taking the new compounds into consideration, with sotalol as reference, it became clear that 
notlocal anaesthetic activity but another property could be the explanation for the differential 
effects. Table 4.2 shows the differences between propranolol and practolol. 

Table 4.2 
Differences between propranolol and practolol (leI 50172). 

Response 

Heart Rate 
Cardiac Contractile Force 
Plasma free fatty acids 
Vasodepressor 
Tracheal relaxation 

Propranolol 

1 
1 
1 
1 
1 

I.C.I. 50,172 

2.5 
2.5 
3.0 

370 
150 

Reproduced with permission from Barrett et al. (1967). 

These differences are indeed great, and at first glance the above sequence of events seems to 
fit the classical pattern from laboratory to man: the discovery of the unexpected new property 
of practolol and its subsequent confirmation in man. 
The pattern of discovery, however, is much more complex as the design of the project above 
indicates.79 Furthermore, table 4.2 disguises the complexity of the physiological mechanisms 
involved. These mechanisms had to be unraveled in a whole series of experiments and in this 
respect the research program at Belfast was extremely important to the ICI project.80 The 
Belfast group performed animal experiments as well as several human studies.81 

4.2.5.2. Selectivity in industrial and academic research 

Tissue-dependent variation in response was not an isolated phenomenon. Other industrial 
research teams also possessed a whole range of compounds that exhibited different responses 
in the various tissues. This was also the case in the field of beta stimulating drugs. The Glaxo 
scientists, Brittain and] ack, who were deeply involved in the search for bronchodilator drugs, 
already had highly selective compounds on the shelf. Their knowledge was kept confidential. 
The same applies to other industrial research teams. 
Academic scientists were also familiar with highly selective compounds. The substance H 35/ 
25, developed by AB Hassle, was such a compound.82 Other compounds were N-isopropyl
methoxamine83 , N-tertiary butylmethoxamine and dimethylisopropylmethoxamine84• None 
of these compounds matched the typical beta blocking compounds in blocking the cardiac 
responses to catecholamines.85 The following introductory remarks made by Levy (1965) are 
illustrative: 

''All of these parameters may be reduced by appropriate doses of a typical beta adrenergic receptor 
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blocking agent such as dichloroisoproterenol. However, N-isopropylmethoxamine has been shown to be 
capable of blocking certain metabolic effects of cat echola mines. (...) These metabolic blocking actions are 
shared by such typical beta adrenergic receptor blocking agents as dichloroisoproterenol and 
pronethalol. Furthermore, like dichloroisoproterenol and pronethalol, N-isopropylmethoxamine 
produced a specific blockade of the inhibitory response to catecholamines in the spontaneously contracting 
isolated rat uterus. This is a structure which we have reported as possessing only beta inhibitory 
receptors. It is, therefore, apparent that N-isopropylmethoxamine does have certain beta adrenergic 
receptor blocking actions in common with other beta adrenergic receptor blocking agents. However, 
N-isopropylmethoxamine cannot be properly classified as a beta adrenergic blocking agent because 
of its much more restricted scope of blocking action". 86 

The emphasis in this quotation is mine stressing the fact that terms such as "typical", "in 
common with" and "properly classified" attest to the process of profiling in which scientists 
create drug profiles and recognize compounds accordinglyY These compounds were 
investigated to delineate the profile of beta blocking compounds and to characterize beta 
receptors in various tissues. 

Table 4.3 Lands' theory: selectivity in sympathomimetic effects. 
Reproduced with permission from Lands et al. (1967). 
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Awareness grew that beta receptors were nota homogeneous group and might be divided into 
subgroups. Several hypotheses evolved and a topographical picture may be drawn between 
two extremes. At the one end was the receptor concept of Levy. According to Levy each tissue 
had its "own unique adrenergic receptor". This implies that there were 1 .. N receptors: heart, 
lung, blood vessel and so on.88 Another hypothesis presupposed that next to an alpha and beta 
receptor there existed a gamma and a delta receptor. 89 

At the other end was the receptor concept which hypothesized the existence of one and the 
same universal "beta" receptor in all tissues. Differences in tissue responses were explained, 
for example, on the basis of kinetics, e.g. differences in approaching the receptor concerned 
in the various tissues; other explanations also appeared.90 

Somewhere in this topographical landscape Lands was elaborating the concept of beta-1 and 
beta-2 receptors.91 Lands proceeded in a similar way as Ahlquist, yet within the limits of 
present methodology.92 By using a series of sympathomimetic agents he supported the 
hypothesis that two distinct receptor types were included within the single receptor 
population designated by Ahlquist as the beta-type. Innovatory to the Ahlquist' approach was 
that Lands compared the relative potency series of a number of compounds in four critical 
experimental systems: the heart, the lung, the vessels and adipose tissue, i.e. lipolysis: release 
of free fatty acids (see table 4.3). 

Correlation of the results in these test-systems yielded a clear-cut pattern. The results 
obtained with adipose tissue (lipolysis) showed a high correlation with those obtained from 
the cardiac test. The same holds true for the correlation between the bronchodilator and 
vasodepressor actions of the investigated compounds. 
Lands' classification setthe stage for further research. Many accounts in the medical literature 
agree that starting with the work of Lands, it has become apparent that not all beta receptors 
are the same. Moreover, it is often stated that Lands' theory of beta-l and beta-2 receptors 
was confirmed by the introduction of practolol, a beta-l cardio-selective beta blocker, and 
salbutamol, a beta-2 bronchoselective beta stimulant.93 This implies that first there was the 
theory, subsequently the compounds. Figures 4.2 and 4.3 suggest a more complex pattern. 

1960 1965 1970 1985 
year 

Figure 4.2 
Number of citations per year 
from the Science Citation 
Index (SCI) to Ahlquist 
(1948) (.); Black and 
Stephenson (1962) (0); and 
Black et al. (1964) (e). 
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Figure 4.3 
Number of citations per year 
from the Science Citation 
Index (SCI) to Levy (1964, 
1966a, 1966b) 1967 (e); 
Dunlop and Shanks (1968) 
(0); and Lands et aI. 
(1967) (_). 

Figure 4.2 shows a rapid increase in the number of citations referring to (Ahlquist's) theory 
as well as to the investigational tools, e.g., pronethalol and propranolol. Subsequently, the 
number of citations referring to the compounds rapidly declines. In contrast, the number of 
citations referring to the theory fulls slightly and then remains at a fairly steady level. One 
could gain the impression that the compounds - pronethalol and propranolol - followed 
theoretical developments. This is not the case because the acceptance of Ahlquist's theory 
started with the discovery of DCL A scientometric curve of dichloroisoprenaline could not 
be made because the Science Citation Index only starts in 1961.94 I presume that the curve of 
DCI has a similar pattern as the one with respect to Ahlquist's theory. 
Figure 4.3 differs slightly from figure 4.2, yet clearly shows the simultaneous rise in the 
number of quotations regarding the theory and practolol. The "practolol"-curve shows a 
biphasiccharacter. There isa sharp decline in 1971 but this is compensated byan equally rapid 
increase in 1972. This is probably the case because of the practolol disaster. Practolol evoked 
serious side-effects which caused grave concern in the medical world.95 The "practolol" -curve 
precedes the "Lands"-curve. 
The "Levy"-curve represents the total number of citations referring to four experimental 
articles published by Levy. These articles were chosen because they represented the practical
experimental type of research in the academic field. The "Levy" - curve precedes the "Lands"
curve but never reaches a high citation score. Considering the narrow circles in which Levy'S 
articles were cited, their impact was considerable. These scientometric figures are difficult to 
interpret because no qualitative analysis of the citations has been performed: what exactly has 
been cited, and was the quotation negative or positive?96 Still, these curves show that the onset 
of this dramatic period in pharmacology and physiology was evoked simultaneously by both 
theoretical concepts and pharmaceutical compounds. The latter dropped out of the news but 
remained the subject of informal scientific communication.97 

Mainstream thinking in academic pharmacology and physiology considered further 
differentiation of beta receptors unnecessary or even counter-productive.98 Moran presented 
a paper at the 2nd Symposium on Catecholamines in which he discussed the state of the art 
regarding the pharmacological characterization of adrenergic receptors. He conceptualized 
the receptor as follows: 
"First, it is assumed that there are constituents of cells, e.g., receptors, which react selectively with 
certain agonists. Secondly, it is assumed tbat tbe receptor-agonist interaction represents the first step 
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of a multistep sequential reaction which leads to the response of the cell. Such a sequential reaction can 
be viewed symbolically as 

A + R ~ AR ~ a ~ b ~ c - n ~ Ef 

where R is the receptor, AR the complex of agonist and receptor, a, b, c,n, the sequential steps subsequent 
to the receptor, and Ef the effect. Since the individual steps in most reactions are unknwn, the receptor 
can be viewed most conveniently in an operational sense as the entire sequence from R to n, 

where all of the intermediate steps are unknown". 99 

The entire sequence from R to n was defined by Moran as the operationally defined 
receptor. lOO On the basis of this definition the variety of tissue responses could be explained 
by referring to divergent reaction sequences and blockade at separate sites in these sequences. 
For the time being no further differentiation of receptor subtypes seemed to be necessary: "At 
present, the broad classification of two main adrenergic receptor types (o;and fl, R V) is the simplest and 
most convenient". 101 

In contrast, pharmacologists and clinicians involved in therapeutic research in the beta 
blocker field, acknowledged that adrenergic receptors were by far more complex than 
originally envisaged. Braunwald, for example, stated that: "(...) it should be evident that 
exploitation of the differences between beta adrenergic receptors in various tissues might make itpossible 
to block selectively only certain beta adrenergic functions". 102 

Furthermore, it is worth mentioning that atthe time Lands elaborated his classification offi l -

and B2-receptors he worked at the Sterling Winthrop Institute, i.e. in an industrial setting. 
Participants, involved in research on beta stimulating and blocking drugs during the 1960s, 
argued that Lands' theory came with the discovery of the selective compounds. 
Jack commented: "Our understanding of the theory came more with the discovery of sa lbuta mol than 
before its discovery. It was only when the properties of that drug became clear that I was forced to ask 
why was it so different from the ones that went before. Lands had recently proposed the subdivision of 
beta-receptors into beta-l and beta-2 subtypes but his evidence was thin since the selectivity ratio of his 
catecholamines was only about 20-fold. Salbutamol was the first vindication of Lands' hypothesis 
because we found it to be at least 1000 times more active on guinea pig tracheal muscle than on heart 
rate in isolated right atria and hundreds of time more active than on the force of contraction of left atria. 
Such differences were obviously real and consistent with the proposed subdivision of receptors". 103 

Engelhardt, who worked at Boehringer Ingelheim and who was also involved in the search 
for bronchodilating drugs, commented in a similar way, yet added a typical industrial attitude 
towards Lands' theory: "1 have never had a high opinion of this rigid system of beta-l and beta-2 
since, in my experience, the changes from substance to substance are gradual and there really isn't such 
a sharp distinction. There is if you single out a few prototypes, but if you look at larger substance series, 
they merge smoothly. Therefore I have never really liked this idea or indication of this relatively 
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inflexible classification into beta-1 and beta-2. But the diffirentiation, that is possible of course, we had 
already had that here in a model before Lands and the others appeared. For the fact is that we already 
had Berotec ([moterol, RV), hadn't we? That is from 1964 I think. That was the first agonist that 
clearly showed this diffirentiation ".104 

In accordance with the accounts ofJack and Engelhardt, Carlsson wrote: "I had the privilege 
of serving as a consultant at Hassle at that time, and, still maintaining this privilege, I have thus been 
able to follow the development of beta-adrenergic antagonists rather closely over the years. This area 
is a good example of the interaction between basic research and drug development. The new compounds 
serve as important research tools to define the receptors and to discover new receptor subtypes. The new 
knowledge thus obtained forms the basis for systematic work that aims at finding specific agents, acting 
selectively on one of the subtypes. In this way, the cardio-selective agents, the so-called second generation 
of beta-receptor antagonists, could be developed". 105 

These accounts point in the same direction: the discovery of the selective compounds 
preceded theory, yet at the same time stress different aspects. Jack considers the compounds 
as evidence for the theory. Engelhardt points to the distance between theory and the wide 
range of compounds at the laboratory bench. Carlsson stresses the interaction between basic 
research and drug development. 
However, it is worthwhile to be more specific about these events. 
These compounds originated from industrial research programs with clear-cut therapeutic 
objectives. The compounds, studied by Levy, for example, were launched into the academic 
field by the Wellcome Research Laboratories.106 Furthermore, the selective compounds were 
tested in experimental systems developed in order to classify compounds and receptors more 
precisely. These test-systems in their turn originated from specific therapeutic contexts: 
bronchodilation in the treatment of asthma, the relaxation of the womb to treat threatening 
abortion or prema ture delivery and the trea tment of ocular, nasal or cardiovascular disorders. 
The compounds and the experimental systems were components of expanding therapeutic 
fields and of the divergence of pharmacological methodology into these areas. This two
tiered system of disciplinary expansion in pharmacology and a differentiation of therapeutic 
fields found crystallization at three levels107 • 

1. experimental: specific test-systems became the targets of pharmacological research. 
2. technical: specific compounds became the targets of comparative analysis of experimental 
results. At one time scientists in different fields used INPEA, MJ 1999, dichloroisoprenaline, 
pronethalol, K6 592, isoprenaline and other compounds. Some time later they used 
propranolol, alprenolol, oxprenolol, pindolol, practolol, salbutamol, orciprenaline and 
terbutaline. 
3. theoretical and methodological: theories (Ahlquist, Lands, drug-receptor theory) and 
methodologies (agonist-antagonist methodology) were created. 
Each level had its own dynamics, yet interacted with the others and research at all levels was 
performed in both the industrial and academic context. Lands' theory was a creative 
contribution to pharmacological science but itwas an ex-post-facto explanation as well. Not 
his theory but the creation of new compounds and experimental systems were the initiating 
events. Therapeutic constraints underlied his theory also and two examples attest to this 
point: 
1. Lipolysis was but one metabolic effect of catecholamines, yet served as evidence while 
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showing a good correlation with the effects in the hean. In fact, metabolic effects raised much 
concern with respect to receptor classification and remained a major stumbling block to 
receptor theory.108 The fact was that Lands' theory was projected upon the basic axis in the 
grid of pharmacological receptors: the hean and the lungs. This basic axis was also the result 
of therapeutic developments. From the viewpoint of beta blockade the undesired effects were 
in the lungs which raised much concern while the desired effects were in the heart. From the 
viewpoint of bronchodilator therapy the desired effector site was in the lungs while the 
undesired effects were in the heart. 
2. Lands' classification - and the ma jori ty of the hypotheses of that time - rested upon an "one
organ one-receptor" assumption. Carlsson and Ablad were among the first to doubt this 
assumption and proposed the existence of both types of receptors in the various tissues.109 

Their doubts originated from their experiments on the receptors mediating the sinus rhythm 
in the heart. Thus, an experimental system that fell outside the scope of Lands, provided new 
theoretical insights. Moreover, their theory evolved through a comparative analysis of newly 
developed cardio-selective compounds with the non-selective standard drugs. When 
considering the interactions between the three levels described above, many different 
relationships may be noted. The development of the cardio-selective beta blockers reveals 
one particular pattern. II 0 

The creation of Lands' theory has been described in detail because the development of the 
cardio-selective beta blockers is commonly considered within Lands' theoretical framework. 
The term "cardio-selectivity" as used nowadays arises from this framework. 
This must not be confused with the term "(cardio)selective blockade" as used in th 1960s by 
the ICI team. Shanks and his colleagues did not refer to Lands' theory but largely drew upon 
the experimental work of Levy.111 In fact, Lands' terminology was not applied to practolol 
until 1970 when during a symposium in London the term cardio-selectivity appeared. ll2 

According to Shanks Lands' theory had not much impact on the scientific world at that 
time.ll3 Moreover, initially practolol did not attract much attention in pharmacology and 
physiology.1l4 Robinson adds that beta receptors were still considered as hypothetical entities 
and theorizing about further differentiations of beta receptors was not taken very seriously. I IS 

According to the chemists, the ICI team exemplified a successful but also a very practical
empirical industrial research group. I 16 Barrett sta ted: "I don't think we paid very much attention 
to these developments (fJ J-fl2 concepts of Lands , R V). This reflects the arrogance of a successful research 
team; the "who else is as good as we are" syndrome. Yes, we read the literature but I don't think we 
were very much influenced by it. As to the Lands classification I don't think we took it very seriously". 117 

Fitzgerald confirms the picture drawn by Barrett. According to him the nature of the group 
was responsible for selectively attuning to theoretical and practical developments in the 
experimental and clinical world: "I mean, you have to understand the culture of the research 
department ... here have been very high calibre researchers. And that brings a certain security or 
arrogance which ever you want to call it. And so, yes, we had contacts but I think most people felt pretty 
secure in their own knowledge of the field. And so, we had six or seven absolutely outstanding people 
here in addition to Jim Black at that time ". 118 

This is not to deny the fact that the ICI scientists tried to provide a theoretical basis for 
selective action but this project, started in 1968, was unsuccessful. I 19 
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The term selectivity therefore refers to a practical-experimental type of research and its 
origins must be sought in the use of specific test systems and compounds. To a large extent 
this type of research matched with Levy's experimental approach.120 From this the search for 
selective drugs follows naturally. 

4.2.5.3. The therapeutic interest 

The selective action of practolol was but one aspect of the drug. It had become clear that 
practolol was a far less aggressive drug than propranolol. The general feeling was that 
practolol was an easy drug to administra te: itwas non-toxic, its potency was one-third or one
fourth of propranolol, and it produced less cardiac depression than equi-active beta blocking 
doses of propranolol. 121 Yet, the drug had the same beneficial effects as propranolol. But 
practolol was also a puzzling compound. It reduced exercise tachycardia to the same extent 
as propranolol, but not isoprenaline tachycardia. Differing cardiovascular responses were 
observed when investigating the drug in animals pre-treated with various forms of 
anaesthesia, in conscious versus anaesthetized animals, and in animals versus man. And so, 
practolol was interesting for different reasons. 
The drug seemed a logical candidate to be developed as the "intravenous" beta blocker. The 
issue was heavily debated in the narrow circle of consultants as well as in the cardiology 
community at large. Indeed, practolol was very, very mild on the heart, even when injected. 
As Robinson commented: 

"My memories of practolol are that the most striking thing about it was how much safer it was when 
you gave it intravenously and all of us by that time had disastrous experiences with intravenous 
propranolol, usually in rhythm disturbances after infarction. (..) It quickly became apparent that 
whereas when you gave intravenous propranolol in that situation it always made the patients' 
circulation worse and sometimes it was disastrous, you could give practolol and usually the patient didn't 
mind having it at all. It was very obvious, the difference. Because we were dealing with a high-risk 
group of patients you didn't have to use it very often before it became apparent without formal trial 
that it was a lot safer than propranolol because propranolol always made them sicker".122 

By that time, the competitive situation had changed. Oxprenolol was coming in and attracted 
much attention, particularly in the United Kingdom. Initially the leI team did not worry too 
much: 

"In 1964, when oxprenolol became a regular feature in European meetings and because of promotion 
of it by Ciba, we examined the compound in the laboratory. We found that it had some intrinsic 
sympathomimetic activity but were not very impressed by it. Perhaps it was a good example of British 
insularity: it was a foreign drug; it came from somewhere in Europe. Our colleagues in ICI, working 
in Europe, were more aware of its market potential because of the close relationship between physicians 
in continental Europe and Ciba, a trusted company".l2l 

These warnings were not picked up but with the growing scepticism and negative experiences 
in the clinical world with propranolol, optimism at leI waned. But not only at leI. About 
1967, Pfizer, for example, hesitated also in bringing pindolol on the market as an "intravenous 
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beta blocker" and called offits attempt at that time since they felt there was no future for this 
type of drug.124 Similar notes were struck at the managerial and marketing level: "Let's wait 
and see" .125 However, the research team exerted strong pressure to continue the project, and 
with success: profiling of the drugs was allowed to continue. Still, ICI struggled against the 
growing feeling in the medical world that its leading drug was too aggressive and too 
dangerous for ordinary use. 
In this changing context, i.e. the rapidly growing clinical scepticism about propranolol, the 
discussion about an intravenous beta blocker within ICI and the industrial competition 
between Ciba and ICI, Barrett highlights the development of practolol as a cardio-selective 
beta blocker: "Now when the oxprenolol issue began to be perceived by the UK marketing people of 
leI, I believed they then saw that a new compound would be more advantageous than trying to defend 
the old compound. That was one thing which began to come from marketing. The other thing was a 
comment by Dr. Davey in one of our meetings that if we found that practolol did not have such an 
effeaive blockade of vasodepressant response, maybe it doem't have so effective blockade of the 
bronchodilator response and we said, well perhaps .... but a search was organized of the research data 
(notwithstanding the scepticism of the investigating pharmacologists) and produced results which 
showed, to my surprise, that of all the compounds which had the best separation between blocking the 
heart rate and blocking the foil in blood pressure from the same dose of isoprenaline in anaesthetized 
cats, the best compound was our old friend ... practolol!".126 Thus, Davey conneaed the aspea ofseleaive 
action in beta blockade to a decreased risk of bronchospasm. 127 

The above reveals the particular context in which the term "cardio-selectivity" must be 
considered. This term implied the separation of hitherto indivisibly connected actions. But 
this term was beset with different interpretations which may be conveniently mapped out 
between two extremes: an intra-cardiac and an extra-cardiac meaning. 
The intra-cardiac interpretation implied the differentiation of beta blocking effects in the 
heart, e.g. between chronotropic and inotropic actions of beta blocking compounds. These 
two actions were taken to be synonymous with beta blockade. In his introduction to the 
articles about propranolol in the American Journal of Cardiology, Braunwald speculated as 
follows: 

"(...) itshould be evident that exploitation of the differences between beta adrenergic receptors in various 
tissues might make it possible to block selectively only certain beta adrenergic funaions. For example, 
if an agent were found which would block the beta adrenergic receptors in the sinoatrial node and 
specialized conduaion tissue of the heart without affeaing the beta receptors in the ventricular 
myocardium (this author's emphasis, RV), then the anti-arrhythmic properties of such a drug which 
are exerted on these tissues might not be limited by its simultaneous removal of sympathetic support to 
the myocardium". 128 

The extra-cardiac interpretation implied differential effects between the heart and other 
tissues and organs. The effects on the peripheral vessels and on the lung were of interest for 
various therapeutic reasons. 
The question arises if and how these interpretations influenced the ICI team. Fitzgerald 
emphasized the intra-cardiac interpretation: "We were intrigued to find a drug that slows the 
heart with no effea on contractility. Practolol didn't change cardiac output. People were obsessed". 129 
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In contrast, Shanks stressed the extra-cardiac interpretation of the differential effects of 
practolol on the heart and the blood vessels having motivated the team to capitalize upon the 
issue of selective blockade. Still, Shanks agreed that practolol attracted so much interest 
because it was a far less aggressive drug than propranolol.lJO 
Indeed, the intriguing fea ture of practolol was that it was apparently such a safe drug, i.e. that 
it seemed to affect the crucial hemodynamic parameters differendy to propranolol. 
Attempts were made to explain this in terms of specific properties of the drug but no 
satisfactory explanation could be given. In fact, practolol is still a mysterious drug. lll 

However, the context of the problem changed significantly in the ensuing years. As physicians 
gained experience with the beta blockers, they raised their standards to exclude patients with 
incipient and manifest heart failure from treatment with beta blockers. The issue was settled 
by restricting the use of propranolol. What remains of this dramatic period is the present 
disbelief that heart failure was once such a controversial issue. What also remains, is this 
unique selective action of practolol, so creatively unraveled by Shanks and his colleagues. But 
it was not merely pharmacological curiosity that motivated the team but also another 
therapeutic target, the risk of bronchial spasm, which formed a major impetus to develop this 
aspect of the drug. 

4.3. The beta blocker project of Eli Lilly & Co. 

In 1957 dichloroisoprenaline (DCI) was launched by the Lilly scientists, & Co. Powell and 
Slater.1l2 The compound had been synthesized and screened in the mid 1950s for 
bronchodilator activity. The test-system used was the recovery of adrenaline-induced 
relaxation of tracheal tissue. Instead of the recovery expected, the compound produced the 
opposite effect, and further investigations revealed that all "inhibitory" actions of adrenaline 
were antagonized by the compound. 
Moran attended the presentation of the paper by Slater in 1957 and "was struck by the fact 
that this compound might fit into Ahlquist's scheme of alpha and beta adrenergic receptors 
and that the heart was the crucial item".lJJ Moran and Perkins went straight to the heart as 
the fundamental problem in the study of adrenergic mechanisms. From their results obtained 
with DCI they concluded that the compound confirmed Ahlquist's scheme of classification.])4 
Powell and Slater readily agreed with this conclusion: "In any event, the data (those of Moran 
and Perkins, RV) seems to add support for the Ahlquist concept of alpha and beta adrenergic receptors 
and suggests that this separation provides an useful frame of reference in discussions of 
sympathomimetic amines".IJ5 Although the work of Moore and Swain and others on the beta 
blocking action of DC I is referred to, the authors were very cautious about the results.])6 
It is striking to see how DCI became the focal point of scientific attention and how it was used 
as an investigational tool: to tackle the separation of alpha and beta receptor mediated 
responses in various tissues; to re-evaluate the cardiac effects of the classic adrenergic 
blocking agents as phenoxybenzamine and phentolamine; to use as a key component in early 
structure-activity relationship (SAR) studies; and to establish the specificity of beta 
blockade.1l7 This early work on DCI restrained chemical manipulation and helped to 
elucidate the basic issue of partial antagonism. According to Dresel (1960) who had shown 
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that DCI exhibited considerable adrenaline-like activity - "high intrinsic activity" - this 
action of DCI decreased its value as an investiga tional tool. 13S 

As described in Chapter 3 the profile of DCI as an anti-arrhythmic agent was created.139 

However, two problems emerged. On the one hand the theoretical problem: "Is it beta 
blockade or some non-specific action that inhibits the sensitivity of cardiac tissue to 
dysrythm?". On the other hand, the experimental techniques used became subject of 
discussion: "Do these experimental systems represent the ischemic state of the diseased 
heart?" .1<H> Both problems were fundamental to the course of academic research and evoked 
much caution in the field. Thus, academic pharmacologists posed at a very early stage the 
problem of specificity of beta blockade in cardiac arrhythmias. This problem was set aside by 
the ICI team because the therapeutic objective of the team had shifted from ventricular 
fibrillation to angina pectoris. 
This clear-cut difference in therapeutic goal explains to a great extent the reserved attitude 
at Lilly. In an early phase Lilly's Cardiovascular Research Group had discussed the 
therapeutic potential of DC I but showed no further interest. As commented by Slater: "We 
understood what we had found but underestimated the degree of intrinsic activity. We had few ideas 
for clinical utility and were not in a position to do detailed cardiovascular studies". 141 Caution in the 
academic world about the potential of DCI probably affected Lilly's decision taking but 
provided a therapeutic target: cardiac dysrythm. The compound was tried in patients with 
ventricular fibrillation and grave tachycardia but serious clinical problems arose that were 
attributed to the high degree of intrinsic activity.142 The Lilly team returned to their 
laboratory bench trying to find a compound with less intrinsic activity. Amongst 100 
compounds synthesized they found pronethalol and filed a patent but were too late.143 

The Lilly story underlines the importance of the therapeutic target being connected to the 
main research program within a pharmaceutical company. 

4.4. The beta blocker project of Mead Johnson 

In the second half of the 1950s MeadJohnson Pharmaceutical Company became involved in 
the study of phenethanolamines, a class of drugs that were known to be very potent inhibitors 
of smooth muscle. A broad project was set up covering several therapeutic disorders: nasal 
decongestion, asthmatic attacks, and uterus relaxant action in threatened miscarriage. The 
pharmacological objective of this broad scope of therapeutic interest was to find 
antispasmodic drugs. 
In 1960 the research group of Mead Johnson published their first results, e,g. a survey of the 
effects of isoxsuprine on non-vascular smooth muscle, and opens as follows: "Among the 
phenethanolamines can be found the most potent of all known inhibitors of smooth muscle. Little 
practical use has been made of this property because of the concurrent existence of sympathomimetic, 
cardiovascular side-effects. Recently, however, a compound of this nature has been reported to produce 
pronounced relaxation of vascular smooth muscle with only minimal cardiac stimulation ".144 

Since isoxsuprine was credited with vasodilator properties, its potential in the treatment of 
peripheral vascular and coronary heart disease was rapidly acknowledged. The compound 
was developed by several companies in continental Europe and also developed by Mead 
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J ohnson.145 To the Mead Johnson scientists, the class of phenethanolamines seemed to be 
promising because the various analogues revealed marked differences in response, not yet 
exploited extensively by other companies. As it turned out, the phenethanolamines were the 
target for many industrial groups in the 1950s.146 

During the search for bronchodilator compounds the Mead Johnson team also manipulated 
the chemical structure of isoprenaline. By introducing sulphonamide groups into the benzene 
ring the chemists discovered promising lead-compounds (table 4.4).147 

Table 4.4 
Structures of sulphonamidophenethanolamines at Mead Johnson. 
Reproduced with permission from Larsen and Lish (1964). 
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MJ 1999 (sotalol) and MJ 1998 are beta-receptor blocking agents. 148 MJ 1996 (amidephrine) 
is a potent alpha-receptor stimulant and pressor substance. Structural changes ofthisMJ 1996 
molecule converts it into a depressor substance with beta-receptor stimulant action as is the 
case with MJ 1995. MJ 1993 is a potent pressor substance with slightly less beta-receptor 
stimula ting activi ty than adrenaline. MJ 1992 is a depressor substance and a highly active beta
receptor stimulant, whereas MJ 1991 possesses in addition an alpha-receptor blocking 
activity of about 10% of phentanolamine, a potent alpha blocker. MJ 1996 was developed as 
a nasal decongestant, MJ 1992 as a selective bronchodilator while MJ 1998 and MJ 1999 were 
interesting for their beta blocking properties. 
The beta blocking properties of MJ 1999 and MJ 1998 were revealed in test-systems using 
lung and uterus tissue. Both compounds were recognized because of their similarity of action 
with dichloroisoprenaline.149 For some time there was no cardiovascular therapeutic 
orientation. Human studies were started for the nasal decongestant and the bronchodilator, 
not for the beta blocking compounds. From the leI chemists it was learned that Mead 
Johnson had decided to leave the field after Black and Stephenson published their results with 
pronethalol. I50 However, the Mead Johnson team performed extensive cardiovascular and 
toxicological studies comparing MJ 1998, MJ 1999 and pronethaloP51; and human studies 
with sotalol started around 1965. In 1965 a series of three articles was published covering the 
spectrum of actions of alpha and beta receptors in a variety of tissues. These articles were 
impressing because it appeared as though the Mead Johnson scientists had intellectually 
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completed their work on the beta adrenoceptors antagonists and were launching their results 
into the academic and industrial world. 

In summary, the beta blocker project at Mead] ohnson project was contained within a broad 
research program searching for antispasmodic drugs for various therapeutic purposes. The 
compounds M] 1998 and MJ 1999 were compared with pronethalol but there was no clear
cut cardiovascular objective. ls2 

4.5. The beta blocker project of AB HisslelSJ 

4.5.1. The early phase 

AB Hassle is the oldest pharmaceutical company in Sweden, founded in 1904 and located in 
Hassleholm, a town in the south of Sweden. The little company was taken over by Astra in 
1942. In 1953 the production of Hassle's products was transferred to Astra's factory in 
Sodertalje close to Stockholm. The company's small group for drug development and the 
marketing department moved to Goteborg where a new medical school had been founded at 
the University of Goteborg providing the benefits of close collaboration. 
The development of a modern R&D organisation gradually started based on collaboration 
with scientists at the University of Goteborg, especially the medical faculty, and the faculty 
of pharmacy, now in Uppsala but at that time in Stockholm. Trying to find meaningful 
objectives for drug development Ostholm consulted several scientists in pre-clinical and 
clinical research. Folkow, professor in physiology, and Werko, professor of cardiology, both 
underlined the need for better drugs for the treatment of cardiovascular disease. It was 
decided that Hassle should concentrate the company's limited resources for R&D in trying 
to develop cardiovascular drugs. 
In 1958 Werko recommended that Hassle start looking for anti-arrhythmic agents. At that 
time Hassle had no resources for chemical synthesis and biological testing. In co-operation 
with the faculty of pharmacy at Stockholm, Hassle had developed and patented a new 
principle to administer drugs in tablets giving controlled release of the active drug. This was 
the so-called Durules-principle. Werko suggested that the Durules principle be tried to give 
a longer duration of action of the anti-arrhythmic drug quinidine so the drug could be given 
twice daily instead of three to four times daily. The aim of tha t project was also to reduce side
effects of the drug by cutting the peak of absorption. Since Werko and his medical team were 
investigating quinidine as a treatment of ventricular fibrillation, a serious complication of 
myocardial infarction, and since blood plasma levels of this drug could be easily determined, 
a slow release preparation of quinidine was developed. Thus, the little company achieved a 
reasonable success; this slow release preparation still returns considerable profit. 
In March 1959 Hassle started to build up a department for chemical synthesis of new 
compounds. The pharmacological screening during 1959 was performed by external labs but 
a pharmacological department was set up in 1960. Again Werko recommended that anti
arrhythmic agents should be the priority project. He suggested that the chemical structure 
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of quinidine should be used as a lead for the chemists. The aim of the "Anti-arrhythmic Agent 
Project" was to develop drugs with less side-effects than quinidine. Procainamide was also 
mentioned as a drug which could be looked upon as a lead. 
In search of new screening methods for anti-arrhythmic drugs Hassle came in contact with 
Dr. Roberts at the Cornell University in New York.154 He had studied a method, the "Vagus
amine dose test", for the in vivo evaluation of depressant drugs of the rhythmic function of 
the heart. The test system was based on the idea that amines like adrenaline and noradrenaline 
were important in the regulation of cardiac rhythm and were responsible for 'ectopic beats' 
in some pathological conditions. Adrenaline-induced arrhythmias formed a rather well
known experimental approach in pharmacology and physiology of cardiac rhythm. The 
"Vagus-amine dose test", however, was designed to determine potency curves of drugs that 
would depress the ectopic rhythm potential ofamines. In this way quantitative measurements 
of depressant drugs in intact animals could be performed.155 

This test-system was used as a primary screening test to search for "anti-adrenergic" drugs. 
Ahlquist's theory was not in the picture. In August 1960 Corrodi - "a chemist who could make 
literally every molecule" 156 - joined the team. It is interesting to note that at this stage the 
principle structure of pronethalol was one of the structures suggested by the leader of the 
project in february 1960, Dr. Corrodi; due to lack of resources these compounds were not 
synthesized.157 

The project was not successful. In 1961 Ostholm invited Dr. Arvid Carlsson, professor of 
pharmacology, to be a consultant of AB Hassle. Ostholm comments: 

"The most important result of the discussions with Arvid Carlsson was that he convinced me that 
screening of compounds using traditional pharmacological test methods were likely to lead to me-too 
drugs. Instead of aiming at defined clinical indications by screeningfor e.g. anti-arrhythmic agents he 
recommended us to start a new research project by looking at new biological concepts and elucidate the 
mechanism of e.g. agonists and antagonists on the adrenergic receptors in the heart. In doing so we 
might find anti-arrhythmic agents but also other drugs for treatment of cardiovascular diseases. He 
suggested that we should start from DCI as a chemical lead in synthesizing compounds for biological 
evaluation. At that time we at Hassle had never heard anything about the concept of adrenergic beta 
receptor blockade. It was introduced to us by Arvid Carlsson". 158 

Carlsson was mainly interested in the pharmacology of neurotransmitters and the central 
nervous system.159 Since catecholamines were of importance to his work, he had visited the 
first Symposium on Catecholamines in Bethesda, Maryland in 1958. He was familiar with the 
field as a scientist and was interested in the Hassle project: "I was not primarily interested in 
cardiac arrhythmias, I was interested by the concept. Blocking the sympathetic control of the heart. It 
seemed to me a reasonable thing". 160 

Since dichloroisoprenaline was the basis of the concept of beta blockade, it was taken as lead
compound by the Hassle team. The project was re-named "Beta Adrenoceptor Blocking 
Agents". According to Carlsson this change of terminology reflected the conceptual shift, not 
a therapeutic re-orientation. 161 However, since beta blockade was a central theme of the 
project, the new territory of anginal attacks as put forward by the ICI-team in 1962, was easily 
assimilated. Hassle's main clinical interest was not only to develop anti-arrhythmic agents but 
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drugs which could protect the heart from too much stimulation caused by emotional and 
physical stress: "We talked about nervous heart disease". 162 

When the leI team published their paper in 1962, it was realized that another, more 
powerful, group operated in the same area and was leading the way. At that time several 
compounds had been evaluated and one compound, H 29/50 (N-isopropyl
phenylethanolamine), selected for testing in man. Some other compounds, alpha-methyl 
derivatives ofH 29150 (figure 4.4(a» exhibited unexpected effects: "There were some drugs that 
had some funny differences in profile. That we found interesting". 163 

Since these compounds were very close to dichloroisoprenaline, they were sent to Moran in 
1963 because of his great experience with that compound. l64 Hassle had contacts with 
Moran's Department; Dr. Ablad, who would become the leading scientist of the Hassle team, 
worked at the time in Moran's laboratory. Moran found interesting results that suggested "a 
difference in cardiac and vasodilator adrenergic receptors and a need for further evaluation of the 
present beta-receptor classification". 165 In a very early stage the selective action of beta blockers 
was found due to Hassle's open communication with academic research but it remained a 
neglected area for some years. This academic orientation was reinforced by Ablad who had 
been trained both in animal and human pharmacology of the cardiovascular system. His 
arrival would turn out to be decisive in Hassle's success. 
Initially, however, the project reached a deadlock. When the compound H 29150 was tested 
in man, in Spring 1963, human volunteers responded with tachycardia and palpitations. 
These undesirable effects were attributed to the intrinsic activity of the compound. The same 
problem as with dichloroisoprenaline hindered further development. 
In 1963 the Hassle team began to synthesize a new class of compounds: sympatholytic agents 
with a benzodioxane ring (figure 4.4(b». 
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Chemical structures of beta blocking compounds found during the AB Hassle project: 
(a) 1961-1962; (b) 1963-1964). 
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This class of substances originated from the work performed by Fourneau. The chemists 
opened the benzodioxane ring and replaced the tertiary amino group by an isopropylamino 
group. Almost 100 substances of this type were synthesized and tested. This class finally 
yielded a promising compound: H 56128 (alprenolol). The ffissle team therefore claims to 
have arrived at alprenolol before propranolol was described, a claim supported also by 
Shanks. l66 

In contrast, Barrett and the chemists ofICI hold the position that alprenolol and oxprenolol 
as ring-opened propranolols were missed during testing at ICI.167 Thus, competitors were 
able to enter the market with similar compounds after propranolol had been discovered. 
However much this may be true, and indeed this is the case with Ciba-Geigy, this position 
does not exclude the possibility that other firms arrived at such compounds before ICI.168 In 
fact, Boehringer synthesized propranolol even before ICI did (chapter 7). At Hassle the first 
compound with the propranol-amino-side-chain as in propranolol was made in April 1964 .169 
Berntsson comments: "The firstpublicdisclosure of this kind of compound from ICI came in mid May 
1964 and thus Hiissle had started making this kind of compound before they knew about ICI's 
structures. H 56128 later to become alprenolol was made on 27th of August 1964".170 During the 
period May - August 1964 the Hassle team feverishly attempted to find a suitable candidate. 
Since ICI patents formed an important set back for synthesizing new compounds, the feeling 
of a crisis evolved - "Everything seemed hopeless"l 71 - until the line of research, started 
independently from ICI, yielded the success so eagerly strived for.172 
The discovery of alprenolol as a patentable compound saved the project. Carlsson adds that 
Hassle was very lucky indeed.173 In 1965, on] anuary 2nd, a "crash program" started to bring 
alprenolol through toxicology, bio-availability study and animal and human pharmacology. 
Clinical studies started in]une 1965 and in 1967 all the results were published.174 
The design of the project was similar to that of other industrial firms. The various properties 
of alprenolol were obtained through an internal comparative research program using 
INPEA, M] 1999, propranolol, alprenolol and some other compounds that originated from 
Hassle's laboratories. Swedish clinicians were very responsive to this type of drug and 
propranolol was investigated at several Swedish clinical centres.175 From Hassle's point of 
view propranolol was the drug to compete with. The issue of intrinsic sympathomimetic 
activity of alprenolol came increasingly to the fore. Physiological, pharmacological and 
medical concepts about the sympathetic control of the cardiovascular system merged. 

4.5.2. Intrinsic sympathomimetic activity of alprenolol 

The "official history" of Hassle reports that the idea to ensure a physiological balance 
between adrenergic beta blockade and beta stimulation had been formulated at a very early 
stage: "The project started early in 1960, being concerned with the development of a new anti
arrhythmic drug. At an early stage of the project the following goal was defined. Efforts should be made 
to develop a compound blocking the adrenergic beta-receptor, which should ensure a physiological 
balance between adrenergic beta-blockade and beta-stimulation". 176 The accumulated influence of 
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several events from different sources, however, seems to be more likely. 
This idea emerged in the therapeutic context of cardiac arrhythmias. Excessive tachycardia 
and ectopic rhythm were the phenomena to be eliminated, but the body should be able to 
respond to various stimuli to the cardiovascular system, for example by enhancing cardiac 
activity through increasing frequency rate. From the medical point of view there is ample 
reason to suggest a balanced view between stimulation and blockade of adrenergic beta 
receptors in the heart. Beta blockade may give rise to bradycardia which is an undesired effect 
in a variety of cardiac arrhythmias, yet a desired action in other arrhythmic forms. Moreover, 
sympathomimetic agents were used in some types of cardiac arrhythmias but were contra
indicated in others. Thus, the adrenergic system as far as cardiac rhythmic function was 
concerned, was not an all-or-nothing system. 
The idea of a physiological balance per se came in 1961 from Folkow.177 Tracing this idea, 
Folkowand his team appeared to be involved in an extensive series of experiments during the 
1950s and early 1960s concerning the sympathetic control of the cardiovascular system.178 

Folkow's ideas deviated from the classic view of Cannon about the all-or-nothing response 
of the adrenergic system, i.e. that it was merely involved in mass-activation responses during 
the defence reaction - the "emergency" responses of the organism in case of danger, 
emotional stress and fear. Therefore, Folkow investigated the functional differentiation of 
the sympathetic system at several levels and in several situations. He established that the direct 
sympathetic influence on the heart - using change of he art rate as an indicator of the effector 
response - was by far superior to the effects induced by the hormones from the adrenal 
medulla. This demonstrated a clear-cut functional differentiation between the two 
components of the sympathetic system: the hormonal and the nervous. 179 

In the same way he differentiated between the effects of the parasympathetic and sympathetic 
component of vegetative control of the cardiovascular system. Even so, Folkow established 
that within narrow margins of sympathetic stimulation a whole range of cardiovascular 

. effector responses could be obtained. Folkowused physiological experimental procedures to 
measure the firing of sympathetic nerves in various physiological conditions. The results 
indicated that when animals are at rest, the average discharge rate in these nerves amounted 
to approximately 1 impulse/second. During emergency situations of excessive sympathetic 
activation the discharge rate merely increased to about 10 and maximally 20 impulses/ 
second.lso 

Therefore, the concept of a balance - or in more modern terms "modulation" - with regard 
to the sympathetic control of the heart involves three aspects. Firstly, a balance between 
sympathetic and parasympathetic control of the heart. Secondly, the balance in sympathetic 
control through differentiated patterns of responses in various parts of the cardiovascular 
system. Thirdly, the balance between resting state - "endogenous sympathetic tone" - and the 
state of emergency - stress, anxiety, excitation and exercise. Particularly this latter aspect 
would turn out as crucial in signifying the pharmacological concept "intrinsic 
sympathomimetic activity". 
However, the translation of this general idea of a balance into clear-cut pharmacological 
language has not followed a simple linear course. The intrinsic sympathomimetic activity did 
not playa major role in the early phase of the project. The negative clinical experiences with 
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DCI at Lilly were known to the Hassle team and strengthened the idea of reducing intrinsic 
sympathomimetic activity. The major problem was to find a suitable compound that would 
not give rise to tachycardia and other clinically undesirable effects. When H 29/50 failed at 
the clinical level and alprenolol turned out to be a promising compound though with some 
intrinsic activity, this aspect of the drug was related to the concept of balance. 

4.5.3. The profiling of alprenolol 

When heart failure became a central theme in the beta blocker field, awareness grew that 
sympathetic control was not merely detrimental to the patient's condition or that its sole 
function was to cope with emergency reactions. The Hassle team developed the view of beta 
blockade in terms of modulation, i.e. damping the sympathetic drive of the heart without 
disturbing the basal cardiac function. 
The analogy of a room with a dimmer turning on light may help us to understand some basic 
concepts. A beta-receptor stimulating agent acts as the hand that touches the dimmer 
("affinity for the receptor") and subsequently turns it until the room is brightly lit ("intrinsic 
activity" which is in this case maximal). A beta blocker acts like a lock, that is, it attaches to 
the dimmer but does not turn it ("no intrinsic activity", e.g. "complete beta blockade" as with 
propranolol) and prevents the hand from turning the dimmer. Alternatively, a beta blocker 
with intrinsic sympathomimetic activity (ISA) does touch the dimmer, turns it but never 
maximally ("partial agonist"). Now, it is easy to understand that compounds with varying 
degrees ofISA light up the room in varying shades and degrees. DCI, for example, which has 
an intrinsic activity of 0.73 compared to the maximal response of isoprenaline (= 1.00) lights 
up the room fairly well while alprenolol with an intrinsic activity of 0.16 provides a narrow 
shaft oflight. 
The patient with a heart which is abnormally dependent on an elevated sympathetic tone, e.g. 
in the case of heart failure, is analogous to the room at night. In order to walk around and to 
do things we need some light. If the light is turned out, we are helpless and we might hurt 
ourselves. 
The question now arose as to whether the property of intrinsic activity afforded a significant 
therapeutic advantage. To elucidate this problem scientists need some artificial system in 
which the various states of the sympathetic system in the organism can be mimicked. That 
is to say they attempt to create a room with a switch that can be manipulated in a variety of 
conditions. Isoprenaline, acknowledged as the purest beta-1 receptor stimulant was used as 
the artificial hand to turn on light of different intensities. 
The experimental model to investigate this issue became the vagotomized and 
adrenalectomized cat.181 The basic idea of the test is that by cutting the nervus vagus 
(vagotomized cat) parasympathetic influences on the heart are eliminated. By removing the 
adrenals the hormonal part of the adrenergic system (adrenolectomy) is switched off. A 'clean' 
experimental system remains that can be manipulated in two principal ways. The first way is 
the reserpinized cat. The other is the non-reserpinized cat. 
Injection of reserpine causes depletion of all the storage vesicles in the body that contain 
noradrenaline.182 The reserpinized cat represents the organism deprived of any endogenous 



INDUSTRIAL RESEARCH AND BETA BLOCKADE 113 

sympathetic activity and the various levels of sympathetic activity may be mimicked by 
administrating isoprenaline. Consequently, the non-reserpinized cat reflects the basal state 
of the sympathetic system. 
In this way scientists hoped to obtain information about the direct effects of beta blockers on 
a heart devoid of vegetative control as well as the intrinsic activity of these compounds. 
It falls outside the scope of this section to discuss the experiments that the Hassle team 
performed. Suffice to say that the test system described was used by the Hassle team to profile 
alprenolol with reference to other beta blocking compounds, to separate the various 
properties of these agents and to bring the contrasts between propranolol and alprenolol to 
the foreground. 
Obviously, the (non-)reserpinized cat is a highly idealized test system. The system thus had 
to be interpreted both physiologically and clinically. 
Figure 4.5 illustrates how Folkow's physiological work underlied the pharmacological 
experiments of the Hassle team to contrast alprenolol with propranolol. 
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The influence ofF olkow' s physiological concept of balance on the phannacological profiling of alprenolol and 
propranolol. 
Reproduced with pennission from Astra (1972). 

The diagram depicts three curves in a conventionalized way which represent three types of 
relationships between sympathetic control and cardiac activity. Curve A represents the 
normal physiological situation. Curve Band C represent beta blockade without and withISA, 
i.e. propranolol and alprenolol respectively. 
The suggestion is clear. Propranolol completely blocks beta receptors and thus decreases the 
effects of sympathetic discharge rates over the whole range. Alprenololleaves the adaptive 
potential of the sympathetic control of the heart intact over the range of the resting state 
whereas it cuts off this control at high( er) levels of sympathetic activity. Thus, physiology and 
pharmacology become deeply interrelated. 
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This interrelationship leads to medical concepts about angina pectoris and the role of the 
sympathetic control of the heart. Cardiologists agreed that blockade of high(er) levels of 
sympathetic activity was desirable in anti-anginal treatment whereas reduction of the basal 
state of the sympathetic drive was undesirable in angina patients with manifest or incipient 
heart failure. This agreement arose out of the view that the artificial hand, i.e. isoprenaline, 
had its analogy in the clinic. Isoprenaline and exercise induced hemodynamic patterns 
purportedly reflected the pattern of response of the sympathetic system both in normal 
human subjects and anginal patients. Both patterns underlined the clinical picture of angina 
of effort. Swedish doctors were responsive to this way of thinking, at an early stage. The 
relationship between angina of effort and the sympathetic system was extensively studied in 
Swedish cardiology.183 Within this intellectual climate physiological and pharmacological 
concepts merged with the clinical view that the anginal state reflected an enhanced 
sympathetic drive of the heart. 

Against this background the Hassle team profiled alprenolol in contrast with propranolol. 
Illustrative is the study of Forsberg and Johnsson assessing the effects of propranolol and 
alprenolol in five normal human subjects. Figure 4.6 represents the hemodynamic effects of 
propranolol and alprenolol (H5 612 8) as measured according to six hemodynamic parameters. 

Figure 4.6 
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Propranolol markedly affected the six parameters while alprenolol does not alter them 
significantly. Though both compounds block the sympathetic drive to the heart to the same 
extent, e.g. the two compounds are equi-potent beta blockers, they influence basal 
hemodynamics differently. The hemodynamic effects of alprenolol are compensated by 
cardiac stimulation due to its intrinsic activity:84 

4.5.4. Selective beta blockade 

In 1964 the Hassle team had developed substances with different patterns of responses which 
included deviantactions on blood vessels. Some of these compounds were sent to Moran. The 
Hassle scientists were wondering about these unexpected response pa tterns: in particular they 
were curious aboutthe clinical potential of compound H 3512 5. This curiosity arose from the 
fact that Hassle possessed the distribution rights of some of Geigy's vasodilating agents such 
as apresoline. Since the team was fully engaged in the development ofalprenolol during 1964-
1966, and lacking sufficient financial and personnel resources, this remained a neglected area. 
During the crash program, somewhere in 1966, the Hassle team unexpectedly ran into the 
issue of selectivity. Ablad and coworkers were comparing some allyl-substituted 
phenoxypropranolamines (figure 4.7). 

Figure 4.7 
Selective beta blockers: allyl-substituted phenoxy-propranolamines in the Hassle project (1966). 

Alprenolol (H 56128) possesses an allyl-group in the ortho position whereas the compounds 
H 64/55 en H64/52 have the allyl group in the meta and para positions, respectively. The 
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reason for this comparative analysis apparently originated from the processing in 1966 of the 
patent application of alprenolol in the USA. The US patent authorities requested 
comparative data on the pharmacological properties of the three allyl-substituted 
compounds. The test results revealed, unexpectedly, that the para-allyl-substituted 
compound (H64/52) is a cardio-selective beta blocker.185 Thus, various compounds with an 
allyl-group were reconsidered and checked.186 

Some preliminary studies seemed to reveal differences in cardiac, vascular and tracheal 
tissues. These results were discussed in the light of academic concepts about the 
differentiation of the beta receptor population. According to Werko clinical experiences 
relating to side-effects in asthmatic patients, bradycardia and so forth entered these 
discussions. Of course, these problems were already acknowledged as a result of clinical 
experiences with propranolol. But as Werko stated, these problems were also acknowledged 
in the small circle of clinical consultants that surrounded the ffissle project.187 Werko and his 
colleagues studied both propranolol and alprenolol in this respect. Their clinical experiences 
encouraged acceptance of the idea of developing more selective compounds. The Hassle team 
rapidly incorporated Lands' ideas in their framework because they fitted the typical 
experimental and clinical systems: heart, lungs and the vessels. Moreover, the experiences 
with H 35125 that showed the opposite pattern of selective action, fitted the Lands' 
classification.188 

Although the first incentive to study the allyl-substituted compounds was the issue ofintrinsic 
activity, soon thereafter the differences in profiles were extended and yielded clear-cut 
differences in the actions in cardiac, bronchial and vascular tissues. Further development of 
the project was hampered by limited financial and personnel resources. 
At that stage the project took a rather specific course. In 1967 ICI launched practolol. 
Thereafter more detailed studies with the allyl-substituted analogues yielded clear 
differences in profiles. Compound H 64/52 was 100 times weaker a beta blocker in the 
isolated trachea though it was also four times weaker than alprenolol as beta blocker in the 
isolated heart. With a ratio of 1 : 25, H 64/52 may be called a relatively selective beta-l 
receptor blocking agent. Still, it was not good enough. It was not very potent and it possessed 
intrinsic activity and thus had no market potential in competition with practolol. 
Subsequently, a series of new compounds were synthesized starting from the chemical 
structure of the para-substituted analogues.189 Out of almost 100 compounds, two 
compounds were selected for further testing late in 1968: H 87/07 and H 93126 (figure 4.8). 
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H 93/26 H 87/07 

Figure 4.8 Two candidate compounds for bringing a cardio-selective beta blocker to the market by AB Hassle. 
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H 87/07 was about as potent as alprenolol. But it possessed a marked intrinsic activity, much 
stronger than alprenolol and practolol. Therefore it looked too much like pindolol. Yet, the 
compound was as cardio-selective as practolol and was considered a competitive antagonist.l90 

In contrast, H 93126 was less cardio-selective than practolol and H 87/07 and was not 
explicitly classified as a competitive antagonist.191 The very reason for selecting H 93126 for 
further development, was that the compound was devoid of intrinsic activity. This was 
considered an advantage compared with H 87/07. After all, the latter compound was too 
similar to pindolol in one respect and too much like practolol in another. Profiling of these 
two compounds during 1969 and 1970 took place in the context of hypertensive disease, and 
the lack of intrinsic activity received a new therapeutic meaning.192 

It is interesting to see how an industrial team that had put so much energy into the discussion 
about intrinsic activity radically changed their minds by entering this new therapeutic area. 
But it is also striking that the research group again succeeded in creatively changing 
pharmacological theory. For, the early work at Hassle on the characterization of the 
pharmacological properties of metoprolol resulted in the modification of Lands classification 
ofbeta-1 and beta-2 receptors, i.e. the coexistence oml and 62 receptors in the heart and other 
tissues. 193 

The clinical and epidemiological studies on alprenolol in hypertension performed by Tiblin, 
Sannerstedt and Werko, provided the Hassle team with the necessary backing to enter this 
new area at an early stage, about 1968. At the managerial and marketing level, this new course 
was resisted, just as at ICI. However, late in the 1960s the green light was given to move 
forwards. The aim was to restrict the use of alprenolol to the "common" indications angina 
pectoris and cardiac arrhythmias and to develop metoprolol as a cardio-selective beta blocker 
in hypertension. 194 

4.6. The beta blocker project at CIBA 

The Biological Laboratories ofCIBA(Basle, Switzerland) had a long research tradition in the 
cardiovascular field. During the 19505 CIBA scientists had found several important anti
hypertensive agents. The team entered the field of beta blockers after Black and Stephenson 
published their findings on pronethalol. The chemists ofCIBA picked up this new possibility. 
They were already acquainted with the type of chemistry required in this respect because 
chemically pronethalol-like substances had been found as a result of searching for anti
hypertensive agents. Thus, several classes of catecholamine analogues were synthesized to 
isolate the effects of displacing noradrenaline. The natural course was to look for compounds 
that would inhibit, in some way, sympathetic function. 
The pharmacologists started to investigate a series of pronethalol-like substances. Some 
compounds were recognized as a bradycardia producing substance, hence possessed 
pronethalol-like therapeutic potential for the relief of angina pectoris. Some 30 substances 
were synthesized and studied. In the middle of 1963 it became clear that pronethalol would 
lead nowhere as the compound turned out to be carcinogenic in mice and further studies were 
stopped. When propranolol appeared in the patent files, the team tookup the synthesis of this 
new strain of beta blocking compounds. In August 1964 they synthesized the compound Ciba 
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39'089-Ba and whereas the ICI team had missed this possibility the compound, later known 
as oxprenolol (Trasicor) could be registered. 
The clinical climate was very negative about this new class of compounds. Therefore the 
objective of Brunner and his colleagues was to find propranolol-like substances with much 
less cardio-depressive activity than propranolol. The negative attitude assumed by clinicians, 
in some way, was transferred to marketing and management. Some cardiologists outside the 
company, e.g. Rivier and Grandjean, supported the compound. Within Ciba, Imhoff and 
Gross (director) of the Medical Department backed up the claims of Brunner's research 
groUp.195 It was agreed to bring oxprenolol to the clinic and just see what the drug would do. 
In 1968 was oxprenolol marketed but with a red package to warn physicians to be careful with 
this compound.196 

Intrinsic activity was not important to the Ciba team in profiling their drug.197 The major 
differences between propranolol and oxprenolol were the cardio-depressant effects. 
Somewhat later this issue was taken a step further: "A very high degree of intrinsic stimulant 
activity is obviously a disadvantage and may even preclude the therapeutic use of a beta-blocking agent. 
In principle, however, it is possible that a slight intrinsic stimulant activity could diminish the intensity 
of certain side efficts which result from the direct depressant efficts of some beta-blockers. The results 
obtained up to now in clinical studies, however, do not furnish any evidence to support this assumption". 
198 

Whereas the Hassle team put full weigh t into this ancillory property of alprenolol, a sceptical 
attitude dominated Ciba's research group.l99 This scepticism, how paradoxical it may seem, 
reflected the fear in the German clinical world and oxprenolol would always be a constant 
source of medical anxiety. 
In contrast, the Medical Department of Ciba in the United Kingdom took a different and 
obstinate course. Due to its strong position in the cardiovascular field, the department, first 
under the management of Rondel, then Burley, succeeded in attracting much attention in 
British medicine. But when asked whether support was coming from Basle, Burley 
commented: "I must say: 'Almost not at all'. Well, again, it was a very interesting situation, and 
again it was probably rooted in this fiar of heart failure and beta blockade. We found it extremely 
difficult to get any of the other parts of Ciba-Geiby interested in this program". 200 

So, the further development of oxprenolol was a British affair. Particularly through the 
studies of Taylor and colleagues at Leeds, a two-sided view was developed. Firstly, some 
angina patients were in incipient heart failure and beta blocker treatment might trigger heart 
failure. Secondly, and more subtle, beta blockers without intrinsic activity produced in 
hemodynamic terms effects which indicated subliminal heart failure. In both cases beta 
blockers with ISAmight be more beneficial. The latter viewpoint implied that there was a sort 
of continuum between the normal and failing heart. 
According to Silk, a co-worker of Taylor, this viewpoint had not much impact then: "The 
approach at that stage was fairly gross rather than subtle. (..J Originally, in the late sixties, early 
seventies, there was a fieling that there was heart failure and that there was nurmality, if you like, that 
was stable coronary heart disease. Provided you didn't treat your heart failure patients with beta 
blockers, well you were okay, but all the other patients ... They didn't appreciate that there was a large 
grey area where you might potentially give treatment which was detrimental to the patient in 
hemodynamic terms but not actually force them into heart failure". 201 
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Whatever the precise impact of these views, and we are dealing here with marketing policies 
as well, the issue of heart failure occupied the minds of many physicians. Oxprenolol was 
forcefully presented as a "cardio-protective" beta blocker, a drug which because of its intrinsic 
activity, protected the heart against whatever stressful event including beta blocker treatment 
itself. Accordingly, oxprenolol would become a successful drug in the United Kingdom. 
Oxprenolol and practolol were almost simultaneously launched on the British market. When 
practolol had to be withdrawn, the market was open for oxprenolol. The drug would become 
the leading beta blocking drug in the United Kingdom.202 

4.7. Conclusions 

Industrial research on beta blocking compounds has had a tremendous impact, not only 
commercially but also in scientific and medical terms. Beta blockers became investigational 
tools in medical science and have helped to elucidate the role of the sympathetic system in the 
normal and pathological human condition. 
It is striking to see how much the creation of compounds has a life of its own. This creative 
activity is largely an affair of industrial scientists and the role of medical chemistry is pivotal 
to scientific progress. The compounds developed and the activity of creating profiles become 
a focal point of scientific attention. 
The crucial role of experimental systems in therapeutic innovation has been described. These 
test systems, which are the result of expanding therapeutic fields, help scientists to elucidate 
new aspects of drugs and diseases, to perform more precise measurements, and to transform 
basic and clinical concepts. 
In chapter 3 it was shown that Ahlquist's theory was a prime force in the field but that its 
further development was entangled in the interaction between both activities, i.e. the creation 
of compounds and test systems. In this chapter it was shown that Lands' theory followed the 
developments regarding compounds and experimental systems. While receptor concepts 
were translated into biochemical terms, as exemplified by Moran's definition of the 
operational receptor, pressure came from industrial and therapeutic research to provide a 
theoretical basis for the highly selective compounds needed. In the late sixties and early 
seventies Lands' theory was generally accepted. 

The industrial projects described were developed within their particular contexts, and were 
dependant on the therapeutic targets, the laboratory style, equipment and scientific expertise. 
Still, in each case the interactions with the wider scientific and medical environment were 
evident. The initial therapeutic target was ventricular fibrillation and other forms of cardiac 
dysrythm. At AB Hassle the development of anti-arrhythmic drugs had its own course. In 
addition, the projects at Eli Lilly and, in particular, Mead Johnson emerged from a classical 
tradition in pharmaceutical research: the search for anti-spasmodic drugs for a variety of 
clinical conditions including lung disease. The shift to the cardiovascular domain, the key to 
the development of the beta blockers, was beset by many difficulties. 
The ICI project took a different course which, in its creative phase, was a one-man-affair. 
Black moved forwards with force, and despite the scepticism, he put his ideas to the test, 
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supported by his charismatic personality and enthusiastic leadership. Due to the emphasis of 
this thesis in elucidating the cognitive structure of the body of scientific and medical 
knowledge, the role of Black, a "true innovator", has been pushed into the background. The 
same applies to other individual scientists as well as the policies and social organizations of 
the individual companies. However, it has become clear that Black's ingenuity prospered 
when he moved into the vacuum of anti -anginal treatment. This vacuum was crea ted because 
the medical views about angina pectoris and classic therapy had shifted. This will be further 
discussed in subsequent chapters. A remarkable feature of the ICI project is how powerful the 
initiative was to develop the beta blocking drugs. The interaction between various disciplines 
was intensive and enthusiastic co-operation was readily forthcoming from many clinical 
centres in the United Kingdom. 
While the area of application of propranolol continued to expand, the drug also ran into 
trouble. The present prejudices and preconceived opinions about the development of the beta 
blockers arise from this period. For example, the role of surgical sympathotectomywas minor 
in the early phase but very important when the question oflocal anaesthetic activity began to 
arise. Other questions revolving around stereochemistry, intrinsic activity, cardio
depression, and cardiac failure were central to a complex and at times fuzzy discussion which 
started in the early 1960s but lasted for many years. 

The substantial shift that the Hassle team made with respect to intrinsic activity is evidence 
of the dramatic changes in perspective that can occur in therapeutic research. Although this 
is subject to marketing policies, important scientific and medical issues were also at stake. 
Moreover, the intellectual context in which the Hassle project developed, clearly differed 
from that of the ICI project. 
The powerful consultant group of the Hassle team which attracted another outstanding 
scientist, Ablad, provided the theoretical concepts and experimental methods to profile 
alprenolol in contrast to propranolol. The open communication with academia and 
clinicians, which characterized the Hassle team from the very outset, markedly influenced the 
course of the Hassle project.203 

The ffissle project was not so important from a marketing perspective, and as far as the ICI 
team was concerned, the Hassle group was no threat at all; in fact, its work was not even 
noticed for a long time. However, the Hassle group had an indirect effect on propranolol. 
Firstly, the knowledge the Hassle team produced concerning alprenolol was applied to 
oxprenolol, another beta blocker with intrinsic activity. Secondly, the second-generation 
beta blocker, metoprolol, became a joint activity of Hassle and Ciba-Geigy. 
From this point the enormous competition between ICI and Ciba in the United Kingdom 
comes to be seen in another light. 

The course of the Ciba project was most interesting. The German medical climate hampered 
the project at Basle and created the gap between Ciba's medical department in the United 
Kingdom and Switzerland. Thus, the life of oxprenolol became largely a British affair and 
developed its course on the basis of the excellent contacts of Ciba with British cardiological 
centres. 
The clash between ICI and Ciba affected the internal development of the beta blocker project 
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at ICI. The scene of battle between ICI and Ciba was formed by the supposed cardio
depressant actions of propranolol, and had two fronts. The first one was courting the favour 
of the opinion leaders in cardiologists' circles. There the dangers of the intravenous route -
"some patients died on the needle" - were spelled out. This was a major threat to propranolol's 
progress because, especially in cardiology, an intravenous drug is preferred. Such a drug 
attracts cardiologists to do research into a wide range of problems. It is a conditio sine qua 
non for profiling any new drug. 
The second front, probably the most important from a long term point of view, was the 
competition to win over the "ordinary doctor". Since Ciba was stressing oxprenolol as a less 
aggressive drug than propranolol, with a beneficial mild intrinsic sympathomimetic activity 
on the heart and thus "cardio-protective", ICI was urged to counteract this strategy. Practolol 
became the weapon. Practolol, thus, would be the drug for common practice. The objective 
was to crack the mystique about propranolol as a difficult drug, a dangerous drug, only for 
the use of specialists. 
Barrett states: "I believe that the introduction ofpractololshrlWed ordinary doctors that beta blockade 
could be used in a way that did not make them worried. It was a much less aggressive drug in that its 
intrinsic sympathomimetic activity, its lack of membrane stabilizing action or whatever did not make 
it have so much dramatic effect on cardiac output, did not precipitate cardiac failure, did not produce 
acute bronchospasm which you couldn't reverse. It gave ordinary doctors a measure of conftdence. And 
I believe that the introduction of oxprenolol, more or less contemporaneously, - and it did not have the 
adverse side-effects - was similarly benefited by the recognition that here was a drug that ordinary 
doctors could use with patient benefit without doctor anxiety". 204 

This episode touches upon an essential character of innovation. As Shaw once wrote: "The 
reasonable man adapts himself to the world: the unreasonable one persists in trying to adapt the world 
to himself. Therefore aJl progress depends on the unreasonable man". 205 

Both aspects were pertinent to the ICI team. Propranolol was considered a good drug, the 
consequence of creative thinking. After all, it embodied "innovation" itself. Indeed, as if it 
were the unreasonable man, the ICI team tried to adapt the medical world to propranolol. 
Fitzgerald stated that it was a matter of selecting the right patients for the right drug. Doctors 
failed to do so through their lack of knowledge of the physiology underlying the drug.206 

Barrett added to this that the less gifted the doctor was, the more problems he raised; doctors 
who understand the drug, never complained. 207 This attitude was reinforced by the view that 
propranolol was not only the best therapy but also the best tool a scientist could wish for. 
However, such a change does not occur instantaneously. Various routes were followed 
including new theoretical and methodological approaches which were not only applied to 
angina pectoris but also the field of heart failure, another field of intricate scientific concepts 
and innovating medical therapies. Indeed, the problem of heart failure was not resolved 
instantaneously; and in fact it never has been, at least not theoretically. The major advance 
of the time was that clinical practice raised its standards for identifying the patients at risk. In 
this way clinical practice paved the way for using beta blockers in the right patient at the right 
time and in the right way. 
While this "unreasonable" attitude became perceived as a rational behaviour in clinical 
practice, the ICI team became "reasonable". The team was urged to adapt their profile of the 
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ideal beta blocker. Consequently, practolol most perfectly matched this ideal profile. 
The practolol story, thus, leads to the conclusion that medical perceptions, directly mediated 
by the consultants or indirectly mediated by opinion leaders of the medical profession and the 
strategies of competitors, were heavily imposed on the experimental work in the ICI 
laboratories. Similarly, other stages of the ICI project as well as other industrial projects 
contribute to this conclusion. 



Chapter 5. Verapamil: dying drug or sleeping beauty? 

5.1 Introduction 

The past decade verapamil (Isoptin) has attracted great interest in the scientific and 
cardiological community. This interest is due to the fact that the compound represents the 
prototype of an entirely new class of compounds with a novel therapeutic principle, e.g. the 
calcium antagonists. Furthermore, verapamil has become a tool in physiological and bio
chemical research of cardiovascular disease and serves to extend calcium channel research to 
the molecular level. 
This new family of drugs is steadily growing and the same applies to the range of clinical 
applications. Some of the areas in which these drugs are being used or investigated include 
angina pectoris, myocardial infarction, arrhythmias, cardiomyopathy, hypertension, periph
eral vascular disease, migraine, cerebral ischemia, esophageal spasm, asthma, epilepsy and 
atherosclerosis. 
The calcium antagonists, also variably referred to as calcium channel modulators, calcium 
channel inhibitors or slow channel inhibitors, have been identified as one class of drugs. 
Fleckenstein and co-workers paved the way for this novel therapeutic classification and 
classified this family of drugs as acting on the transmembrane flux of calcium. The complex 
and intricate actions of calcium in the electrical and mechanical processes in the heart are 
beyond the scope of this thesis. It suffices to say that calcium has been recognized as playing 
a central role in the translation of the electrical processes in the muscle cell membrane into 
the mechanical result, namely muscle contraction. l 

Unlike the beta blockers, the calcium antagonists are chemically entirely different com
pounds from one another. Though despite these differences they share common properties, 
it has become clear that there are three, perhaps four, distinct types or subtypes. A recent 
World Health Organization Committee has decided to subdivide the antagonists into atleast 
three distinct classes: dihydropyridine or N type, phenylalkylamine or V type, and 
benzothiazepine or D type. The N, V, and D type refer to nifedipine, verapamil, and 
diltiazem, respectively.2 Verapamil became available in Europe in 1962 while nifedipine was 
synthesized in 1967 and marketed in the early 1970s; diltiazem was developed ata much later 
date. 

Verapamil has a remarkable history. Although developed as a coronary vasodilator, verapamil 
was soon acknowledged as a compound with beta blocking activity. Subsequently, a heated 
discussion developed resulting in the late 1960s, in verapamil being rejected as a beta blocking 
compound. In due course however, verapamil became recognized as a calcium antagonist, a 
new pharmacological category that elicited much scientific and clinical interest. 
Therefore it is interesting to examine how these three therapeutic principles were developed 
by scientists and clinicians. Emphasis will be placed on verapamil's development as an anti
anginal drug. This severely restricts an historical description because the enthusiastic 
recognition of the anti-arrhythmic actions of the drug by one way thinking has markedly 
inhibited the development ofverapamil as an anti-anginal agent and in total the development 
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of the therapeutic principle of calcium antagonism. Therefore, the concepts about the anti
arrhythmic actions of verapamil will be briefly included. After a short overview of its early 
history (5.2), the therapeutic principles of coronary vasodilation (5.3) and beta blockade (5.4) 
with respect to verapamil will be discussed. This is followed by an account of the discovery 
of its calcium antagonistic action. Much of the credit for developing the principle of calcium 
antagonism is due to Fleckenstein and his work during the 1960s will be described (5.5). It 
is not intended to provide a comprehensive picture of his thoughts and his experiments nor 
of the local and the wider scientific context in which he worked. In contrast, how verapamil 
and related drugs were identified as a separate class of drugs will be discussed. Additionally, 
the important role of drugs as tools in experimental and clinical research will be substantiated. 
Subsequently, the way Fleckenstein's concept of calcium antagonism was accepted is assessed 
with the help of a scientometric analysis with the objective of finding out how calcium 
antagonism became a therapeutic principle in medicine (5.6). Finally, the theory of drug and 
disease profiles is applied to mark the development ofverapamil (5.7). 

5.2 The early history of verapamil 

Around 1960 the German firm of Knoll AG, located in Ludwigshafen, entered the field of 
cardiovascular drugs with the development of a new coronary vasodilating agent. From a 
series of analogues of papaverine, widely acknowledged as a powerful smooth muscle relaxant 
and coronary vasodilator, the substance D 365 (iproveratril, verapamil) was selected. Early 
pharmacological studies established that verapamil was a potent coronary vasodilator, a 
hundred times more effective than papaverine in producing coronary dilatation. In 1963 the 
drug was introduced onto the German market. Shortly before verapamil was developed 
Boehringer, Hoechst and Cassella-Riedel had introduced dipyridamole (Persantin, 1959), 
prenylamine (Segontin, 1960) and carbochromen (Intensain, 1963), respectively, as coronary 
vasodilators. According to Pfennigsdorf this constellation and the diminished belief in 
coronary dilation as an effective therapeutic principle has hampered a rapid initial develop
ment of verapamil in Germany.3 
In due time Pfizer showed interest in the compound. However, clinical trials in the United 
States were stopped when toxicological studies showed thatverapamil, when administered in 
large doses to beagle dogs, could cause cataract, a serious eye disease. Though this discovery 
prohibited clinical research in the United States, verapamil was available in many countries. 
Still, this toxicological reaction affected further clinical research as Knoll advised clinicians 
to use doses not exceeding 480 mg daily.4 

5.3 Verapamil: a coronary vasodilator? 

According to Haas (1962), head of pharmacology at Knoll, verapamil fulfilled all the criteria, 
set by the scientific and clinical community, defining coronary vasodilation.5 

Despite the strong competition verapamil attracted considerable clinical attention. Based on 
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a literature list provided by Knoll, 42 clinical articles were published during the period 1962 
- 1969 in German journals whereas over the same period merely 7 articles were published in 
Anglo-American journals. Charlier discusses in his textbook Antianginal Agents 32 clinical 
articles about verapamil of which 15 were published in Anglo-Saxon journals, 12 in German 
journals and 5 in other journals (Brasilian, Italian, etc.). Charlier's sample contains fewer 
German and more English clinical articles than Knoll's literature list. If Charlier's sample is 
examined according to the clinical judgment of the anti-anginal effect of verapamil the 
following pattern is seen (table 5.1).6 

Table 5.1 
Therapeutic judgment of verapamil in clinical articles published 

in the Anglo-American and German context from 1962-1969, 
as discussed by Charlier (1971). 

Clinical 
judgment 

Number of 
articles 

Anglo-American 

+ E 

4 3 8 

German 

+ 

10 0 

+ • positive; - • negative; E • exploratory. 

E 

2 

Almost all the German articles referred to by Charlier report positive results with verapamil 
in anti-anginal treatment. Some even stressed extraordinary results with regard to treatment 
success in almost 95% of all patients.7 As was usual in clinical trials in the early sixties there 
was no double blind controlled trial performed in Germany. Two articles discuss other 
features of the drug. In contrast, Anglo-American clinicians were not unanimous about the 
therapeutic benefits of verapamil. In some cases these clinicians reported beneficial effects; 
the majority was much more reserved or reported negative results.s 

However, the major difference in clinical judgment in both medical contexts was related to 
the mechanism of action. From the very outset German clinicians agreed to classifying 
verapamil as a coronary vasodilator. However, from the beginning Anglo-American physi
cians doubted the coronary vasodilator action as the proposed mechanism of action of 
verapamil.Mignault (1966), for example, stated: "It is possible that Isoptin 's effect on blood flow is 
not responsible for the improvement of the clinical symptoms inpatients with coronary heart disease". 9 

Luebs and his co-workers wrote that " .. .Isoptin .. .failed to raise coronary blood flow in patients with 
coronary artery disease. (..) The results indicate, therefore, that the improvement of angina pectoris 
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need not depend on an increase in coronary blood flow". 10 The American investigators Neumann 
and Luisada (1966) probably represent the most extreme example of the Anglo-American 
position. In their study patients from a geriatric home were selected. Since the structural 
changes of the coronary arteries in elderly people must be the cause of anginal attacks the 
authors claimed that" ... any improvement would not be due to "vasodilation" of the coronary vessels 
but to a different and more complex mechanism" . I I 

5.4 Verapamil: a beta blocker? 

At an early stage, late 1962 and early 1963, it was noticed that verapamil differed from the 
well-known coronary vasodilators in two respects. Firstly, a negative inotropic activity in the 
isolated perfused heart was established that clearly differed from dipyridamole. 12 The second 
aspect was some similarity of action with pronethalol. This was an exciting discovery. 13 After 
all, Knoll would be the second firm after ICI to have a beta blocker.14 
Since these two features ofverapamil differed from the known coronary vasodilators, Knoll 
asked Fleckenstein to investigate the mechanism of action ofverapamil. In 1964 Fleckenstein 
published his results considering verapamil as the most potent beta blocking agent known at 
the time. In due course, when propranolol and MJ 1999 became available, he succeeded in 
differentiating these 'specific beta blockers' from verapamil. Verapamil became known as a 
"coronary vasodilator with fi-adrenolytic properties". 15 Because of its additional coronary dilating 
action it was suggested that the therapeutic value ofverapamil exceeded that of the pure beta 
blockers. German scientists and clinicians took this 'mixed' profile of verapamil for granted. 
Because it was admitted that verapamil- and also prenylamine - did not exhibit all the effects 
of beta blockers, it was called a "sympatholytic" agent. When discussing the therapeutic 
approach to coronary heart disease at the Freiburg Hospital, Gebhardt and Buchner 
recommended starting first with dipyridamole and, when no improvement occurred, to 
switch to verapamil (or prenylamine) since it combined beta blocking properties with 
coronary vasodilating action that "pure" beta blockers did not exhibit.16 

In British and American medicine a different therapeutic course was followed. Since the 
concept of coronary vasodilation was rejected, clinicians attributed beta blockade to vera
pamil as the mechanism of action. Melville (1964), for example, stated: "It would therefore 
appear that Iproveratril may exert its effect on the heart by blockingfi-receptor adrenergic (sympa
thetic) mechanisms". 17 Thus, the dominant view in the middle of the 1960s was that verapamil 
was a beta blocking compound. With the advent of more specific compounds verapamil's 
deviant pattern of action became increasingly clear. Subsequently, a heated debate started as 
to whether verapamil was a beta blocker or not! 

On August 5th, 1967, the ICI scientists Fitzgerald and Barrett took the offensive in a letter 
to the Lancet entitled "What is a fi-blocker?".18 
Since the characteristic feature of fi-blockers is their high degree of specificity, claims about 
any new agent exhibiting beta blocking properties should be scrutinized carefully: "By 
definition ",for a drug to be classed as a fi-receptor antagonist it must be shown that: (a) it competitively 
antagonizes the chronotropic and inotropic effects of exogenous adrenaline and isoprenaline as well as 
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antagonising stimulation of the sympathetic nerves; and (b) it does not antagonise the positive inotropic 
effects of digitalis, calcium, and aminophylline". 19 Propranolol obviously met these two criteria. 
Compounds which block both catecholamine and non-catecholamine-induced positive 
inotropic effects do so by direct non-specific depression of myocardial contractility. 
According to Fitzgerald and Barrett an example of such a compound was verapamil! 
This was criticized by Bateman, Director of Medical Services of Pfizer in the Lancet, August 19, 
1967.20 In the United Kingdom Pfizer was the license holder of verapamil which was marketed 
under the name 'Cordilox'. Bateman's comment on the claims of Fitzgerald and Barrett was as 
follows: "Yet it has been shown that this drug (propranolol, RV) possesses other properties, 
notably a quinidine-like effect and local analgesic effects. Which o/these are responsible/or the 
effectiveness o/propranolol in angina pectoris? At a recent symposium on adrenergic-blocking 
drugs held by the New York Academy 0/ Sciences the consensus was that the effect was due to the 
quinidine-like action o/propranolol, and not to thej3-blockade it produces".zl Thus, Batterman 
rejected the suggestion that propranolol represented pure beta blockade; it was a 'dirty' drug as 
well. Moreover, he argued that there was still uncertainty about the purity of beta blockade 
because, quoting Shanks, "there was still not sufficient information to indicate iffulfillment of these 
criteria (as enumerated by Shanks, RV) is adequate for classification of a compound as a fJ-receptor 
antagonist".22 In his letter Shanks replied that Bateman should have stated "that 'these criteria' 
referred only to blockade of cardiac fJ-receptors and the isoprenaline depressor response. The studies of 
Dr. Fitzgerald and Dr. Barrett were much more extensive than any which had been completed when 
my paper was given (September, 1965)". 23 Indeed, the profile of pure beta blockade encompassed 
various properties to be assessed in animals and man. According to the ICI scientists these 
properties could not be attributed to verapamil. 
When profiling a new class of drugs there is always a need for "clean" drugs.24 This idea of 
a nice, clean tool governed the stra tegy ofICI's scientists but they were also worried because 
propranolol was an endangered drug. Fitzgerald and Barrett explicitly referred to this 
threatening situation when stating: " ... the most widely studied fJ-blocking drug, propranolol, is 
known to be effective in angina pectoris. However, it is by no means certain that these beneficial effects 
are due entirely to fJ-receptor blockade, since propranolol has actions other than simple fJ-blockade". 25 

Thus, a situation developed where verapamil was accused of its "dirty" beta blocking action 
while at the same time propranolol was discussed for its actions other than beta blockade. 
The central questions were whether beta blockade or local anaesthetic activity underlay the 
therapeutic effects in angina and whether it precipitated cardiac failure. To answer this one 
should be sure of having compounds tha t exhibit, next to their other actions, a simple and clear 
beta blocking action. Propranolol possessed such an action and verapamil did not. So, the 
heart of the matter lay in the therapeutic controversy over propranolol. 
Emphasizing the therapeutic side of the debate Bateman stated: "1 believe that Dr. Fitzgerald 
and Dr. Barrett have made out a good case for propranolol as a research tool, and for the investigation 
of the sympathetic nervous system it is undoubtedly of great value. We must, however, be careful not 
to extrapolate too uncritically pharmacological findings established in the healthy cardiovascular system 
ofyoung animals to the conditions obtaining in the ischaemic hearts of middle-aged human beings, and 
we are, after all, concerned with the day-to-day management of myocardial sclerosis in man". 26 

The suggestion is clear. Propranolol might be the cleanest i3-blocker and the nicest tool but 
this is purely from the scientific point of view, not from the therapeutic viewpoint. According 



128 CHAPTERS 

to Bateman verapamil was associated with additional characteristics that annulled the 
negative secondary effects of pure beta blockade. Therefore, verapamil might be given to 
patients with bronchospasm and cardiac insufficiency for whom propranolol is contraindi
cated. 
It may be argued that we are dealing here simply with a clash between ICI and Pfizer while 
both firms were offering commercially inspired arguments to defend their position. True, the 
stakes were high because despite the controversy about propranolol, beta blockade was 
experienced as a promising new approach in cardiac therapy. Pfizer armed with verapamil 
entered into the controversy about propranolol attempting to profit from the promising 
future of beta blocking drugs. The ICI scientists exerted great effort to repel this new 
competitor. But it would be too easy to consider the controversy as a mere marketing battle. 
Bateman's letter set off a chain-reaction ofletters to the Lancet and the discussion spread to 
other journals. In due course, criteria were defined for assessing pure beta blockade and 
evaluating the purity of action of verapamil. 
The two tracked line of reasoning which Bateman followed is clear. The first was to define 
verapamil as a beta blocker but leaving enough room to account for its different pattern of 
action. The second was to hit the weak spot of propranolol, e.g. its pure beta blockade and 
strong cardio-depressive action which so many clinicians considered as the cause of trouble 
with patients suffering from imminent or manifest heart failure. Both lines had to be 
reconciled. It was the clinic that had to settle the matter: "The most valuable evidence for 
verapamil therefore comes from the bedside, and many clinical papers testify to its beneficial effect in 
patients with angina and with cardiac arrhythmias of various etiologies". 27 

However, Bateman fought a losing battle. British and American clinicians had defined the 
boundaries wi thin which evidence coming from the bedside was assessed. Clinicians acknowl
edged that angina of effort was the disease of major concern and that the adrenergic 
hemodynamic disturbances bringing on anginal attacks could be easily pinpointed by 
antagonism to isoprenaline or exercise induced tachycardia. The majority of Anglo-Ameri
can clinicians assessed beta blockade in accordance with the criteria put forward by the ICI 
team. Several clinical studies repudiated an antagonizing effect of verapamil on the critical 
parameters. In 1968 the column "Today's Drugs" in the British MedicalJournal commented: 
"A characterotic property of beta-receptor blockers is the competitive inhibition of the cardiac action 
of isoprenaline in doses that do not depress the heart. Verapamil in therapeutic doses (80 mg thrice daily) 
has no significant effect on isoprenaline-induced tachycardia in man, nor does it cause any reduction 
in the tachycardia provoked by physical exercise in healthy volunteers. This is in marked contrast to the 
effects of propranolol and is evidence that verapamil is not a beta-receptor blocker". 28 The Drugs and 
Therapeutics Bulletin stated: "Recent correspondence in the Lancet has strongly criticized the claim 
that verapamil is a beta blocking agent; an attempt to justify and uphold the claim induced careful 
quotations from articles of workers who consider that verapamil is not a beta-blocking drug". 29 

Moreover, clinical experience showed that verapamil could precipitate or aggravate cardiac 
insufficiency thus rejecting the suggestion of Bateman thatverapamil could be beneficial in 
those situations where fi-blocking agents were contra-indicated. An editorial comment in the 
British MedicalJournal (1968) stated that British clinicians therefore could not recommend 
the compound for the treatment of the angina pectoris patient.30 The Drugs and Therapeutics 
Bulletin arrived at the same conclusion in 1967.31 Two years later the same journal, in 
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assessing new experimental and clinical material, still maintained its view.32 
It was admitted, however, that verapamil had some effect in angina. Several German clinical 
reports were referred to but these were carried out under uncontrolled conditions and were 
therefore not taken as being conclusive. Still, there were controlled clinical trials that 
reported beneficial effects. However, some were negative such as the double-blind trial of 
Phear who concluded that "no significant relief of angina byverapamil was found". Sandler 
who reported a significant beneficial effect from verapamil at a high daily dose of 360 mg, 
comparable to that yielded by propranolol in the same type of angina patients concluded: 
"Provided verapamil has no deleterious effects on the heart or other organs then the exact mechanism 
of action in angina, whether this involves beta-receptor blockade or direct depression of myocardial 
contractility, is of less importance than whether the drug is an effective agent in angina pectoris". 33 

This minority point of view could not reverse clinical scepticism. The efficacy of propranolol 
or verapamil was not of prime importance in the discussion. It was precisely their presumed 
mechanism of action that ruled the debate. 
Verapamil was rejected as a beta blocker. But even if it was such a drug, the same drawback 
as given for propranolol, would also apply to verapamil. Moreover, its additional coronary 
vasodilating activity evoked scepticism in the English speaking medical world. Furthermore, 
the sheer fact that Sandler reported beneficial effects for verapamil, when administrating 
high doses, did not speak in favour of the drug. This fact was merely seen as evidence of its 
direct cardio-depressant action, and verapamil came to be considered primarily as an direct 
cardio-depressant drug. Thus, verapamil became involved in the discussion about the 
quinidine-like action of propranolol: "It was originally assumed that the undoubted beneficial 
effects of propranolol in angina of effort were due to its established action on blockade of beta-receptors. 
However, the dose required to control angina sometimes far exceeds that needed to effect complete beta
receptor blockade. Propranolol must therefore exert other actions which contribute to its beneficial effect 
in this disease, and one of these is a quinidine-like depressant action on the myocardium. It is this effect 
of propranolol that is shared by verapamil". 34 Indeed, as Shanks formulated, "There is considerable 
evidence to show that verapamil is primarily a myocardial depressant in animals and without 
pharmacological effect in man". 35 The rubric 'Today's Drugs' concluded: "Verapamil is not an 
alternative to propranolol as an antagonist to cardiac adrenergic beta-receptor stimulation. It has, 
however, been shown in controlled trials to benefit some patients with angina. Verapamil is a cardiac 
depressant and may produce or aggravate cardiac failure". 36 

So, the majority point of view was that verapamil was not a beta blocker. Despite the doubt 
that remained about this fact it was generally considered that verapamil was no alternative 
for propranolol, because it could not claim any therapeutic advantage. This general appre
ciation may be best illustrated by Wilkinson's statement in his letter to the Lancet of 1967: 
"It seems to me that Dr. Bateman should decide whether verapamil is a fl-blocker, and accept that it 
has all the advantages and drawbacks which he has ascribed to fl-blockade, or place verapamil in some 
other pharmacological category". 37 

5.5. Verapamil: a calcium antagonist! - The elucidation of verapamil's mechanism of action 
by Fleckenstein. 

When Fleckenstein was asked by Knoll and Hoechst to investigate verapamil and prenylam-
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ine, he was already involved in a research program aimed at investigating the energy 
expenditure of the beating heart. In particular, phosphates as the source of energy for the 
heart were studied by Fleckenstein and his colleagues in an extensive series of experiments 
during the 1950s.38 

In this study it was observed that during relaxation the hypoxic heart expanded dramatically 
and it markedly exceeded the degree of dilation of the normal resting heart. This observation 
was an eye-opener to Fleckenstein. Hitherto dilation was considered a mere passive process 
of relaxation following the active contraction of the heart. Now it appeared that even during 
rest the heart had to maintain its muscle tone atthe expense of energy. During the second half 
of the 1950s techniques were developed to measure the degree of dilation of the heart during 
rest and contraction.39 These measurements of tone and contractility of the heart were 
correlated with the energy state of the heart. Concentrations of adenosine triphosphate (ATP) 
and creatinine phosphate (CP), representing the energy source of the heart, and inorganic 
phosphate (Pi) as well as other metabolic end products of creatinine phosphate, were 
measured to determine the energy state of the heart. 
The heart was tested in a variety of experimental situations: during hypoxia, ischemia, carbon 
monoxide and nitrogen respiration as well as during the administration of a series of toxic 
agents such as barbiturates, Co2+ and Ni2+ ions, local anaesthetics, cyanide, fluoroacetate and 
2,4-dinitrophenol. 
Two types of cardiac failure were established. Some agents induced a situation of contractile 
failure with low concentrations of ATP and CP versus high concentrations of Pi indicating 
that high-energy phosphates were broken down. This type was called deficiency-insuffi
ciency ("Mangelinsuffizienz"). The second type referred to states of cardiac insufficiency 
associated with high concentrations of ATP and CP versus a low level of Pi. Somehow the 
use of these high-energy phosphates was inhibited. This second type was called utilization
insufficiency ("Utilisationinsuffizienz"). The latter type was particularly induced by the 
administration of C02+ and Nil. ions, barbiturates and local anaesthetics. The contractile 
function of the heart could be restored when administrating Ca2+ ions, sympathomimetic 
amines and cardiac glycosides. 
At several times Fleckenstein discussed the relevance of his experimental models to the 
clinical pictures of cardiac failure. Though the clinical situation was more complex than the 
experimental, his distinction between two types of cardiac failure seemed to be clinically 
relevant in one very important respect. It was known that heart failure due to cardiac valvular 
disease was very responsive to cardiac glycosides. Heart failure as a consequence of hypoxia 
was not. The analogy with Fleckenstein's experimentally induced heart failure was that 
utiliza tion-insufficiency was very responsive to cardiac glycosides whereas the other type was 
not. The therapeutic success of the cardiac glycosides served as the standard to correlate 
experimental and clinical forms of cardiac failure.40 

Fleckenstein's research program was interfered with by the development of the beta blocking 
agents. Soon it was acknowledged that both compounds just like DCI and pronethalol 
induced utilization-insufficiency.41 On the basis of these experiments verapamil and pren
ylamine were classified as beta blocking agents, verapamil being the most potent known at 
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that time (1964) since it was five to six times more active than pronethalol.42 Thus, four groups 
of compounds were used as tools by Fleckenstein to study the energy state of the failing heart: 
1. nickel- and cobalt-ions; 2. barbiturates; 3. beta blocking agents; and 4. local anaesthetics. 
The CP /Pi ratio was used to differentiate between the two forms of heart failure and to classify 
the detrimental effects of the various agents. Figure 5.1 is illustrativeY 

full contractile failure, due to 
inhibition of utilization 
of high-energy phosphates 
CP/inorg. P between 3.0 and 4.0 

~ 
• 1 Segontin (N = 5) 

• 1 Alderlin (N = 5) 
• 1 Inderal (N = 5) 

• 1 Isoptin (N = 5) 
• ,OCI (N = 5) 

f-I --.... >-----<1 Pernocton (N = 4) 

competent hearts 

L 1 • ,EOTA (N = 4) 

~ unlreated controls (open chest: N = 32) 
.......... Inderal + Isoproterenol (N = 5) 
~ full recovery after anoxia (open chest; N = 6) 

• ,OCI + adrenalin (N = 5) 
......... DCI + Ouabain (N = 7) 

1----+--1 DCI + Isoproterenol (N = 7) 
untreated controls or hearts recovered from .......... Inderal + Ca (N = 5) 
full failure after therapy with CaCI" ouabain, >----*---' Segontin + Ca (N = 5) 
isoproterenol or adrenaline I---+---< DCI + Ca (N = 3) 
CP/inorg. P between 0,6 and 2,7 >-+-t untreated controls (heart-lung; N = 12) 

• I Isoptin + Ca (N ,;, 5) 
1 • 1 Segonlin + Isoproterenol (N = 8) 

......... Isoptin + Isoproterenol (N = 6) 
I-+t Pernocton + Isoproterenol (N' = 5) 

• sodium fluoroacetate (N = 3) } 
• NaCN (N = 3) 

• dinitrophenol (N = 10) 
• anoxia (heart-lung; N = 5) 

• anoxia (open chest; N = 20) 

Figure 5.1 

full contractile failure, due to 
high-energy phosphate deficiency 
CP/inorg. P < 0.2 

ratios creatine phosphatelinorg. phosphate 

The classification of inhibitors and promoters of the calcium action in excitation-contraction coupling - ratios 
of creatine phosphate/inorganic phosphate in the myocardium of the left ventricle guinea pig hearts in a state 
of normal competence, during severe contractile failure of different types, and after 
recovery. 
Reproduced with permission from Fleckenstein et al. (1968a). 

The bottom of this figure represents the experimental conditions in which the CP/Pi ratio 
decreases below 0.2. This indicates deficiency-insufficiency. The top reflects utilization
insufficiency in which the ratio exceeds 3.0. The middle plan represents the competent hearts 
of untreated animals or of animals who have recovered after the administration of sympath
omimetic compounds, cardiac glycosides, calcium or after a period of anoxia, This shows a 
characteristic feature of Fleckenstein's work. While working in the particular context of 
cardiac insufficiency, he started to elaborate a general concept of the mechanism of cardiac 
contractility and the factors that could disturb that process. 
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Pivotal to Fleckenstein's experimental work was that he was committed to both the concepts 
of beta blockade and coronary vasodilation.'14 Verapamil and prenylamine formed an 
interesting merger of both concepts. In 1967 he published two large articles in the German 
Journal for Cardiovascular Research ("Zeitschrift fur Kreislaufforschung'') encompassing 
about 50 pages. The titles testified to his committmentto both concepts: "Aboutthe mechanism 
of action of new coronary vasodilators with simultaneous oxygen saving myocardial effects, prenylamine 
and iproveratril (verapamil, RV)". 45 Newly developed beta blockers as well as several coronary 
vasodilating agents were used to unravel the properties ofverapamil and prenylamine. Anew 
element in Fleckenstein's work was the acceptance of the criteria of beta blocking activity.46 
This enabled him to differentiate between "beta blocking doses" and "cardiac insufficiency 
inducing doses" of the various compoundsY Pronethalol and propranolol exhibited beta 
blocking action at doses that were three to ten times smaller than the doses producing loss 
of contractile function. In contrast, verapamil and prenylamine produced both effects in a 
dose range that partially overlapped. Moreover, it appeared to be easier to restore normal 
heart function with the help of sympathomimetic compounds in the case of heart failure 
induced by verapamil and prenylamine than when propranolol was used. 
The crucial point is that Fleckenstein started to separate negative inotropic and beta 
blocking effects in the heart. This change of view was reported by Fleckenstein's group in the 
following: "It is a most natural thought that the inhibition of contractility and frequency by beta 
receptor blockers, Segontin and Isoptin could be based on an elimination of the sympathetic drive as a 
consequence of a specific blocking of sympathetic transmitters which are amassed in the myocardium and 
which attach to the myocard. Initially we ourselves were inclined to accept this simple explanation as 
well". 48 The question "Is the inhibition of contractility and frequency by fl-receptor blockers, Segontin 
and Isoptin a result of sympatholysis in the heart?" which the author themselves posed was 
answered accordingly: "C omequently, the extent of the reduction of the force of contraction and the 
heart rate in situ is not strictly correlated with the degree of the beta receptor blockade". 49 In another 
passage a similar answer was given: "It may be concluded from all these results that a beta receptor 
blockade need not necessarily be associated by a strong cardio-inhibition and conversely that a strong 
cardio-inhibition need not necessarily be associated by a beta receptor blockade". 50 

These quotations illustrate the attempts to separate beta blocking and negative inotropic 
effects. Fleckenstein and co-workers also refer to the discovery of MJ 1999, a beta blocker 
with very little negative inotropic activity.51 Yet the quotations show ambiguity as well. The 
ambiguity of both answers is reflected in the term" .. need not necessarily be associated by .. ".52 
What this term exactly means is far from clear. This ambiguity is repeated in the naming of 
segontin and verapamil. Pronethalol and propranolol were called by Fleckenstein "specific" 
beta blockers. Verapamil and prenylamine, however, were not labelled "aspecific beta 
blocker" nor were they repudiated as beta blocking compounds. Throughout his articles the 
names verapamil and prenylamine were used separately to the term "beta blockers"; the 
quotation that marked the change of view as well as the question described above, illustrates 
this separation in terminology. Still, both compounds were also qualified with the phrase 
"with beta blocking properties".53 Moreover, both compounds were described in terms of 
"insufficiency-doses" and "beta blocking doses" . By this time he had already distanced himself 
from his earlier statement thatverapamil and prenylamine were potent beta blocking agents. 



VERAPAMIL: DYING DRUG OR SLEEPING BEAUTY? 133 

Beta blocking and negative inotropic action were separated at the molecular level as well. At 
the molecular level the relationship between the bio-electrical and mechanical processes in 
the heart became increasingly a central part of Fleckenstein's work. This relationship was 
conceptualised as the phenomenon of excitation-contraction coupling. Excitation-con
traction coupling was intensively studied in basic physiology of muscle action and gradually 
invaded cardiovascular physiology. Whereas during the 1950s the role ofNa+ and K+ ions in 
the excitability of cardiac membranes was discussed, it was the electrophysiological signifi
cance of the Ca2+ ions that started to evoke interest in the late 1950s.54 Calcium ions as 
potential mediators between the electrical stimuli at the surface of the cell and the mechanical 
processes inside the cell became increasingly appreciated as a fruitful working hypothesis. 
Calcium became therefore a key messenger in the cascade of biochemical events initiated at 
the membrane and resulting in an activation of the enzymes that transform phosphate bound 
energy into mechanical work. The exact site in the cascade of biochemical events with which 
the beta blocking compounds, prenylamine and verapamil interfere, however, was far from 
clear. Fleckenstein et al. proposed two mechanisms: 
a. the blockade of calcium movements from the membrane to the contractile system or 
competition with the enzymes that transform chemical energy into mechanical energy; 
b. the blockade of sympathomimetic amines. These amines act as synergists of calcium with 
respect to the phosphate splitting enzymes, i.e. they act in a "co-catalytic" way, or as 
stimulators of calcium diffusion into the contractile system.55 

Since the exact site of action was not known, ambiguity at the molecular level remained. The 
following two quotations are characteristic: 

"In the end, much more decisive for the checking of the mechanical myocardial functions is the 
inteiference with the "electromechanical coupling" in which specific beta blockers as well as Segontin 
and Isoptin work particularly as a calcium antagonist, in that they diminish the physiological 
intermediate function of the calcium ions between the bio-electrical excitation process and the contractile 
activity" 56 

''All these findings indicate that the negative inotropic myocardial effects of beta receptor blockers as 
wellas ofSegontin and Isoptin are based on a complex inhibition of the myofibrils-ATPase, because both 
(a) the aspecific calcium-displacement and (b) the specific elimination of the endogenous catecholamines 
resulting from a beta receptor blockade ultimately always coincide" 57 

Thus, the term "calcium antagonist" has two meanings. Firstly, it denotes the general 
phenomenon of interfering with the excitation-contraction coupling, a concept on which 
Fleckenstein's group comments: "that well-defined reactions are hidden behind the none too precise 
concept of 'electromechanical coupling' (. .. )" 58 Secondly, it denotes the particular site in the 
cascade of biochemical reactions which are interfered with. It is intriguing that the beta 
blocking effect was coined with the term "specific" whereas competition with or antagonism 
to calcium is connected with the term "aspecific". This ambiguity continues when the 
authors discuss the exact mechanism of action of verapamil and segontin. Evidence for this 
point is their conclusion: ''Apparently Segontin and Isoptin are in the first place active as calcium 
antagonists on the myofibrils-ATPase, and only in the second place as agents which displace 
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catecholamines from the beta receptors". S9 This quotation comes from the German summary 
and for the first time the term "calcium antagonists" appears in connection with verapamil 
and prenylamine alone; the English summary does not mention the term. Instead it says: "The 
negative inotropic effects of Segontin and Isoptin seem to be due to the first mechanism (a)" ,i.e. the 
mechanism as described above. 

The difference between "beta blocking doses" and "insufficiency inducing doses" seen in the 
separation of beta blocking and negative inotropic effects was of therapeutic interest 
according to Fleckenstein and his colleagues. In the case of pronethalol and propranolol the 
beta receptors were almost completely blocked before the negative inotropic effects became 
manifest. In the presence of verapamil and prenylamine these oxygen saving effects are 
accomplished while the heart is still capable of responding to the sympathetic drive. This was 
therapeutically important because the application of the beta blockers consisted according to 
Fleckenstein of the art of manoeuvering between the Scylla of non-effective doses and the 
Charybdis of an immanent insufficiency of the heart.60 For this reason, the risk of cardiac 
insufficiency was much less in the case ofverapamil and prenylamine than with the application 
of specific beta receptor blocking agents.61 

Thus, the basic physiology of muscle action and biochemistry of the energy state of the heart 
enabled Fleckenstein to differentiate between the actions of the various compounds on the 
mechanical activity of the heart. A variety of compounds served as tools to elucidate the basic 
mechanisms whereas the latter in their turn served to characterize these compounds. 
However, the specificity of the observed phenomena had to be established. 
The distinction between the "electrical" and the "mechanical" processes in the heart served 
to establish the specificity of the observed phenomena. For example, compounds might 
interfere with bio-electrical processes in the heart - the process of impulse generation and 
conduction - which could induce secondary changes which result in contractile failure.62 This 
separation of the bio-electrical process from the mechanical activity in the heart remained a 
continuous thread in Fleckenstein's studies. 
However, the emphasis lay on establishing the effects of verapamil on cardiac contractility. 
Fleckenstein was not strongly interested at the beginning of his work, in the explanation of 
negative chronotropic and dromotropic effects in terms of antagonism. But later he suc
ceeded in characterizing these effects too, as representing an interference with Ca-dependent 
phenomena. 
The reason to focus on cardiac contractility, and not on the inhibitory effects of verapamil 
on nomotopic (sinus node, atrio-ventricular node) and on ectopic pacemaker activity, was 
rather simple as Fleckenstein commented. At a very early stage, in the beginning of the sixties, 
it was recognized that calcium plays a crucial role in the electrical processes in the heart. 
Further observations on the role of calcium in bio-electrical processes in various biological 
systems accumulated. However, Fleckenstein decided not to enter immediately a new 
battlefield before the new concept of calcium antagonism had gained more solid grounds in 
pharmacology and physiology because of the widely held view that electrical processes were 
based on sodium/potassium exchange.63 

This battlefield was also pointed out by Vaughan Williams. There was great resistance to the 
idea that next to a fast inward depolarizing current in cardiac muscle tissue, carried by sodium, 
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and depressed by quinidine, there existed a second, slower, current carried by ions other than 
sodium, e.g. possibly by calcium ions. This was suggested by Vaughan Williams in his 1958' 
paper on the mechanism of action of quinidine but it was ignored until in the late 1960s, 
particularly through the work of Reuter, it was established that there existed a second "slow" 
inward calcium current in the heart. Subsequently, verapamil was classified as an anti
arrhythmic agent restricting the slow inward calcium current in the heart.64 

Due to the selective attention to the development of verapamil as an antianginal drug, this 
aspect of the drug's history requires further investigation. 

Regarding the specificity of the observed phenomena another issue had to be settled, i.e. that 
the negative inotropic effects ofverapamil and prenylamine were unrelated to their coronary 
vasodilator properties.65 This was done through an extensive series of comparative studies of 
verapamiVprenylamine, beta blockers and coronary vasodilating compounds - classic (nitro
glycerine) and new (dipyridamole). Accordingly, verapamil and prenylamine were attributed 
a potent, and what is more important, also a therapeutically beneficial effect with respect to 
the coronary circulation. In this respect Fleckenstein remained committed to the coronary 
vasodilator concept.66 

Fleckenstein therefore attributed verapamil and prenylamine a special place in the treatment 
of coronary insufficiency and angina pectoris for two reasons. The first reason was tha t both 
compounds were coronary vasodilating agents. Verapamil and prenylamine occupied a 
therapeutically advantageous position with which a beta blocker could not compete.67 

Secondly, both compounds left the cardiovascular responses to the sympathetic system 
reasonably intact. Without doubt verapamil and prenylamine were preferable because there 
was no danger ofa sudden cardiovascular breakdown such as latent cardiac failure, peripheral 
collapse, and acute loss ofblood.68 This was a clear-cut advantage in comparison to the beta 
blockers. 
This latter aspect underlines the new therapeutic principle of "non-specific calcium antago
nism" that was elaborated within the context of cardiac failure. In this state it was essential to 
leave the sympa thetic system unaffected and this is precisely wha t vera pamil and prenylamine 
were able to do. For both reasons Fleckenstein stated: "in the case of Segontin and /soptin, the 
combination of two important therapeutic principles seems to be rather unique and particularly useful 
in the treatment of angina". 69 

In subsequent studies this intermediate position of verapamil and prenylamine between the 
"classic" and "new" approach in anti-anginal treatment, however, was converted into the new 
pharmacodynamic principle of calcium antagonism. In 1968 Dr. F. Dengel, the chemist of 
the Knoll company in Ludwigshafen, who had synthesized verapamil, came to Freiburg 
bringing with him a new derivative of verapamil, D600 (Gallopamil), a compound much 
stronger than verapamil, and asked Fleckenstein to test it. In some short communications the 
compounds verapamil, D600 and prenylamine were now presented as a new class of 
compounds. Whereas in foregoing years terms like "calcium antagonistic effects" were used, 
now this class was denoted as "calcium antagonists"Jo A year later, Dr. Kronenberg, the 
leading pharmacologist of Bayer, came to Fleckenstein with two other compounds, one 
labeled "Bay a 1040", the other "Bay a 7168". The chemical structure of both compounds was 
kept secret. Fleckenstein was asked to investigate them because these very potent coronary 
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vasodilators also exhibited unexplained strong negative cardio-depressant actions. Subse
quently, these drugs were put in a separate category classified as calcium antagonists. 
New techniques in electrophysiology enabled scientists to separate the ion fluxes at the level 
of the cardiac cell membrane. Accordingly, it was shown that separate holes in these 
membranes existed, one being the "fast channel" for the sodium ions, the other being the 
"slow channel" through which the transmembrane flux of calcium took place. Moreover, the 
cascade of further biochemical reactions that lead to the transition of electrical into chemical 
and subsequently mechanical energy was clarified. The specific site of action of the calcium 
antagonists could then be established. By accepting these new concepts and methods 
Fleckenstein was able to delineate calcium antagonism as a new pharmacodynamic principle. 
A characteristic of Fleckenstein's work remained his committment to the close relationship 
between pathology and biochemistry. Emphasis shifted towards the pathological conse
quences of biochemical derailments concerning the energy state of the heart. The central 
question became in which circumstances was calcium necessary for the structural integrity of 
the heart and which pathological conditions caused a calcium-overload in the heart such that 
destruction and necrosis occurred. 
Fleckenstein's studies expanded into more extensive profiling of the various compounds, into 
the elucidation of their mechanisms of action and their role in various ischemic heart 
disorders. 

5.6. Citation analysis of the concept of calcium antagonism elaborated by Fleckenstein. 

In 1971 Fleckenstein summarized his concepts and experimental results in a large review 
article published in what would become a very influential book in the field, Calcium and the 
Heart.71 The total number of644 citations from 1971 till 1985 indicates the widespread ac
knowledgment of Fleckenstein's work. 
To assess the way his ideas were accepted by the scientific and medical community a 
scientometric analysis was performed. The methodology used is explained in appendix II. 
Figure 5.2 shows citation curves with respectto three articles (Fleckenstein (1971), curve Aj 
Fleckenstein (1977), curve Bj and Fleckenstein (1983), curve C respectively) and to a set of 
articles consisting of the 'top 11' of his quoted work, i.e. curve D.n 
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The rapid increase in quotations represented by Curve Band C neutralize the displacement 
of curves A and B respectively indicating that colleague scientists identifY the subsequent 
articles as defining the framework of ideas within which further research is to proceed.7l Since 
all three articles are review articles, the increase of citations probably reflects the expansion 
of the concept of calcium antagonism to neighbouring fields. Curve D approximates the 
sigmoid curve of typical growth of science networks and specialties that may be divided in 
stage 1 (exploration), stage 2 (unification) and stage 3 (DeclinelDisplacement).74 It may be 
expected that the framework developed in stage 2 and 3 provides a suitable basis for practical 
application. 
To see how scientists and clinicians recognize and quote Fleckenstein's work, a citation
context analysis was performed (see for methodology appendix 11).75 

Table 5.2 
Context analysis of citing articles to Fleckenstein. 

1973 Citation-context 

Exp Conc Ther Total 

Type of article 

Anlmal-exp 20 8 0 28 

Human-exp 0 0 

Clln-ther 0 0 

Total 22 8 0 30 

1975 Citation-context 

Exp Conc Ther Total 
Type of article 

Anlmal-exp 35 35 71 

Human-exp 2 0 3 

Clln-ther 2 2 2 8 

Total 38 39 3 80 

1977 Citation-context 

Exp Conc Ther Total 
Type of article 

Animal-exp 26 35 2 83 

Human-exp 9 0 10 

Clln-ther 3 0 <4 

Total 38 36 3 77 
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Table 5.2 shows three matrices for each mark year, namely 1973, 1975 and 1977 respectively. 
In 1973 the majority of the quotations are of experimental nature the number of which 
increases in 1975. The slight number of quotations which belong to the category "concep
tual" in 1973 markedly increases in 1975 and remains almost the same in 1977. This indicates 
that the concept of calcium antagonism was sufficiently elaborated to be recognized and to 
credit Fleckenstein as its creator. There is a slight increase in the number of citations 
compared to the categories "human-experimental" and "clinical-therapeutic" but this shift 
is marginal. 
The results suggest that until 1977 Fleckenstein's work has been cited mainly within an 
experimental context, and that clinicians did not connect the concept of calcium antagonism 
as elaborated by Fleckenstein to the activity of the compounds they used. It is of course 
possible that clinicians referred to other articles of Fleckenstein not contained in this sample. 
In this case a reasonable assumption would be that these are articles outside the scope of this 
analysis in which Fleckenstein discussed the therapeutic implications of his concept. Since 
Fleckenstein discussed therapeutic aspects throughout his entire work and never published 
an article merely indicating therapeutic aspects, this seems highly improbable. However, it 
may be possible that clinicians, as opposed to Fleckenstein's colleague scientists, referred to 
a great variety of articles due to their ignorance of the field of calcium research. Another 
possibility is that the concept of calcium antagonism was too abstract and too new to be 
acknowledged by clinicians who were at the time, generally, not well acquainted with 
developments in biochemistry. This possibility was suggested by Fleckenstein himself, to the 
author.76 Other interviewed scientists and clinicians supported this suggestion.77 Clinicians 
probably referred to medical opinion leaders up to date with biochemical developments and 
convinced by Fleckenstein's ideas at a very early stage. Closer examination of the passages of 
the articles in the human-experimental or human-clinical category which referred to 
Fleckenstein, confirms this suggestion, but reveals also a more specific mechanism. The 
following two passages are characteristic: 

"Verapamil, which has also been classified as a calcium-antagonist (Fleckenstein et al. 1967), has been 
used successfully in the treatment of patients with paroxysmal supraventricular tachycardia and in 
reducing heart rate in atrial flutter and fibrillation (Bender 1967; Schamroth et al. 1972)" 78 

"Verapamil has been used clinically for therapy of cardiac arrhythmias and angina (Melville et al., 
1964; Schamroth et al., 1972). There is considerable evidence that the drug exerts its effects by altering 
the movement of calcium across the external cell membrane (Fleckenstein, 1971; Haeusler, 1972)" 79 

These passages credit Fleckenstein in having classified verapamil as a calcium antagonist or 
having elucidated its basic mechanism of action. Yet with regard to the therapeutic activity 
ofverapamil these passages refer to the clinicians who were involved in therapeutic research 
with the compound early on and who related the beneficial effects to the concept of calcium 
antagonism. Subsequently, clinicians keep on referring to this early clinical work, not citing 
Fleckenstein's articles directly. 
The clinical articles of Sandler et al. (1968), Schamroth et al. (1972) and Livesley eta!' (1973) 
were most frequently cited. The article of Schamroth and co-workers concerns the anti-
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arrhythmic properties of verapamil, the other two to the anti-anginal effects of the drug. 
Figure 5.3 shows the citation curves of the articles published by Sandler et al. and Livesly et 
al. 
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Both curves show a continuous though variable flow of citations at a rather low level during 
the 1970s and a marked increase from 1980 onwards. This suggests that both articles reached 
a relatively small circle of clinicians till about 1980. The aim was to establish the therapeutic 
effectiveness of verapamil in angina pectoris, particularly so during the first half of the 1970s. 
The target disease was angina of effort. Some clinicians tacitly accepted Fleckenstein's 
concept; others criticized it or elucidated other aspects of the mechanism of action.80 In 
general, research efforts were very small.81 The total number of articles about verapamil with 
regard to angina pectoris over the period 1971 - 1975 amounts to merely 28. Of course, it 
might be argued that new developments are made primarily within an informal research 
network. This possibility seems very unlikely. Around 1970 verapamil was considered as a 
"dying drug".82 The German industry Knoll was comparably small and had not performed a 
national and/or international widely spread clinical research program. The major area that 
first attracted clinical interest in Anglo-American and German medicine was the anti
arrhythmic effect of verapamil. In this context several contacts were ready a t hand, and Knoll 
gratefully acknowledged the willingness of renowned Anglo-American cardiologists to 
develop the drug as a first step for use in anti-arrhythmic therapy.8) 
Thus, in physiology and medicine in the English speaking world the mechanism of action of 
verapamil was elaborated within the context of cardiac arrhythmias. The 1960s were 
dominated by the attempt to explain the fundamental actions of anti-arrhythmic drugs solely 
in terms of their depressant effects on the rate of depolarization of action potential. This 
action could be correlated with the local anaesthetic potencies of the known anti-arrhythmic 
compounds.84 We need only to recall the fact that the observed anti-arrhythmic actions of the 
beta blockers were also ascribed to their local anaesthetic actions. Similarly, the anti-
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arrhythmic action of verapamil was attributed to its "quinidine-like" properties. Further 
investigations using quinidine, propranolol and verapamil and other compounds as reference 
drugs, suggested novel archetypes of anti-arrhythmic actions. Accordingly, terms like 
"calcium entry blockers" and "slow channel blockers" denoting the effect of verapamil and 
related compounds on the calcium-mediated "slow channel" in the heart, bear witness to the 
origin of these concepts in the context of cardiac arrhythmias.85 

To understand the dynamics of calcium antagonism in the field of angina pectoris, another 
compound, nifedipine, seems to be more important. As described earlier, nifedipine was 
synthesized in 1967 and was developed as a coronary vasodilator. In late 1969 Fleckenstein 
was contacted by Kronenberg, director of Ph arm a Research and Development of Bayer, to 
investigate nifedipine. The pharmacological and medical departments of Bayer, however, 
remained very sceptical about Fleckenstein's concepts.86 Still, a consensus emerged that the 
mechanism of this drug was different to that of both beta blockers and nitrates. Lichtlen 
describes the relevant developments as follows: 

"In order to gain more knowledge on this topic (the mechanism of action of nifedipine, RV), it was 
mandatory to bring physiologists, pharmacologists and cardiologists together to exchange ideas. This 
occurred, on a small scale, at a meeting in Wuppertal in 1970 and, on a large scale, during the 1st 
Adalat Symposium in Tokyo in November 1973. Tokyo was chosen because a number of Japanese 
researchers, notably Hashimoto, Kimura, Taira, Endoh and Hosoda, had also been working with 
nifedipine since the late 1960s and had made some extremely interesting and important observations. 
At the clinical level, these observations especially concerned angina at rest. At that time, this variant 
form of angina was a relatively frequent cardiac disease in Japan. These patients were treated with 
nitroglycerin; however, the results were not always satisfactory. At the first Adalat Symposium, 
Mabuchi reported that half of these cases were refractory to long-acting nitroglycerin. In contrast, 
according to Mabuchi, nifedipine was able to completely interrupt and prevent resting angina due to 
spasm. Hosoda et al. stated that nifedipine had 'a marked preventing effect on attacks at rest or during 
sleep in 87% of these patients'. According to Hosoda, 'the variant form of angina pectoris responded 
particularly well to nifedipine', an observation which had already been made by Kimura in 1972".87 

Thus, two developments were crucial. Firstly, the profile of nifedipine was differentiated 
from beta blockers and nitrates at the experimental and clinical level. With respect to clinical 
research this implied tha t the mechanism of action was linked to typical angina of effort. 
Secondly, nifedipine was related to other forms of angina pectoris which had raised little 
interest from European and Anglo-American cardiologists but attracted considerable atten
tion from Japanese cardiologists. However, in Europe Maseri and co-workers drew the 
attention of Western cardiologists to the occurrence of coronary artery spasm in angina 
patients and reported in 1979 on the efficacy of verapamil in those patients.88 

The first symposium on nifedipine was held in Tokyo, november 1973 which was preceded 
by some smaller conferences in Japan and in Germany. This symposium was the first in a 
series of subsequent symposia specifically devoted to nifedipine.89 

It shows that as far as nifedipine is concerned its clinical development is a particularly 
German-Japanese achievement. Important contacts were made between German and Japa-
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nese scientists among which some renowned cardiologists, and these formed the fertile soil 
for the further development of the concept of calcium antagonism. In due course verapamil 
entered the angina field on the wave of success of nifedipine. In this respect table 5.3 shows 
an interesting pattern. 

Table 5.3 
Number of clinical articles about verapamil 
and nifedipine, and the proportion (%) of 

clinical articles relating to angina pectoris.90 

Period 

1966 - 1970 

1971 - 1976 

1976 - 1980 

1981 - 1986 

Verapamil 

66 46% 

196 13% 

388 18% 

964 22% 

Nifedipine 

o 
28 64% 

268 48% 

1188 27% 

The table shows that nifedipine has been investigated particularly as an anti-anginal agent. 
The small number of articles during the period 1971 - 1975 is due to the fact that it was 
registered in 1973 and that reports of clinical trials appeared in the medical literature 
somewhatlater. This contrasts sharp with the pattern related to verapamil. During the period 
1966 - 1970 about half of the clinical articles concerned angina but evaluated the drug as a 
coronary vasodilating or beta blocking agent. Whereas clinical attention to verapamil 
increases after 1970, the proportion of clinical articles devoted to angina pectoris becomes 
considerably lower. This indicates that during the period 1971 - 1975 verapamil has been 
investigated for indications other than angina, particularly as an anti-arrhythmic drug. A large 
number of these studies were initiated independently of the company reflecting the cardiolo
gists special interest.9l 

The scientometric analysis of Fleckenstein's concept of calcium antagonism, shows some 
unexpected results. Clinicians did not refer to the concept during the years 1973, 1975 and 
1977, at least not extensively. The scientometric curve regarding Fleckenstein's work 
therefore represents to a great extent the "diffusion" of the concept of calcium antagonism 
in the experimental sciences. Instead, citation-context analysis revealed a particular mecha
nism through which basic concepts and therapeutic actions were connected, i.e. the separate 
reference made by clinicians to those clinical articles that established the therapeutic efficacy 
of the calcium antagonists and the concepts elaborated by Fleckenstein. Subsequently, 
attention was given to the informal research networks in which these connections were made. 
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It was shown that as far as anti-anginal therapy is concerned, nifedipine seems to have been 
far more important than verapamil in the further development of the concept of calcium 
antagonism. During the first half of the 1970s the profiles of verapamil and in particular 
nifedipine were disentangled from those of the nitrites and beta blockers while the category 
of angina pectoris became subdivided. These developments will be analyzed in the next 
section. 

5.7. The application of the theory of drug and disease profiles. 

In this section the theory of drug and disease profiles will be applied to the historical material 
presented in the preceding sections. Firstly, the changing concepts about the basic action of 
verapamil - i.e. coronary vasodilation, beta blockade and calcium antagonism - will be 
discussed (5.7.1). This is followed by a discussion of its cardio-depressive effects (5.7.2). 

5.7.1. Changing views on the basic action of verapamil 

The nitrites and dipyridamole make a good case for illustrating the changing views about 
coronary vasodilation which also influenced the views on the mechanism of action of 
verapamil. For British and American clinicians accepted the fact that the nitrites were a 
beneficial therapy and dipyridamole was not. While both drugs dilated coronary vessels, the 
importance of coronary vasodilation in relieving angina pectoris was doubted. On this basis, 
both drugs were used as a tool to investigate the disease mechanism. 
The role of the various parts of the coronary vessel system was investigated, i.e. the role of 
large and medium coronary arterial vessels, the collateral vessels and the coronary stenoses. 
New concepts such as that of "steal-phenomenon" originated from this research. The steal
phenomenon postulated that a drug dilated coronary vessels with the result that blood supply 
to 'healthy' areas in the heart is stolen from the ischemic areas, i.e. those areas which are badly 
in need of blood and oxygen supply.92 In due course intra-cardial perfusion was distinguished 
from coronary blood flow. On the basis of these new distinctions the effects of the nitrites and 
dipyridamole were determined. For some time, these effects on the coronary vessels were 
discussed, yet their significance in altering the course of the disease remained doubtful. 
During the 1960s other aspects of the nitrites came to the fore to explain their beneficial 
effects. Awareness grew that the generalized vasodilation of the nitrites was the key action. 
Systemic venodilation (decreased pre-load) caused a decreased mechanical load on the heart, 
hence decreased demand. Systemic arterial vasodilation (decreased after-load) did the same. 
Accordingly, the mechanism of action of the nitrites could be interpreted in terms of supply 
and demand. 
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Figure 5.4 shows the view about the mechanism of angina pectoris as it emerged in the late 
1960s and prevailed during the period 1970 - 1975. This representation reasonably approxi
mates the principle variables directly or indirectly modulating myocardial oxygen require
ments and supply, yet simplifies the existing body of knowledge in this field in several respects. 
(1) Interrelationships between variables of the left column (concerning demand) and those of 
the right column (supply) are deliberately left out. The same applies to the variables within 
the right or left column, that is with respect to inter-relationships other than depicted, for 
example, between (A) - (Y). Particularly from the viewpoint of recent knowledge this may 
be confusing. Nowadays scientists are able to take these interrelationships into account, 
hence calculate the net effects more precisely.93 However, in the early 1970s this simplifica
tion was of less significance. 
(2) The box containing the variable intra-cardial perfusion is depicted with dotted lines. It is 
not taken up in the analysis because it was not a first-line concept. 
(3) The major determinants of myocardial demand and supply are depicted, not the minor 
determinants.94 

(4) The characters between the brackets denote the variables but obviously these variables 
possess values as well. Henceforth, the capitals will denote disease characteristics, and the 
lower case letters the characteristics of drugs. The removal of values yields an artificial 
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terminology. In reality (H), for example, will denote an increased heart rate in a particular 
disease (but a decreased rate in another disease) while (h) denotes a decreased heart rate caused 
by a particular drug (but an increased rate in another case). 
(5) Between the variables causal relations are depicted. However, the principal variables are 
ranked independently from their supposed pathogenetic role. To some extent this is related 
into the distinction between major and minor determinants. However, within the sequence 
of major processes, hence within the set of major variables, a ranking may occur as well. 
(6) The causal relations can be included as elements into the profiles but will be left out of 
consideration. 
Thus, the simplifications are ofa threefold nature. Firstly, the degree of precision with which 
the body of knowledge is represented. Secondly, the elimination of values and priorities of 
elements of the profiles. Thirdly, the exclusion of the causal relations. The major reason for 
these simplifications is to keep the analysis simple and instructive. Figure 5.5 represents the 
knowledge of the disease mechanism of angina and of the mechanism of action of an ti -anginal 
drugs. 

Figure 5.5 
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Representation of the knowledge of angina pectoris and anti-anginal drugs reduced to the first aspect of the 
concept of profile: membership; the causal relationships between the characteristics are depicted (arrows) but 
not included into the analysis. 

These structures can be translated into the language of profiles. Firstly, there is the disease 
profile of angina pectoris (= P): 

P = {A, V, I,M, H, 0, S, q. 

Secondly, we have the wished for (functional) drug profile (wf) with respect to P. 

wf = {a, v, i, m, h, oJ. 
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The wished for profile lacks elements sand c according to the view that emerged during the 
1960s that ischemia itself caused vasodilation because of the production of metabolic 
products that acted as powerful vasodilating agents. Hence, it was considered very unlikely 
that any drug could evoke an additional dilation. 
But what is the operational drug profile of(x)? 
The set of (x) contains characteristics, ascribed to drug x, which belong to the domain of 
functional characteristics (F). However, suppose of(x) might have a, v, i, m, h, 0, s or c as 
elements. Then, excluding the empty set, 255 sets (= (2n - 1); n = 8) are possible, for example: 

drug x: 
drugy: 
drug z: 

of(x) = {a,v} 
of(y) = {h,m} 
of(z) = {o,h,m,i,v,a} 

Drug z would be a clinician's dream because drug z perfectly matches wf. This is an utopian 
ideal and drug x and yare more realistic.95 When comparing drug x and y in view of wf, then 
by definition: 

I of(x) A wfl = I of(y) A wfl . 

We see that drug x is as good or as bad as drug y with respect to wf. The profiles (of) of the 
nitrites, verapamil, nifedipine and propranolol around 1970 can be formulated - including 
values - as follows (table 5.4). 

Table 5.4 
Profiles of anti-anginal drugs. 

(Nit) (Ver) (Nit) (Pro) 

(a) U I UU t/-
(v) H - li-

0) U I I" -II 
(m) - H - H 

(0) UI U UI IU 
(h) t " t/- UB 
(8) t tf ttf I It 
(c) - tf ttf I It 

(Nit) = nitrates; (Ver) = verapamil; (Vii) = nifedipine;(Pro) = propranolol; (1) to (JJJj) = moderately to 
very strongly decreased; (1) to (jrl!) = moderatelyto very strongly increased; H = no change. 
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It is presumed that the profiles listed above are 'realistic' enough to represent the knowledge 
about the drugs concerned. The values have to be excluded in order to deal with the first 
aspect, i.e. membership, of the "logic of profiles" only, and table 5.5 is obtained. 

Table 5.5 
Reconstructed profiles of nitrites (Nit), verapamil (Ver), 

nifedipine (Nit) and propranolol (Pro) on the basis 
of the presence/absence (+/-) of characteristics. 

(Nit) (Ver) (Nit) 

(a) + + 

(v) + 

(i) + + + 

(m) + 

(0) + + + 

(h) + 

(8) + + + 

(c) + + 

As a result, the operational functional drug profiles are: 

of (nit) = {a,v,i,0,sJ96, 
of(ver) = {i,m,o,h,s,c}, 
of(nif) = {a,i,o,s,c}, 
of (pro) = {m,o,h} 

(Pro) 

+ 

+ 

+ 

Now we are able to make some remarks about the relationships between these profiles and 
some historical developments described above. 
When verapamil was introduced as a coronary vasodilator, its operational therapeutic profile 
differed from the one depicted above, e.g. of(ver) = {s,c}. Once, its additional properties were 
found, and suppose these were "i", "m", "0" and "h", verapamil was considered as a drug with 
beta blocker properties. For, of(ver) n of (pro) = {m,o,h}. 
Several arguments accumulated during the second half of the 1960s leading to the rejection 
of verapamil as a beta blocker. 
One was that more elements than depicted here were added to the set of(pro), relating to 
features which verapamil did not possess. For example, characteristics related to blockade of 
the sympathetic drive such as blockade of isoprenaline and exercise induced tachycardia. The 
discussion between the leI scientists and Bateman illustrates this. 
Another argument was that, in order to classifY a compound as a beta blocker, its effects on 
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various established indications had to be estimated. A compound might mimic the effects of 
propranolol in angina pectoris, but when it doesn't in other diseases with the established 
effectiveness of propranolol, then the compound is probably not a beta blocker.97 
The third argument was the conflicting results in clinical trials. All beta blockers had been 
found very effective in angina pectoris in contrast to verapamil. 
The fourth argument was that of(ver) contained the characteristics "s" and "c" which beta 
blockers did not possess. 
Once rejected as a beta blocker, verapamil was a mere coronary vasodilator (of(ver) = (s,c}). 
But the views about this type of action had changed. This latter point brings us to the 
development concerning the nitrites. In the early 1960s it was the case that of (nit ") = {s,c} 
while in the late 1960s of(nit) = {a,v,i,o,s}. The following sequence emerges (figure 5.6). 

1950 1960 1965 1970 

• • • • 
wf''' wf" wf' wf 

(s,c) (a,v,i,m,h,o,s,c) (a,v,i,m,o,h) (a,v,i,m,o,h) 

-------------------------
(s,c) (s,c) (a,v,i,o) (a,v,i,o,s) 

of (nit"') of (nit") of (nit') of (nit) 

Figure S.6 
Sequence of events regarding wf(angina pectoris) and of(nit) from 1950 to 1970. 

Since the changing sets representing the action of the nitrites kept on intersecting the wished 
for functional profile of angina pectoris, the nitrites remained worthwhile drugs throughout 
the 1960s. For despite the changes with respect to the nitrites (of(nit"') - of(nit», these were 
paralleled with changes regarding wf - from wf" to wf. Verapamil was indeed a dying drug, 
because it was inferior both to propranolol and the nitrites (I of(ver) I!. wfl > I of(nit) I!. wfl ; 
lof(ver)l!.wfl > lof(pro)l!.wfl). 

However, a new feature in the history ofverapamil was seen during the first half of the 1970s, 
when the syndrome of angina pectoris was splitinto two categories, classic (exertional) angina 
and vasospastic angina, hence the situation represented in figure 5.7. 
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Figure 5.7 

1970 -P 

{A, V,I,M,H,O,S,C} 

wf 

{a, v ,i,m,h,o} 

1975 -P1,P2 

{A,V,I,M,H,O} , {S,C} 

wf l' wf2 

{a,v,i,m,h,o}, {s,c} 

CHAPTER 5 

Differentiation of the profiles of angina pectoris and the wished for functional drug profiles from 1970 to 1975. 

As a result of this sub-division we can understand how verapamil came to be established as a 
useful drug in both forms of angina pectoris (Pz as well PJ The intriguing point is that 
nifedipine was responsible for this process of subdivision, the result of which was transferred 
to verapamil. Firstly, nifedipine was clearly distinguished from the beta blockers. Secondly, 
its nitrite-like action was established, yet it was differentiated from the nitrites as well. 
Thirdly, its potential efficacy with respect to distinct sets of angina patients was proposed, 
particularly its effect in variant angina. Fourthly, nifedipine was increasingly acknowledged 
as a calcium antagonist. 
Using the operation of symmetric difference it becomes apparent why it was easier to 
distinguish nifedipine than verapamil from the beta blockers: 

(1) I of(nif) l> of (pro) I > I of(ver) l> of(pro) I 

With respect to the distinction from the nitrites, the situation is as follows: 

(2) lof(nif) l> of (nit) I < lof(ver) l> of(nit) I 

Indeed, it was hard to believe that nifedipine did not have a nitrite-like action. In mct, the 
Bayer scientists and some other participants of the 1st Nifedipine symposium considered 
nifedipine as a nitrite-like compound. Although its complex profile was readily identified, the 
"direct" effects of nifedipine were very different from its "indirect" effects. Considering its 
direct effects (in-vitro studies), nifedipine appeared to be a coronary vasodilating, negative 
inotropic and chronotropic agent which was much stronger than verapamil. To unravel its 
complex actions all sorts of concepts were put forward but the concept of calcium antagonism 
was not very helpful. For clinicians and scientists involved in nifedipine-research this concept 
only explained the basic mechanism of nifedipine on the vessels. 
This situation changed for three reasons. Firstly, the spasmolytic effect on the coronary 
vessels became a therapeutic target in itself when coronary vasospasm was recognized as a 
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cause of (several forms of) angina pectoris. Secondly, a new therapeutic target, i.e. the 
prevention and counteraction of myocardial ischemia, emerged. Then, the direct effects of 
nifedipine on myocardial contractility and coronary perfusion became important. These 
effects were part ofof(nif) and were the immediate result of calcium antagonism. Thirdly, but 
not related to nifedipine, the negative chronotropic effects of verapamil, which are direct 
effects as well, were also explained in terms of calcium antagonism. 
As a result, Fleckenstein's claim regarding the direct effects of the calcium antagonists, e.g. 
their oxygen-saving effect, their negative inotropic effects, their preventive effect on calcium 
overload and cardiac necrosis, became acceptable. In addition, the similarity of the direct 
action of nifedipine and verapamil, although different in their overall action, strengthened 
Fleckenstein's argument for classifying both compounds as calcium antagonists, separate 
from the nitrites and the beta blockers. However, the dissimilarities between verapamil and 
nifedipine would eventually lead to the recognition of different subtypes in the class of 
calcium antagonists. 

To estimate Fleckenstein's contribution to the field, the distinction between experimental 
and clinical characteristics (chapter 2) is useful. 
Accordingly, we have: 

(1) PE= the experimental profile of a particular disease; 
(2) PC= the clinical profile of a particular disease; 
(3) P= PE u PC; 

(4) ofe(x)= operational functional-experimental profile of drug x; 
(5) ofc(x)= operational functional-clinical profile of drug x; 
(6) of= ofe u ofc; 

(7) wfe= wished for functional-experimental profile in view ofPE; 
(8) wfc= wished for functional-clinical profile in view of PC; 
(9) wE: wfe u wfc. 

Fleckenstein worked to establish the effects of verapamil and related compounds on the 
energy expenditure of the heart, the release of calcium from sarcoplasmatic and mitochon
drial stores, on calcium and sodium channels, on cell membrane permeability and on the 
architecture of cardiac tissue. That is, he attempted to delineate elements belonging to 
ofe(ver) and ofe(nif). These processes were also being investigated in basic (experimental) 
research into disease mechanisms. This knowledge of experimental disease characteristics, 
i.e. PE, affected the wfe profile. 
Scientists may use different sorts of heuristic principles to connect the various profiles. One 
simple heuristic principle (HP) is: 

HP1 =: ofe(x) t. ofe(y) C ofe(x) t. ofe(z) ~ ofc(x) t. ofc(y) C ofc(x) t. ofc(z). 
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This principle says that if drug x and yare more similar in experimental respect than x and 
z, then x and yare also clinically more similar than x and z. So, when Fleckenstein classified 
verapamil (x) and nifedipine (y) as calcium antagonists experimentally and distinguished both 
from the nitrites or beta blockers (z), he claimed that their respective functional-clinical 
profiles were also more similar than with respect to the nitrites or beta blockers. But in fact, 
Fleckenstein claimed even more, as illustrated by the next heuristic principle: 

HP2 =: ofe(x) D. wfe C ofe(y) D. wfe ~ ofc(x) D. wfc C ofc(y) D. wfc. 

This principle says that the (dis)similarities between x and y with respect to the wished for 
functional-experimental profile apply also to the (dis)similarities between x and y regarding 
the wished for functional-clinical profile. By reversing these heuristic principles, we get: 

HP3 =: ofc(x) D. ofc(y) C ofc(x) D. ofc(z) ~ ofe(x) D. ofe(y) C ofe(x) D. ofe(z). 

HP4 =: ofc(x) D. wfc C ofc(y) D. wfc ofe(x) D. wfe C ofe(y) D. wfe. 

The list of heuristic principles may be extended, e.g. by replacing the qualitative relations for 
the quantitative relations, by substimting other drugs for x, y and z, and by introducing a time 
dimension, i.e. a sequence of events in which the various profiles are changing - for example: 
ofe(x) ~ ofe(x') ~ ofe(x") ~ ofe(x"'). In this way a fairly precise picmre may be obtained of 
the way knowledge is transferred from one domain to the other, in a repetitive process. This 
is partly what happened when Fleckenstein elucidated the actions of vera pam ii, D600, pren
ylamine and nifedipine and differentiated them from the beta blockers and the nitrites. 
Obviously, different strands of knowledge contribute to this process. 

5.7.2. The cardio-depressive effects of verapamil. 

When the local anaesthetic or cardio-depressive actions of verapamil were discussed, 
scientists tried to sort out which actions it possessed. Was it a local anaesthetic, that is, a 
cardio-depressive agent, or was it a beta blocker? Did verapamil exert either type of action? 
If so, it should be classified accordingly. If not, the profile had to be re-constructed. Most 
importantly, the "quinidine-like" action was discussed from the therapeutic viewpoint. Thus, 
of(ver) with respect to of (qui) and similarly of\pro), where "ver" denotes verapamil, "qui" 
quinidine, and "pro" propranolol. Four therapeutic cases were pivotal to the discussion: 

a. the relief of arrhythmias; 
b. the relief of anginal pain; 
c. the reduction of work load of the heart. 
d. the precipitation \aggravation of heart failure; 

wf\ar) 
wf(ap) 
wf(ap) 
wf(ar), wf(ap) 

Following each of the cases (first column), their "namre" in terms of the theory being 
presented in this smdy, is listed (second column). The first case refers to cardiac arrhythmias 
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(= P(AR), hence to wf(ar». The second and third to angina pectoris (= P(AP), hence wf(ap». 
The fourth case, which is more complex, refers to an undesired effect (with respect to both 
diseases). 
The first two cases are rather simple to illustrate following the same kind of reasoning in the 
foregoing section. An example is two events, dated 1964 and 1968, relating to arrhythmias 
(figure 5 .8). 

Figure 5.8 

1964 ot(pro) 
wf(ar) 

• ·Ioe 

• • bet 

bet t wf(ar) of(qui) 

bet I of (qui) 

loe € ot(qui) n wt(ar) and loe € of(qui) n of(pro) 

1968 

bet ~ wf(ar1) 

bet ~ of (qui') 

of(qui') 

• ·Ioe 

• • bet 

of(pro') 

loe E ot(qui') n wf(ar1) and loe € of(qui') n of(pro') 

loe t wf(a'2) 

bet E of(pro') n wf(ar t 

Shift in profiles of anti-arrhythmic drugs: local anaesthetic (quinidine-like) and beta blocking activity in 
cardiac dysrythm. 



152 CHAPTER 5 

The crucial issue centered around beta blockade and quinidine like action. Now, suppose the 
former is represented by "bet" and the latter by "loc" - the term "loc" denotes "local 
anaesthetic (or quinidine-like) activity" and contrasts with "qui" which denotes the com
pound quinidine. Note that bet and loc may represent a set itself containing therapeutic 
characteristics with respect to cardiac arrhythmias. Furthermore, suppose bet E of (pro) and 
bet E of(pro'); loc E of(qui) and loc E of(qui'); as well as loc E of (pro) and loc E of (pro'). Then 
figure 5.8 is obtained. 

Figure 5.8, including the formal statements, expresses a particular shift between 1964 and 
1968. Initially the quinidine-like/local anaesthetic action of propranolol instead of its beta 
blocking action was ascribed to its anti-arrhythmic effect. Then, two forms of cardiac 
arrhythmias were differentiated.98 The quinidine-like action (denoted by loc) appeared to be 
crucial to the first form, whereas beta blockade action (represented by bet) was crucial to the 
second form. 
The reasoning which applies to the quinidine-like action of propranolol in cardiac arrhyth
mias can also be applied to verapamil. Once verapamil was rejected as a beta blocker, its 
quinidine-like action remained - in addition to its coronary vasodilator action. In the course 
of the 1960s the drug was coming to represent a completely novel type of anti-arrhythmic 
action. 

The second therapeutic issue was whether the relief of anginal pain was due to a direct local 
anaesthetic effect or to beta blockade. One strategy for settling this issue was to compare the 
stereoisomers, i.e. the laevo and dextro isomers, of propranolol which appeared to be equally 
active in producing direct cardiac depression while their beta blocking activities were quite 
different. Another strategy emerged when sotalol came available, i.e. a beta blocker without 
local anaesthetic activity. 
These strategies distinguish between structural and functional characteristics of drugs as 
described in chapter 2. Accordingly, the exchange of knowledge between these two domains 
can be described as in the case of experimental and clinical functional characteristics described 
above. 

The third and fourth therapeutic issues are much more complex, particularly so because they 
are interrelated. Since their clarification requires introducing values into the analysis, and this 
will be discussed in chapter 7, only the prevailing views are summarized here. 

Main stream thinking is characterized by five routes (figure 5.9a). The routes Fleckenstein 
attempted to elaborate, fell outside the scope of the field (figure 5.9b). 
The routes 1 - 5 defined the boundaries within which basic scientists and clinical scientists 
were allowed to introduce new mechanisms of action. Fleckenstein's attempts, for example, 
to segregate verapamil and related compounds such as prenylamine (Segontin) from the beta 
blocking compounds by their action on Cal., was disregarded by workers in the beta blocker 
field. Vaughan-Williams commented: "If you go back to the early literature .. say, Fleckenstein. He 
didn't make a distinction between beta blockers and cakium antagonists. He published about, could be 
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in 1968, a sort of spectrum, it was all to do with calcium, and there were agents which increased the 
calcium activation and those which decreased the activation. Beta blockers were just on this scale, part 
of the scale" . 99 

4 
r------,-. r-------~ 

I Quinidine 
7 

r-------,-. r-------~ 
8 

I Verapamil 

(a) 

General view 

1. - 3 - 4 (yes) 

2. - 5 - 7 (yes) 

3. 2 - 6 - 7 (possibly) 

4. 8 - 3 - 4 (no) 

5. 9 - 6 - 7 (probably) 

Fleckenstein's view 

6. 10 - 12 - 13 - 4 (yes) 

7. 8 - 3 - 4 (no) 

8. 8 - 5 - 7 (no) 

9. 10 - 12 - 7 (yes) 

Figure 5.9 (b) 

So, when Fleckenstein used the beta blockers as tools, he used these in a way which was neither 
recognized nor accepted. Fleckenstein's procedure was to use high doses and the value of 
unravelling the basic mechanisms of the contractile function of the heart while operating at 



154 CHAPTER 5 

the toxic level of the various compounds, raised scepticism. Particularly so, because the issue 
of cardiac failure aroused much controversy. How then, could a compound which obviously 
possessed such a strong cardio-depressant action, possibly be good in angina pectoris? 
Indeed, Fleckenstein did put beta blocking and cardio-depressive action on a par while 
considering them as different ways to the same objective: reduction of the oxygen demand of 
the heart. Such a thought was unheard of at the time. 

5.8. Conclusions 

The majority of British and American cardiologists rejected verapamil as a beta blocker, and 
beta blocker or not, itwas no alternative to propranolol in anti-anginal treatment. Therefore, 
the decline of the coronary vasodilation concept, and the therapeutic claims about beta 
blockade, affected verapamil's viability such that it became a "dying drug" in late 1960s.100 But 
behind the scenes research continued and verapamil pointed the way to new perspectives in 
the cardiovascular area. This undercurrent of scientific creativity demonstrated itself when 
the novel type of anti-arrhythmic action of verapamil was unraveled and the little company 
of Knoll was pleasantly surprised when this aspect of the drug attracted so much attention. 
Simultaneously, the field of anti-anginal therapy was revolutionized. Nifedipine formed the 
focus of new perspectives which were transferred to verapamil as well. This aspect of the 
history of vera pam iI, a drug waiting to be re-discovered, elicited the expression of "a sleeping 
beauty".101 
It is striking to see how "old" concepts and drugs at the same time provide the basis for 
unraveling new aspects of drugs and diseases. This applies to dipyridamole, nitrites and other 
coronary vasodilators, and also to quinidine and the beta blockers. The same may be said 
about the way Fleckenstein approached the new principle of calcium antagonism. Working 
on the biochemistry and physiology of myocardial excitability and contraction his research 
moved within the limits of the developing views of drug action and disease mechanisms. Yet 
simultaneously, by applying the new concepts and techniques and relating them to clinically 
defined targets, Fleckenstein broke through these boundaries. In this smdy several examples 
of differential relationships between experimental research and clinical investigations have 
been touched upon in an inductivist way. Some were mentioned in describing the history of 
verapamil and Fleckenstein's research project including the scientometric analysis per
formed, and others were illustrated when applying the theory of drug and disease profiles, 
which also highlighted some landmarks in the historical description. 
Finally, the question arises: "Why did it take so long before the calcium antagonists were 
accepted as worthwhile anti-anginal drugs?". Some interesting points may be noted. 
The first refers to the decline of the coronary vasodilator concept. After such a dramatic defeat 
much effort is needed to reverse the scepticism about compounds once conceived of as 
coronary vasodilators. 
Secondly, the beta blockers caused a great stir in cardiology and formed a rapidly expanding 
field, particularly so, once they were recognized as anti-hypertensive agents. This fact 
certainly contributed to the continuing interest in this class of compounds. Where the money 
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flows, there scientific progress goes and this was certainly true for the beta blockers. 
Pharmaceutical companies world-wide provided cardiological centres with the money to 
perform clinical research. 
Thirdly, and very importantly, the major issue that formed such a stumbling-block with 
respect to the beta blockers, i.e. their cardio-depressive effects, became settled. The claim of 
Fleckenstein that verapamil and related compounds did the same as beta blockers but left the 
sympathetic drive intact was no longer a feature for promoting a new compound. Moreover, 
clinical experience showed that verapamil caused or aggravated heart failure. 
Fourthly, itwasn't easy to say thatverapamil and nifedipine were 'similar' compounds because 
their spectrum of activities differed markedly. To say that these compounds are 'calcium 
antagonists' is open to different interpretations. The opinion of fundamental scientists that 
these agents block 'slow channels' in cardiac cell membranes is but one aspect. It was 
recognized that throughout the organism calcium played an important role as the mediator 
of communicative biochemical events. But more importantly, therapeutically complex 
patterns of action had to be separated. In fact, this implied the further differentiation of 
calcium antagonists on the one hand, e.g. to profile verapamil with regard to nifedipine and 
other compounds, and to differentiate its activities from other drugs, notably of the nitrites, 
on the other. 
Fifthly, shifts in medical views of angina pectoris took place in the first half of the 1970s and 
accelerated in the late 1970s. The dominant view of angina of effort decayed and new subsets 
of angina patien ts were crea ted. Within this spectrum of various forms of angina pectoris, the 
efficacy ofverapamil and nifedipine could be reconsidered. Subsequently, these compounds, 
once burdened with the unpopular label "coronary vasodilators" were shown to be equally 
effective in the treatment of angina pectoris when compared in double blind tests with beta 
blockers. 



Chapter 6. Metamorphosis of a disease 
Profiles of angina pectoris in Anglo-American medicine 

6.1. Introduction 

This chapter covers the development of views about angina pectoris in Anglo-American 
medicine. The historical description roughly covers the period 1950 - 1980 but emphasis is 
given to shifts in the late 1950s and early 1970s. The aim is to show that changing views on 
disease can be described adequately in terms of the language of disease profiles. 
However, this chapter serves two other purposes as well. One is to discuss the changing 
perspectives of angina pectoris that set the stage for the development of the beta blockers and 
the calcium antagonists which has been described in chapter 4 and 5 . For this reason, the rise 
and decline of the syndrome of "angina of effort", the revival of the theory of coronary spasm 
and the increasing differentiation of the disease entity of angina pectoris will be described in 
considerable detail. The other purpose is to provide a basis for highlighting the differences 
with the medical views in German speaking countries. These differences will be the topic of 
the next chapter when providing the medical background of the beta blocker project at 
Boehringer Ingelheim. 
Firstly, an historical account of Anglo-American medical views of angina pectoris will be 
given (6.2). Then, through cognitive maps (6.3) and social maps (6.4) ofthe profiles of angina 
pectoris the body of knowledge over the period 1950 - 1960, 1960 - 1970 and 1970 - 1980 will 
be discussed. 

6.2. Anglo-American medical views of angina pectoris 

Angina of effort: a typical fonn of angina pectoris 

"There is a disorder of the breast, marked with strong and peculiar symptoms, considerable for the kind 
of danger belonging to it, and not extremely rare, of which I do not recollect any mention amongmedical 
authors. The seat of it and sense of strangling pain and anxiety with which it is attended may make 
it not improper to be called angina pectoris. 
Those who are affected with it are seized, while they are walking, and more particularly when they walk 
soon after eating, with a painful and most disagreeable sensation in the breast which seems as ifitwould 
take their life away if it were to increase or to continue: the moment they stand still, all this uneasiness 
vanishes. In all other respects patients who are at the beginning of this disorder are perfectly well, and 
in particular have no shortness of breath, from which it is totally different". I 

In this way Heberden described the syndrome angina pectoris in his lecture to the Royal 
College of Physicians of London in 1768. Heberden's description of the picture is what 
became later known as the typical form of angina pectoris. English language medical 
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literature of the 1950s and 1960s understates this typical condition of angina pectoris, so 
perfectly described by Heberden. 
What sort of elements make up typical angina pectoris? To be sure, angina pectoris is but a 
symptom. It is rather unusual to recognize onlya symptom in orderto label a nosologic entity, 
but with angina pectoris this is the case. If the symptom is genuine, the diagnosis is accurate. 
The patient has pain in the chest, very often paroxysmal of nature. The pain is not perceived 
as originating in the heart but appears to be localized in the surface area of the chest wall. 
Complex nervous pathways through which pain from the heart is conducted and finally 
projected in the chest wall area, are responsible for site and character of the pain. Theories 
of pain, for example those of MacKenzie and Head have influenced the observation of 
patterns of anginal pain at the bedside or in the consulting-room. 
Many other conditions may cause pain in the chest as well and at a symposium devoted to 
thoracic pains in 1956, seventy-eight clinical conditions were enumerated as capable of 
causing pain in the chest.2 Despite this complexity English medical literature is characterized 
by the great trust and sheer confidence with which the physician is able to make the diagnosis 
through careful history-taking. 
The diagnosis of typical angina pain involves many factors but the most important feature was 
its relationship to exertion. Friedberg declared in his influential textbook in 1956 that physical 
exercise was "by far the most frequent and most significant precipitating cause of angina pectoris". 
) Other conditions such as digestion, cold, emotion and pathological circumstances such as 
tachycardia could evoke anginal pain too but it was bodily exertion that was the most typical 
feature of anginal pain. Moreover, precisely this relationship to exertion differentiated 
anginal pain from other chest pains. According to Friedberg, who listed twenty clinical 
conditions that had to be differentiated from angina pectoris, pain in these conditions "is 
chiefly distinguished from angina pectoris by being unrelated to general bodily exertion, especially 
walking rapidly or uphill". 4 

This relationship between pain and exertion vividly illuminates the specific name that has 
been given to typical angina pectoris, e.g. angina of effort. Whenever other precipitating 
factors seemed to be more important than exertion, this was considered atypical. Emotion is 
a precipitating factor and may be involved as often as exertion. On the other hand, the 
symptom is disregarded particularly because it reveals functional disorders without organic, 
hence without clinical significance. This ambiguity appears several times. When discussing 
emotion, Friedberg stated: "While intense emotional states may provoke in neurotic persons various 
forms of pain in the cardiac area which are distinct from angina pectoris, they may also and often do 
cause definite attacks of angina pectoris, whether or not there is an associated neurosis". 5 According 
to Wood in his classic textbook Diseases of the Heart and Circulation of 1952, probably 
the most influential6 textbook of British cardiology in the period 1950 - 1965: "Pain may also 
be induced by emotion .. but this is perhaps less typical, emotionally produced pain being more often 
innocent and associated with anxiety states". 7 

Emotional stress like anger, fear, worry and excitement was well-known to the physician as 
precipitating events in chest pain. Evidence of this point was the popularity of tranquilizers 
and the recommendation of a less emotionally stressful life style. However, the clinical 
significance was determined by the similarity of the behaviour of anginal pain in case of 
exertion.s Friedberg had this comment: "The prompt occurrence of transient chest pain with 
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emotion and its prompt subsidence when the emotional stimulus abates are strongly suggestive of angina 
pectoris". 9 Emotion was considered a genuine symptom when it mimicked the pattern seen 
in exertion. Exertion was considered as the most frequent and significant symptom. To quote 
Wood: ''Attacks are brought on especially by walking uphill, or against the wind, by hurrying after 
meals, or by any unaccustomed exercise". 10 

Undoubtedly angina of effort - also termed "exertional angina" - represented the major 
clinical pattern of angina pectoris in Anglo-American medicine, and this was especially so in 
the 1950s. During the 1960s this picture reached its zenith. 
The characteristic features of angina pectoris and the certainty of its diagnosis are striking 
features of English medical textbooks. Wood stated that if chest pain is consistent regarding 
site, quality, duration and relation to cardiac work, "the diagnosis must stand under any conditions 
except malingering". 11 Friedberg's textbook radiates the same confidence: "A great variety of 
conditions associated with chest pain are sometimes mentioned as requiring differentiation from angina 
pectoris. However, when the distinctive clinical character of angina pectoris is clearly understood, its 
confusion with other diseases causing pain in the chest and upper extremity should be rare. Almost 
always the typical clinical history suffices to make the differentiation". 12 

Symptoms: voice of nature? 

If so much trust and confidence is laid in the outstanding features of angina pectoris and in 
the clarity and power of history-taking as a clinical tool, why then were cardiovascular 
techniques coming to dominate the field during the late 1940s and 1950s? Sophisticated 
techniques such as electrocardiography and cardiac catheterization became applied clinically 
on a wide scale. According to Dexter this period ''was characterized by such progress in cardiology 
as the world had never seen before". I3 Cardiology entered a new era. Clinicians started to 
integrate their technical experiences and expertise with their clinical observations. 
The introductory remarks in Wood's textbook refer to this potentially conflicting situation: 
"The more conservative physicians may have witnessed these and many other less important technical 
developments with some misgiving, but relatively few have expressed reactionary views. Yet there is 
already plenty of evidence to show that we are in danger of losing our clinical heritage and of pinning 
too much faith in figures thrown up by machines. Medicine must suffer if this tendency is not checked. 
In presenting this book I have attempted to maintain a proper balance between man and his 
instruments, between experienced opinion and statistics, between traditional views and the heterodox, 
between bed-side medicine and special tests, between the practical and the academic, and so to link the 
past with the present". 14 

This balance has been upset throughout the history of angina pectoris. Despite the apparent 
power of history taking physicians came to rely on technical evidence. An editorial in 
Circulation noticed with bitterness: "The failure of some physicians to obtain a thorough history 
in patients with angina pectoris is of great concern. They seem to rely mainly on electrocardiographic 
data recorded after exercise tests of varying degrees of exertion in order to detennine whether or not 
a patient has the anginal syndrome". IS 

The bitterness originated from the view that "an exercise electrocardiogram is indicated in 
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only a few patients, since an accurate diagnosis of angina pectoris can practically always be made 
by means of a careful interrogation". 16 

The emphasis on technical measurement and the decreasing diagnostic skills raised much 
concern in the medical profession. Presenting an address on Cardiac Symptoms at the 1951 
meeting of the American College of Physicians, Sir John Parkinson, commented: 
"The subject of symptomatology will always retain its importance in medicine because symptoms form 
the first contact between patient and doctor. It is the voice of nature, and when a patient complains he 
enters our world and we recognize a human need. For convenience I shall apply the term 'symptoms' 
to subjective sensations of which the patient complains. While everyone agrees on their value in 
approaching a diagnosis, symptoms have been moved to the background by current interest in signs and 
in scientific technique. But if we apportion too little time for eliciting symptoms, we shall suffer in our 
diagnosis". 17 

If there is a disease that illustrates Parkinson's remarks, then probably the best candidate is 
angina pectoris. While there seemed to be no need for technology at all, diagnosis of angina 
pectoris became increasingly technical. 
The simple question "Why did physicians need so much technology when the diagnosis of 
angina pectoris can be made with the help of history-taking?" requires a complex answer 
which falls outside the context of this chapter. Without doubt this trend reflected the 
scientific and technical upheaval in general medicine after the Second World War. Three 
issues, however, are worth mentioning: 1. the symbiotic but strained relationship between 
cardiology and cardiac surgery; 2. the striving for objectivity in therapeutic evaluation; and 
3. the "physiological or hemodynamic movement" in cardiology. 

The symbiotic relationship between cardiology and cardiac surgery 

When the rapid advance in cardiology took place during the late 1940s and 1950s, "surgeons 
have invaded what was once forbidden territory and are rapidly turning miraculous operations on the 
heart into the commonplace ( .. ) It is, perhaps, not really a coincidence that more precise methods of 
diagnosis became available just when surgery demanded them". 
In this way Wood sketched the early beginnings of the symbiotic relationship of cardiology 
with cardiac surgery. IS Professional conflict certainly underlies this need for differentiation 
and precision in diagnosis. The use of new methods for accurate diagnosis of surgically 
correctable heart diseases affected clinical taxonomy. The 1940s and 1950s witnessed the 
pioneering of coronary artery surgery based upon the rapidly growing view in the 1950s, "that 
coronary artery surgery should be physiologic, i.e., the operation should increase the blood supply to the 
myocardium". 19 

The pioneering of these techniques took place in patients with severe forms of angina 
pectoris, such as severe angina at rest or angina decubitus which are refractory to therapy. 
Commenting on the impressive results of his procedure, Vineberg wrote: "When a bed-chair 
invalid of the angina decubitus type, using 300 nitroglycerin tabletsperweek, after internal mammary 
artery implantation becomes pain-free and returns to work, it suggests that the implanted artery has 
contributed fresh blood to the ischemic myocardium". 20 By and large disabled patients were the 



PROFILES OF ANGINA PECTORIS IN ANGLO-AMERICAN MEDICINE 161 

subject of pioneering in cardiac surgery. These patients were easily distinguished from those 
with angina of effort or myocardial infarction. 
Though cardiac surgery took a fresh start in the 1950s, also in the anti-anginal field, it is 
particularly the method of coronary artery bypass grafting introduced by Favorolo in 1968 
that caused a great stir in cardiac surgery and cardiology.21 This therapeutic achievement 
merged with the application of coronary angiography according to the method introduced 
by Sones in 1959 and widely applied during the 1960s.22 Coronary angiography enabled the 
visualization of the coronary vessels in the patient and subsequently it became a major 
breakthrough in the diagnosis of coronary heart disease. This was not merely confined to the 
domain of heart diseases in need of surgical correction. It also affected clinical taxonomy of 
heart disease in general. But in angina pectoris in particular this took place during the late 
1960s and 1970s with the rise of coronary bypass surgery.23 
The bypass operation grew rapidly in popularity. Some 22.000 operations were done in the 
United States in 1971, approximately 45.000 in 1973 and about 57.000 in 1975. Preston 
(1977) estimated that the total monetary cost associated with this operation amounted to 
about 1 % of the annual national health expenditure.24 

Another aspect, rela ted to the symbiotic relationship between cardiology and cardiac surgery, 
underlies the differentiation of the various forms of angina pectoris. Diagnostic terms such 
as "typical" or "atypical" angina weren't the only true criteria anymore. Prognostic and 
therapeutic cri teria to assess the patients at risk and to determine benefits and costs of therapy, 
be it pharmaceutical or surgical, appeared on the diagnostic scene. These criteria were 
expressed in terms such as "intractable angina", "angina resistant, refractory or unresponsive 
to therapy" or "unstable angina". These terms entered cardiology late in the 1960s. Until this 
time this particular conflict between pharmaceutical and surgical therapy affected clinical 
taxonomy of angina pectoris only in a limited way. 

The need for objectivity in therapeutic evaluation 

The second issue lies at the centre of anti-anginal treatment and is confined to the question 
of therapeutic evaluation. There are few areas in medicine in which the placebo-effect and 
the flimsy evidence of uncontrolled observation in the claims of therapeutic effectiveness have 
been argued so eagerly and heatedly as in the field of angina pectoris. 
Anti-anginal treatment became a test-case for the controlled study of therapeutic effective
ness. As Silber and Katz (1953) stated: "It is apparent, from even a casual survey of the literature 
dealing with the medical treatment of angina, that confusion and conflicting reports surround the use 
of each of the coronary drugs currently in favour. Such discrepancy in results has as its basis the poorly 
designed clinical experiment. In this regard, several factors are of major importance; some concern the 
object of the study, others the investigator". 25 

But largely the bias on the part of the investigator originated from his or her object! Beecher 
pointed out that: "Observation is difficult enough when objective signs are under consideration; it is 
more difficult when subjective responses are examined. Then not only is the patient's sending station 
of doubtful accuracy but the observer's reception of the signals is confused by extraneous noises produced 
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by tradition, by confusion derived from his rrwn more or less acute perception, by his failure to seek 
patiently for the truth, but most all by bias". 26 

Obviously Beecher touched upon the contrasts between symptoms and signs, the subjective 
and the objective, and the title of his own editorial comment was "clinical impression and 
clinical investigation". Indeed, two opposing trends declared themselves and were evidence 
of the profound differences of opinion as to what should be the aim of therapeutic evaluation. 
One stream of cardiologists focussed on anginal pain which is after all why the patient entered 
the world of the clinician. The other stream focussed on the measurement of objective 
parameters which, rightly or wrongly, were considered to be the expression, if not of the pain, 
in any case of the natural course of the diseaseY 
Despite the heated debate, the general consensus was that carefully designed clinical 
experiments were capable of eliminating the investigator's bias. One was then left with the 
object of study. In this respect it is striking to see how amongst clinicians involved in 
therapeutic evaluation, be they proponents of the "subjective" or the "objective" approach, 
the obscure character of the syndrome angina pectoris, i.e. the object of the study, was 
spelled out. Two quotations illustrate this point. One comes from Silber and Katz who relied 
solely upon the relief of pain as a criterion of the efficacy of any anginal drug and who rejected 
exercise or other 'objective' tests. The other comes from Russek et al. who strongly supported 
the use of objective therapeutic goals. 

"One must first appreciate the marked variability in the incidence and severity of pain that occurs in 
patients with angina who are receiving no therapy whatever. These vagaries occur not only under the 
influence of season, climate, disease in other organ systems, and emotional disturbances but also under 
apparently unchanging conditions. (.) Because of such variability, the conviction has grrrwn in our 
department that observations (..) should be made for a minimum of one year in a large group of 
patients. ( . .) Second, in choosing patients for study, only those with severe angina should comprise the 
group. By severe, we refer to patients experiencing a minimum of several attacks of angina a day" 28 

" ... if pain represented a definite entity and reflected a fairly constant degree of coronary insufficiency 
in each patient. Obviously, this is not the case. Pain is of infinite variability and to date has not been 
accurately quantitated in man either subjectively or objectively. Furthermore, even if such precise 
measurements were possible, pain could not reliably reflect the status of the coronary circulation or the 
degree of myocardial ischemia" 29 

True, both quotations, though in different terms, discuss the value of pain as therapeutic 
endpoint and as marker of the disease but they also touch upon the variability and multiplic
ity of anginal pain as well. Whereas, the characteristic features of anginal pain was stressed 
when discussing clinical diagnosis, the irregularity of the same pain was emphasized when the 
question was therapeutic evaluation. Indeed, the precision of the diagnosis of angina pectoris 
constituted an indispensable premise to every clinical therapeutic investigation. 
In this atmosphere, the difficulties of the history-taking of angina of effort, such a clear and 
genuine diagnosis, were stressed. Not history but technical evidence, not symptoms but signs 
should form the bottom line of therapeutic evaluation. Accordingly, it was not the voice of 
nature that spoke to the clinician but the hand-made manipulation of nature to serve the 



PROFILES OF ANGINA PECTORIS IN ANGLO-AMERICAN MEDICINE 163 

purpose of accurate diagnosis. 

The "hemodynamic movement" in cardiology 

During the course of this technical invasion in cardiology, various types of clinical examina
tion have been used to assist the physician in his diagnosis. Their significance lies in the bridge 
these techniques were supposed to build between angina pectoris as a symptom complex and 
angina as a patho-physiological entity. 
By the 195 Os the combined method of electrocardiography and the standard exercise test was 
widely accepted as the index of the pathological state of the myocardium in angina. As Wood 
sta ted: "the only reliable test, huwever, is to obtain an electrocardiogram immediately after maximum 
effort, when characteristic depression of the RS-T segment, with or without inversion of the U wave, 
clinches the diagrzosis". 30 Friedberg is somewhat more reserved in this respect because this test 
might not actually simulate the conditions which produce pain in any given patient.31 Both 
Friedberg and Wood declared the standard exercise to be of accessory value in diagnosis.32 

However, the crucial point to be noted here is that this standardized test played an enormous 
role in therapeutic evaluation. On the one hand to guarantee the clinical diagnosis of the 
patients selected for the treatment test: "27 patients with typical angina were selected ... " is the 
kind of statement that one regularly encounters in clinical articles about angina pectoris 
during the late 1950s and 1960s.33 On the other hand these tests provided the critical 
parameters to be assessed with regard to therapeutic effectiveness. When in the la te 195 Os and 
early 1960s the standard exercise electrocardiographical test came to be criticized for its 
validity, specificity and sensitivity, this critique did not alter the dominantrole of exercise tests 
in clinical research and therapeutic evaluation_ Since the test embodied the category angina 
of effort it strengthened its already dominant position in clinical taxonomy_ 
Concomitantly with the development of exercise testing, the 1950s witnessed the rapid 
invasion of cardiac catheterization with which it was possible to measure intra-cardiac 
pressures and volumes. These hemodynamic parameters represented internal cardiac work 
in con trast with exercise tests that measured external cardiac work. But both were linked by 
the idea that it was the increase of cardiac work that evoked the anginal attack. And cardiac 
work was essentially a hemodynamic concept. Outstanding journals at that time, such as 
Circulation and Circulation Research, reinforced this hemodynamic approach. The prepon
derance of acute and short-term exercise and hemodynamic tests testify to the overwhelming 
influence this approach. 
Together with this hemodynamic movement, mechanistic thinking dominated experimen
tal medicine and cardiology. As Robinson stated: "At that time, I think the pendulum is swinging 
back nuw, at that time there was an extremely mechanistic approach to medicine. The heart and 
circulation lent itself to a sort of engineering approach better than any other system. So it was very much 
in tune with the mood of the time. People were keen to see just huw far you could go in analyzing the 
heart and circulation in mechanical terms. They were busy doing Fourier's analysis, pulse waves, rates 
of shortening, dp/dt, the rates of pressure rise in the ventricle (..)". 34 

The term mechanistic did not bear a negative meaning at that time. Cardiologists were 
intrigued by the sort of experiments that the new techniques enabled them to perform. Some 
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of this fascination is expressed by Chamberlain when he describes the preference of British 
cardiologists with respect to Circulation in comparison to the British Heart Journal: 
"Circulation was an excitingjournal in the 1960s. If you go back and look atthem now, they're exciting. 
They were full of wonderful articles by super people. And British Heart Journal, nobody believed that 
it was in the same class as Circulation. That was the journal. It was way, way, way ahead of any other 
cardiac journal (..) Everything was miles behind. So, Circulation was where the progress was". 35 

Circulation and also Circulation Research marked the frontier of Anglo-American cardiol
ogy in the 195 Os and 1960s. The new techniques created a new brand of cardiology which had 
considerable impact in Britain. In fact, the interviewed clinicians all declared Paul Wood's 
textbook as the standard reference work which formed the living evidence of this new stream 
in cardiology. As Chamberlain stated: "Really, he (paul Wood, RV) came to cardiology virtually 
saying that I don't believe a thing. And he started from scratch. His textbook was based entirely on his 
own observations and with the new scientific cardiology, cardiac catheterization and so on. He started 
with nothing as it were. He didn't believe anything that anybody else had written. It wasn't to say that 
he denied it. It is just that he thought that it was better to wipe the slate clean. (..) And his teaching 
had enormous influence in the late 19 50s and early 1960s (...) And his book was the Bible,jor all British 
cardiologists". 36 

What has been said is not to deny the cleavage between fundamental research in cardiology 
and general medical practice. This cleavage originates in opposing traditions in British 
medicine which in fact have a long history, and could be termed "naturalist" versus "scientist". 
The "scientific" tradition is characterized by its emphasis on the study of physiological 
mechanisms, its orientation towards clinical science and pure research, and its attempts to 
bring the clinic closer to the laboratory. In contrast, the "naturalistic" tradition was confined 
to communication and personal contact between doctor and patient, to clinical observation 
and the natural history of the disease. 
These traditions have fought it out on rhetorical battleground, but there seem to be genuine 
grounds to distinguish both streams in British medicine. Swales, from whom the terms 
"naturalist" and "scientist" are borrowed, describes this long-lasting struggle in British 
medicine to explain that otherwise the Platt-Pickering-debate never could have taken place 
on British soi1.37 This famous debate during the 1950s and early 1960s about the nature of 
hypertension was shaped by this undercurrent of conflict in British medicine. Two quota tions 
illustrate the differences between both traditions. One quotation comes from Lewis when 
defining the position of the scientific tradition in 1930 at the founding of the British Medical 
Research Society. The other one is from Ryle, a Guy's physician, appointed to the Regius 
Chair of Physic at Cambridge and finally to the Chair of Social Medicine at Oxford, 
advocating the naturalistic approach: 

(Lewis): "This science seeks by observation and otherwise to define diseases as they occur in man: it 
attempts to understand the diseases and their many manifestations and here especially makes frequent 
use of the experimental method. It makes definite experiments upon disease or watches the effects of 
experiments conducted by injuries however these arise: it culls or actually creates and uses physiological 
and pathological knowledge immediately related and applicable to the diseases studied" 38 
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(Ryle): "There is a similarity between the approach of the great naturalists who owed their achieve
ments to careful observation, recording and analysis and that of the famous names of medicine. If we 
exclude for the moment (although they too were essentially naturalists) the great discoverers in 
physiology like Harvey and the great discoverers in the realm of public health like Jenner, both of whom 
on the basis of close observation performed a historical experiment, we find that the ranks of the famous 
physicians are chiefly filled with men belonging to the observational school. These made no such great 
revelations in thought or practice as did Harvey and Jenner, but they provided by degrees the chapters 
of a great uncompleted 'Compendium of the Natural History of Disease'" 39 

Both traditions have affected cardiology just as much as they have influenced other disciplines 
in British medicine. The scientific tradition has produced the renowned British clinicians like 
Lewis and MacKenzie who built up British cardiology in the 1920s and 1930s, and Pickering, 
Wood and McMichael who framed British cardiology in the Post-Second-World-War 
period.40 
However, the aims of this tradition were not, and never have been dominant considerations 
for the majority of the British cardiologists outside the university clinics.41 When asked what 
the reference journal for practicing cardiologists was, Silk commented on the situation in 
British cardiology: 

"For the British cardiologists this has always been the British Heart Journal. But that was 'botani
cal'. In a sense, it was just describing interesting conditions, not actually whether you were going to do 
anything. But you know, if you had a rare fellow or some type of rare anatomical thing, you described 
the fmdings. It is more or less like 'Oh, I found another new plant! 1m 't this interesting? '. That is, why 
we describe this as botanical. And the problem was that the British Cardiac Society was more or less 
like that. The Heart Journal reflected thatway of thinking. And that was if you like classical cardiology. 
So, it was didactic and it was heavily organized or orientated toward structure, not actually to do 
anything, not necessarily to therapy. And that meant that ... another stream developed of people like Dr. 
Taylor who were interested in drug therapy. But drug therapy in British cardiology was never really 
interesting which meant that these people were pushed out and they went to allied fields" 42 

In this sense British cardiology has been markedly naturalistic. Yet, implicitly other aspects 
are addressed as well, in particular the orientation towards drug therapy.43 In the research for 
this thesis gaps were encountered in the empirical material needed for characterizing more 
precisely the groups in British cardiology and general medicine who formed the basis of the 
hemodynamic way of thinking about angina pectoris and anti-anginal treatment. 
This apparent conflict in British cardiology is reflected in the opposing terms used by Wood 
to strike the right tone in the introduction to his famous textbook, which Chamberlain called 
the "Bible" and Silk a "classic, a work of Homer-type of thing".44 
However carefully the formation of the new type of cardiology, created by Wood, has to be 
considered against the background of opposing traditions in British medicine, it incorpora ted 
the new concepts of physiology and hemodynamics. 
The beta blockers very much profited from this physiological thinking in cardiology. ''And 
the beta blockers", Dollery stated, "were really a group of drugs where you could do that relatively 
easily and make rather precise measurements. You could measure exercise tachycardia, you could do 
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isoprenaline dose-response curves. If you wanted to measure the action of a benzodiazepine or a tricyclic 
antidepressant or a penicillin or something like that, that was extremely difficult. It was the simplicity 
of fairly precise measurements". 45 

In similar terms Robinson recalled: "All these very mechanical approaches were very fashionable 
and of course beta blockers altered a lot of these things. So it was possible to put actual figures on what 
they did (..) You put a beta blocker in and the heart rate comes down, the rate of rise of pressure fell 
and the end-diastolic pressure went and all these things you could measure, they were altered by beta 
blockers". 46 

Atypical forms of angina pectoris 

Whenever there is a typical disease pattern, a variety of atypical pictures emerge and such was 
the case for angina pectoris. In the course of lifting out angina of effort from daily medical 
practice, the category of coronary insufficiency lost its dominant position in the clinic during 
the 1950s. This term was a popular clinico-pathological concept that emerged during the 
1930s and early 1940s as the result of pathological observations of sudden death in patients 
who at post mortem examination were found to have coronary disease without coronary 
thrombosis or occlusion. Thus, pathology linked the nosologic entities angina pectoris and 
myocardial infarction together in a new way, 'acute coronary insufficiency' being the 
intermediate between these two syndromes.47 

During the 1950s this pathological link was joined by the physiological concept of coronary 
insufficiency. Opponents of this concept readily recognized the straight-jacket into which 
angina pectoris was being pushed. Raab, for example, noticed: 

"It is generally agreed that the typical anginal symptoms are provoked by a paroxysmal state of 
hypoxia of the heart muscle for which two coincidingfactors are usually made responsible: (1) a 
static one, namely coronary sclerosis with resulting narrowness of the coronary bed, and (2) a 
dynamic one, namely an acute increase of myocardial oxygen consumption which exceeds the 
diminished 'coronary reserve' (dilatability) of the coronary vessels. It is widely taken for granted that 
the latter factor is attributable solely to an augmentation of cardiac work " .48 Obviously, the anginal 
attack originates under conditions which are associated with an increase of cardiac work, i.e. 
'angina of effort', but Raab refers to clinical conditions in which this seems to be no essential 
pre-requisite for the occurrence of angina pectoris at all: "Some patients who develop pain when 
walking slowly or in connection with emotions, are able to carry out relatively strenuous muscular work, 
such as sawing wood, lifting heavy objects and the like, without difficulty, despite a presumably greater 
increase of cardiac output during these latter activities". 49 

So, Raab referred to those conditions which were precisely at variance with the conditions 
related to typical angina of effort. In his opinion the term "sympathetic stimulation" should 
be understood "with due regard to its biochemical implications" because the heart did not 
work harder, but wasted its oxygen. Elsewhere he stated: "The balance between adrenergic and 
cholinergic chemical influences upon myocardial oxygen economy can be assumed to be of decisive 
significance for the metabolic and structural state of the myocardium in conjunction with the 
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behaviour of the coronary blood supply". so This biochemical and pathological activity deviated 
from the notion of the work done by the heart which was derived from hemodynamics. 
Indeed, this hemodynamic concept redefined ischemic heart disease. Either it was angina 
pectoris or myocardial infarction. These two categories were drifting apart. But clinical 
practice continued to relax its definition of both categories because of patients in which the 
symptoms and signs were neither typical for myocardial infarction nor for angina pectoris. 
To this varied group of "atypical" patients terms like "acute atypical coronary insufficiency", 
"intermediate syndrome", "coronary failure", "Prinzmetal's variant form of angina pectoris", 
"angina decubitus" and "status anginosus" were applied. By that time angina of effort had 
become the dominant form of angina pectoris. 

Anglo-American medical views of angina pectoris during the 1970s. 

During the 1960s coronary angiography had become a major diagnostic technique in 
cardiology and cardiac surgery. The technique enabled clinicians to visualize occlusions of 
one, two or three major branches or smaller vessels of the coronary system. Concepts such 
as "one-vessel-disease", "two-vessel-disease" and "three-vessel-disease", though already 
known, now entered the clinic to characterize the various subsets of occlusive coronary artery 
disease. Coronary angiography supported the view that there existed a direct relationship 
between fixed coronary stenosis and the clinical manifestations of the disease.S] The division 
of labour between cardiologists and cardiac surgeons entered a new era and became the 
subject of controversy.S2 
In his 1972' article, published under the apt title "Some Comments and Reflections on 
Changing Interests and New Developments in Angina Pectoris", Friedberg commented that 
"rather suddenly angina pectoris has become a glamour subject, intellectually and clinically exciting in 
almost every aspect - pathology, pathophysiology, diagnosis, treatment. Not long ago it was diffICUlt to 
spark a bright glow of interest in angina pectoris, except possibly by reading Heberden's sharp 
delineation of the clinical picture (. .. J. Any further discussion was regarded as dull and drab". S3 

True, we should be careful with such comments. Whenever a branch of medicine comes into 
prosperity or becomes revolutionized it is common for the medical profession either to 
dissociate the innovating period from the preceding era or to reduce the break with the past 
to the view of new wine in old bottles.S4 Friedberg's article seems to fall into the latter category 
since he argued that "the pathology of angina pectoris has provoked renewed interest, not because of 
new discoveries but because of the increased importance offamiliaritywith old observations, and because 
of the possibility of visualizing coronary pathology in vivo". ss 
Yet, he hit on a relevant feature in arguing that if the host of drugs designed to promote 
coronary blood flow had been successful, there would not have been such a spectacular 
evolution of coronary surgical procedures.s6 While the concept of coronary vasodilation had 
been defeated in the pharmaceutical sector, it had been in gaining wind in surgical therapy 
of angina pectoris. When the spectacular rise of coronary bypass surgery heralded the revival 
of the concept of coronary vasodilation, it struck back like a boomerang on cardiology.In this 
sense the defeated concept revived the battle between cardiology and cardiac surgery. This 
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battle was fought at the level of therapy, clinical symptomatology and pathogenetic mecha
nisms. Between these levels new links emerged with major consequences for clinical 
taxonomy. 

At the therapeutic level conflicting views about the benefits and risks of medical versus 
surgical therapy emerged. The essence of managing angina pectoris became whether or not 
to do coronary bypass surgery and conflict arose about defining the therapeutic and 
prognostic indicators. The surgical technique revolutionized the management of angina 
pectoris but precise diagnosis became essentiaJ.S7 The question became, not how and why 
surgical therapy mattered but if it really did matter. 
This controversial issue revolutionized the therapeutic perspective on angina pectoris. "Prior 
to coronary arteriography", as Friedberg wrote, "physicians treated most of their patients with 
angina pectoris without serious thought of surgery, reassured by the knowledge that the angina was of 
only moderate severity and frequency, was responsive to rest and nitroglycerin, and did not seriously 
inteifere with the patient's work. Furthermore, the vast majority of such patients continued in this 
manner for many years". 58 Now this approach was turned upside down. Taking the pyramid 
as a metaphor for the management of angina pectoris, the significance of this change in 
perspective is readily explainable. The base of the pyramid rested firmly in general medical 
practice for a long time. With the advent of coronary angiography and cardiac surgery it 
became placed upon its apex, and in so doing new subsets of angina pectoris were distin
guished. 

With this latter point clinical symptomatology becomes an issue and the peaceful distinc
tion between angina pectoris and myocardial infarction was disturbed. The feverish activity 
to reclassifY the subsets of patients intermediate between angina pectoris and myocardial 
infarction illustrates this. This intermediate zone which during the 1960s was perceived as 
being very small, became subject to intensive research. As a result stress came to lie on the 
heterogeneity of angina pectoris.59 

In counteracting the claims made by cardiac surgeons, cardiologists attempted to correlate 
the subsets of patients with occlusive coronary disease, visualized on arteriograms, with the 
differential courses of the disease in their patients observed at the bedside. The nosologic 
entity angina pectoris became subdivided. Some categories, for example 'pre-infarction 
angina', still reflected the search for indicators as harborer of infarction or sudden death. 
Other terms denoted more complex prognostic or therapeutic features. This is the case with 
"stable" versus "unstable" angina; and to a certain extent this holds also true for "angina at 
rest". However, otherterms stressed tha t certain forms of angina clearly deviated from typical 
exertional angina, for example, "Prinzmetal's variant form of angina" and "vasospastic 
angina". 

Pathogenetic mechanisms also deserve a closer look. The 1970s witnessed the re
appearance of the concept of coronary vasospasm that had been relegated to the graveyard 
of worthless concepts in cardiology. The concept of coronary spasm representing the 
functional factors operating in angina by mechanisms not yet understood, underlies the 
clinical entity of 'Prinzmetal's variant form of angina pectoris. Accordingly, this syndrome 
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was the focus of increasing attention for the role offunctional mechanisms in angina pectoris. 
The syndrome had been delineated by Prinzmetal and his colleagues in 1959. Since the 
syndrome exhibited clinical and electrocardiographical features that deviated from classical 
angina, they coined the term "variant form of angina pectoris". Biochemical and physiological 
mechanisms were superimposed on this clinical entity. The authors hypothesized that the 
attacks were the consequence of coronary spasm. So, here was a syndrome in which 
myocardial ischemia appeared to be precipitated bya reduction in myocardial oxygen delivery 
secondary to coronary spasm rather than by an increase in myocardial oxygen demand in the 
face of a simple organic narrowing of the coronary vessels. 
During the 1960s this form of angina pectoris had been relegated to the margins of 
cardiovascular research and medical practice. It now attracted attention again. Though no 
one exactly knew what was going on behind the scenes in the heart's microstructure and 
coronary vascular system, the deeply ingrained appeal to functional mechanisms evoked new 
enthusiasm. This pathogenetic mechanism was extended to other forms of angina pectoris. 
It even entered the classic and typical form of exertional angina from which it was excluded 
many years ago.60 Accordingly, several tests were developed to visualize vasospastic angina at 
the bedside, notably the cold pressor test and the ergonovine test. Both provocation tests 
presume that vascular tone of the coronary vessels is increased by neural, humoral-hormonal 
and endothelial factors. 61 The cold pressor test, for example, leads to a marked stimulation 
of the sympathetic system with concomitant rise of the vasomotor tone. In this sense, 
"irritability" and "over-excitability" of the vegetative system, once old-fashioned terms, 
reappeared on the cardiological scene. 
Angina pectoris appeared as a continuous spectrum between "fixed" and "variable" obstruc
tion, between typical, exertional angina and atypical, non-exertional angina at the other end. 
Between these limits of the spectrum most of the pa tients are encountered in clinical practice 
as Maseri stated in 1985.62 

Hillis and Braunwald summarized the state of the art in the field: "It is nuw clear that in many 
- perhaps most - patients with symptomatic coronary artery disease, there is some combination of these 
two cases of myocardial ischemia. ('.J It is important to determine the position of a given patient with 
coronary artery disease within this spectrum and to adjust therapy appropriately". 63 

This shift in pathogenetic views probably reached its zenith in the concept of dynamic 
obstruction. This was defined as an obstruction, not fixed by stenosis but capable of changing 
in degree depending on the vasomotor tone in the remaining normal wall segment. Various 
observations demonstrated that not all coronary obstructions were fixed and concentric: "It 
was shown that half of these obstructions were, in fact, of an eccentric type and, therefore, 
usually still contained large sections of normal arterial wall with functioning smooth muscle 
cells which had the ability to contract and expand and thus to change the degree of 
obstruction".64 In this concept functional and pathological views merged in a new symbiotic 
relationship.6s 
The road to this concept was beset with many obstacles. It is noteworthy that the conflict
ing views about the pathogenetic role of vasospasm was carried on within the technique of 
angiography itself. Coronary spasm had been observed many times during application of this 
technique but it was considered to be an artefact caused by the mechanical irritation of the 
vessel wall. Somewhat later, after the concept of spasm reappeared in cardiology, the same 
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technique was used to provide unequivocal evidence for the theory of coronary spasm.66 It is 
paradoxical that the same technique that supported the pathological view of fixed stenosis so 
strongly, at the same time enabled clinicians to propose such deviating pathogenetic 
mechanisms. 

6.3. Disease profiles of angina pectoris in Anglo-American medicine: cognitive dimensions. 

Figure 6.1 approximates clinical taxonomy of angina pectoris during the 1950s.67 

Angina of emotion 

Angina of effort 

Coronary insufficiency 

.......-"\ Intermediate 
syndrome 

Myocardial 
infarction 

Impending infarction 

Figure 6.1 
Profiles of angina pectoris in Anglo-American medicine, 1950-1960. 

Angina of effort is a well-defined nosologic entity as is myocardial infarction. At the top left 
the profile of angina of emotion is depicted which intersects with that of angina of effort. The 
intennediate zone between angina of effort and myocardial infarction is represented by the 
categories coronary insufficiency, intermediate syndrome and impending infarction. This 
area was considered an ill-defined borderline state and it has been designated by various terms 
such as atypical or anomalous angina; severe angina; angina of rest; angina decubitus; 
coronary failure; slight coronary attacks; angina major; pre-infarction angina; false angina; 
forme fruste or spasmodic angina; and sub-endocardial infarction.68 This sequence of terms 
raises the question if it is merely a rna tter oflabels. However, this is not the case. These terms 
denoted different (sub)sets meaning that: 
a. the disease characteristics as elements of the set differ; for example: the extent to which sets 
encompass (types ot) electrocardiographical signs; 
b. the values of disease characteristics differ; for example: the taking of nitroglycerin is very 
often used, yet its value differs (50 tablets daily or 300 tablets per week); 
c. the priorities of disease characteristics vary; for example: the term intermediate syndrome 
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emphasizes prolonged chest pain of cardiac origin, intermediate in intensity, duration, and 
character between that of angina pectoris and acute myocardial infarction; in contrast, the 
term impending infarction stresses those characteristics that are warning signs of myocardial 
infarction. 
A variety of profiles could have been shown but this intermediate zone has been oversimpli
fied to the three illustrated. This choice is to some extent arbitrary but the three terms denote 
three different aspects central to the discussion amongst cardiologists. Coronary insuffi
ciency stresses the pathogenetic aspect, i.e: the pathogenetic mechanism underlying the 
disease, and attempts to relate this to the symptoms and signs observed. The intermediate 
syndrome expresses the opinion that there is a distinct entity between the two major forms 
of coronary heart disease. Impending infarction emphasizes the attempt to find warning 
symptoms or signs as the precursor of myocardial infarction. 
Since medical views about myocardial infarction were not taken into account, figure 6.1 
oversimplifies the case. The very reason for depicting this clinical category is that clinicians, 
when discussing the various forms of angina pectoris, refer to potential overlapping with 
myocardial infarction. 

Figure 6.2 

Angina of 
emotion 

Angina of effort 

Prinz metal's variant 
form of angina 

Coronary 
insufficiency 

Intermediate 
/'" syndrome 

Impending 
infarction 

Myocardial 
infarction 

Profiles of angina pectoris in Anglo-Saxon medicine, 1960-1970. 

Figure 6.2 designates the spectrum of disease profiles of angina pectoris in Anglo-Saxon 
medicine during the 1960s. It is similar to that depicted in figure 6.1. The major difference 
is the appearance of a previously undefined form of angina pectoris, i.e. "Prinzmetal's variant 
form of angina pectoris". 
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Table 6.1 
Clinical and electrocardiographical differences 

between classic and varian t forms of angina pectoris. 

Variant Form Classic Form 

Clinical Difference. 

Exertion usually does not 
precipitate pain 

Emotional upset docs not 
produce pain 

Pain is frequently more se
vere and of longer duration 
than in classic angina 

Attack often consists of series 
of pains, occurring in cy· 
c1ic and remarkably regu
lar pattern 

If pain is not cyclic, period 
of increasing pain is equal 
to period of decreasing 
pain 

Pain often occurs at ahout 
same time each day 

Arrhythmias, most often vell
tricular, occur in ahout 
50% of cases in which se
vere pain is present ... , 

It is theorized that attacks 
are precipitated by hyper
tonus of single narrO\\'ed 
large coronary artery; this 
syndrome occurs only 
when large l'oronary artery 
is involved 

Pain ceases immediately after 
myocardial infarction 

Exertion usually precipitates 
pain 

Emotional upset frequently 
produces pain 

Pain usually is less severe 
and of shorter duration 
than in variant form 

Pain is not cyclic 

Period of increasing pain is 
longer than period of de
creasing pain 

Pain does not occur regularly 
each day unless related to 
exercise or emotion 

Arrhythmias are not as com
mon 

There is diffuse t:oronary ar
tery disease" 

Pain usually persists after 
myocardial infarction t 

Electrocardiographic Differences 

S-T segmcnts are elevated 
transiently dnring attack; 
reciprocal S-T depression 
occurs in standard leads 

S-T and T wave chaI.:gcs dur
ing: an attack may seem to 
"improve" previously ab
normal ECG 

Areas of myocardium which 
give rise to S-T elevation 
during attacks correspond 
to distribution of large 
coronary artery 

Areas of heart giving rise to 
S-T elevation are sites of 
future myocardial infarc
tion 

R wave may hecome taller 
during severe attack 

Exercise does not produce 
pain but in some instances 
may produce S-T deprt·s
sion 

S-T segments generally show 
depression during pain; rl'
dprocal S-T elevation is 
not observed in standard 
leads 

Spurious clcdrocardiograph
ic "improvement" does not 
occur during an attack 

Areas of myocardium which 
give rise to S-T depression 
are diffuse and do not cor
respond to distribution of 
any single large coronary 
artery" 

Sites of future infarction arc 
not predictable 

QRS complex usually is un
affected by attack 

Exercise may produce pain 
and characteristic depres
sion of S-T segment 

Reproduced with permission from Prinzmetal et al. (1960). 

CHAPTER 6 
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The table as published by Prinzmetal and his colleagues shows the many differences between 
angina of effort and the variant form of angina pectoris. 
Both profiles encompass fifteen characteristics, i.e. nine clinical and six electrocardiographi
ca1.69 Presumably, the differences are listed according to the priorities of the characteristics. 
The most important difference concerns exertion. The authors introduced this variant type 
of angina pectoris as follows: "Nonexertional angina in itself has been long known to occur 
in heart disease. Heberden referred to it first in 1772 and again in 1802. Therefore, to identify 
this syndrome and to set it apart from other forms of nonexertional angina, the authors have 
chosen the term "a variant form of angina pectoris".70 
While taking those forms of angina pectoris that deviated from classic angina and having no 
relationship to exertion, the authors created a new profile. 

This leads to an examination of the profiles of angina during the period 1970 - 1980. 

Stable angina Angina of effort 

Unstable angina 

Vasospastic angina 

Figure 6.3 Myocardial infarction 
Profiles of angina pectoris in Anglo-American medicine, 1970-1980. 

This picture that emerges is completely different from the preceding ones. Three categories, 
i.e. stable, unstable and vasospastic angina, appeared. To some extent this appears to be 
merely a matter of labeling. Unstable angina, for example, has also been called pre
infarctional angina?1 In this sense, this category resembles other terms including: interme
diate syndrome, coronary failure, pre-infarction angina and status anginosus. However, 
major differences are also seen. New characteristics were added to the category of unstable 
angina, for example, to predict the patient's prognosis on the basis of electrocardiographic 
findings. Other characteristics were removed while values and priorities of characteristics 
were changed. For example, while the term pre-infarctional angina stressed the fact that 
patients develop myocardial infarction, many authors noted that this was not the case, hence 
they preferred to use the term unstable angina. 
Accordingly, other features became more important in recognizing the patients at risk but 
this does not mean that the risk of myocardial infarction was neglected. On the contrary, 
clinicians attempted to find other markers of this high-risk subgroup and there was some 
differentiation of the category of unstable angina to several subgroups. The incentive was the 
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need to assess this risk, and it was strengthened when the therapy of saphenous vein graft 
bypass became available. 
As Gazes and co-workers in their study on pre-infarctional (unstable) angina noted: "The 
objective of this study was to determine the survival rate of this group and to discover whether it was 
possible to predict the patient's prognosis on the basis of electrocardiographic findings. Now that 
saphenous vein graft bypass techniques for direct myocardial revascularization have been developed, 
recording the natural history of pre-infarctional angina has become even more important. There are 
at present no specific criteria for selection of surgical candidates. The ubiquitous nature of angina makes 
it very difficult to pick out those patients with this symptom who would probably die without surgical 
intervention. It would be helpful if types of angina pectoris could be defined and distinguished by their 
natural history". 72 

The foregoing notes on terminology express the fact that disease profiles are not static but 
dynamic entities, though, as noted earlier, myocardial infarction is treated as a static entity. 
The ca tegory of angina of effort is changed in two respects. Firstly, its position in the spectre 
of the various forms of angina has altered. Since other categories such as stable and unstable 
angina appeared, its relationships with other profiles (i.e. its intersections) are changed. 
Secondly, the category itself has changed, though not fundamentally. 
The changes with respect to Prinzmetal's variant form of angina, however, are substantial. 
This category was differentiated by way of increasingly new techniques and procedures.73 

Thus, modern ECG-monitoring procedures revealed that the electrocardiographic feature 
of ST -segment elevation, attributed by Prinzmetal and colleagues to variant form of angina, 
was in fact commonly associated with many forms of anginal pain. As a result this feature was 
given a lower priority. 
Another example is tha t Prinzmetal and his colleagues had postula ted proximal severe lesions 
in one major coronary branch with "temporary increased tonus". By way of coronary 
arteriogram it was shown that proximal single-vessel lesions occurred in only some cases. 
Selzer et al. therefore attempted to differentiate the category of variant form of angina into 
two categories: "The purpose of this report is to present findings in 29 patients with variant angina, 
to point out the differences between patients with and without coronary artery disease who have these 
clinical features, and to show that variant angina with a normal coronary arteriogram represents a 
distinctive clinical syndrome". 74 

6.4. Disease profiles of angina pectoris in Anglo-American medicine: social dimensions. 

Social maps of medical knowledge 

This section tries to capture the social dimensions of clinical taxonomy of angina pectoris in 
Anglo-American medicine.75 Figure 6.4 represents the situation in the 1950s. 
Since angina ofeffort and myocardial infarction were well-defined and widely acknowledged 
nosologic entities, their profiles are depicted as two large squares. Angina of emotion is still 
a separate category, yet nearly completely incorporated into the picture of angina of effort. 
The intermediate zone represented by the categories coronary insufficiency, intermediate 
syndrome and impending infarction, was considered as consisting of a miscellaneous group 
of patients. 
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Profiles of angina pectoris in Anglo-American medicine, 1950-1960: social dimensions. 
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The various terms were not well accepted nor were they central to the diagnosis of angina 
pectoris. Therefore, the three squares are shown smaller than those of angina pectoris and 
myocardial infarction. As discussed earlier, the intermediate zone can be differentiated to 
cover all the proposed terms. Graphically this would have yielded two large squares and a lot 
of little squares with varying intersections. With due regard to graphical limitations the 
geography of the clinical world has been deliberately simplified. 
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i---J 

Angina of Effort 

Figure 6.S 
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Impending 
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Profiles of angina pectoris in Anglo-American medicine, 1960-1970: social dimensions. 

Figure 6.5 shows that angina of effort has become even more dominant and as a result, the 
intermediate zone is disintegrated into little spots. Particularly, the category of coronary 
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insufficiency deserves further comment. It was still being referred to in Anglo-Saxon 
medicine in the 1960s. Friedberg, for example, discussed the term acute coronary insuffi
ciency even in 1966, so this concept must have been in general use in medical practice until 
well into the 1960s.76 It had, however, lost its influential position in clinical research, 
therapeutic evaluation and cardiology. 

Figure 6.6 
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Profiles of angina pectoris in Anglo-American medicine, 1970-1980: social dimensions. 

Figure 6.6 shows the increased attention to vasospastic and other forms of angina pectoris. 
It stresses that the bulwark of interest of angina of effort declined. Since the cognitive 
dimensions of the various types of angina pectoris have been discussed above, the scheme will 
speak for itself. 

Regional variability 

The question arises to what extent these maps cover Anglo-American medical views. The 
present research is based on textbooks, scientific and medical journals, and interviews with 
clinicians and fundamental cardiovascular research workers and general practitioners are not 
represented. To gain a better understanding of the medical views amongst general practitio
ners, particularly those in the United Kingdom, the journals The Practitioner and The 
J oumal of the College of General Practitioners were screened using as key-words angina 
pectoris, (coronary) vasodilators, dipyridamole, fi-(adrenoceptor) blocking agentslblockade, 
nitrites/nitrates and propranolol.77 

Seventeen articles were retrieved, a disappointing result. No review of the disease itself was 
provided but only therapeutic evaluations. Some of them were double-blind trials but did not 
define the enrolled patients except in one case where it was stated: "Angina was diagnosed 
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clinically on the basis of typical cardiac pain coming on with effort and being relieved by 
rest" _78 This is typical angina of effort. Obviously, this evidence is insufficient to delineate the 
views of angina pectoris held by general practitioners. 
In restricting the analysis to clinical medicine, distinct classifications were used. In 1965 
Godin, for example, classified angina pectoris as follows79: 

a. angina of effort 
b. angina with tachycardia 
c. spontaneous angina 
d. angina of emotion 
e. angina of deglutition (angina with eating) 
f. angina with cold wind 
g. nocturnal angina 
h. angina in aortic stenosis 

At face value the forms of angina discussed by Godin, except angina of effort and of emotion, 
are at variance with the categories depicted in the cognitive (figure 6.2) and social map (figure 
6.5) representing Anglo-American taxonomy during the 1960s. Closer examination, how
ever, yields a more balanced view. 
Categories c., d. and h. were characterized as states of hypersympathicotony, that is, states 
that reflect increased sympathetic drive of the heart and express the excess of cardiac work to 
be done while there is inadequate overall coronary reserve. These states are characterized by 
increase in pressure, acceleration of heart rate, increased vigour of contraction and elevation 
of cardiac work which are very much similar to those of angina of effort. Nocturnal angina 
occurs while the patient sleeps. A possible mechanism was an increase in sympathetic 
discharge in reaction to a dream. As in angina of emotion, nocturnal angina mimicked angina 
of effort because the stressful situation during a dream was relieved on awaking and the pain 
subsided. The same applies to category b., e.g., angina with tachycardia. 
So, Godin classified these patterns of anginal pain by using the precipitating events which 
were interpreted in terms of the concept of the disturbed balance of oxygen supply and 
demand. In this respect, Godin's classification comes close to the one discussed with respect 
to figure 6.2.80 
In contrast, Gorlin discussed aspects that deviate from the medical views during the 1960s. 
For instance, he argued that nocturnal angina may be caused by other mechanisms amongst 
which early heart failure was a possible candidate. Gorlin believed that many patients with 
coronary heart disease have subliminal heart failure. However, the major discrepancy with 
the already dominant view is that Gorlin stresses the dual origin of the categories c., d., f. and 
g. This is best illustrated with spontaneous angina (or angina at rest). The patients suffering 
from this condition according to Gorlin were usually tense, nervous, or fearful, hence they 
suffered from a tendency to generalized sympathetic discharge. One origin was that this state 
ofhypersympathicotony led to a discernable hemodynamic change which ''would not seem to 
be enough of a mechanical load to precipitate angina through demand-energy imbalance alone". 81 The 
other origin was a severe vasoconstrictor episode which occurred frequen tlywith sympa thetic 
nervous discharge.82 



178 CHAPTER 6 

Thus, almost invariably angina pectoris occurs in the presence of obstructive coronary artery 
disease and is precipitated by a set of circumstances which disturbs the balance between 
oxygen supply and oxygen demand, often through a rise in mechanical load, i.e. in oxygen 
demand. Yet, in some people superimposed constriction impairs coronary flow. Conse
quently, Gorlin attributed to both the long-acting and short-acting nitrites the important role 
of preventing or mitigating such constrictor episodes. With his contribution to the theory of 
coronary spasm Gorlin evidently devia ted from the dominant view in the English speaking 
medical world. 
Throughout the historical period described many differences in explaining various forms of 
angina are seen. I have discussed one with respect to coronary insufficiency; another is the 
further development of the concept of coronary spasm. During the first half of the 1970s 
conflicting opinions were put forward and some clinicians clearly opposed this concept. 
MacAlpin stated: "Current teaching about classic, exertional angina pectoris therefore states that it 
is the result of increases in myocardial oxygen demand in the face of a limited coronary blood flow. No 
allowance for arterial spasm is needed in this framework". 83 In a typical clinical fashion Scherf and 
Cohen had a similar comment: "The fact that individual cases and small series continue to be 
reported ( .. .) lends credence to the role of variant angina as a medical curiosity". 84 

This issue of regional variability underlines the attempt of this chapter to provide cognitive 
and social maps of medical views and their changes using profiles as the principal pigeon-holes 
of medical knowledge. The cognitive and social maps drawn can be detailed to cover the wide 
range of medical views. For example, Gorlin's scheme can be easily translated into a cognitive 
map. This map depicts circles - denoting categories c., d., f. and g. - which variably intersect 
the circle representing angina of effort on the one hand and the circle representing 
Prinzmetal's variant form of angina on the other. In a social map the circles would be enlarged 
or reduced according to the impact of Gorlin's scheme. This impact can be measured by a 
qualitative or quantitative standard.85 

The aim of this study was to perform a broad contextual analysis and not to account for 
differences in British and American medicine.86 Furthermore, the maps depicted above are 
snapshots of the geography of the clinician's world, and together they reveal a dynamic 
pattern. The number of snapshots may be increased depending from the purpose of the study 
and the degree of precision strived for. 
In principle it is possible to use quantitative methods and though the nature of this study is 
essentially qualitative, it may be worthwhile to provide some additional quantitative data. The 
increased attention to atypical and vasospastic forms of angina pectoris is illustrated by figure 
6.7 taken from the article of Kiibler and Tillmans.87 

The increase in number of publications under the headings unstable angina and Prinzmetal's 
variant angina shows that both types of angina form a rapidly expanding field. 
A citation analysis of Prinzmetal's articles on the variant form of angina yields the following 
picture (figure 6.8). 
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Figure 6.7 Increase in number of publications under different headings. The mean number of publications 
per year over the period 1976-1977 and 1978-1982 are expressed in (%) of the average number of publications 
per year over the period 1966-1975, corresponding to 100%. 
Reproduced with permission from Kubler and Tillmans (1985). 
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One curve represents the citations per year with regard to the total set of articles that were 
published by Prinzmetal et al. during 1959 - 1961 on variant angina (namely 5 articles).BB 
The other represents the most frequently cited article. Both curves showa similar pattern that 
to some extent differs from that suggested by the previous figure. During the period 1970 -
1975 there is a rapidly growing interest concerning the syndrome, while this increase is less 
significant in the scheme ofKiibler and Tillmans. A difference in methodology could account 
for this. The authors counted the mean number of publications per year over the period 1966 
- 1975, while in this study the citations of Prinzmetal's articles per year were counted. 

6.5. Anti-anginal drugs in the light of changing views of angina pectoris. 

The concepts of drug and disease profiles may now be applied to the historical material 
presented; the information about the drugs is derived from the preceding chapter and Venn
diagrams will be used to visualize some major developments. Panels a) to f) in figure 6.8 
represent the state of affairs in 1960, 1964, 1968 and so forth, up to and including 1980. The 
symbols denote the sets representing the drugs or forms of angina. For simplicity only the 
names of the drugs or types of angina concerned will be used. 
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The first panel (figure 6.9(a» represents the nitrites and dipyridamole with respect to angina 
of effort. The nitrites were recognized as a well-established therapy, and dipyridamole evoked 
enthusiasm. The circle representing Prinzmetal's variant form of angina is depicted with 
dotted lines. It was published but not well-known at the time. 
The second panel (figure 6.9(b») represents a complex situation because verapamil and 
propranolol entered the scene. Verapamil intersects both propranolol and nitrites, being 
discussed as a coronary vasodilator and beta blocker. Prinzmetal's variant form of angina is 
acknowledged as a distinct entity, though it was still considered as a medical curiosity. The 
nitrites were recognized as an useful therapy of this syndrome, at least in some cases, hence 
the intersection between the two profiles. Dipyridamole was already relegated to the margins 
of anti-anginal treatment. The drug is still considered as a coronary vasodilator but with 
disappointing clinical results. 
The third panel (figure 6.9(c)) shows a clearly changed situation. Dipyridamole is pushed to 
the margins of the field, and hence is depicted as a dotted circle, though the drug was 
intensively used in clinical research to define the mechanism of action of the nitrites.89 In due 
course, the effects of dipyridamole on platelet aggregation were revealed which might be 
beneficial in reducing thromboembolic complications following cardiac valve replacement.90 

Similarly but not so dramatically, verapamil was pushed aside. Its unstable position in the field 
is represented by the small intersections with propranolol and angina of effort. Its relationship 
with the nitrites changed dramatically because the mechanism of action of the nitrites was 
explained differently. The category of coronary vasodilators was divided into two classes, i.e. 
the nitrites and the "classic" coronary vasodilators. 
The fourth panel (figure 6.9(d») shows another pattern. Dipyridamole has been left out 
because it had played its part. Though the relationships between nitrites and propranolol 
regarding angina of effort remain stable, there is a marked change with respect to verapamil. 
The drug is now classified as a calcium antagonist and intersects both types of angina. As 
described in the preceding chapter, it is more suitable to let D3 represent nifedipine. In any 
case, the drug is dissociated from the class of beta blocking agents. 
The fifth (figure 6.9(e)) and sixth (figure 6.9(f)) panels are similar in visualizing two major 
trends in the field. One trend is the increasing absorption of angina of effort by Prinzmetal's 
variant form of angina which actually represents the range of vasospastic forms of angina. The 
other trend is that, as a result, verapamil encroaches on anti-anginal therapy in the same way. 
Consequently, the beta blockers were discarded, even though they were the first choice drugs 
in angina of effort next to the nitrites.91 The profile of angina of effort diverged into the new 
subsets of angina. In other words "pure" angina of effort was in danger of becoming a medical 
curiosity. 

Finally.some additional comments with respect to the diagram above. Each snapshot 
represents profiles present at that particular moment. Hence, the six snapshots characterize 
the body of knowledge at tI' t2' •••• 't6' where t denotes the moment of recording ("t" could range 
from a fraction of a second to a period of years). It is therefore more correct to use separate 
symbols to denote the profiles of the drugs and diseases in the snapshots, i.e. by using of(xt) 
and wf(pt). Clearly, the dynamiCS of profiles involve (a) absence\presence of charac
teristics; (b) values and (c) priorities of characteristics. Venn-diagrams are not suited for 
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visualizing this dynamic process. In fact, Venn-diagrams are also not suited for representing 
the (logical) relationships between sets when dealing with more than three or four sets. 
However, logical relationships between the sets is not an issue here. The purpose is merely 
to visualize some major developments. Similarly, the cognitive maps representing the 
snapshots can be translated into social maps. 

6.6. Conclusions 

The title of this chapter "Metamorphosis of a Disease" focuses on the fundamental changes 
that took place in medical views about angina pectoris in the English speaking world. A 
fundamental tenet of Anglo-American cardiology became that ischemia (lack of blood) to the 
heart muscle is the cause of angina pectoris. This is the essence of what might be conveniently 
called the coronary, or ischemic, theory.92 
Basically, the idea is of a fixed obstruction caused by anatomical lesions in the coronary 
system. During the 1940s and 195 Os this structural aspect of the disease was connected to the 
variety of circumstances under which angina pectoris as a symptom complex arose in the 
patient's daily life. Hence, the syndrome angina of effort was recognized which encompasses, 
in addition to the structural lesion, a functional aspect which is the critical balance between 
oxygen supply and demand of the heart. 
In this respect, the sympathetic system as the mediator between the outside world and the 
internal milieu of human organism attracted attention. Though various and sometimes 
conflicting interpretations were given to the role of the sympathetic system, the dominant 
view emerged that it mediated the stress. This stress, somehow initiated outside or inside the 
human organism, imposed an increased mechanical load upon the heart. 
Proponents of the basic views about the role of the sympathetic system were encouraged to 
evaluate the clinical symptoms and signs in terms of these views. In contrast, opponents like 
Raab, for example, in trying to make a good case out of his biochemical view of the oxygen
wasting effects of the catecholamines, put emphasis on clinical phenomena such as the walk
through phenomenon, which fell outside the view of exertional angina that was coming to 
dominate cardiology. 
This attests to the fact that views about the etiology or pathogenesis of the disease affect the 
way syndromes as complexes of symptoms and signs, are constructed. Yet, the reverse is also 
true. The symptoms and signs that attract attention of clinicians determine the framework 
for proposing theories of etiology and pathogenesis. One major consequence was that the 
syndrome of acute coronary insufficiency which actually emphasized the structural aspect, 
was pushed aside, not instantaneously, but gradually, being replaced by the physiological, i.e. 
hemodynamic, concept of oxygen supply and demand. Another consequence was that the 
concept of coronary vasospasm was gradually removed from cardiology. 
In this changing world, the syndrome angina of effort became the dominant category in the 
clinical taxonomy of angina pectoris. Most striking is that these changes occurred in a web 
of concepts which, each by itself, signified the various aspects of angina pectoris. Thus, the 
various theories of pain which evolved through history. influenced the way patterns of pain 
were registered in the consulting-room. But the same might be said with respect to other 
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symptoms and signs, be they biochemical, hemodynamic, electrocardiographical or other
wise. Furthermore, taking chest pain as one example, this symptom might be observed in 
many other clinical conditions. Yet, each condition finds itself in another web of theoretical 
and medical concepts. In fact, the history of gall-bladder disease, lung disease, inflammation 
of the pancreas, stomach or intestine which may cause similar pa tterns of pain, have not been 
accounted for. 
This betrays the dual character of differential diagnosis in medicine. To differentiate angina 
pectoris from other diseases is a two-way process. Changing views about angina pectoris have 
major consequences with respect to the diagnosis of other diseases, and vice versa. This is 
another reason why taxonomy is so important in medicine. Heterogeneous pieces of 
knowledge have to be integrated in order to investigate and to treat disease. 
Taking profiles as the pigeon-holes in which clinicians store their knowledge - in a taxonomic 
manner - the changes in profiles of angina pectoris have been described. Cognitive and social 
maps of these profiles have been constructed to illustrate the usefulness of the concept of 
profile as well as to mark the shifts in medical opinion about angina pectoris at several crucial 
moments. 
Having indicated the late 1950s and early 1960s as one critical time period in which the 
syndrome of angina of effort became increasingly important, it is interesting to see that righ t 
then a new variant form of angina pectoris was created. This attests to the curious conflict 
between old and new, common and deviant knowledge or whatever terms are available to 
designate this conflict. For it is evident that to mark a variant form of a disease another 
picture, the common type, must be established and well-known. Simultaneously, this is 
evidence that this variant form has been neglected for quite some time. 
Pivotal to the history of angina pectoris is how the bulwark of angina of effort, so dominant 
during the 1960s, and largely reinforced by the success of the beta blockers, decayed during 
the first part of the 1970s. What started as an underground activity, reached its full-blown 
expression in the course of the 1970s when the role of vasospasm attracted much attention, 
so much so that the syndrome of exertional angina threatened to become a medical curiosity 
itself. 
This study has attempted to describe the crucial developments in Anglo-American, especially 
British, cardiology: the introduction of techniques in cardiology, the striving for objectivity 
in therapeutic evaluation and the battle between various therapies. Noteworthy is that the 
conflict between cardiac surgery and cardiology has particularly been a struggle between 
medical (pharmacotherapeutic) and surgical therapy. Hence, we should realize that drug 
discovery is part of a broader process of innovation in medical therapy. 
In particular, this study attempts to give flesh and blood to what is here called the "physio
logical" or "hemodynamic", approach that ruled Anglo-American cardiology during the 
195 Os and 1960s. When screening the various medical and cardiological journal to investiga te 
this approach, an editorial of the American Journal of Cardiology was found as a typical 
example of what Robinson termed the "engineering approach" (much in line with the mood 
of the time). The editorial was published under the title "The Hemodynamic Concept of 
Atherosclerosis", and one passage goes as follows: 
"The hemodynamic concept of atherosclerosis was developed by correlating atherosclerotic lesions found 
at autopsy with their localization as determined by hydraulic principles. It was then demonstrated with 
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the aid of model hydraulic systems built to the precise specificatirms of blood vessels obtained at autopsy. 
Fluw in these models, as well as in the arterial tree generally, is streamline or laminar rather than 
turbulent. The forces and principles involved are directly comparable to those which prevail in all 
hydraulic systems. The fluw of rivers and streams in their boundaries, the flight of the airplane, the 
insect and the bird, the movement of a ship in the water or a fish in the depths and the circulation of 
the blood in our arteries and veins are in major degree varied expressions of the laws offluid mechanics. 
Everywhere in this domain, the laws of fluid mechanics must control". 93 

This engineering, or more precisely, hemodynamic approach, greatly reinforced by the 
techniques of cardiac catheterization and exercise tests, stimulated the development of the 
beta blockers. This class of drugs provided the tools to unravel the mechanisms pertinent to 
this hemodynamic approach, and simultaneously elicited bodily responses which could be 
measured with these techniques. This is important in a discipline like cardiology which has 
grown up amongst a surplus of techniques. 
An attempt has been made to account for this approach in cardiology, particularly in British 
cardiology. British cardiology largely seemed to be anti-research, anti-clinical-science, anti
industry, and last but not least, anti-therapy. Still, various other events occurred which 
stimulated the development of the hemodynamic approach and the beta blockers: the rise of 
clinical pharmacology in the bosom of cardiology, acquaintance with controlling cardiovas
cular disease through interfering with the sympathetic drive, the great influence of Paul 
Wood and the involvement of a young generation of clinical research workers like Dollery, 
Prichard, Taylor and many others who educated a whole generation ofBritish clinicians and 
introduced the principles of beta blockade. 
However, a lacuna in the empirical material remains which makes it difficult to mark more 
precisely the balance offorces between the opposing streams in British cardiology which have 
evolved through generations of British physicians. In this sense, Wood's textbook in which 
he attempts to come to terms with these traditions, by attempting "to maintain a proper balance 
between man and instruments, between experienced opinion and statistics, between traditional views 
and the heterodox, between bed-side medicine and special tests, between the practical and the academic, 
and so to link the past with present", partly fills this lacuna. It illustrates the decades of struggle 
in clinical medicine, and it attempts to satisfY the romantic retrospection towards a particular 
period in the history of medicine. In that period, a clinician could boast of his being a 
"genuine" clinician who listened to the voice of nature, not to technical results. As Silk 
commented on this long-lasting struggle in British cardiology: 

"Cardiology seems to be too technical, too many technical methods and if you like .. we have lost 
something. We are seeking our lost youth, a lost youth based on clinical practice. And people feel 
that nuwadays, looking back to the days when you had the stethoscope that then you were a good 
clinician". 94 



Chapter 7. Targeting in drug research and the medical scene 

The beta blocker project at Boehringer against the background of 
different views in German and Anglo-American medicine 

7.1 Introduction 

At Boehringer Ingelheim several beta blocking compounds were developed early on in the 
race. Boehringer's scientists possessed the compound Lg 32 that turned out to become the 
most successful beta blocker, e.g. propranolol, even before the ICI scientists discovered the 
compound. Although there was so much potential, Boehringer was eventually left empty 
handed with only memories of a period that could have brought so much success to the 
company. This suggests that Boehringer had the compounds but not the right ideas. 
However, such a view about failure, or success, in pharmaceutical research neglects the 
medical side of the story of industrial development. The crucial point is what the "right" 
ideas were and why they were picked up at one place and not at the other. If the Boehringer 
project is considered against the background of medical perceptions of cardiovascular 
disease and therapy, the failure at Boehringer is seen in quite a different light. For, neither 
success nor failure are without cause. 
The story begins at a time when no scientist or clinician had ever heard of a "beta blocker". 
Part 1 of this chapter, sections 7.2.1. - 7.2.3., provide the medical background in Germany 
against which the beta blocker project at Boehringer Ingelheim must be considered. Three 
medical areas of the utmost importance to the development of the Boehringer project are 
described. Firstly, the development of the coronary vasodilator concept in German versus 
Anglo-American medicine will be discussed (7.2.1). This has been touched upon several 
times but now the differential course of this concept in both medical settings will be more 
precisely delineated. Secondly, the German medical views on heart failure will be described 
(7.2.2). In highlighting German and Anglo-American intellectual frameworks to investigate 
heart failure three typical German disease profiles of heart failure will be discussed: "heart 
failure of effort", "old age heart" and "heart failure in angina pectoris". Thirdly, the German 
medical views about angina pectoris will be analysed (7.2.3). From this it becomes 
abundantly clear that the German concepts markedly differed from those of their Anglo
Saxon colleagues as described in Chapter 6. 
The second part of this chapter (7.3.) concerns the development of the beta blocker project 
at Boehringer while in the third part the theory of drug and disease profile will be used to 
mark some critical points in the development of this project (7.4.). 
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CHAPTER 7 

Part 1. The medical scene- Different views in German and Anglo-American medicine 

7.2.1 The coronary vasodilator concept 

7.2 .1.1. Introduction 

Beta blockers introduced a view of how anti-anginal drugs could produce beneficial effect 
in angina patients. This view clashed with the coronary vasodilator concept that was 
imprinted on the minds of many physicians for such a long time. After the introduction of 
amyl nitrite, indepeildently by Richardson and Brunton, a whole array of nitrites and 
nitrates were introduced in medical practice. However nitroglycerine, first used in 1879 by 
Murrell, became the reference drug.! 
The term "nitrites" applies therefore to a heterogeneous group of compounds, but their 
basic action was believed to be the relaxation of smooth muscle, the most prominent and 
important of which was the dilation of blood vessels. The nitrites were, and still are 
employed both in the treatment of acute attacks of pain, and the prevention of anginal 
episodes. The prophylactic use of nitrites led to the development oflong-acting nitrites that 
were beset with many problems. This unsatisfactory state of prophylaxis in angina pectoris 
set the scene for the decline of the coronary vasodilator concept and the introduction of the 
beta blockers in the 1960s. 
This will be discussed in further detail in this section. First the concepts about nitrites and 
angina pectoris as they became dominant during the 1950s will be reviewed briefly (7.3 .2.). 
Next the evolution of the coronary vasodilator concept in Anglo-American (7.3.3) and 
German (7.3.4) medicine will be discussed. Contextual differences are illustrated with the 
help of a bibliometrical analysis of medical perceptions of the clinical results with some anti
anginal drugs (7.3 .5). 

7.2.1.2 The early history of the coronary vasodila tor concept 

After Brunton's successful introduction of amyl nitrite, his textbook of pharmacology in 
1885 became the intemationalleader and went through several editions.2 In the 1897 edition 
Brunton described his first experiences with amyl nitrite in the treatment of angina as 
follows: 

"Many years ago, when I was a resident physidan, I had a case of angina pectoris under my care. I 
used to go at all hours of the day and night and take tradngs of the man's pulse. I found that during 
the attack of angina pectoris the pulse became very hard indeed, and the oscillations became very small. 
He had a certain amount of aortic regurgitation, and his normal pulse wave was very large. As the 
man)-pain came on, the pulse became smaller and quicker, and when the pain was excessive the pulse 
became very rapid, but hardly perceptible. Now, it is almost impossible to explain such a change in 
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the pulse as we have here without assuming that the peripheral arterioles had become enormously 
contracted. It therefore occurred to me that if one were able to dilate the arterioles the man's pain ought 
to subside. I knew that nitrite of amyl had the effect of dilating the vessels and I tried it, with the result 
that no sooner had the flushing of the face occurred, and the vessels begun to dilate, than the pain 
disappeared. Since that time nitrite of amyl has become recognized as regular remedy for the 
paroxysms of angina pectoris". ) 

Brunton believed that anginal pain was relieved by amyl nitrite through the relaxation of 
peripheral arteries. His belief fitted the commonly held view at that time that angina was 
caused by paroxysmal spasms of (otherwise normal) peripheral arteries. According to this 
view vasomotor spasm increased blood pressure, hence hampered the heart's ability to pump 
out blood, leading to cardiac distension and cardiac pain.4 
Brunton's detailed description has been quoted to illustrate that therapeutics is in constant 
change. In 1941 and 1955 the first two editions of Goodman & Gilman's influential textbook 
The Phannacological Basis of Therapeutics quoted Brunton's textbook to dismiss his 
ideas and to illustrate that "the clinical efficacy of a particular therapy is no proof of the theory 
underlying that therapy". 5 Later editions again referred to Brunton's ideas but then to 
establish that Brunton was more nearly correct than had been suspected.6 The therapeutic 
interpretation of the action of amyl nitrate shifted depending on the pathological theory 
about angina pectoris that was held at the time. 
Brunton's view belonged to a variety of theories put forward in the 19th century to explain 
anginal pain. According to Lie these theories can be grouped together into three prominent 
schools of thought: coronary theories, nervous theories (the most popular during the 19th 
century) and aortic theories.' The coronary theory proposed atherosclerotic narrowing of 
the coronary arteries as the cause; nervous theories laid the origin of angina pectoris in a 
diseased nervous system; aortic theories in a diseased aorta leading to hypersensitive pain 
fibers in the beginning of the aorta. 
The flaw of the coronary theory - a continuous thread in medical thinking about angina 
pectoris throughout the centuries - was the lack of consistent correlation between the 
clinical picture and pathological findings. Autopsy evidence in some patients with angina 
showed no organic lesions in the coronary arteries; while other patients with organic lesions 
did not suffer from angina pectoris. Various schools of thought put forward theories to 
explain this. Most protagonists of the coronary theory during the first two decades of this 
century postulated in addition to atherosclerosis coronary spasm as a cause of angina. This 
postulate of a coronary spasm was in fact a combination of the coronary theory with the 
nervous theory.s Controversy over these theories reigned until in the late 1920s and early 
1930s the coronary theory emerged victorious. Thereafter the aortic and nervous theories, 
and the theory of coronary spasm were abandoned.9 In the mean time myocardial infarction 
had been recognized as a disease entity distinct from angina pectoris. IO 

Fixed coronary artery stenosis was thought to be the cause of myocardial ischemia. II 
Emphasis shifted to the coronary circula tion per se, and the new pathophysiological concept 
of "coronary insufficiency", emerged.12 The original view of Parry (1799) that the narrowed 
coronary arteries provided sufficient blood to nourish the heart at rest, but not when the 
needs of the heart were augmented during exertion, was restored.]) This concept had been 
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translated into the straightforward therapeutic objective: "Dilate the coronary blood vessels 
to increase the blood and oxygen supply to the heart and to restore the critical imbalance!". 
The nitrites were thought to dilate coronary vessels, hence were termed "coronary 
vasodilators", and were taken as the model for a highly desirable complex of 
pharmacological properties. Pharmacologists were constantly on the alert for drugs that 
exerted a specific dilating action on the coronary vessels. A whole array of coronary 
vasodilators, mainly derivatives of khellin, xanthine, papaverine - known to be potent 
smooth muscle relaxant agents -, were introduced in medical practice. 

7.2.1.3. The rise and decline of the coronary vasodilator concept in Anglo-American 
medicine. 

The coronary theory and the theory of coronary vasospasm enforced the use of coronary 
vasodilators in the treatment of angina pectoris. 14 Emphasizing "spasm" as the cause of 
angina the basic action of the nitrites was conceived of as an "anti-spasmodic" effect. 
Focussing on the "ischemia" of the heart during exertion the "vasodilating" effect was 
stressed. The "spasm" theory moved the nitrites into pathological conditions like 
pylorospasm, bronchial spasm, urethral colic, migraine, Raynaud's disease and biliary colic 
in which spasm was considered the underlying mechanism of disease. The "ischemia" theory 
led clinicians to try the nitrites in various pathological conditions in which blood flow was 
impaired due to sclerosis such as claudicatio intermittens and cerebral vascular disorders.ls 
Though it was eventually defeated, the theory of coronary spasm remained influential in 
Anglo-American cardiology during the 1930s and 1940s. Evidence of this is found in the 
repeated publications to expel the theory from medicine.16 MacAlpin refers to Kattus who 
remembers that even in the early 1940s coronary spasm was still an influential explanation 
for anginal attacks. 17 In contrast, MacAlpin notes: "On the contrary, during my own medical 
school days of the late 195 as, I was taught that coronary spasm probably did not exist. I well remember 
that at national cardiology meetings during the 1960s there was great reluctance even to use the term 
coronary arterial spasm". 18 Dispersed through his historical review he refers to British and 
American spokesman vehemently arguing against coronary spasm as the cause of angina 
pectoris.19 

With the turn of medical thinking towards the hemodynamic view as described in chapter 
6, the theory of coronary spasm was finally defeated. Within the framework of the laws of 
hydrodynamics and pump mechanics that reflected the clas:,~ idea of Harvey - the heart as 
a pump and the circulation as a pipe-line system - it is impossible imagine pumps and pipe
lines falling into spasm. By the 1950s the 'spasm' theory had declined and the concept of 
coronary vasodilation relied solely upon the theory of coronary insufficiency.2o 
During the 1950s scepticism about the coronary vasodilators began to grow in the Anglo
American world. Clinicians had set the task of evaluating the classic and newly developed 
coronary vasodilators, yet their methods of assessing the benefits of therapy profoundly 
changed. 
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Firstly, electrocardiographical techniques and standardized exercise tests were accepted as 
the standard for the evaluation of anti-anginal drugs.21 Secondly, the controlled clinical trial 
was introduced to evaluate cardiovascular drugs. Silber and Katz commented in 1953 on the 
state of affairs with respect to the coronary vasodilators: "It is apparent, from even a casual 
survey of the literature dealing with the medical treatment of angina, that confusion and conflicting 
reports surround the use of each of the coronary drugs currently in favour. Such discrepancy in results 
has as its basis the poorly designed clinical experiment". 22 

The repeated inability to show beneficial effects in controlled clinical trials evoked much 
frustration as expressed by Traks et al.: "It is a distressing fact that many substances which 
pharmacologically appear to be promising later fail to fulfill this promise in the course of direct clinical 
trial". 23 Clinical medicine urged experimental research to explain why nitroglycerine was 
the only effective coronary vasodilator. 
Initially, physiologists refined the coronary vasodilator concept. In the early 1950s Gregg 
and Sabiston had proposed a new classification differentiating between benign and malign 
vasodilation.24 Malign vasodilators increased coronary blood flow but did so by increasing 
the metabolic requirements of the heart. Benign vasodilators in contrast increased coronary 
blood flow without increasing cardiac oxygen consumption, and this is as Gregg and 
Sabiston pointed out, "obviously an excellent situation for the heart, in that it obtains its blood flow 
cheaply". 25 This classification gave a new meaning to the saying of Sir William Osler (1897) 
that "the patient with angina should learn to live within the income of his circulation". 26 This 
classification defined the criteria to be met by new benign coronary vasodilators. Yet after 
initial enthusiastic endorsement, most of these new agents fell into disrepute or lost 
popularity and the nitrites remained an important form of anti-anginal treatment. A new 
approach to the mechanism of action of the nitrates evolved (see chapter 5). 

7.2.1.4. The coronary vasodilator concept - a firmly rooted principle in German medicine. 

In German-speaking countries, i.e. West-Germany, Switzerland and Austria, the situation 
was quite different in the 1950s and 1960s. New benign coronary vasodilators were coming 
off the production line of German pharmaceutical companies (table 7.1). 
The Belgian-French region was also committed to the coronary vasodilator concept, but 
West-Germany formed the focusP Though the pharmacologists of these companies were 
acquainted with the scepticism in Anglo-American medicine, their research was intricately 
connected with the German medical world which firmly believed that coronary vasodilation 
was beneficial in the angina-patient. 



190 

Table 7.1 
Coronary vasodilators developed by phannaceutical industries in Gennan speaking 

countries and Belgium-France. 

German speaking countries 
Dipyridamole (Peraantln 0) 

1959 

Prenylamlne (SegOnti~ ) 
1960 o 

Verapamil Uaoptln ) 
1982 

o Carbochromen Untenaaln ) 
1983 o 

Hexobendlne (Uatlmon ) 
1964 o 

Nltedipine (Adalat ) 

1966 

Belgium-France 
o 

Benzlodarone (Ampllvlx ) 
1980 

Amlodarone (Cordarone~ 
1962 (ii\ 

Lldoflazlne (Cllnlum "I 
1966 

Boehringer 

Hoechat 

Knoll 

Caaaelia-Rledel 

Stlckatoffwerke AG 

Bayer 

Labaz 

Labaz 

Janaaen 

CHAPTER 7 

At a symposium about coronary vasodilators in 1969 the German cardiologist Kreutzer 
commented as follows: "There is certainly no therapeutic principle, despite the numerous 
experimental results, of which the clinical assessment is so varying as of the medicative coronary 
vasodilation. The data concerning the clinical effectiveness in the case of angina pectoris range from 
o to 90%. Particularly in the German language literature there are many research papers thatreport 
exceptionally small doses in an exceptionally short time. (. .. J In contrast there are negative 
evaluations, not least from the Anglo-Saxon literature, that at times even go so far as to totally reject 
this substance. Hence Fisch writes in a general review that none of these medications (he refers to 
Per santin, Segontin and AmplivixJ can be recommended for the treatment of angina pectoris". 28 

The German cardiologist Lichtlen noticed the same phenomenon when discussing the state 
of affairs of anti-anginal treatment in 1972. In his review about prenylamine (Segontin), he 
commented: "Accordingly, the clinical results - usually based on double blind tests - with regard to 
the anti-anginal effect are contradictory too. WhereasmostAnglo-Saxon authors -with one exception 
- report on the negative clinical results with angina pectoris, the German and French authors present 
numerous positive results". 29 



TARGETING IN DRUG RESEARCH AND THE MEDICAL SCENE 191 

During the interviews for this study many examples were given of the peculiar attitudes of 
German clinicians regarding beta blockade and coronary vasodilation and many interesting 
tales were heard. The following anecdote told by Kaltenbach perfectly illustrates the strong 
influence of the coronary vasodilator concept in German medicine: ''And I can still remember 
when I had this discussion with some colleagues in Freiburg and how I then raised my objections. They 
said: 'Yes, but Kaltenbach, listen./fyour mother now suffered from coronary complaints, would you 
deny her the coronary dilators? Surely, you cannot do that'". 30 

When confronted with this era in German medicine around the 1950s, German clinicians 
seem to be rather reluctant to recall this period. They have a sense of shame about the state 
of "immaturity" as Kaltenbach called it.3I Bender pointed to the enormous gap between 
clinical institutes and experimental medicine: "(..J one must say that in Germany, difforentfrom 
in the USA, there is a strong division in general - not here in Munster - between experimental 
research and the hospital, so that one doem't know what the other does, and they have developed in 
separate ways"; and in fact, he argues that this gap has continued to widen ever since. 32 

Kaltenbach pointed out: "Perhaps the physicians who used to be in charge at that time simply were 
not doctors to whom scientific thought was very dear, who had been educated in a medical science which 
was organised in a very difforent way". 33 

More particularly, two methodological issues were relevant. 
First, the use of exercise tests did not influence German medicine to the same extent as it 
did in the British and American speaking world, although exercise testing was essentially 
developed by pioneers like Knipping and Reindell: "Exercise tests were a stepchild in many 
hospitals. For example, in Dusseldorf they had started early with cardiac surgery but diagnostically, 
they were concentrating totally on cardiac catheterization. This could be expected since for the most 
part patients with vitia and teratism were treated, not coronary patients". 34 

This had consequences for the selection of patients for cardiovascular research and 
therapeutic evaluation of anti-anginal treatment: "And especially in relation with the testing of 
such medicines, we were presented again and again with studies with classic coronary dilators such 
as Per santin. And then I had to ask again and again: What exactly do you define as angina pectoris? 
If all chest troubles are regarded as angina pectoris, even Luminal can be miraculous medicine; but 
that ham't got anything to do with the effect on the coronary insufficiency". 35 

Indeed, German journals contained many therapeutic evaluations of anti-anginal treatment 
that defined their object, i.e. the angina pectoris patient, very differently in comparison to 
Anglo-Saxon studies.36 The German classification of angina pectoris will be discussed in 
more detail in section 7.2.3. 
Secondly, the double-blind controlled clinical trial was not as influential in German 
medicine as in the Anglo-American context. Several German clinicians pointed out that this 
fact is related to the social structure of medicine and health care in West-Germany. 
Pfennigsdorf stated: "Realization of a placebo-controlled double-blind crossover study of angina 
pectoris usually means that the patient must participate in the study for at least 10-12 weeks. Since 
most German hospitals do not have their own number of ambulant cases at their disposal, as a rule 
the patients can be recruited for e.g. examination of the effectiveness of coronary medicines with 
permission of the attending general practitioner only. Problems may arise on these occasions, since it 
is not seldom that the general practitioner in attendance is afraid to "lose" his patients". 37 

Against this background the differential course that the coronary vasodila tor concept took 
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in Germany, must be considered. Still, this is not to say that German medical views about 
coronary vasodilation were simple or irrational. The concept of coronary insufficiency was 
accepted as was the classification of benign and malign vasodilation. Moreover, the new 
views on the mechanism of action of the nitrites were accepted as well. However, these new 
theoretical insights were included within the German framework of the coronary 
vasodilator concept. This framework had two points of support. 
The first point of support was that pathology and biochemistry formed the frame of 
reference for discussing the benefits of coronaryvasodilating treatment, not physiology. On 
the one hand this implied that the hemodynamic way of thinking was not as influential as 
in Anglo-American medicine, and on the other hand the coronary vasodilator concept was 
developed in two directions. 
Firstly, it was hypothesized that coronary vasodilator agents improved the collateral 
circulation. Ithad been shown that prolonged administration of dipyridamole, for example, 
appeared to promote the development or enlargement of arterial anastomoses. So, it was not 
the direct dilation of coronary vessels that improved coronary blood flow but the indirect 
development of new meshes in the network of coronary vessels. In this sense the plasticity 
of the coronary circuit was of primary concern, a concept that was very akin to 
morphological and pathological thinking in German medicine. 
This way of thinking seemed to enable German clinicians to stand on firm ground in the 
swamp of uncertainty that ruled the debate about the coronary vasodilators. In 1969 
Kreutzer expressed this general feeling as follows: "Therefore it is understandable that there are 
great uncertainties concerning the administration of coronary dilators in the hospital. Opinions range 
from total rejection to large-scale medication even in the case of functional complaints (..) 
Notwithstanding the frequently disappointing clinical effectiveness of coronary dilators and 
notwithstanding the difficulties in oijectifjing their effects, for the moment it does not seem justified 
to generally denounce their administration. Experimental results concerning the collateral 
development are so impressive that it is advisable to administer coronary dilators for at least as long 
as it has not been established beyond doubtthat they do notfavour collateral development in the human 
heart. However, up to nuw this evidence has not been produced". 38 

Secondly, interference with the metabolism of the heart by coronary vasodilators was 
hypothesized. In this respect the theory of the potentiating effect on the action of adenosine 
attracted considerable attention. Adenosine represented one of the end products of the 
high-energy phosphates in the metabolism of the heart. It played a role as a regulator of the 
coronary circulation because it was a very potent vaso-active substance and it was believed 
to enhance the availability of substrates for heart metabolism.19 Another aspect of this 
biochemical approach is that whenever beta blockade was discussed for its beneficial effects, 
the terms sympathetic stimulation and sympathetic inhibition should be understood with 
due regard to their biochemical implications, not merely their hemodynamic consequences 
concerning cardiac work. In this respect, Raab's hypothesis had considerable influence in 
German medicine.40 

The second point of support was the nervous-vasomotor paradigm which formed the basis 
of the spasm theory. This not only influenced medical theory of angina pectoris, it also 
underlied the medical views about heart failure, low blood pressure, and other disturbances 
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of the circulation. While the spasm theory was eliminated from Anglo-Saxon medical 
theory, it remained influential in Germany, though in a specific way. It went 
"underground", and occasionally explicit references to this theory appear in German 
medical textbooks and literature. Sometimes one finds obvious disagreement with the turn 
Anglo-Saxon medicine took. So the German physician Mainzer wrote in 1958: "A classic 
observation by Gruber and Lanz proved, in addition to other facts, that coronary spasms can also occur 
with arteries that are intact. As a consequence of an epileptic fit with tightness of the chest, they were 
able to find myocardial necroses with perfect coronary arteries. Their observation has not been 
changed, not even as a result of the furious attacks undertaken by the English clinician Pickering, who 
referred to their notions as "a grotesque myth of idiots". 41 

The spasm theory was concealed in concepts that did not betray their origin, but were used 
to signify the influence of the autonomic nervous system on the cardiovascular system. 
Thus, this theory keeps on playing a central role, though camouflaged, in pathology, 
biochemistry and physiology of heart and blood vessels. The following two sections about 
medical views of heart failure and angina pectoris illustrate this point. 
It is remarkable that the nervous-vasomotor paradigm maintained its position in German 
medicine for such a long time, certainly when it had already been pushed aside in Anglo
American medicine during the 1930s and 1940s. Though a variety of factors such as the 
relative isolation of German medicine before and after the Second World War and its 
hierarchical organization, explains this continuity, it also springs from cultural traditions 
that stretch far back in German history. Payer stresses the deep-lying and lasting influence 
of the intellectual and cultural movement of "Romanticism" in German medicine. An 
important aspect of this influence is according to Payer "the notion of the synthesis or 
interplay of opposing forces" that underlies typical German disease entities such as vaso
vegetative dystonia, circulatory collapse and low blood pressure.42 However, there are other 
cultural and social factors including therapeutic pluralism in German medicine associated 
with a close relation between regular and alternative medicine. The influence of 
pathological-biochemical and nervous theories on German medical views of heart failure 
and angina pectoris will become clear in the following sections. 

7.2.1.5 Bibliometrical analysis 

To illustrate the differential course and timing of the coronary vasodilator concept in 
Anglo-Saxon and German medicine a bibliometric analysis was performed. For this purpose 
I took Charlier's textbook Antianginal Drugs of 1971 reviewing about 2600 articles and 
papers in the field,4l 
Charlier reviewed 274 articles published during 1959 - 1969 about five coronary 
vasodilators relating to angina pectoris; another 165 articles about propranolol wereviewed. 
(table 7.2). This sample was taken as a database to perform a bibliometric analysis (see 
Appendix III for the methodology). 
Although Charlier was a proponent of the coronary vasodilator concept and worked at the 
firm Labaz that developed a coronary vasodilator, he changed his ideas in favour of the 
Anglo-American views about angina and nitrites.44 In his first book in 1961, entitled 
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Table 7.2 
Number of articles relating to coronary vasodilators, and 

propranolol published from 1959 to 1969 
(reviewed by Charlier (1971». 

Coronary vasodilators 

Prenylamine 

Benziodarone 

Dipyridamole 

Carbochromen 

Hexobendine 

Beta blockers 

Propranolol 

Number of articles 
included in sample 

48 

48 

96 

46 

36 

274 

165 

CHAPTER 7 

Coronary Vasodilators he defended the coronary vasodilator concept, in his second of 
1971 he dismissed it.4S Since Charlier took a position between that of the German and 
English speaking world, articles from both viewpoints were covered which is rather unique 
in medical literature of the 1960s.46 Through his eyes perceptions in the two medical settings 
have been analyzed. 
The citation results obtained yield clear-cut differences between the Anglo-Saxon and 
German medical context as shown by figures 7.1, 7.2 and 7.3. 

Anglo-American 
n=28 

Figure 7.1 

German 
n=72 

Other 
n=39 

D positive 

~ negative 

£2) exploratory .. 

Distribution of type of clinical judgment about coronary vasodilators classified as positive, negative and 
exploratory in Anglo-American, German and "other" medicine. 
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Almost 60% of the clinical articles in Anglo-American journals about the coronary 
vasodilators were negative. In contrast, 75% of the clinical articles in Germanic journals 
were clearly positive. The journals of the "Other"-type take a position closer to the 
Germanic category, mainly because Belgian and French journals contained many positive 
clinical articles. 
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Figure 7.2 
Number of articles on beta 
blockers published in Anglo
American medical literature: 
(.) total number of articles 

'(e) number of clinical 

articles 
(0) clinical articles with 

positive evaluation 

The Anglo-Saxon world turned away from the coronary vasodilators and rapidly moved to 
the field of the beta blockers as shown in figure 7.2.47 The steep curve for all three categories 
of articles indicates the rapid acceptance of the beta blockers.48 Almost 90% of all the articles 
reviewed by Charlier appeared in Anglo-American journals. A similar figure representing 
the German situation is therefore impossible and irrelevant. 
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Figure 7.3 
Number of articles on five 
coronary vasodilators 
(including dipyridamole) (.) 
in comparison with the 
number of articles on 
dipyridamole only in Anglo
American journals (D). 
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Almost all of the experimental and clinical articles about the coronary vasodilators published 
in Anglo-American journals concerned dipyridamole (figure 7.3). In the German context 
dipyridamole accounts for about 30% of all articles meaning that the compound is just one 
of the many coronary vasodilators used in clinical practice, though it was a highly 
appreciated drug. British and American doctors used dipyridamole as a tool to trace the 
mechanism of action of the nitrites, to mark the desired profile of new anti-anginal drugs 
and to differentiate between various mechanisms in experimental and clinical research. In 
short, dipyridamole was used as a technique to crack the mystique about the coronary 
vasodilator concept. In the German setting the same technique "fixed" the concept. 

7.2.1.6 Conclusions 

The coronary vasodilator concept maintained its established position in German medicine 
for a considerable time. Moreover, it was not a static view but was carried through to the 
frontiers of biochemical and pharmacological research in the German speaking countries. 
Conservatism in German medical practice formed a major impulse to German industries to 
develop new coronary vasodilators and to basic sciences to develop new concepts. In 
contrast, Anglo-American medicine had relegated the coronary vasodilators to the back
seat of anti-anginal treatment at a much earlier stage. 

7.2.2. Medical views about heart failure 

7.2.2.1. Introduction 

The definition, etiology and mechanism of heart failure have been debated for over a 
century, and are still a source of controversy. The survey of the achievements and trends in 
this particular field of medicine cannot be historical in the same sense as were the earlier 
sections concerning angina pectoris. This section about heart failure will therefore deal with 
the most prominent differences in the frames of reference between Anglo-Saxon and 
German definitions of heart failure. The hemodynamic framework in which Anglo
American physicians discussed heart failure will be covered (7.2.2.2.). In contrast, German 
physicians discussed the issue within a pathological-biochemical and ergometric framework 
(7.2.2.3.). Subsequently, three German disease profiles regarding heart failure will be 
described in more detail (7.2.2.4.). 

7.2.2.2 Anglo-American medical views about congestive heart failure: Starling's Law of the 
Heart. 

Since William Harvey the heart has been a major pre-occupation of the physiologist and the 
clinician. So essential is the pump function of the heart that, if the left ventricle expels one 
drop of blood less per beatthan the right ventricle, within three to four hours about one litre 
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additional blood would accumulate in the lungs which causes shortness of breath (dyspnea), 
cough and sputum secretion. If the reverse should occur, an equal amount of blood would 
accumulate on the venous or right side of the circulation with the result of venous distention, 
enlarged liver and peripheral edema.49 Congestion (fluid retention) is so much a central 
feature of heart failure that Anglo-Saxon physicians called it congestive heart failure 
whereas German physicians coined the equivalent term "Stauung" ("Herzinsuffizienz mit 
Stauung''). 
Two diametrically opposed schools of medical thought concerning the mechanism of heart 
failure have governed medicine for decades. The theory of backward failure, which goes 
back as far as James Hope (1852), contended that heart failure causes a rise in pressure 
"backward", that is to say upstream from the failing heart. This theory was based on the 
clinical picture of left-sided heart failure that leads to an increase in pressure in the lung 
circulation and therefore to congestion of the lungs. Subsequently, right heart failure 
develops because of the increasing work load made upon the right heart with the result of 
congestion in the systemic vessels, liver and edema. The theory of backward failure 
explained the sequence of clinical manifestations ofleft heart failure that is still recognized 
as the most common form of congestive heart failure in medical practice. 
After holding sway for nearly a century, this theory was replaced by the theory of forward 
heart failure, particularly expounded by the distinguished British clinician Sir James 
MacKenzie (1913). MacKenzie maintained that the clinical manifestations resulted directly 
from the inadequate discharge of blood into the arterial system.50 For MacKenzie, the 
functional state of the heart was the key feature of heart failure; organic change of cardiac 
tissue was of no importance.51 MacKenzie's views were broadly accepted by his 
contemporaries in the British medical world.52 
In the following years, the ideas of cardiac failure were fundamentally revised, particularly 
Starling'S concept (1918) and its translation into the clinician's view of heart failure. 
In order to make this point clear it is necessary to trace some of the compensatory events 
of the normal and the failing heart as implied by Starling'S concept. When the heart has to 

expel blood while there is an increased resistance to outflow, for example in the case of 
hypertension, it ejects less blood than it received. Consequently, the pressure in the heart 
rises, the heart becomes slightly dilated and this dilation makes the pressure return to normal 
and improves the contraction. The heart's output becomes larger until it ejects as much 
blood as it receives. In this way the equilibrium is restored. 
The same mechanism operates when for some reason venous flow to the heart increases. In 
both cases the heart is able to adapt itself to changes over a wide range. However, when the 
heart fails, it no longer pumps as much blood as it receives and consequently, there is a rise 
in pressure as well as a dilation. In a sense, the heart acts like a bow. As the string is pulled 
out more strongly, the arrow darts off with more power and higher speed into the air. 
Similarly, the lengthening of the muscle fibers due to the dilation results in an increased 
force of contraction and propulsion of blood. This fundamental type of adjustment was 
coined with the term "Law of the heart" by Starling and his colleagues. 
It took some time before clinicians started to translate Starling'S concept in terms of the 
symptoms and signs seen at the bedside, but during the 1930s and 1940s it became to be 
known as the Law of the Heart.53 Medical views about heart failure have been shaped 
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largely by the work of Cournand in the USA and McMichael and Sharpey-Schaefer in 
England.54 A theory of congestive heart failure in the centre of which stood the Law of the 
Heart. On the basis of hemodynamic monitoring in patients with cardiac failure made 
possible by cardiac catheterization itwas demonstrated that eleva tion of the venous pressure 
was the primary mechanism in congestive heart failure. Though increased intra-cardiac 
pressure operated for some time as a compensatory mechanism for increasing cardiac 
output, sooner or later this would fail and overloading would occur.55 British and American 
textbooks and medical literature continuously stress the applicability of Starling's law to 
man. Wood stated in his textbook that "McMichael and Sharpey-Schaefer have developed a 
theory of congestive failure which is in accordance with Starling's Law of the heart". S6 Pickering 
declared in his 1958' paper delivered before the Washington State Heart Association that 
"Starling's concept of the nature of heart failure was closely in accord with what actually happens in 
man". S7 Subsequent editions of the textbooks of Harrison, Hurst and Friedberg also testify 
to the applicability of Starling's law to man.S8 This is not to say that there was no 
opposition.s9 A large number of clinicians spoke and wrote about the discrepancies between 
the law and the observations in man.60 Yet, heart failure was defined within the same 
intellectual and technical framework.The advent of cardiac catheterization techniques 
enabled clinicians to measure intra-cardiac pressures and cardiac outflow. Accordingly, 
congestive heart failure was defined within this hemodynamic framework. Despite the 
controversy, the general feeling was that Starling's law was applicable in man.6J 

By the end of the 1950s, however, awareness grew that myocardial contractility might be 
governed by other mechanisms than Starling's law alone. This realization came from two 
sources. 
One source was the basic sciences trying to provide Starling's law with an ultrastructural 
basis. New insights were collected regarding the structural mechanisms underlying the 
contractile process of the heart's muscle. In this sense the characteristics of the bow's string 
itselfformed more and more the centre of scientific interest. In as much as Braunwald's work 
on heart failure can be taken as reference for the way this concept entered cardiology, one 
has to conclude that the basic sciences provided "an ultrastructural basis of Starling's Law" .62 

This basis consisted of two general properties of the heart's muscle, i.e. "a change in initial 
muscle length which is the basis of the Starling mechanism and a change in the contractile state of 
the heart as brought about by an inotropic intervention". 63 Precisely this latter is in direct 
opposition with Starling'S law of the heart as it had governed medical views for many years. 
The other reason to question Starling's law came from clinical practice. The autonomic 
nervous system attracted much attention from clinicians during the 1960s. The importance 
of the sympathetic drive in patients with heart failure was shown by the dramatic effects of 
beta blockade in these patients. Clinical experience with guanethidine forecasted this 
event. Awareness grew that neurogenic reflex and humoral compensating mechanisms 
might be more important in circulatory adaptation than the operation ofFrank-Starling's 
Law of the Heart.64 
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7.2.2.3. German medical views about heart failure: The master of the circulation? 

How markedly different were German conceptions of heart failure! During the 1940s and 
1950s when Anglo-American medicine was elaborating on Starling's law of the heart, 
German literature is filled with accounts of the inapplicability of Starling'S views in man. 
Central to the German view seems to be the acknowledgement of the heart as a "part" of 
a "functional" system in which nervous and humoral mechanisms were crucial. 
It is interesting to note that as early as in 1942, the Austrian clinician Wenckebach criticized 
the perception of the heart as the master of the circulation. In so doing he was backed by his 
colleague Rudolf Kaufmann who denounced the important role of the vegetative system to 
which the heart and the circulation were subordinated. In his address to the Society of 
Physicians at Vienna in 1926 Kaufmann criticized the view that the heart is the sovereign 
master of the organism: ''Actually, I think the matter is asfollows: ifwe,following old opinions that 
were recently improved by WR. Hess, divide the corporal functions into two categories, viz. on the 
one hand the animal functions, to which belong the functions of the senses, the functions of the nerves 
that attend to the muscles and the senses, and particularly the functions of the muscular system, and 
on the other hand the vegetative functions, to which belong digestion, excretion, and particularly 
respiration, the relation of the heart to these functions can then perhaps be expressed appropriately 
when we say: 'The heart is servant to the animal functions and slave to the vegetative functions of 
the organism "'. 65 

These remarks were used by Wenckebach when discussing under the heading "ceteris non 
paribus" all the mechanisms that modify or transform the laws of hydrodynamics - which 
are treated under the heading "ceteris paribus" -to criticize the views of Harvey who 
compared the heart with King Charles I and ranked both with the sun, the centre of the 
universe on which everything turns. Subsequently, hereby referring to Kaufmann, he 
continued in writing: "What would Harvey have said, had he lived to hear that statement? As an 
old, wise man he would have been comforted: He had already had to experience his king's head falling 
on the scaffold! For us it is an advance to have realised that the heart too must serve, not master, the 
well-being of the community". 66 It is interesting to note that in the early 1960s, i.e. when 
attention for extra-cardiac mechanisms rapidly grew, Anglo-American scientists, notably 
Louis N. Katz, held the view that the heart was "as much the servant of the circulation as its 
master". 67 

Indeed, the glamour of the master role in the organism, if there is any, may have been 
attributed to the heart in Anglo-American medicine, German medicine assigned this 
honour to the vegetative system. The attention to a nervous and humoral mechanism was 
referred to by the German clinician Hans-Joachim Florian (1953) in terms of "a new way 
of thinking".68 Noteworthy of this term "new" as Florian wrote "seems to me the continuous 
dissociation from mechanistic to functional thinking as well as the realization that the heart is not 
merely a part of a circulatory system but organ in an organism". 69 

The healthy heart was able to adjust its pump function to the varying demands by means of 
nervous control mechanisms. The heart was capable of increasing its force of contraction, 
not on the basis of the Law of the Heart (or not alone), but due to "inotropic" mechanisms 
(as well), e.g. qualitative changes going on in the heart that increase its power. The simple 
analogy of the bow helps us to understand this remarkable change. Not the stretching of the 
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bow's string, but the use of another string, stronger and more elastic, would increase the 
power with which the arrow darts off. The failing heart was not able to respond in this way. 
The functional state of the circulation influenced its structure and vice versa. 
The description of some relevant pathogenetic concepts may illustrate this reciprocal 
relationship between structure and function. 

Pathological strains imposed upon the heart were divided in two categories: pressure-load 
and volume-load. 
A pathological pressure load in hypertension, hypertonic dysfunction or valvular stenosis is 
initially compensated by nervous and humoral control mechanisms that increase cardiac 
contractility. In addition hypertrophy of the heart, a structural compensation, develops in 
the course of weeks or months. This hypertrophy is essentially a normal and efficient 
mechanism of adaptation that merely arises under pathological conditions. There is no 
increase of cardiac inflow or intra-cardiac pressure. The size of the heart remains normal 
or even small instead of enlarged as in manifest cardiac failure. 
A pathological volume load occurs in valvular insufficiency, cardiovascular shunts or 
malformation, arterio-venous aneurysm and in cases of increased cardiac output (anaemia, 
"high output hypertension", etc.). A regulative enlargement of the heart develops. This 
enlargement was not the result of a passive dilation ("stretching" and thus "lengthening" of 
the cardiac muscle fibers) caused by an increased filling pressure on the basis of the Starling 
mechanism but instead by some regulatory mechanism. The concept of "regulative 
enlargement" ("Regulative Herzvergrosserung") was developed in the context of sport 
medicine.70 Presumably, enlargement of heart in sportsmen originated from a loss of muscle 
tonus induced by the parasympathetic part of the autonomic nervous system. This 
regulative dilation was considered as a precursor as well as a stimulus of subsequent 
hypertrophy. 
The basic question arose whether or to what extent hypertrophy was compatible with 
normal activity of the heart. An important concept in German medical literature to answer 
this question was the "critical weight" of the hypertrophous heart. Beyond that critical point 
the supply of energy and oxygen was insufficient and the heart was unable to maintain its 
contractile function. Consequently, "contractile" or "muscular insufficiency" arose.71 

Beyond the point of "critical weight" compensatory mechanisms attempted to overcome 
this disturbance and are essentially the same as presupposed in Starling'S law of the heart.72 
On the basis of the Starling' mechanism the heart dilated in order to restore its contractile 
function which was called "myogenic dilation" ("Myogene Dilatation").73 Simultaneously, 
other mechanisms like morphological changes in the heart muscle, might add to this 
dilation. This adaptive dilation would succeed only partially. In general it was considered 
that when no improvement of the underlying disease occurred, oxygen and energy 
conditions were so poor that a vicious circle emerged and further structural damage 
occurred with the result of irreversible states of cardiac dilation. 
Obviously, "hypertrophy" and "dilation" are essentially concepts from morphology, 
anatomy or histology. However, the changes in the heart were surmised from clinical and 
clinico-roentgenological studies as well. The view, that governed Anglo-American 
medicine, that dilation and hypertrophy are both compensatory mechanisms in response to 
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the same stimuli, did not apply to German medicine.74 At the bedside German clinicians 
attempted to delineate different forms and stages and distinct relationships between dilation 
and hypertrophy. A typical form of cardiac dilation as clinically encountered may illustrate 
this point. 
In various patients with heart failure German clinicians observed an enlarged heart was 
present at rest but without an increase in pressure whereas during exercise the pressure 
rapidly increased.7S This paradoxical state was perceived as contradictory to Starling's law 
of the heart because this implicated that dilation, e.g. enlargement, was not due to an 
increased pressure. The dilation was instead explained on the basis of structural changes 
in the hypertrophied heart. This change implied that a normal or only a slightly raised 
pressure was able to cause a marked dilation of the heart. 
At this point the concepts of the German pathologist Linzbach during the 1940s and 1950s 
were very influential,76 According to Linzbach this dilation originated from are-structuring 
of cardiac muscle. This implicated a "slippage" or detrimental re-arrangement of muscle 
fibers in particular areas of the heart. This re-arrangement was due to morphological 
changes induced by necrosis, scarring and interstitial inflammatory changes in cardiac 
tissue. Thus, the heart was able to "flow out" under normal filling pressure as is the case in 
rest. This regional "overstretch" was coined with the term "plastic dilation" ("Plastische 
Gefiigedilatation").77 

It is interesting to note that German clinicians urged pathologists to throw up new concepts 
of dilation. For it was observed that severe states of dilation were capable of a rapid return 
to normal,78 Subsequently, biochemical hypotheses were put forward that dilation resulted 
from a "loss of tonus" due to energetic disturbances. The German clinicians aware of their 
position contrasting with the Anglo-American views distinguished "energetic 
insufficiency" from "dynamic insufficiency". The latter denoted the hemodynamic 
characteristics exhibited by congestive heart failure, the former cardiac insufficiency in 
which energetic disturbances were central. To explain this difference Hegglin, a well known 
clinician in Zurich, drew upon the analogy with the petrol motor. A motor fails when the 
demands made upon it are too high, e.g. too heavy chassis, leaking valves, impassable roads, 
etc. ("hemodynamic insufficiency") but also when the fuel is inferiorF9 Accordingly, 
Hegglin classified several forms of "energetic" heart failure during the 1940s and 1950s.80 

Though clinically acknowledged as a minority case, these energetic forms of heart failure 
were considered as well-defined nosologic entities and formed the target of frontier research 
in biochemistry. This is yet another aspect of the typical German intellectual framework. 
It explains why the pathological tradition in German medicine was occupied with 
biochemistry at a very early stage. The connection between biochemistry and pathology in 
German cardiovascular research formed a fertile soil for the experimental work of 
Fleckenstein who took up this issue of active tonicity of the heart muscle.8) 
In what follows three clinical profiles will be described that are the primary consequence of 
the German intellectual framework. 
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7.2.2.4. Three clinical profiles of heart failure 

1. "Failure on effort" 

German clinicians distinguished between heart failure in rest and during exercise ("Ruhe
insuffizienz" - "Bewegungsinsuffizienz").82 Heart failure in rest ("Ruhe-insuffizienz") was 
defined as the state in which clinical manifestations, with or without congestion, were 
present at rest. Heart failure on effort ("Bewegungsinsuffizienz") denoted the state that 
cardiac performance is in accordance with the physical strain at rest, but not during exertion. 
Other terms for this category "Bewegungsinsuffizienz" were "Friihinsuffizienz" ("early 
failure"), "Latente Insuffizienz" ("latent failure") or "Prainsuffizienz" ("pre-failure"). Thus, 
heart failure was considered as a gradual phenomenon between two extremes: latent and 
manifest heart failure. The most extreme and severe form was the full-blown picture of 
congestive heart failure. 
Diagnosis of the various stages of heart failure was performed by ergonomics using exercise 
as the standard of circulatory function. This ergometric approach was very popular in 
Scandinavian and German speaking countries.8) Though various tests have been developed 
and tested in United States of America and Great Britain, Anglo-American physicians never 
accepted ergonomics as widely as Swedish or German medical doctors because of the 
variable results and the purported overlapping between normal subjects and cardiac 
patients.84 

These problems were acknowledged by German physicians as well, but apparently their 
evaluation differed.85 Various clinical centres in West-Germany developed new techniques 
and parameters to account for the overlap between normal and pathological circulatory 
function. Particularly the schools of Brauer and Knipping ("Brauer-Knippingschen 
Methode"), Reindell, Klepzig and Roskamm developed ergometric tests that were very 
influential in Germany. Furthermore, the Scandinavian schools of Nylin, Wallstedt, and 
Sjohstrom played a major role.86 ''At that time, in the fifties, the Swedish school had an extremely 
good reputation. Indeed, I think they used to be really good", as Kaltenbach stated.87 

The method developed by Reindell and his group (H.W. Kirchhoff, K. Konig, K. Musshoff 
and H. Roskamm) is illustrative for the intricate relationship of "structure" and "function" 
in defining heart failure. Reindell and his colleagues worked at the Institute of Occupational 
and Sport Medicine at the Medical University Clinic ofFreiburg and were very influential 
in German medicine. During the 1950s they published more than thirty articles, and during 
the period 1960 - 1965 about 35 articles concerning this method appeared in German 
medical journals.88 Reindell together with Klepzig wrote the chapters on Diseases of Heart 
and Vessels in subsequent editions ofthe influential textbook of internal medicine edited by 
Heilmeyer, a well-respected and very influential German internist.89 

The method was developed during the 1950s and early 1960s and was widely accepted in 
Germany. The basic idea of this test was to combine ergonomics as a function of the 
circula tory sta te and roentgenologic measures of the size of the heart as the standard for the 
pathological state of the heart. During an extensive series of studies the crucial parameters 
to measure function were standardized by reference to different aspects of the normal heart 
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and the normal organism. Subsequently, these standardized parameters were correlated 
with the size of the heart, i.e. the structure. The values obtained were used to differentiate 
between respiratory and circulatory failure, between the normal and the pathological state 
of the heart, and in the latter case between organic and vegetative disturbances of the heart. 
Different forms of regulatory dysfunction ("normotonic", "hypertonic", "hypotonic") as 
well as their sites and consequences were established as were the various forms of and stages 
in heart failure.90 Its significance laid in the diagnosis of the early and latent forms of heart 
failure amongst which "failure on effort" was a very prominent syndrome encountered in 
German medical practice. 

2. "Old age heart" 

Yet another clinical picture, e.g. the "old age heart" ("Das Altersherz") is illustrative, and 
it includes two major forms. Firstly, the "old age heart" in the clinico-pathological sense of 
the word, e.g. a heart that becomes "flabby" due to atrophy and other structural changes in 
the hypertrophied heart; the heart is like a limp bellows without elasticity and contractile 
power. This view is connected with a spectre of clinical signs that might be diagnosed 
particularly in people of over 60 years. 
Secondly, the "old age heart" in a more physiological sense of the word. Due to the changes 
of the human organism with increasing age, physiological and biochemical processes are 
performed less efficiently. The various parameters representing the normal function of 
various organs and tissues are inclined to shift to the abnormal. Thus, a picture emerges in 
which old-age is conceived of as a stage in human life in which changes due to aging interfere 
with normal activity. Obviously this picture is germane to a broad range between normal and 
abnormal. In the German setting it concerns particularly people in the age class of 50 -60 
years and precedes the group of elderly people of 60 years and older that have a flabby heart. 
Both forms have been recognized since the German clinician Wezler formulated the 
concept late in 1930s and early 1940s. On the one hand Wezler constructed the concept on 
the basis of pathological observations showing that the weight of the heart increased during 
life time but decreased in the elderly. These observations suggested that the heart lost its 
"functional mass" due to involutional changes. On the other hand he supported the concept 
of the old age heart in terms of "approaching limits of cardiac insufficiency" ("Naherriicken 
der Insuffizienzgrenze"). 
According to Wezler hypertrophy developed on the basis of a progressive increase in 
mechanical stress on the heart.91 Beyond a critical point, somewhere occurring at the age of 
55 years, a disproportion between the mass of the hypertrophied heart and the demands 
made upon it would arise. Thus, a divergence between the curves of heart weight and of 
exercise performance formed the physiological basis of the concept. In this sense Wezler's 
concept preludes the two basic terms of structure and function with which German 
physicians came to define heart failure. During the late 1950s and 1960s, the concept of old 
age heart was connected with and translated into those offailure on effort, early insufficiency 
or latent insufficiency.92 However, it retained its status as a separate nosologic entity. 
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Thus, the concept of old age heart has a long tradition in German medicine, and it is still 
influential in contemporary practice. 

3. Angina pectoris and heart failure. 

The intensive evaluation of the active role of coronary insufficiency in the development of 
heart failure reflects in yet another way the intricate relationship between structure and 
function in German medicine. Whereas Anglo-American medicine disregarded any 
intimate relationship between coronary insufficiency (angina pectoris) and heart failure93 , 

German medical literature is full of pejorative references to this interrelationship. The 
various views that make up the typical German account can be summarized as follows. 
Angina pectoris was considered to be the disease associated with the development of 
structural changes of the heart in the long term. "Muscular insufficiency", that critical stage 
in heart failure, was believed to be the result of inadequate supply of oxygen and nutrients 
to the heart. Moreover, the risk of damage as well as the regenerative capacity of the heart's 
muscle was dependant on the adequacy of the coronary circulation. Angina pectoris was 
either a primary or a secondary cause in heart failure. The morphological characteristics 
describing angina pectoris and heart failure were the same. Hence, concepts like "necrosis", 
"rudimentary infarction", "dilation", "scarring" and "plastic dilation" were pertinent to 
both clinical pictures. In this sense the term structure figured most prominently in the 
description of both disease complexes, and there has been a considerable overlapping 
between angina pectoris and heart failure. 

7.2.2.5 Disease profiles of heart failure in Anglo-American and German medicine 

In summary, figure 7.4 approximates clinical taxonomy of heart failure in both medical 
settings. 

German Anglo-American 

Congestive Senile heart 

Altesherz 

Congestive 

/ 
Fa il~ in Angina 

Failure on effort Failure on effort 

Figure 7.4 
Disease profiles of heart failure in Anglo-American and German medicine, 1960-1970: the social impact. 
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Congestive heart failure is the dominant category in Anglo-American medicine, while in the 
German setting the situation is quite different. Here the three profiles as described above 
are substantial parts of the classification and are characterized by major overlap. The 
opposite category to failure on effort, namely failure at rest, is synonymous with congestive 
heart failure. At least it overlaps with congestive heart failure to a considerable extent and 
therefore it has been omitted from the graphical representation. Angina of effort is rather 
similar to the Anglo-American terms of grade 1 and grade 2 heart failure as proposed by the 
New York Heart Association during the 1920s. Though the category was familiar to 
physicians, it was not a dominant category. Therefore, the square denoting this category is 
relatively small in comparison with the squares representing the Anglo-American category 
congestive heart failure and the German nosologic entity failure on effort. 
The senile heart was a well-defined category in the English speaking medical world but 
represented a very specific form of destruction of cardiac muscle. It differs quite markedly 
from the German old-age heart and it was not a very important concept. 
To underline the marked differences between the views about heart failure in both medical 
worlds it is interesting to discuss some therapeutic aspects. Therapeutic strategies with 
regard to heart failure seem to have followed rather different courses. Dornhorst stated: 
"There has always been a considerable difference in the attitudes to cardiac failure between French 
and German physicians on the one hand and the British on the other. (...) Somehow the continentals 
were always more interventionist". 94 

Even in 1978 German physicians prescribed six times the amount of cardiac glycosides, the 
standard therapy of heart failure, as their British colleagues did. Moreover they are 
"winners" when comparing prescribing practices of cardiac glycosides in eight European 
countries (table 7.3).95 

Table 7.3 
Utilization of cardiac glycosides in eight European countries. 

([he data derived from Friebel (1982)). 

000/1.000 Inhabitants daily 

Federal Rep. Germany 64.29 

France 8.81 

Sweden 32.34 

Finland 42.38 

United Kingdom 10.16 

Norway 18.76 

Italy 16.65 

Spain 7.29 
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These quantitative characteristics of German prescribing practice may be related to the 
typical patient profiles as described in foregoing sections. The profiles of old age heart and 
failure on effort are still very influential in German medicine and are responsible for the high 
prescription of cardiac glycosides. 
It might be argued that the large amounts of cardiac glycosides prescribed are dependent 
upon social and economic factors and that there need not to be a direct relationship between 
patient profiles and prescribing practice. Yet, the clinicians when asked declared that cardiac 
glycosides were heavily used in the case of old age heart and failure on effort. Moreover 
qualitative data about the reasons why German physicians prescribe cardiac glycosides, 
notably arguments spelled out during the period 1940 - 1970, point in the same direction. 
Terms like "early digitalization" ("Friihdigitalisierung"), "Once digitalis, for ever digitalis" 
("Einmal digitalis, immer Digitalis") or "Digitalis, milk for the elderly" ("Digitalis, Milch 
des Alters") betray the development of digitalis treatment within the confinement of typical 
German views of heart failure. Moreover, the development of cardiac glycosides as a 
treatment of angina pectoris took place in German medicine during the 1930s and 1940s 
and underlines the interdependency of heart failure and angina pectoris. 
Thus, cardiac glycosides intersect with the German patient profiles of heart failure to a 
considerable extent. Behind the formal boundaries of scientific argument, German 
physicians were in conflict with their foreign colleagues, notably British and American 
clinicians, during informal meetings about the approach to cardiac failure. The next 
anecdote told to me by Chamberlain is evidence of this. Chamberlain recalled a clash with 
four German cardiologists around 1970 when he expressed his views about the minimal risks 
of beta blockers in heart failure and when he even dared to declare that the value of digitalis 
therapy might be less than generally presupposed: "Their notion was that weakening the heart 
beat could impossibly be good for the heart; what you should be doing was toning it up (..)". 96 Indeed, 
digitalis was and still is perceived by German physicians as the "tonic" of the heart par 
excellence. 

7.2.2.6. Conclusions 

From the very outset medical views of heart failure have been mechanistic, and the laws of 
pump and fluid mechanics were considered to apply to the normal and failing pump and 
transport function of the circulatory system. In accordance with this mechanistic approach 
two diametrically opposed schools of thought have governed Anglo-American medical 
views about heart failure. The technique of cardiac catheterization enabled clinicians to 
apply the sophisticated and increasingly ingenious laws of pump and fluid mechanics to 
congestive heart failure. 
The Law of the Heart was drawn into the clinical battle between forward and backward 
failure theories which in fact had been put forward to explain the clinical manifestations of 
heart failure, the key fea ture being congestion. This promptly raised the question ofwhether 
Starling's law was applicable or not. 
However, a controversy about this law never arose. Rather this law was taken up in a more 
general scheme of circulatory adaptation. Starling's law of the heart became one of the first 
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and major lines of defense called upon in circulatory adaptation to maintain the pump 
function.97 Altogether, the terminology developed in the 1960s prepared the era of a more 
dynamic perspective on heart failure in which nervous and humoral mechanisms of 
adaptation, interacted with the mechanics of the heart and the circulation.98 

German medicine took another direction. Structure and function were the leading terms 
with which German physicians defined heart failure. The strong emphasis on structure 
reflected the pathological tradition in German medicine which was certainly at variance 
with Anglo-American medical views. Similarly for the term function because this was not 
defined as the performance of the heart itself but as the functional capacity of the human 
organism. In this latter respect the performance of the heart was not defined in 
hemodynamic terms as was the case in Anglo-Saxon medicine but in terms of exercise 
capacity of the human being, i.e. an ergometric definition.The applicability of Starling's law 
was not so much denied but rather could not be settled in pathological-biochemical and 
ergometric terms. 
What has been said is in no sense meant to be a definitive account of the Law of the Heart 
nor of the richness of Starling's experimental work,99 The apparent discrepancies between 
German and Anglo-American medical perceptions of the (in)applicability of Starling's 
Law have been used to help sort out the differences between the intellectual frameworks 
within which heart failure was discussed. Using this example the analysis of the German 
medical views were confined to the three patient profiles which were encountered most 
frequently, which differed markedly from Anglo-American concepts and yet which could be 
considered the result of the typical German intellectual framework described above. 

7.2.3. Angina pectoris and coronary insufficiency in German medicine 

7.2.3.1. Introduction 

In this section the German medical views about angina pectoris will be described. In contrast 
with the reconstruction of Anglo-American clinical taxonomy (chapter 6), it is not intended 
to provide a history of developments, rather emphasis lies on medical views as they emerged 
during the 1950s. These views marked the definition of angina pectoris at a time when the 
beta blockers were about to appear, and markedly influenced clinical thinking during the 
1960s. 

7.2.3.2. Coronary insufficiency 

To characterize German views on angina pectoris a start can be made with the pathological 
concepts of Franz Buchner, a very influential pathologist in German speaking countries who 
worked at the Pathological Institute in Freiburg. During the 1930s and 1940s Buchner 
described various forms of coronary heart disease causing sudden death in patients who were 
found to have coronary atherosclerosis without coronary thrombosis or occlusion. 
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Nevertheless, their hearts were damaged ranging from small to severe pathological lesions. 
This damage was attributed to a state of acute coronary insufficiency ("Akute 
Koronarinsuffizienz"), i.e. an inadequate coronary blood supply. Coronary insufficiency 
denoted a clinical entity. It was built on selected cases who suffered from sudden death but 
not myocardial infarction in which "through-and-through" infarction of the heart was 
caused by thrombosis or occlusion of the coronary vessels. 
Under the heading of coronary insufficiency ("Koronarinsuffizienz") the range of coronary 
disease was classified. This spectre represented a continuum from the mild, transient forms 
of angina pectoris to severe anginal states with prolonged pain accompanied by objective 
laboratory and electrocardiographic signs of infarction (but not through-and-through). In 
contrast to Buchner's intention, myocardial infarction became classified within the category 
coronary insufficiency as the most extreme form. 
Obviously sudden death denoted a state of acute coronary insufficiency as did myocardial 
infarction. Chronic coronary insufficiency was considered as the repetitious occurrence of 
attacks of acute coronary insufficiency. This category denoted the collective noun of all 
forms of angina pectoris. 
Three subcategories were distinguished: angina pectoris simplex, angina pectoris gravis and 
status anginosus. The first concerned attacks of anginal pain that lasted maximally ten to 
fifteen minutes and generally responded fairly well to ni troglycerin. The second referred to 
attacks that lasted more than fifteen minutes associated with electrocardiographical signs of 
myocardial ischemia. Finally, status anginosus included those patients with severe pain 
lasting from half an hour up to several days, commonly originating from rest; ECG changes 
were very similar to those developing in infarction. The latter category will be dismissed 
from this reconstruction because it is rather similar to the Anglo-American category "status 
anginosus" . 
At first sight the first category mimics angina of effort because the terms "angina simplex" 
and "angina ambulatoria" are sometimes used interchangeably. However, the duration of 
attacks (up to 1 0 - 15 minutes) is considerably longer than in the case of the Anglo-American 
category typical angina of effort in which the duration of the attack is two to three minutes. 
Therefore the category angina simplex included patients who would be classified by Anglo
Saxon physicians as angina at rest, angina decubitus and so forth. German physicians also 
considered angina simplex as a broader category than angina pectoris ambulatoria. 
Figure 7.5 is taken from the German Medical Journal. The figure was presented by the 
German clinician Klaus Holzmann in his 1954' article entitled "Possibilities of 
differentiation in angina pectoris". 
It is interesting for three reasons. Firstly, it illustrates the three categories described above 
and their interrelationships. Secondly, it gives an impression about the quantitative 
rela tionship between the three entities. loo The numbers (expressed in percentages) are based 
on 400 patients who visited the Department of Internal Medicine of the Zurich' Hospital 
(Switzerland) and who were diagnosed by Hofmann as suffering from angina pectoris. The 
sum of the percentages exceeds 100% because in 26% of the cases two or three forms of 
angina pectoris were encountered in the same patient.lOl The percentages are impressive. 
On the one hand the categories angina pectoris gravis and particularly status anginosus 
exceed the numbers encountered in Anglo-Saxon literature, based on a subjective 
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Classification of three fonns of angina pectoris according to Holzmann: the relationships between the 
clinical patterns and the influences on the heart ("kleine Nekrosen-Narben": little necroses-scars; 
"Voriibergehende Ischamie (Koronarstenose-Spasmus)": transient ischemia (coronary stenosis-spasm; 
"mittelgrosse bis grosse Nekrosen-Narben: moderate to large necroses-scars). 
Reproduced with pennission from Holzmann (1954). 
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impression. On the other hand, the simultaneous appearance of several forms of angina 
pectoris, in Holzmann's sample in about 26% of the cases, reveals the emphasis on the 
multiplicity and a-typicality of angina pectoris in German medicine. As Holzmann wrote: 
"All clinicians experienced in the field of angina pectoris have stressed ever since the multiplicity of 
its symptomatology and its course". 102 

Thirdly, and most important, the division of three sectors that is depicted simultaneously 
with the three forms of angina pectoris in this scheme is quite characteristic. The upper 
sector denotes transient ischaemia whereas the left and right sectors below represent small 
and severe spots of necrosis and scars respectively. This sectional division refers to the 
pathological defect that is present in angina pectoris. 
Whereas in Anglo-American medicine coronary insufficiency increasingly denoted a 
physiological disturbance, German medicine laid emphasis on pathology. In this respect 
angina pectoris was considered as a serious disorder because in the long term the heart would 
become repeatedly damaged.10J Even mild and transient forms of anginal attacks 
purportedly evoked little spots of necrosis and structural damage in the heart. 104 This 
pathological way of thinking affected anginal treatment as well.105 Coronary vasodilators 
and other therapeutic measures were not merely stopping or preventing anginal attacks, but 
also preventing structural damage. 106 Coronary insufficiency was considered as an itera te 
process of physiological disturbances associated with an impaired function that caused 
pathological lesions, i.e. changes of structure. This vocabulary of function and structure, 
e.g. of "organic" and "functional", inspired German medical perceptions about the role of 
organic and functional factors in coronary insufficiency. 
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7.2.3.3. Organic and functional factors in German clinical taxonomy 

When Buchner formulated his concept of coronary insufficiency, he explicitly rejected the 
theory of coronary spasm. However, this theory never completely disappeared from 
German medicine, but remained disguised as one of the functional factors in angina 
pectoris. 
German usage of the term functional should be contrasted with Anglo-Saxon terminology. 
Comparative analysis is complicated by differences in epistemological frameworks in which 
medical knowledge about disease is organized. The conceptual scheme of etiology, 
pathogenesis, precipitating, contributory and predisposing causes, prognosis and treatment 
that pervaded the English speaking medical literature, is not used by German clinicians to 
the same extent. The comparative analysis of the term functional factors will be confined to 
etiology, precipitating factors and pathogenesis. 

Etiology 

Anglo-American medicine increasingly eliminated functional factors from etiology. This 
is not to deny their significance in heart disease. Functional factors were involved in disease 
entities such as functional heart disease, cardiac neurosis, nervous heart, soldier's heart and 
neurocirculatory asthenia. However, these clinical categories were considered as ill-defined 
syndromes of psychogenic or neurogenic origin and were disregarded as nosologic entities. 
Functional heart disease confronted the clinician with diagnostic difficulties. Its clinical 
significance lies in the sphere of differential diagnosis. As Levine stated in case of 
neurocirculatory asthenia: "The importance of this condition is that it must be recognized and not 
confused with organic disease". 107 

In contrast, German clinical taxonomy included functional factors as etiological causes in 
angina pectoris. This fitted in with the general attitude of German physicians of stressing 
the reciprocal relationship between organic and functional. Both were conceived of as two 
sides of the same process, originating from one or the other and leading from "transitory" 
to more or less "fixed" states of mal-adaptation. Accordingly, a sharp distinction between 
functional and organic factors was difficult or impossible. Textbooks continuously refer to 
clinical conditions in which the response of coronary insufficiency is evoked but apparently 
without organic lesions. In these conditions functional factors were predominant. lOS This is 
illustrated even more by clinical and experimental observations that functional factors were 
able to cause organic damage. 109 

Precipitating causes 

Functional conditions as emotional states, psychic pain or neurosis, sexual intercourse and 
excitement were considered by British and American doctors as precipitating causes. Such 
causes included all clinical conditions which, because of their close and sequential 
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relationship appeared to be concerned with the onset of the symptoms of a disease, in this 
case angina. These causes were considered typical when they revealed the same pattern as 
in exercise. The onset of pain is accompanied by the onset of the stimulus. When the latter 
disappears, pain rapidly vanishes. British and American clinicians considered physical 
exercise as the most frequent and most significant precipitating cause of angina pectorisllo, 

and whenever they stress typical angina pectoris, the relationship with physical exertion is 
described.lII 
In contrast, during this study three variants were found in German medicine. The first 
comes close to "angina of effort" and is called "angina pectoris ambulatoria". Yet, it formed 
a minority case in German clinical taxonomy.1I2 The second variant treated exercise and all 
"functional" factors equally in the sense that they precipitate angina pectoris, whether this 
is typical or atypical. The third variant does the same except that typical angina is associated 
particularly with exertion, whereas other functional factors precipitate atypical angina. The 
latter two variants seem to be more prominent in German medicine. 
Thus, Anglo-American usage of functional factors as precipitating causes applies to German 
medicine too but apparently two differences prevailed. First, German physicians left much 
more room for emotion, climate, psychic trauma in the complex of precipitating causes of 
angina pectoris. Second, they stressed the fluid transition between typical and atypical 
angina. 

Pathogenesis 

Anglo-American physicians considered the imbalance of supply and demand as the 
predominant pathogenetic mechanism in angina pectoris. Functional factors such as 
exercise, emotion, digestion or cold are superimposed on the structural defects of the 
coronary vessels such that the heart is unable to comply with the demands evoked by these 
precipitating causes. The anginal attack, therefore, is conceived of as a response by 
physiological mechanisms of adaptation that are in themselves nonnal. The term that 
denotes the normal status of these mechanisms is "mediation". The most significant 
mechanism by far that mediated between the human and its environment, be it internal or 
external, was considered to be the sympathetic system which formed the transit-house 
between the human being and his environment. 
In German medicine, however, the pathological state of the autonomic system itself was 
very prominent. Amongst a variety of terms like "imbalance", "irritability", "hyperactivity", 
"hypo-activity", "dysfunction", "sensibility" and "lability", the term "dysregulation" 
("Fehlsteuerung'') was the most popular term to denote the pathological state of the 
autonomic system, i.e. a failure of adaptation evoked by whatever mechanism which results 
in an inadequate steering of cardiovascular reflex and control mechanisms. 

This concept of dysregulation affected clinical taxonomy of cardiovascular disease in 
general as well as of coronary insufficiency in particular. In the former case the various 
cardiovascular circuits, e.g. coronary vessels, bio-electrical system, cardiac musculature and 
the peripheral vessels, were considered as triggers of dysregulation. Consequently, 
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prototypes of both acute and chronic regulatory disturbances of the cardiovascular system 
were identified. A quite common classification, for example, was to divide the chronic 
regulatory disturbances in four major groups: 
a. "hypertonic" disturbances of the general cardiovascular system; 
b. "hypotonic" disturbances of the general cardiovascular system; 
c. "regulatory disturbances of the heart" (dynamics, blood circulation, metabolism, sensi
bility); 
d. "local regulatory disturbances". 
Under these headings various clinical patterns were classified. Hypertension, for example 
fitted the pattern of "hypertonic" disturbances; hypotension that of hypotonic 
dysregulation while coronary insufficiency was related to regulatory disturbances of the 
heart. The objective of clinical diagnosis was to disentangle these basic regulatory patterns. 
The medical doctor was to watch carefully for the symptoms and signs that indicated the 
regulatory state of the cardiovascular system. Physicians asked for "nervous" symptoms to 
mark vaso-vegetative lability. They looked for sweaty hands and feet, redness or paleness 
and irregular breathing. Vasomotor reactions were tested with the patient in different 
postures: lying, recumbent, sitting and standing while watching various critical parameters. 
These "vegetative stigmata" marked the basic patterns of vegetative dystonia. 
From the therapeutic point of view a variety of measures were available to the physicians to 
restore this undesirable state. In this sense drugs for lowering or increasing blood pressure 
were considered not simply as antihypertensive or antihypotensive agents. Drugs like 
Sympa tol and Effortil which are alpha-adrenergic drugs were considered "stabilizers" of the 
vegetative system as well. The most prominent term that figured in German medical 
treatment, i.e. "Vegetative Umstimmung" which denotes the "tuning up" of the vegetative 
system, illustrates the typical German attitude to the vegetative system and its substantial 
role in cardiovascular disease. 
Vegetative dysregulation was also an important component of coronary insufficiency in 
particular. Firstly, it might affect the coronary circulation. Normally the sufficient 
circulation of the heart was considered to be guaranteed with healthy coronary vessels and 
a vegetative regula tion in good order. Accordingly, "the clinical picture of coronary insufficiency 
can be evoked through a multiple co-operation of functional and organic changes in the coronary 
vessels". 113 Secondly, vegetative dysregulation might affect disturbances in the metabolic 
and energetic processes in the heart. Thirdly, vegetative dysregulation induced changes in 
sensibility of pain. In complex ways, therefore, the vegetative system might be involved in 
the syndrome of coronary insufficiency. This reflected the attention that the vegetative 
system attracted in German medicine. As we will see this becomes apparent in the 
multiplicity of forms of angina pectoris. Let us now consider the clinical patterns of angina 
pectoris in more detail. 

The geography of angina pectoris in German medicine 

In addition to the clinical patterns described above German physicians distinguished 
between "Angina Pectoris Vera" and "Pseudostenokardie". The former denoted all clinical 
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patterns that are "true" angina pectoris, the latter those clinical conditions associated with 
angina-like complaints but without organic lesions. This terminology is confusing. For, 
"Angina pectoris vera" and "Pseudoangina" are quite opposite terms as are "Stenokardie" 
and "Pseudostenokardie". The former distinction, i.e. "Angina pectoris vera" and 
"Pseudoangina", refers to clinical symptomatology, the latter distinction to pathology; 
literally "Stenokardie" means "stenosis of the heart". In practice, however, these 
distinctions lost their significance. Hence, "Angina Pectoris Vera" was contrasted with 
"Pseudostenokardie" . 
Another clinical syndrome that is distinct from but closely related to" Angina Pectoris Vera" 
and "Pseudostenokardie" concerns vasomotor angina ("Angina pectoris vasomotorica''). 
This syndrome appears in patients on the basis of vegetative dystonia. Very often these 
patients are marked by "vegetative stigmata" and the nature and character of anginal pain 
is different from "real" angina. The syndrome most commonly affects subjects of thirty or 
forty years and very often females in critical stages of their lives, i.e. menstruation and 
menopause, psychic trauma, conflict and anxiety. Considering the type of patients as well 
as the circumstances related to the appearance of angina pectoris vasomotorica, the 
syndrome had much in common with "Pseudostenokardie". 
On the other hand the anginal attacks could be very much like those of real angina pectoris. 
Under the surface of this similarity the major difference was that the coronary vessels in 
angina pectoris vasomotorica were structurally sound. Vegetative disturbances either 
affected the coronary vessels or changed the sensibility or nervous pa thways of anginal pain. 
It is no wonder that considerable overlapping between angina pectoris vera and 
vasomotorica existed. The rather fluid boundaries between the syndromes were stressed and 
mixed forms were acknowiedgedY4 Elderly people, for example, were susceptible to 
vasomotor lability but undoubtedly were beset with structurally defective coronary vessels 
as well. The idea of vasomotor changes on the basis of vegetative dystonia prominently 
figured in German medical practice. 

Finally, we have one last form of angina pectoris to discuss: "Verkettungsangina". The term 
"Verkettungsangina" is difficult to translate but it essentially denoted the entanglement of 
a particular disorder with angina pectoris. This entanglement consisted of two possibilities. 
The first was that the underlying mechanism of some disorder elicited angina pectoris - with 
or without organic lesions of the coronary vessels. The second implied that a variety of 
disorders induced reflex changes in the nervous pathways thus modifying the symptoms and 
signs of angina pectoris. This concept of entanglement was introduced by the French 
physicians Froment, Gonin and Bruel who called this syndrome "Angor intrique". (1956, 
1952) These authors described patients in which angina pectoris and another clinical 
disorder coexisted in such a complex way that atypical angina pectoris became manifest. 
Syndromes like radicular syndrome, peptic gastric or duodenal ulcer, gallbladder disease, 
diaphragmatic or para-esophageal hernia and vegetative dystonia were capable of 
transforming typical angina pectoris into atypical forms. So much emphasis was given to 
atypical angina that Froment formulated the thesis: "Whenever in angina pectoris 
precipitating factors, time course, radiation or reaction of the pain on administration of 
nitrites differ from the typical pattern, this is sufficient to search for the modifying factors 
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that originate from simultaneously present disorders".115 Atypical forms of angina pectoris 
formed a major concern to the physician. 
The concept of "Angor intrique" was picked up readily and rapidly by German clinicians. 
Mainzer (1958) coined the term "Verkettungsangina"; Delius (1959) the term "implikative 
Kardialgie". However, German medical literature of the 1950s was already filled with 
observations that were similar to those ofFroment and concerned the overlapping between 
angina pectoris and other chest pain syndromes. 1 16 It was particularly the renowned clinician 
Delius who developed and elaborated the concept of "Angor intrique", and following 
Froment two major forms were discerned by Keller, a co-worker of Delius (figure 7.6). 
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2. Verketlung ainer koronaren Herzkrankheit mit 
vegetativen-nervosen Regulationsstorungen; 

• 'intrication neuro-coronarienne' (Froment und Gonin); 
• Verkettungsangina II; 

3. Verkettung vegetativer Innervalionsstorungen mit 
postmedulliiren Nervenirrilationen; 
• Quadrantensyndrom (Petie, Oorung, Laux). 

Classification of two fonns of "Verkettungsangina" in Gennan medicine. 
Reproduced with pennission from Keller (1960). 

The first form concerned the entanglement of angina pectoris with vegetative dystonia 
("intrication neuro-coronarienne" (Froment», the second with vertebral or digestive pain 
syndromes ("intrication vertebro-coronarienne" or "intrication corona rienne-digestive" 
(Froment». The third type of 'entanglement' is not of interest here. Both types of 
entanglement were conceived of as a type of two-way traffic one syndrome expressing the 
other that was yet clinically latent. In both cases atypical angina pectoris would arise though 
especially in the case of vertebral pain syndromes typical angina might appear as well. 
The category "Verkettungsangina" did not represent the mere coexistence of two 
syndromes. 
As Delius' colleague Keller wrote: "If there is, for example, a second disease additional to but 
independent of a coronary disease, located outside the heart, then, as a rule its occurrence by no means 
results in mere co-existence. It much sooner leads to highly complicated linkage or entanglement, and 
new patho-genetic conditions come into existence that typically modify the usual clinical pattern of 
"stenocardiac" attack. That attacks of angina pectoris can be explained in this light, and that they take 
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on a new, yet again typical shape under the influence of linkage, are facts that have not been known 
to clinical medicine for a long time and could only be proved during the last few years". 117 

This classification of"Verkettungsangina" as a separate category in clinical taxonomy makes 
the task of differential diagnosis of angina pectoris more difficult. This contrasts with the 
English speaking medical world. Clinical history, laboratory measurements or other 
investigations able to substantiate an alternative diagnosis, e.g. radicular syndrome, were 
sufficient to reject the possibility of angina pectoris. Anglo-Saxon textbooks repea tedly refer 
to the variety of conditions to which cardiac pain has too often erroneously been attributed. 

Pseudostenokardie 

Gravis 

Ambu latoria 

Simplex 

\ 

Vasomotorica 

Verkettung 

Figure 7.7 
Profiles of angina pectoris in Gennan medicine, 1960-1970: the social impact. 

In summary figure 7.7 represents German taxonomy of angina pectoris around 1960. All the 
profiles represented have been explained in the text. It becomes clear that German 
physicians defined the "angina patient" quite differently to their Anglo-American 
colleagues. 

Part 2. The influence of medical perceptions on targeting in drug research. 

7.3. The beta blocker project at Boehringer Ingelheim. 

Founded in 1885 by Albert Boehringer in Ingelheim on the Rhine, the chemical factory 
c.R. Boehringer Sohn has developed into an international pharmaceutical enterprise. The 
firm operates on a world-wide scale and consists of many companies active not only in 
pharmaceuticals but also in veterinary medicine, laboratory diagnosis, chemicals, bakery 
products and plant pesticides. Since the firm's advance into the territory of synthetic drugs 
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in the second decade of this century, heart and lung diseases have been major targets of 
scientific research. 
Mter some initial successes Sympatol, a preparation to stabilize the circulation, was 
developed in 1931. With this drug which is still available today, research into 
sympathomimetic compounds took a fresh start resulting in a variety of drugs. One of the 
most successful drugs was Aleudrin (isoprenaline), a medicine for the treatment of asthma 
that was introduced in 1942. Successors to this drug were orciprenaline (Alupent) and 
fenoterol (Berotec) introduced and developed during the 1960s. Boehringer was also 
successful in the field of heart medicine. In 1949 Vasculat, a medicine for the treatment of 
peripheral vascular disorders, and 1955 Effortil, also a preparation to stabilize the 
circulation, were introduced. Both products became important elements of cardiovascular 
treatment, particularly in the German speaking countries and are still available. 
After the Second World War Boehringer established, in addition to its research department 
at Ingelheim a second research centre, i.e. the firm of Dr. Karl Thomae GmbH in Biberach, 
in the South of West-Germany. One of the early and major achievements of this research 
centre was the development and introduction in 1959 of dipyridamole (Persantin), a 
coronary vasodilating agent for the treatment of coronary heart disease which is still 
commercially the leading drug of the company. The research centres together developed 
more than fifty medicines amongst which are many therapeutically significant drugs. 

Research into the sympathomimetic drugs unexpectedly branched into the realm of the beta 
blockers. Late in the 1950s the Boehringer scien tists became aware of the publica tions about 
DCI: "Then, towards the end of the fifties, we heard that a dichlorine derivative of Aludrin had been 
synthesized at Eli Lilly, one that hadn't been produced here up to then; and that was somewhat like 
an electric blow: 'Why didn't we make that?' 'Is that so difficult?' And so on. So ... and of course with 
the remarkable feature that this compound also had blocking qualities. So actually it was DCI that 
put us on this matter, this discovery of DCI". liB 

DCI and some derivatives of adrenaline and noradrenaline were synthesized. Dr. A. 
Engelhardt, the pharmacologist who had set up the experimental systems, performed the 
tests. Simultaneously, chemists at Boehringer expanded into a wide range of 
sympathomimetic drugs some of which after chlorine substitution were compared with 
DCI. About 1958 Dr. H.G. Koppe, chemist at Boehringer, was asked to search for new 
anorectic drugs, devoid of the central nervous side effects of Boehringer's drug, 
phenmetrazin (Preludrin), that had been on the market since 1950. The objective was to 
eliminate the unwanted effects while retaining the anorectic activity.ll9 Since 
phenmetrazine can be considered as a cyclized form of phenethanolamine (fig. 7.8), it was 
decided to look for new variations in this class of compounds which after all had been the 
subject of extensive research within Boehringer for manyyears. 120 As a result of this, the class 
of l-alkylamino-3 -phenoxy-2-propanols unexpectedly yielded highly active and pure beta 
blocking compounds. 
These compounds possessed no central stimulating activity though unfortunately also 
without anorectic activity. Some compounds were substituted with chlorine as was the case 
with dichloroisoprenaline. 
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Figure 7.8 
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Structural relationships between anorectic, anti -asthmatic and beta adrenoceptor blocking drugs. 
Reproduced with permission from Koppe (1983), 

In May 1961 Engelhardt reported on this first compound, K6 446 (figure 7.8): 

217 

"Kii 446 is a highly active {3-adrenolytic. Its efficacy is between that of dichloroisoprenaline and 
dichloroadrenaline, but it differs from both these substances in that there is no intrinsic 
sympathomimetic activity. In a therapeutic trial with this substance, it would be possible to block a 
part of the sympathetic nervous system (the {3-adrenoceptorsJ which it has so far not been possible to 
influence in terms of inhibition. Thus, further pharmacological investigation and possibly clinical 
testing appear to be called for". 121 

With K6 446 the Boehringer scientists possessed a tool that superseded DCI. No clear-cut 
therapeutic objectives were associated with this novel type of drug: "That was in itselfpurely 
for pharmacological reasons, because it was a new phenomenon that the sympathetic heart muscle 
could be blocked (. .. J And then I said to myself ( ... J that is in the first place a very interesting and new 
pharmacological finding, but I didn't have a concept yet for, let's say, a therapeutic use, but I just said 
to myself there should be a therapeutic use for it, in whatever way ... theoretical considerations could 
be made about that. These implied at that time particularly the influence on the frequency of the heart, 
which has been demonstrated thereafter as the most important principle of the beta blockers. But I had 
no idea at the time what the implications would be for certain diseases and indications". 122 

Though the bradycardial effect ofK6 446 was of interest, this was certainly not considered 
from the viewpoint of diminishing the heart's work; angina pectoris was not then being 
considered. Initially, the therapeutic considerations originated from the experiences with 
Aleudrin. This drug was beset with various difficulties amongst which the acceleration of the 
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heart was a disturbing effect. In this context some theoretical possibilities were discussed. 
First, one could try to find a compound that would stimulate beta receptors in the lungs, 
hence dilate the bronchi, yet at the same time with negligible effect on the beta receptors 
in the heart. This option fitted in with decision making at Boehringer but had already 
materialized in the compound orciprenaline. Amongst other advantages this drug had 
presumably fewer cardiovascular side-effects than isoprenaline. Another hypothesis was to 
find a beta blocking drug that slowed heart pace but had no effect in the lungs. Such a drug 
could be given to asthma patients in combination with Aleudrin to relieve the cardiovascular 
side-effects of the latter drug. 
Had these hypotheses evoked concrete results, perhaps the development might have taken 
a different course. As Engelhardt stated: "Of course. So ifwe hadfoundsomething, it would have 
become a project at once. That's obvious! For such a finding would, of course, have been very similar 
to Boehringer'swhoJe concept with Aludrin, wouldn't it? At the same time we were about to develop 
a successor to AJudrin, too. (..) That was ordprenaline, indeed". 123 
Yet, the hypotheses were competitive with the orciprenaline project. This drug was the 
direct result of the first option (and this was better than the second). In fact, right from the 
beginning there was not much credit for research on beta blocking agents. Graubner, head 
of the Medical Department - responsible for the therapeutic targeting at Boehringer, and 
in charge of the physicians at Boehringer and Thomae but also supervising the 
pharmacologists - requested Engelhardt to refrain from their research into sympatholytic 
drugs. 124 
However Engelhardt and Koppe continued to work on what might be called their "private 
project". The private character of their work may be illustrated in another way. Several 
derivatives were synthesized between June 13 and July 14 (1960); Ko 446 was synthesized 
July 14th 1960.l2S September 12, 1960 Dr. Koppe asked for pharmacological testing whereas 
En gelhard t presented the first resul ts on May 19, 1961. Thus, there was a considerable time 
lag due to the fact that both had to perform experiments with established priority, e.g. the 
search for anorectic drugs for example. Moreover, the application forms during 1960 - 1961 
in which Koppe requested pharmacological testing, were submitted with the heading "to 
test for anorectic activity".126 Pharmacological results, however, referred to isoprenaline
antagonism; the form was signed only by Engelhardt, not by Graubner. This procedure was 
common practice, in later years also, and it enabled Engelhardt and Koppe to continue their 
research on the side-lines, simultaneously with well established projects at Boehringer. 
There was considerable freedom for exploring new ideas at the laboratory bench. 
The above is not to deny the importance of the hypothetical ideas on asthma therapy within 
Boehringer. These ideas gave support to Engelhardt and Koppe's private research goals to 
investigate the beta blocking drugs. When results failed to materialize the legitimate basis 
for their experiments was unstable. Anti-arrhythmic therapy formed the sole basis of their 
research but this therapeutic target was of no interest to Boehringer. 

Despite these reservations, a firm basis was found for further modification with the 
compound Ko 446 as the reference compound: "Well, at the beginning we have of course, 
together with Dr. Koppe, optimised respectively examined the molecules, and that took 
some time. Now what was decisive for this effect? Was it the chlorine substitution at the ring 
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which we assumed at first? We soon noticed that this wasn't the case. And then we were to 
find a preparation or a substance that worked in the best possible way and that was only a 
little toxic". 127 

Further chemical manipulation yielded several compounds. Amongst the chlorine 
substituted derivatives, Ko 581 raised much interest as did the otherwise modified 
compounds, Ko 592 and Lg 32 (figure 7.9). 

Figure 7.9 
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Synthesis and detection of beta adrenolytic effective I-alkyl amino-3-phenoxy-2 -propanols (1960-1962, 
Boehringer Ingelheim). 
Reproduced with permission from Koppe (1983). 

The compounds referred to as Ko were both synthesized in the period from July to 
September 1961 and underwent pharmacological screening from September 1961 till the 
middle of 1962.128 Lg 32, which became later known as propranolol,was descended from a 
series of compounds synthesized by Ludwig, a young chemist, who was appointed in the 
middle of 1960 to assist Dr. Koppe; hence, the abbreviation "Lg". The compound was 
purposefully synthesized on the basis of chemical precursors designed by Koppe - limited 
capacity delayed further development - and in 1961 this compound entered 
pharmacological screening for anorectic activity and was tested for beta blocking activity 
late in 1962.129 
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Pharmacological testing focussed on three actions: bradycardia, negative inotropic activity 
and isoprenaline antagonism.110 Furthermore, acute toxicity tests were performed.13I The 
first action was important for assessing the anti-arrhythmic potential. Negative inotropic 
activity was considered an unwanted property, in danger of producing cardio-depression. 
Isoprenaline antagonism was the reference for determining beta blockade. 
K6 592 exhibited a most interesting bradycardial action. June 1962, Engelhardt reported: 
"Kii 592 is as yet the strongest bradycardiac substance among the related compounds, which may 
possibly indicate its applicability as an anti-arrhythmic medicine, but that must of course be tested 
emphatically". Il2 This therapeutic target set the stage for further research and the reference 
drugs were DCI and quinidine. An optimal anti-arrhythmic action had to be found. Several 
critical parameters with respect to the electrical function of the heart were assessed - e.g. the 
effects on spontaneous beating, threshold and refractory period. In the early phase these 
"toxic" effects on rhythmic function were screened for with the help of the LDso toxicity 
test.1lJ 
The nega tive action on heart muscle contraction was assessed by the effects on the amplitude 
of the force of contraction of the heart taking the cardio-depressive action of quinidine as 
the reference. From the very outset cardio-depression was part of the Boehringer project. 
However, we need to separate the meaning of the term "cardio-depression" from the 
specific meaning it received during the controversy about propranolol some years later. It 
was a general, yet strict parameter for any cardiovascular drug to be developed. In this sense, 
the research department had adapted this parameter as the norm for screening and further 
exploration. Dr. Lichterfeld, working at the Medical Department from 1962 onwards, 
stated that cardio-depression was spelled out at a very early stage and that it governed the 
discussions about the pros and cons of the various compounds.1l4 

A new phase started when ICI revealed pronethalol in August 1962. Now the therapeutic 
domain was extended to the realm of anti-anginal treatment. Engelhardt commented on this 
apparently surprising event: 

"No. It wam 't a surprise in itself. It was just that they had taken their thought a little further than 
we had ourselves, that is to say, aiming at a special disease. So, at angina pectoris, at the coronary 
disease and that seemed almost a paradox at that time, since the coronary therapeutic agents were 
based on coronary dilation. And now with these beta blockers that wasn't the case at all. They didn't 
have a coronary dilator effect, under certain conditions they even had the opposite effect. And 
nevertheless, they were applicable for a coronary disease. That was amazing". IJ5 

The ambiguity in this quotation is quite clear. It was no surprise when considering beta 
blockade in the light of its potential of sparing the heart or as the Germans say "Schonung 
des Herzens". But it was surprising from the viewpoint of the coronary vasodilator concept. 
Many questions had to be answered asK6ppe stated: ''At the time (196111962) we did not know 
at all what considerations one could have about its applications, simply therapeutically. If one keeps 
the heart steady, what happens? Is that favorable? Is it possible to let the heart beat more economically? 
Does it help? Today it is easy to say, it helps an angina pectoris patient, isn't it?". 116 These questions 
introduced conflict to the coronary vasodilator concept. 
Still, ICI's entrance on the market and the novel therapeutic target provided new arguments 
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in decision making within Boehringer. Attempts were made to bring beta blocker research 
into a further stage of development. In a letter, dated October 31, 1962 and directed to Dr. 
Graubner, Prof. K. Zeile, research director, Dr. Thomae, chemist at Boehringer working 
on anti-asthmatic drugs, and Dr. Koppe, Engelhardt reported the results offour compounds 
as summarized in table 7.4. 

Table 7.4 
Profiles of beta blocking agents at Boehringer. 

In vivo Isoprenaline Toxicity 
(guinea pig) antagonism mice, LD 50 
bradycardial mg/kg s.c. 

activity 

DCI 1 1 235 

Ko 592 23 5 630 

Ko 581 12 1 1 500 

Th 293 5 860 

Th 293 refers to a compound synthesized by 
Dr. Thomae at Boehringer; reproduced with 

permission from Engelhardt, Letter October 31, 1962. 

The letter continues as follows: "In the table the most important features of these compounds and 
the reference substance DCI are set against each other. All substances are considerably less toxic than 
DCI and they check the effect on the heart of Aludrin in a way which is 5-11 times stronger. They 
vary with respect to their own bradycardiac effect, which is absent in Th 293, but which in contrast, 
exceeds the effectiveness of DCI in Ko 592 and 582 by 12 and 23 times respectively. Their own 
bradycardiac effect might indicate an additional anti-arrhythmic effect on the heart". 137 

This quotation is interesting for several reasons. Firstly, it signifies the process of profiling 
drugs at a very early stage in the discovery process. Secondly, it shows that selection of 
candidate compounds is influenced by the therapeutic target. The distinction between "own 
bradycardiac effect" ("bradykardische Eigenwirkung") and "isoprenaline antagonism" 
("Aludringantagonismus") suggests that the bradycardial action overruled the beta blocking 
effect per seYs In any case, the potent bradycardial activity ofKo 592 was positively valued 
and Engelhardt added that, since the compound exhibited a somewhat better toxicity profile 
(LDso test), this favoured KO 592.139 
Thirdly, the reference compound was DCI, since the comparative analysis with pronethalol 
was yet to be performed. 
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Larger amounts of the compounds were requested in order to perform more extensive 
pharmacological research. Engelhardt carefully described these investigations as serving 
the objective of elaborating and developing new methods and of comparing the compounds. 
Explicitly it was noticed that the investigations should not be labeled as "profound 
pharmocological testing" which within Boehringer denoted a pharmaceutical project in 
itself. In this respect, the therapeutic target had to be approved by the Medical Department 
and that would have rejected such a proposal. l40 Though the request was backed up by Prof. 
Zeile, Graubner's permission was decisive in moving from the research department into 
further stages of development. 
Scepticism about this new direction in anti-anginal treatment prevailed due to prominence 
of the concept of coronary vasodilation: "So surely the concept of coronary dilation in practical 
medicine had become very firmly established here, hadn't it. (. . .) And n(flJ) there were these beta 
blockers, coronary therapeutic agents without a coronary dilator effect and that was difficult to 
understand". 141 Lichterfeld pointed into the same direction: ''Also at Boehringer thinking 
t(flJ)ards the therapeutic principle of coronary dilation had been influenced by Persantin. There was 
only a sl(flJ) reorientation, which was instigated by the lack of clinical success of pure coronary dilation". 
142 In fact, there was speculation within Boehringer to develop beta-stimulating drugs to 
support "coronary training" therapy.143 This speculation is evidence of the strong research 
tradition on sympathomimetic drugs as well: "The research of the company was up to then 
directed at the agonists of the adrenergic alpha and beta receptors. New and a turn of 180 degrees 
was the development of inhibitors of the sympathetic innervation and the way of thinking that was 
related to it". 144 

By that time, dipyridamole (Persantin) was introduced to the market and the compound 
attracted much clinical interest, particularly in the German medical world. Numerous 
clinical articles, many of them presenting positive results in anti-anginal treatment, were 
published in German medical journals.145 For example, more than 30 clinical articles about 
dipyridamole appeared during 1959 till 1961.146 However, the initiative was lacking as 
commented by Engelhardt: "Here at Boehringer we actually lacked the impetus or the consensus 
to lead the way with the substances". 147 The project remained an affair for the Research 
Department as Koppe stated resignedly: "Even from the beginning people were cautious when 
they saw this new therapeutic potential, it was purely a matter for research. We continued with it but 
there was no joll(flJ)-up in subsequent departments". 148 According to Lich terfeld it was decided 
in 1964, on the basis of the necessary pre-clinical studies, to test Ko 592 clinically. 
Thereafter, the development of the drug, in fact of any drug at this stage, was the full 
responsibility of the Medical Department.149 The possibility that management preferred to 
stimulate dipyridamole at the cost of the beta blocker project seems to be unlikely. 
According to Lichterfeld projects at Boehringer Ingelheim and Dr. Karl Thomae were 
considered to be competitive; they were not managed jointly. 

So, for some time research on beta blocking agents was carried out in a reserved atmosphere. 
In the context of this waiting game further chemical modification and pharmacological 
screening went on. In a narrowed-down selection the compound Ko 592 was favored. 150 It 
showed potent negative chronotropic activity while having the least cardio-depressive 
action and the most advantageous toxicity profile. Lg 3 2 was not regarded as optimal because 
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of its strong cardio-depressive activity.lsl The compound remained a reference compound 
to mark the properties ofK6 592: "Lg 32 is half to twice as effective as quinidine and consequently 
has a stronger cardio-depressive effect on the isolated atrium than Ko 592". 152 April 1963 
Engelhardt reported: "Combined the tests have shrrwn so far that Kii 592 is a specific beta
adrenolytic agent and offers these kind of advantages, as opposed to the substances that we have 
hitherto knrrwn. We recommend extensive pharmacological testing and we suggest that a patent 
application be made and that the separation of isomers is started". 153 

Subsequently, the compound was profiled with respect to pronethalol. K6 592 was 
considered more potent than pronethalol while having no intrinsic activity. I 54 Yet, there 
were some problems too. The activity after oral administration was limited due to rapid 
metabolism in the liver. Furthermore, the compound did cause disturbing skin reactions at 
the place of injection in animals. 
"The concept of early clinical testing of Kij 592", as Lichterfeld commented, ''was determined 
through clinical-pharmacological questions in the research in healthy volunteers, such as establishing 
dose-response and time-response for the isoprenaline-antagonistic effect and its intrinsic effects, i.e. 
the effects per se. The parameters hinted at adrenergically induced functions of the heart and the 
circulation, bronchi and metabolism, in order to get some clues about potential indications and contra
indications". 155 

The major problem, however, remained the cardio-depressive activity which was studied by 
several academic and clinical centres. l56 The critical action was the effect ofK6 592 on the 
period of isometric contraction of the heart ("Anspannungszeit"). The normal range was 
supposed to be between 0.07 - 0.09 second; in the case ofK6 592 the duration of this period 
came close to the values measured in athletes (0.15 sec.). The standard values of this period, 
determined under a variety of conditions, had originated from the studies of Reindell and 
his group during the 1950s. The prolongation of the period of isometric contraction 
indicated the transition of the normal cardiovascular function to the pathological state of 
heart failure. Thus, this parameter defined the boundaries of cardio-depression. The 
Reindell school considerably influenced medical opinion at Boehringer.157 Several studies 
with K6 592 were performed, directlyls8 or indirectlyl59, by Reindell and colleagues and 
other investigators also used the concepts developed by Reindell.160 Similarly these different 
groups studied propranolol and other beta blocking compounds. 161 

Another important feature of these studies is the primary interest in functional 
hypersympathicotonic heart disorders. On the basis of functional-ergometric studies 
scientists drew upon the similarity between the state of the heart during physical therapy, 
i.e. training, and beta blockade. The similarity of action was attributed to an altered state of 
the sympathetic nervous system, an desirable effect in case of vegetative disorders; and in 
fact, physical exercise was an important therapy in this area. Accordingly patients with 
vasoregulatory asthenia, "vegetative Dystonie" and hyperkinetic heart syndrome, effort 
syndrome and soldier's heart became the first group of patients in clinical trials. This 
decision was based on the unlikelihood of heart failure in these patients and the above
mentioned disorders became the target of beta blocker research in German speaking 
countries. As early as in 1964, as Lichterfeld commented, these mostly 
hypersympathicotonic disorders were also chosen as a logical approach for a substance 
inhibiting sympathetic tone by blocking beta-receptors.162 Lichterfeld added, German 
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disease classifications markedly differed in comparison with those in Anglo-American 
medicine; one major difference being the dominance of vegetative disorders in German 
medicine.163 

This is not to say that at that time angina pectoris was no longer in the picture. Indeed it was 
and labeling the new target as an expansion of the area of application would be a better way 
of expressing the developments. However, underneath this wave of expansion a 
fundamental change of course was occurring. The reason for the medical department to 
change its tack was the concern about the dramatic experiences with propranolol. The risk 
of cardiac insufficiency was spelled out in the German medical world, particularly during 
pharmacological and medical meetings.l64 The risk of heart fuilure was taken so seriously by 
the Boehringer physicians that it was decided to shift emphasis from cardiac diseases to 
functional heart disorders. In the former case the pathological state of the heart might be 
susceptible to failure, in the latter the normal heart was able to compensate the negative 
effects. The nonnal not the pathological heart would mark the steady course of the further 
development ofKo 592. 
In the mean time, however, the further development ofKo 592 was affected by a dramatic 
event. In April 1963 a patent application for the class of 1-Aryloxy-2-hydroxy-3-
isopropylamino-propane was asked for by Koppe. 165 A procedure that usually took no more 
that one or two weeks now lasted several months and the patent was applied for August 26, 
1963.166 The reasons for this delay are not very clear but obviously the lack of high priority 
of the project may have been important.167 But the delay turned out to be disastrous for the 
project. 
The publication of propranolol in May 1964 came as an unpleasant surprise, but there was 
still a feeling of confidence in having a competitive compound. However, this feeling of 
confidence was shattered, when in March 1965 Boehringer received a letter from ICI 
claiming the patent rights ofKo 592 and related compounds. The Patent Department of 
Boehringer concluded that without permission of ICI continuing research was difficult. 
Several proposals were made to come to an agreement but were repeatedly rejected by 
ICL168 

The critical decision whether to stop or to continue had to be taken. In the course of 1964 
in depth pharmacology of Ko 592 had been performed as well as studies in human 
volunteers; and early in 1965 clinical studies had started. The Patent Department suggested 
that clinical testing be continued despite the seemingly hopelessness of Boehringer's 
position. This was supported by the fact tha t the chemists had their own method of chemical 
synthesis ofKo 592 which was not included in the ICI patent.169 In the prevailing patent law 
of various countries this was sufficient to market the drug. 
Yet, who took the decision and for what reasons is not clear but it was decided to stop the 
project. It has been suggested that the discussion about heart failure formed an important 
drawback to reaching a positive decision. 170 Contributing to this may have been the fact that 
German medical views were easily spelled out in managerial decision taking because several 
physicians filled important managerial functions. 171 

Obviously, the decision in itself must be considered in the context of ethical, legal, 
commercial and managerial considerations. There were other interesting projects going on 
with apparently more chance of success such as the fenoterol and the catapresan project. In 
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any case, it was decided to stop clinical investigations and for some time K6 592 would be 
used as a scientific tool in animal and human pharmacology.172 

In 1967 the deadlock in which beta blocker research found itself, resolved. ICI changed its 
mind and allowed Boehringer to continue with K6 592, though the market potential of this 
drug was severely restricted. Boehringer had permission to market in Mid- and East 
European countries, for example, but not in Anglo-Saxon and Scandinavian countries. Still, 
although K6 592 could be developed after all, prospects remained gloomy. It was 
acknowledged that the differences between alprenolol and propranolol were probably 
greater than those between propranolol and K6 592. Clinically higher doses ofK6 592 were 
needed in comparison with propranolol due to troublesome resorption. But since 
propranolol had become the reference drug there were still some possibilities, particularly 
with respect to the cardio-depressive action of propranolol. March 8th, 1967, Engelhardt 
noted for propranolol: "Every measured parameter showed a dose dependent change towards a 
cardiac depression. The heart rate and the force of contraction of the right ventricle were affected in 
particular and more strongly so than after Ko 592": J7J And some weeks later: "Compared to 
quinidinesulphate, propranolol was, with regard to the negative inotropic effect 5.9 (3.1 - 9.3) times 
stronger, with regard to the negative chronotropic effect 1.3 (0.9 -1.5) times stronger, with regard 
to the negative bathmotropic effect 2.6 (1.8 - 3.7) times stronger, with regard to extension of the 
refractory period 2.1 (1.5- 2.4) times stronger. Among the tested beta-adrenolytic agents propranolol 
showed the strongest cardio-depressive effect on the atria of isolated guinea pigs". 174 This shows that 
cardio-depression as induced by quinidine was taken as the reference point for determining 
the clinical risk of heart failure. However, from the clinical point of view this apparent 
advantage of a small cardio-depressive activity of K6 592 was considered uncertain, 
particularly because the compound had caused fatal events in the clinic as well. 
The profile of K6 592 described above was made up during a meeting initiated by the 
Medical Department to prepare the introduction of the compound. It was concluded: "It 
looks as if the warning of the German clinidans against the release of beta receptor blockers for 
outpatients is also justified in the case of Ko 592 and it also looks as if Ko 592 cannot be a preparation 
for general practice". 175 Moreover, it was concluded: "Owing to the present level of knowledge 
it is not likely that beta receptor blockerswill be found that can become therapeutic agentsfor extensive 
application in general practice". 176 

In the German medical context the term 'practice' had a particular meaning. For it denoted 
not only the general practitioner but also the clinician in private practice. The proportion 
of clinicians working in private practice - and not in a hospital- was apparently much larger 
in Germany than for example the United Kingdom or the United States of America.I77 Since 
German medical experts had advised using beta blockers only where reanimation facilities 
were available - and where careful pre- or co-medication with digitalis could be tried - the 
majority of physicians trea ting angina pectoris were not in the position to use beta blockers. 
The considerations quoted above illustrate that the risk of cardiac insufficiency played a 
prominent role in Boehringer's decision taking.178 Lichterfeld commented that it was very 
difficult to persuade German physicians that the risk of beta blockade was only relative. It 
was the negative attitude of the German physician in general that was the stumbling block 
to therapeutic decision making at the Department. The therapeutic concepts were there but 
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the readiness of the German physician was lacking, and hence brought about a feeling of 
resignation within the firm some time after introduction to the market: "But I don't think the 
reason was that we had the wrong concepts. We had the concepts that were in the air, including angina 
pectoris and labile hypertension. But there was of course a restraining effect, since every representative 
knew 'somehow or other there is some danger in this stuff. And then there wasn't an actual 
breakthrough and people became disheartened so that they didn't see the business through to the end 
but continued with their usual activities". 179 Moreover, it was difficult to find opinion leaders 
in German cardiology who were prepared to throw their full weight into beta blockade. 
There were, however, other reasons why it was hard to continue research. In contrast with 
other countries, clinical pharmacology developed slowly in German medicine. Both to the 
general public and the medical profession clinical experiments with patients were out of 
favour since the War. This negative attitude affected the development of clinical research, 
clinical trial methodology and therapeutic experiments in many ways: side-effects of new 
drugs were regarded suspiciously; general practitioners were reluctant to enroll patients into 
trials; and the practice of starting at low doses and carefully increasing the dose was not easily 
accepted whereas in other, notably Anglo-American countries high(er) doses were used 
from the outset. With respect to beta blockers in particular this was reflected in the practice 
of using digitalis as a pre- or co-medication with beta blockers. Proposals such as that of 
Prichard to go up to very high doses until a satisfactory effect was achieved was inconceivable 
in German practice. These particular aspects of common medical practice and the social 
structure of German medicine were suggested many times in the course of this study by 
various industrial and clinical scientists.18o 

When considering the Boehringer projectin itself, the delay due to the suspension of clinical 
research for two years formed a major setback to the further development ofKo 592 because 
other firms had contacted the major clinical research centres in West-Germany. It took 
another three years before Ko 592 was introduced as Doberol. 
It is interesting to see how the Medical Department of Boehringer envisaged the drug at the 
time of introduction. The major differences between Doberol and propranolol were 
summarized as follows: 

"In a pharmacological and toxical way, Kii 592 has more therapeutic width. Beta-adrenolytic doses 
and negative inotropic doses have been moved further apart than in the case of propranolol. 

Direct and indirect indications seem to hint at smaller cardio-depressive effects of Kii 592 in 
pharmacological experiments and in preliminary clinical findings". 181 

These conclusions were largely in accordance with those drawn around 1967. Yet, cardio
depression, negative inotropic action and heart failure were not synonymous terms 
anymore. 
Therapeutically the major problem was the deleterious effect of the desired result, i.e. beta 
blockade. The physicians at Boehringer were so impressed by the dramatic responses of beta 
blockers in heart failure that any attempt to separate beta blocking and cardio-depressive 
action was considered of scientific not of therapeutic value. 
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Evidence of this is the comment of the Medical Department: "These results may not lead to 
the faulty conclusion that Ko 592 can be used in the case of heart failure with less care than propranolol. 
The beta-adrenolytic action itself, i.e. the immanent main action, can lead to a worsening of the 
clinical picture in the case of heart failure, as a result of inhibition of the compensatory reinforced 
sympathetic drive. It follows that this "side-effect" is the therapeutic principle itself; in clinical
therapeutical dosage this cannot be ascribed to its cardio-depressive properties". 182 Less cardio
depression was no longer a feature that could be turned to advantage in the market. Despite 
its distinct experimental profile K6 592 was just another beta blocker. 
In 1970 K6 592 was introduced as Doberol on the market with a broad scope ofindications: 
functional heart disorders (palpitations, accelerated pulse, pseudo-anginal complaints), 
labile juvenile hypertension which was considered as a hypertonic regulatory disturbance, 
angina pectoris (prophylactic and intermittent treatment) and furthermore cardiovascular 
symptoms associated with hyperthyroidism and (post)menopausal syndrome, hyperkinetic 
heart syndrome and tachycardia. Specific instructions ("Besondere Hinweise") included 
pre-digitalization of patients with (latent forms of) cardiac insufficiency. 
About the same time Boehringer introduced a combination preparation of K6 592 and 
dipyridamole, e.g. Beta-Persantin. This combination preparation was claimed to be 
advantageous because the reduction of the coronary circulation due to beta blockade was 
nullified by Persantin dilating the coronary vessels. In the German context this argument 
still had impact. In this way the company attempted to merge the old and new therapeutic 
principle in the treatment of angina pectoris. 

Part 3. Application of the theory of drug and disease profile 

7.4 Theoretical analysis of the Boehringer project against the background of medical views 
about angina pectoris and heart failure 

Introduction 

In this section the theory of (drug and disease) profile will be applied to highlight three 
critical stages of the Boehringer project: 
1. The period 1959 - 1961: the discovery of DeI and K6 446; 
2. The period 1962 - 1964: angina pectoris as a new therapeutic target; 
3. The period 1961 - 1970: the problem of cardio-depression. 
In general the epistemological language of drug and disease profiles will be used but at 
specific places the set-theoretical model will be applied. In either case disease profiles and 
functional - not structural - drug profiles are the subject of analysis. 
In speaking about critical stages the same procedure as used in chapter 5 and 6 will be 
followed in that attention will be focussed only on snapshots of a dynamic process. The 
analogy to a film is appropriate since the shots represent stationary scenes of what should 
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be in motion. Complexities and specifications of the scenery are neglected in order to let the 
leading figures be seen in their true colours. 

1. The period 1959 - 1961: the discovery of DCI and K6 446. 

The first critical stage was marked by the discovery of DCI and K6 446. Two wished for 
functional profiles were discussed with respect to K6 446: a selective bronchodilator (wf]) 
and an anti-arrhythmic drug (wf). These profiles were considered as perfect treatments of 
asthma (p]) and (particular forms of) cardiac arrhythmia (P 2)' 

of (x 1) 

Figure 7.10 
The representation of the functional profiles relating to the discovery of K6 592. 

Figure 7.11 
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The compound K6 446 in the context of bronchodilator research: K6 446 (x); isoprenaline (~); and an 
improved candidate compound (Xl) which is either a new compound with "orciprenaline" -like activity or a 
combination preparation of isoprenaline and some other compound annulling the side-effects of the 
former component. 

The intersection of of (x) (= K6 446) with both wf] and wf2 was not empty, though it was 
evaluated differently (figure 7.10). To clarifY this it is convenient to consider these cases 
separately. 
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K6 446 (of(xl) was unsuccessful in comparison with isoprenaline (of(x2)) (figure 7 .11(a)). 
One option was to transformK6 446 in order to achieve a drug (of(JS)) that would be better 
than isoprenaline: I of(JS) ll. wfll < I of(x2) ll. wfl I (see figure 7 .11(b)). This option conflicted 
with the state of affairs at Boehringer at the time. Orciprenaline-like compounds had been 
produced and superseded isoprenaline with respect to duration of action, route of 
administration and side-effects amongst which cardiac arrhythmias. Even if a compound JS 
had been found, it would have been estimated insufficient in comparison with orciprenaline, 
the latter having passed some critical toxicological and pharmacological tests. 
The other option was to find a compound with anti-arrhythmic activity which did not block 
the beneficial effects of isoprenaline (Aleudrin).183 This means an attempt to find a 
combination preparation that would fit wfl •184 Both options remained hypothetical but also 
unacceptable in the sense that orciprenaline made a better case than any foreseeable 
compound implicated by the options. 
As a result the Boehringer scientists were urged to discuss K6 446 with respect to anti
arrhythmic activity per se (wf2) (figure 7.12(a)). 

Figure 7.12 
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The compound Ko 446 in the context of anti-arrhythmic research. 
K6 446 = XI; quinidine = x4; and the compound searched for = XS' 

wf 
2 

(b) 

However, K6 446 was not good enough for two reasons. First, cardiac arrhythmia was not 
accepted as a therapeutic target in itself. Second, even if this target had been accepted, K6 
446 would not have been good enough either. For, quinidine (of(x,J) as the reference 
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compound clearly superseded K6 446: I of(x~ t;,. wf21 < I of(x1) t;,. wf21 (fig. 7.12(a». The 
objective was to find a compound Xs such that in any case: I of(xs) t;,. wf21 < I of(x~ t;,. wf21 (fig. 
7.12(b». K6 592, anothertrial, came close to the desired compound but some uncertainties 
remained. 
Up to now the (operational and wished for) functional drug profiles have been discussed in 
an unspecified manner. However, as described, in this early stage of the project three 
parameters were at stake, i.e. anti-arrhythmic action, beta blocking activity and toxicity 
(LDso test). The Boehringer scientists operated with "restricted" profiles, that is, they 
selected certain elements as the targets for profiling their drugs. These restricted profiles 
also played a substantial role in the synthesis of a series of compound (K6- and Lg-series) 
in order to find suitable compounds for further pharmacological research. 
A pragmatic attitude regarding the wished for profile dominated. By using reference 
compounds that represented the therapeutically desired effects, notably quinidine and 
dichloroisoprenaline, patterns of biological action were dissected and evaluated. With 
respect to the selection of K6 592 at the time it is sufficient to state that the criteria to 
"coarsen" value-ranges in order to differentiate between significant patterns of biological 
activity were developing in the course of the project. 

2. The period 1962 - 1964: angina pectoris as a new therapeutic target. 

The second stage started when pronethalol was launched by leI. Angina pectoris (PJ) 

entered as a new disease target in the Boehringer project. Hence another wished for 
(functional) drug profile (wfJ) came to the fore, an event which is likely to occur in the course 
of any industrial project. 
The (spectrum of) disease profiles of angina pectoris differed between the Anglo-American 
and German medical settings. Let Pa denote the profile of angina pectoris in the Anglo
American medical context; and P in the German (table 7.5). 

g 

Table 7.5 
Disease profiles of angina pectoris in Anglo-American 

and German medical context, 1960-1970. 

Anglo-American German 

P 81 • Angina of effort p 
gl 

• Angina ambulatoria 

p a2 .. Angina of emotion p 
g2 

• Angina simplex 

P 83 .. Coronary insufficiency p 
g3 

• Angina gravis 

p a4 • Intermediate syndrome p 
g4 

• Pseudostenokardie 

p a5 .. Pre-infarction syndrome p 
g5 

.. Angina vasomotorica 

P 86 • Variant angina p 
g6 

.. VerkeUungsangina 
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Semantic differences between the disease profiles in both contexts were important. Despite 
the similarities - for example, between Pol and P gl - the differences were significant. To some 
extent this was due to the nature of the parameters included in the profiles, and also to the 
values and priorities of these elements. Recall, for example, the discussion of the three 
variants of angina of effort in the German context, and the different values of criteria to 
classify angina of effort (P) and angina simplex (P 2) respectively. The major difference, 
however, consisted in the dominance of angina of effort in the one context, and the varying 
range of profiles in the other. 
Similarly, therapeutic practices in Anglo-American and German medicine were remarkably 
distinct. In contrast to the unconditional rejection by Anglo-American physicians that the 
coronary vasodilators met with, it enjoyed enormous popularity in German medicine. In 
other words, the wished for drug profile of "coronary vasodilation" was a legitimate 
objective to strive for in one setting, and ignored in the other. However, reducing the 
coronaryvasodila tor concept to opposin g a tti tudes fails to explain the si tua tion fully. Firstly, 
a broader set of therapies with the objective of improving coronary blood flow existed in 
German medicine ranging from pharmaceutical compounds to alternative types of 
treatment, e.g. exercise therapy. To dismiss the coronary vasodilator concept in Germany 
was to eliminate a whole practice: of(x)nwf(P) * 0;X=X1, ••• , xn (n * 00). Secondly, this concept 
was embedded in a much broader view to irJprove blood flow in tissues poorly perfused by 
pathological blood vessels. Hence, there were cerebral, coronary, and peripheral 
vasodilators in German medical practice: wf(apkwf(id), where ap denotes "angina pectoris" 
and id "ischemic disorders". Thirdly, the theory of coronary spasm was still present, and 
supported the objective of dilating coronary vessels. When s denotes "coronary spasm" and 
s' "antispasmodic action", then: s E Pg; s rt p.; s' E wf(Pg); and s' rt wf(PJ 

These contextual differences with respect to disease and wished for functional drug profiles 
are complex and go beyond the power of the representation of Venn-diagrams. Yet, this is 
a graphical, nota principal problem. Basically, these differences mean that the target "angina 
of effort" and the strategy to hit the target therapeutically, i.e. the wished for functional drug 
profile, as set forth by the ICI team did not fit the intellectual climate of the Boehringer 
project. 
The analogy of the heat-guided missile might help to clarify this point. Such a missile speeds 
through a universe in which many objects glide with varying "profiles of heat". This 
projectile finds and hits its target due to its capacity to differentiate between the heat of the 
target in contrast with other objects that may radiate heat as well. When searching for its 
target, it meets numerous objects hereby continuously matching the registered "profiles of 
heat" with its computer stored profiles until the perfect match is made. Accordingly, the 
maps of disease profiles in both medical settings may be transformed into maps with varying 
contrasts between white and black representing the spectrum between "hot" and "cold" 
spots comparable to our universe of heat. 
H the drug to be developed is the missile, then it is clear that the target for the beta blockers, 
i.e. angina of effort, as defined within the Anglo-American context, had a different "heat 
profile" in the German universe. Consequently, the "profiles of heat" sorted out by Anglo
American scientists and clinicians in order to lead the drug to its target were not adequate 
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for the German universe. The same applies to the wished for functional drug profiles. In 
terms of the analogy of the missile, the conceptions of how to hit the target - the angle for 
hitting, target point, hitting power, etc. - markedly differed. This implied a different 
conceptualization of the wished for profile. 
Obviously we may elaborate on this analogy with decisions about the type of objects to hit, 
and the purpose of the hit. In military terms total destruction is the final goal, butin medicine 
the objectives are multiple - the acceptability ofloss oflife and the way to reach the target 
may affect the types of missiles to be developed. 
When reducing the complexities of the situation, the following important point may be 
represented with the help of simple Venn-diagrams. 

Figure 7.13 
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The different situation at Boehringer and leI in the search for new anti-anginal drugs: beta blockers (XI); 
coronary vasodilator (Xl); and wf = wished for functional drug profile with respect to angina pectoris. 

Boehringer project: 
of(xl) n wf"* 0; I of(~) t. wfl < I of(xl) t. wfl . 
ICI project: 
of (XI) n wf ;t: 0; of (Xl) n wf =0. 
While the leI team operated in a therapeutic vacuum - no prophylactic therapy for angina 
pectoris existed - the area in which the Boehringer team operated was filled with a broad set 
of coronary va so dilating agents. Most prominent of all was Boehringer's own dipyridamole. 
Further, the coronary vasodilator concept had been interpreted in terms of the sympathetic 
nervous system. Thus, sympathomimetic drugs were considered as a therapeutic approach 
- oxyfedrine embodied this way of thinking. This immediately collicied with the aim of 
developing sympatholytic drugs for the treatment of angina pectoris. 
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When 'm' denotes sympathomimetic action and 'i' "sympatholytic action, then: mE wf(P ); 
and I E wf(P ). This leads to a contradiction because I = ,m. 

3. The period 1962 - 1970: the problem of cardio-depression 

The third stage revolves around the problem of cardio-depression. When feeling started to 
run high about heart failure precipitated or aggravated by propranolol, the discussion 
evolved around the question whether the technology, i.e. beta blockers, or the clinician was 
to blame for the problem. This question was approached in two ways. One was the attempt 
to develop a compound not as dangerous as propranolol; the other the attempt to assess the 
patients most at risk. In both respects the prevailing German medical views guided the 
Boehringer project.Just as with angina pectoris this influenced the development ofK6 592. 
Both lines of investigation repeatedly intersected, but the sequence of events will be 
described in a chronological order. 

In the early phase of the Boehringer project cardio-depression was just an unwanted effect. 
Standard procedures, including comparison with quinidine, were used to assess this aspect 
of cardiovascular drugs. Cardio-depression represented a variety of more or less 
interrelated characteristics which can be divided into "electrical" and "mechanical" 
characteristics. The former (threshold, refractory period, etc.) entered the project at a later 
time. ISS Initially, the mechanical characteristic, i.e. the amplitude of the force of contraction, 
served as the standard. Negative effects on the mechanical function of the various 
compounds (the K6- and Lg-series) were compared with those of quinidine. This matched 
common practice in pharmaceutical research, but cardio-depression in Germany was a 
highly unwanted effect. Evidence of this is the speed with which compound Lg 32 
disappeared, particularly when compared with K6 582 and K6 592. 
In due course, functional characteristics such as the relative ejection period, duration of 
systole, and, particularly, the period of isometric contraction became crucial standards to 
evaluate compounds. In other words, the priority of functional characteristics was the 
subject of discussion. In addition, there was discussion about the values of those 
characteristics: what was normal; and what was pathological? Standards derived from the 
German medical scene, particularly those elaborated by Reindell and his colleagues, were 
decisive in the Boehringer project. 
Let 'c' represent "cardio-depressive action", and '1' (= low), 'm' (= moderate) and 'h' (= high) 
the value of this functional characteristic. Furthermore, let 'd' denote "reduction of the 
demand of the heart", and '1' (= low), 'm' (= moderate) and 'h' (= high) the value of this 
functional characteristic. Then, c1 v m E wf, where wf denotes the wished for functional drug 
profile with respect to angina pectoris such that heart failure is not precipitated or 
aggravated, and 
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Since propranolol possessed a much stronger cardio-depressive activity than K6 592: 

(i) of (XI) = {dh' c1 v m} (XI = K6 592); 
(ii) of(xz = {dh' ch} (xz = propranolol); 

On the basis of (i) and (ii), 

Thus, K6 592 was evaluated as a better drug than propranolol. Since (iii) is valid on the basis 
of (i) and (ii), the soundness of the procedure of "coarsening" of the values of c' was relevant. 
That is, whether the criteria for the subdivision of the range of values into low, moderate 
and high were valid. If so, then no doubt it follows that: c1 v m E of (XI); and ch E of(xz>. The 
fact that propranolol was two times more cardio-depressive than K6 592 is not very 
impressive in this respect but sufficient to establish K6 592 as an optimum within a series 
of compounds. In addition, propranolol was about six times more cardio-depressive than 
quinidine. Still, these findings did not resolve the issue where to draw the line to achieve 
clinically relevant values. In this respect the values with regard to the duration of the period 
of isometric contraction established by Reindell and his colleagues were much more 
convincing. 

When the view persisted that beta blockers indeed caused heart failure, the typical clinical 
procedure of minimizing risks as much as possible by selecting patients at risk, became the 
subject of scientific interest. The assumption was that there were two categories of angina 
patients: those associated without and those with (subliminal) heart failure. If PI represents 
angina pectoris, Pz heart failure and PIZ = PI U Pz' then: 
PI = angina patients without heart failure; 
PIZ = angina patient with (subliminal) heart failure. 
Siilce the spectrum of disease profiles of angina pectoris and heart failure differed in both 
medical contexts - that is: Pal ,2 * PgI,z - the same remarks as in the preceding section about 
angina pectoris apply. The selection of patients at risk, i.e. the distinction between PI z and 
PI' meant something quite different to a German physician than to a Anglo-American 
physician. To the former the boundaries both between angina pectoris and heart failure, and 
frank and subliminal heart fuilure were fluid, while to the Anglo-American physician they 
were quite clear. The option oflaying the burden of proof with the physician in prescribing 
beta blockers, was unrealistic in the German medical context. So much so that Boehringer's 
medical department choose to focus on cardiovascular disorders associated with an 
unimpaired cardiac function. 

Due to the similarities between the effects of exercise therapy in functional heart disorders 
and the effects of beta blockers in the cardiovascular system, hypersympathotonic disorders 
became a new therapeutic target. In short, a new wished for (functional) drug profile (wf) 
was introduced. The sequence of events is depicted in figure (7.14). 
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The sequence of events in recognizing the similarity of action between beta blocker and exercise therapy 
in functional heart disorders. 
Exercise therapy (XI); beta blocker (lS); wf is in this case the wished for functional drug profile with respect 
to functional heart disorders - the change of wf from tl and t4 not being depicted. 
Question at t4: y = XI and z = lSi or Y = X2 and z = Xl? 

At time t] the use of exercise therapy (of (x]» in the treatment of functional heart disorders 
is depicted (of(x) n wf * 0).]86 It must be noted that 'P' represents a spectrum Pi (i = 1, ... , 
n; n * 00) of disease profiles of functional heart disorders. Similarly, it must be noted that 
'wi' represents a spectrum w~ (i = 1, ... , n; n * 00) of wished for functional drug profiles with 
respect to P. The joint action of these w's was supposed to be the change over of the 
vegetative system ("Vegetative Umstimmung"). 
Subsequently, the similarity - being defined as a non-empty intersection between profiles 
- between exercise therapy and beta blockade (of(x2» is recognized: of(x) n of(x) * 0. On 
the basis of the heuristic rule described in chapter 2, it was concluded: (of(~) n wf * 0). 
Finally, the question became whether beta blockade was a better therapy than exercise 
therapy: I of( Y).t. wfl < I of( z) .t. wfl (figure (7.14»? 

In the late 1960s a critical change of opinion occurred. Characteristics such as cardio
depression, negative inotropic action and reduced cardiac output, once almost synonymous, 
were separated. 
The statement about Ko 592 that "negative inotropic or cardio-depressive doses" and "beta 
blocking doses" lie further apart with respect to Ko 592 compared to those of propranolol, 
lost significance. The blockade of the sympa thetic drive of the heart by beta blockers became 
the issue. This was explicitly discussed in the medical reports ofBoehringer, and accordingly 
considered in decision making. Moreover, the therapeutic situation had changed. New beta 
blocking compounds, e.g. alprenolol and oxprenolol, with intrinsic activity emerged, and 
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made a better case for competing with propranolol. However, the clinical opinion began to 
conclude that patients with immanent or manifest heart failure should be excluded from 
treatment with beta blockers, with or without intrinsic activity. The burden came to lie on 
the shoulders of the physicians in selecting the right patients and the German physicians had 
set themselves a difficult task. 

7.5.Conclusions 

Several factors resulted in the dramatic events described above. The fact that a competitor 
possessed the patent rights, that the angina pectoris market was rather small at that time and 
that several other projects with seemingly more chance of prosperity were developing, were 
reasons for the lack of initiative at Boehringer. But these reasons also expressed current 
medical views. 
Initially Aleudrin formed the context for discussing therapeutic objectives and were to some 
extent counterproductive. When angina pectoris came into the picture, this affected the 
dipyridamole project since dipyridamole was considered as the ideal coronary vasodilator. 
Considering the prosperous future forecasted by German clinicians it was no wonder that 
a new project trying to put forward a new direction in anti-anginal trea tment was shrouded 
with a mist of caution and reservation. 
Boehringer had the difficult task of deciding between two different principles in anti-anginal 
treatment. It was a stroke of co-incidence that the principles had materialized into two 
compounds, one being K6 592 at Ingelheim, the other dipyridamole at Thomae. 
Presumably, it rarely happens that one and the same firm is the stage of such a paradigmatic 
clash with all its consequences. This contrasts with the situation at ICI. On the Anglo
American medical scene the coronary vasodilator concept had past its prime. In this respect 
a vacuum existed with respect to therapy for angina pectoris which could be rapidly filled 
by the new therapeutic principle. 
Another prominent feature was the concern about heart failure which deeply affected the 
Boehringer project. German medical views, particularly the view of heart failure on effort 
developed by the Reindell school, influenced the standards for screening. Simultaneously, 
the great risk of heart failure influenced the change of course, i.e. to study the normal heart 
and thus minimize risk of damage and decompensation of the heart. In addition, the 
initiative for this was the similarity of the effects of beta blockade with those of physical 
therapy in coronary training, another typical German approach. 
Heart failure remained a limiting factor in the further development and acceptance of beta 
blockade in German medicine. Once cardio-depression and beta blockade were 
disentangled, the K6 592 project fell into a vacuum because there was no way to claim a 
privileged position with a compound tha t exerted a low degree of cardio-depressive action. 
The compound was finally marketed in 1970 but the market was very restricted. German 
physicians remained hostile to the drug, not to the compound in particular but to beta 
blockade in general. 
Characteristic of this climate is the publication of an educational book in 1980 entitled 
Keine Angst vonn Beta-Block (No Fear from Beta Blockade) published by the German 
Physicians' publishing-firm with a foreword that opens as follows: "In discussions with 
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colleagues from general practice or the hospital, it all the time occurs that some physician or other 
expresses his fear for the use of beta blockers". 187 

The sequence of events described above were disappointing to the Boehringer scientists 
who were left with memories and no success. Resignation pervades the following passage of 
an interview (RV) with Engelhardt (E) and Koppe (K): 

E: "We had to work hard on that physician - he no longer works for the company now - in other 
words, it was difficult to convince him" 
RV: "But does that mean that actually the whole concept was questioned?" 
E: "Right, right! That's how it was" 
(.oo) 188 

E: "It was disappointing in the end and it allied to the situation that in priority we were behind 
leI with our patent" 
K: "Although we might have been in the lead by one or two years. There are situations in life that 
one cannot control by oneselffrom a certain position. Please also consider that we were at least 25 years 
younger so there were older persons in higher positions. And then, it isn't very simple to transform 
a new, surprising discovery into a marketable medicine. That is especially difficult if there is still a 
certain amount of risk, for instance that there was cardiac depression, and it was known, well, it was 
feared. You know that in Germany the beta blockers have become a really large field of medicine later, 
only much later, which had already been recognized in England and the Scandinavian countriesyears 
before that". 189 

The history of the Boehringer project shows that the medical setting is pivotal to drug 
discovery. Therapeutic targeting at Boehringer involved distinct medical traditions, which 
is abundantly clear from the medical views that entered decision taking. However original 
or revolutionary we believe our ideas to be, they are inevitably part of a continuing tradition 
which owes its nature to previous experiences and which will continue even after they 
seemed to have been absorbed by the new views. The medical views about angina pectoris, 
heart failure and coronary vasodilation attest to this point. These concepts stretched back 
to previous periods in German medicine but casted a shadow over the future as well. They 
formed the soil of the beta blocker project at Boehringer and it turned out to be infertile. 
As Lichterfeld commented: "But, looking back, it also became clear to me how completely we were 
embedded as a company in the German medical setting. (oo) That itwasn 'tthe failure of certain people, 
but a problem of the medical setting". 190 



Chapter 8. Search processes, profiles and therapeutic practice in drug 
discovery 

8.1. Introduction 

In this chapter the proposal to use set theory to describe the process of 
matching drug and disease profiles as discussed in chapter 2 will be further developed by 
examining the search process in drug discovery (8.2), making some critical comments (8.3) 
and studying how medical practice functions as a source of new drugs (8.4). 

8.2. The search process in drug discovery 

Pathways of developing drugs can be long or short, with varying degrees of complexity and 
crossing of routes. These pathways can be projected onto the changing patterns of knowledge 
about drugs and diseases. The set-theoretical model enables us to specify and to trace the 
contributions from the various scientific disciplines. It also provides us with a set of terms or 
"grammar" from set theory, with which to describe the process of rapprochement between 
medicinal compounds and diseases (see appendix IV). Different developmental pathways 
familiar from the literature, such as indication-development, screening, drug design, molecu
lar modification and chance discoveries can be re-interpreted and shown as special examples 
in this general model. They differ in the degree to which the searching process is limited by 
the use of more or less sophisticated techniques derived from drug design and structure
activity relationship studies. 
In the following, screening is taken as an example for re-examination in terms of the set
theoretical model. The intention is to show tha t both screening and ra tional drug design can 
be reduced to three basic components which relate to the nature of the rules and the profiles 
in the search process. The screening is limited to the search for one drug for one disease, that 
is, with one particular profile in mind. The following six steps are possible: 

Step 1: Look for a suitable drug x for disease E, and formulate a wished for profile, sub-divided 
into a structural (ws) and functional (wi) profile: 
a) Regarding the wished for functional profile, one has in principle one or several (experimen
tal or clinical) effects in mind which are therapeutically desirable (wf *- 0); 
b) Regarding the wished for structural profile, one doesn't know the desired chemical 
structure for the drug to be found (ws = 0). 

Step 2: A specific screening model is selected to detect a limited number of critical charac
teristics which will decide if a compound is of interest; this is a restricted (functional) profile l : 
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a) Restriction of the wished for functional profile: 

wf' ~ wf (the superscript 'r' denotes "restricted"); 

b) Restriction of the operational functional profile: 

ofr(x) ~ of (x). 

Heuristic rule: if compound XI is functionally more like the restricted wished for profile than 
JS, then XI is more like the wished for profile than x2: 

Step 3: A series of compounds is synthesized: xn (n = 1,2, .. k; k * 00). 

Step 4: Two potential compounds are found: of(xl) n wf * 0; of(x2) n wf * 0; 
for all n * 1,2: of (x) n wf = 0. 

Step 5: The compounds of interest are tested in further test-systems: 

a) Extension of the restricted wished for functional profile: 

wf' f. wf'r S wf (the superscript 'er' denotes "extended restricted"); 

b) Extension of the restricted operational functional profile: 

ofr(x) f. of'r(x) f. of (x). 

Heuristic rule: if compound XI in the extended series of experimental systems is function
ally more like the wished for profile than x2' then XI is more like the wished for profile than 
x2: 

Step 6: The search process is successfully completed, if a compound gives positive results, on 
one or more counts in the extended series of experiments. 

Successful: of (x) n wf * 0; I of(x) L:;, wf'r I < I of(x) L:;, wf'1 

The route of random screening is re-interpreted in terms of this model. 

Without many problems the changes relating to drug and disease profiles can be described 
in terms of the set-theoretical model, at least in a broad sense.2 
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The above interpretation shows especially, however, the type of rules that playa role in the 
search process. Until now the description of (the type of) changes in the domain of drug and 
disease profiles was central. How those changes are induced has only been briefly indicated 
here. Theories, daring hypotheses, innovative technical principles, new experimental sys
tems, clinical observations and chance discoveries can induce these changes and can be 
regarded as rules which are stored in a separate space. 
There are two important points relating to the namre of the rules used in screening and they 
are that the search for the strucmral profile is done blind while the search for the functional 
profile is not.3 An experimental system is chosen that allows for quantitative tests on the one 
hand and represents a key feamre of the disease on the other. However, so little is known about 
this key feamre that there is no way of judging the relevance of the system for the disease in 
question, and even less about the desired chemical strucmre of compounds that could cure 
the defect. These two points can be illustrated by the following three basic elements in terms 
of the model (fig. 8.1). 

s F c 

() 
p 

Figure 8.1 
Three basic elements in the search process in drug discovery. 

In figure 8.1 these elements are indicated by the arrows (1), (2), (3): 
ad (1): The therapeutic relevance of the experimental model: the wished for functional 

profile is reduced to a number of relevant characteristics, i.e. wff.wf; and includes 
an exchange between domains F and C. 

ad (2): The exchange between domains Sand F, i.e. between wf and ws. 
ad (3): The exchange between domains C and S: knowledge of the pathogenesis of disease 

produces insights concerning the (wished for) strucmral components of drugs; or 
reversely. 

Not only screening, but also the other processes in drug discovery can be brought back to 
these three elements. The number of possible directions in which the search can take place 
can be restricted by making rational predictions about (1), (2) and (3). This can be illustrated 
by the choice of the test system which is first used in the drug search process. Any model used 
in the detection and characterization of a potential new drug, as Drews suggests, can be 
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globally oriented towards a particular clinical utility and can be directed at a particular 
mechanistic or molecular parameter, with a large range of possibilities extending between 
these two extremes.4 

Which of these possibilities have relevance for the therapeutic objective depends, Drews 
comments, "on several factors: first, on the maturity of the scientific and/or therapeutic discipline in 
which we are working; secondly, on the amount of information already available with respect to a 
particular compound; thirdly, on the degree to which the therapeutic relevance of a particular 
experimental model has been demonstrated". 5 Acknowledging the increasing levels of organiza
tion and complexity - sub-cellular, cellular and so forth till whole organisms - it does mean 
that at some particular level of the organism, models are used representing some key feature 
of the disease for which treatment is sought. At which level depends on the factors enumerated 
by Drews. 
Ifwe apply this to the stepwise method established for the screening procedure, then the three 
factors, although overlapping, determine in various ways the search process. We can begin 
with the third factor named by Drews. The therapeutic relevance guarantees the second and 
fifth step in the scheme outlined; the second factor gives the possibility for comparison with 
steps 3, 5 and 6 and provides clues for the chemist as to which chemical structures are 
important. In a sense the second factor determines the search process in a way that has not 
been described in the preceding series, that is, the process relating to the wished for and 
operational structural profile. The first factor, the maturity of the discipline, influences all six 
steps in the search process. As a general heuristic rule, Drews proposes that in mature 
scientific disciplines one can begin with very specific test systems; while in young research 
areas only general models can be used. Specifically, one is sure of the therapeutic relevance 
of the chosen system and that brings us back to the third factor. 
Whichever way we look at it, we end up with the three basic elements as described above. If 
the therapeutic climate is ready, if there is good information about effective compounds and 
if there is reliable knowledge about the relevance of the experimental model, that is, the three 
factors stated by Drews, then the search can be more specific than in the case of screening. 
If the key feature of the disease, reflected in the experimental model, can be converted to 
molecular-mechanical parameters, then the whole batteryofdrugdesign and SAR techniques 
can be applied to the search process. As Davey stated: "Compare what we are doing in the case 
of rheumatoid arthritis with what we did when we went in search of a beta-blocking drug. In terms 
of disease we were talking about the prevention of angina and heart attacks. In laboratory terms we 
were talking about blocking the action of catecholamines on particular receptors in the heart. This is 
the kind of situation that we must try to create for the great problem areas which remain. People might 
say that mental illness, rheumatoid arthritis, and many of the otherswill never be reduced to such simple 
terms. Who knows?". 6 

Davey points out the ideal situation for every industrial researcher: the better the understand
ing of the disease at the molecular level, the more precisely one can compose the structural 
and functional profiles of the drugs. While clinicians were discussing the prevention of angina 
pectoris and heart attacks, scientists could debate the blockade of catecholamines on specific 
receptors. Knowledge of these compounds and receptors enabled scientists to create 
structural and functional profiles which were important for clinical practice. Thus, using the 
structure-activity relationship (SAR) techniques available to the chemist and the biologist, 
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the large number of choices can be greatly restricted. In this way present day pharmaceutical 
research distinguishes itself from a few decades ago, when screening and trial and error were 
the chief tools available. 
However, the present situation should not be overestimated, as illustrated by the following 
example, given by Austel and Kutter for searching for wished for structural profiles. Imagine 
that rational drug design strategy indicates that an indole-like compound would be a suitable 
lead-compound (ws = Ii}; i = indole-like structure). 

(72) 

Figure 8.2 
The basic structure of indole. 
Reproduced with pennission from Austel and Kutter (1980). 

There are an infinite number of substitutes possible in the positions from 2 to 7 of this basic 
structure (figure 8.2). "At this point", as Austel and Kutter comment, "the creativity of the 
medicinal chemist, his ability to produce ideas, comes into operation. In this context, the term "idea" 
refers to chemical structures conceived by the medicinal chemist". 7 

The strategy that the chemist can follow is to choose a limited number of types of substitu
ents that show sufficient spread in chemical potential, and to vary these types in a limited 
number of conditions. This creative stage, in Austel and Kutter's example, in which 31 
substitution types were chosen (and which were varied on average 5 times each), for the seven 
positions, still results in a collection of 16.500 compounds. This enormous number of 
compounds would take an experienced chemist atleast 150 years to synthesize, and that is not 
even including the testing stage. 
In the second phase, the chemist again chooses a representative sample analogous to the 
random sample in sociological research. The chemist thus obtains a realistic number of 
compounds to be synthesized and which can be tested by the biologist. Even using a rational 
approach, the creativity of the scientist is indispensable. 
The question is, whether this search process in drug discovery can be completely described 
in terms of the developed model. Let us assume that the process of innovation can be 
reconstructed in terms of profiles and rules. Then on the basis of an incompletely defined 
model - the partial definition of the concept of profile and the unspecified use of the rules -
it is not possible to give a definite answer. Also, even if the intuition that the concept of profile 
can be made operational in terms of set theory is correct, the following opposing argument 
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could be made. Since profiles consist of thousands of characteristics, or more, often of a 
composite nature, the model quickly comes up against technical and practical limits. An exact 
reconstruction of the discovery process is impossible. 
This argument is valid in theory but not convincing from the practical viewpoint. Scientists 
regard profiles as finite sets and reduce large sets of parameters to smaller ones, which are 
manageable in their research. These operations can be reconstructed, just as the resulting 
profiles and the changes within. A more cautious position has to be adopted with respect to 
the rules applied by the scientists. Defining these rules, brings us to the territory ofheuristics 
and statistics. These rules can be partially defined in the language of set theory and therefore 
in terms of the developed model. 
Support for the model can be found in the work of Austel and Kutter, which, as far as is known 
to the author, is the only study in which set theory is used to discuss the process of drug 
discovery.s Their basic premises differ from the present model, in that they make no 
distinction between the three domains S, F and C, nor between wished for and operational 
profiles. They also do not distinguish between formal and heuristic rules and their analysis 
does not include the concept of profile. 
However, as in the present model, the authors apply set theory principles to drug discovery, 
specifically to the development of the new cardiotonic drug AR-L 115 within their own 
company; and they also apply these principles to the basic strategies in drug research.9 Their 
analysis has its starting point in medicinal chemistry which focuses on the molecular
structural and physical-chemical properties of the compounds. In terms of the present model, 
the structural properties of drugs - i.e. domain S and the interaction with domain F - are 
central, an aspect which has received little attention in this study. In addition, they are more 
specific about the rules of the search process, than in the current study, and they introduce 
the useful approach of regarding the search process as an interaction between creative and 
systematic, valuative phases. 
If the principles of Austel and Kutter's study can be re-formulated in terms of the present 
model, then this model becomes all the more plausible. Indeed, the differences as well as the 
similarities can be re-stated in terms of the current model. The quite detailed description of 
the stra tegies of drug design and the development of AR -L 115 can therefore also be described 
in the terms of the present set-theoretical model 

8.3. Evaluation of the theory of drug discovery 

8.3.1. Introduction 

The drug discovery process can be reconstructed with the help of the theory developed in this 
study. In this section two questions will be discussed: What is the role actually played by 
profiles in drug discovery (8.3.2.), and to what degree is the assumption that the discovery 
process can be reconstructed in terms of knowledge and rules, correct (8.3.3.)? 
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8.3.2. The epistemological status of the concept of profile 

In this thesis, the concept of profile and the model derived from it, has been used as a set of 
binoculars to look at the (contextual) developments in the medical world from a great height. 
Some developments at lower levels, especially in industrial research projects have been 
examined at close range. But this instrument has not been used as a microscope to describe 
the creative processes at a micro-level in detail. 
This binocular approach could suggest that the essential character of the process of 
innovation has not been included in the analysis. This suggestion arises from the belief that 
the essential character of the discovery process should be observed at the micro-level, i.e. the 
more one descends to the micro level in the scientific world, the closer one comes to the point 
where the innovative process unfolds. After all, the creative ideas are born at the laboratory 
bench. 
The story of Prinzmetal's introduction of an alternative profile of angina pectoris to the 
medical world illustrates this point. The "newness" of this phenomenon had to be made 
visible in the consulting rooms and the researchers' laboratories. How Prinzmetal and 
colleagues created this profile and how they blended clinical experience, new techniques and 
theoretical insights to delineate this variant type of angina requires a reconstruction of the 
local situation in which they worked. But this reconstruction has not been performed in this 
study. However, Prinzmetal's publication was "new" in the medical world, and also at this 
level the "newness" had to be verified. We have seen in chapter 6 how this variant version of 
angina pectoris was pushed to one side, only to re-appear at the centre of scientific research 
in the 1970s. The discovery process therefore also takes place at the macro-level. 
More important, is that the separation into levels in the discovery process brings other, more 
fundamental problems to the fore. The question is whether, by looking through the 
microscope, quite different structures than the profiles discussed in this study are made 
visible. Just as the epidemiologist uses the binoculars, for example, to study the migration 
pattern of micro-organisms in populations and thereby reduces his object to specific basic 
components, the microbiologist uses the microscope to study the micro-organisms them
selves, and he sees quite different types of structures. Similarly profiles studied through the 
binoculars are in danger of loosing their structure at the micro-level. 
In other words the epistemological status of the concept of profile is at stake here. What role 
is actually played by profiles at the laboratory bench and in the consulting room? When 
medicinal chemists design and synthesize new compounds, do profiles of (known) com
pounds play an important role? And when clinicians notice unsuspected complaints or signs 
in a patient, are they able to do this on the basis of a pattern of knowledge in the form of a 
profile? This author is of the impression that they playa role at the laboratory bench or in 
the consulting-room. In the interviews during the research for this thesis, participants used 
the concept of profile naturally: the chemists when drawing chemical structures on the black
board and creatively imagining new ones; the biologists when discussing structure-activity 
patterns; and the clinicians in grasping the differences between the various subsets ofpatients, 
e.g. responders and non-responders on medical therapy, and the variant types of clinical 
patterns versus the general disease categories. However, further research is necessary to verify 
this impression. 
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In any case, whether or not profiles are important, still other knowledge structures playa role. 
Scientists experiment, develop equipment, and produce graphs, charts, vibrations and other 
phenomena. They are constantly busy separating signal from noise, stable effects from 
unstable, and relevant details from irrelevant. That cognitive structures other than profiles 
are involved is highly likely.10 
However, the fact remains that the concept of profile has revealed an important means of 
representing medical knowledge. The structure of medical knowledge has been enjoying 
increasing interest in medical-philosophical circles in recent years. The main point of 
discussion is to what degree this knowledge deviates from scientific knowledge. ll The starting 
point is the fact that few theories in the biological and medical sciences can approach the 
mathematical precision and the predictive power of thermodynamics, mechanics and quan
tum theory. Medicine lacks such a theoretical structure as a result of the individuality of the 
subject: the sick patient. The practical application of biomedical knowledge makes claims on 
the proposed theories and the arguments to be used. Schaffner resorts to the concept of 
"exemplar" as introduced by Kuhn; via "exemplars", i.e. specific but representative situations 
scientists learn how to apply the generalizations of the relevant scientific discipline. It is not 
a question of direct application of laws or theories but of adaptation and modification of the 
generalization through which the basic problem can be solved. In this way Newton's Second 
Law of Motion (f = rna) - an example used by Kuhn to explain the concept of exemplar - can 
take different forms depending on the basic problem. For example to describe free fall the law 
is transformed to rng = rn (d2s/ df); and for the pendulum rng.sin 9 = -rnl (d29/ df). The law 
f = rna represents a group of symbolic generalizations with their related series of standard 
problems which together form the fine structure of the scientific discipline concerned. 
According to Schaffner in the biomedical sciences, the familiarity with a series of exemplars 
("prototypes'') plays a more important role than in the physical sciences because medical 
theories have a more limited application and a less perfect agreement with the clinical 
exemplars. 12 In the following Schaffner clearly explains this view and this quotation offers 
some points for comparison with the principle of profile: 

"There (in the clinical sciences, RV)the focus is the individual patient, and generalizations such 
as 'diseases' are utilized to assist in prevention, prognosis, and therapy. The individual patient is the 
clinical exemplar of a (often multiple) disease or pathological process. Clinicians bring to the 
examination of individual patients a repository of classificatory or nosological generalizations, as well 
as a grounding in the basic sciences of biochemistry, histology, physiology, and the pathological variants 
of the 'normal' or 'healthy' processes. A theory in pathology can be construed as a family of models, each 
with 'something wrong' with the 'normal' or 'healthy' process. Such a set of overlapping or 'smeared 
out' models is then juxtaposed, often in a fairly loose way, with an overlapping or 'smeared out' set of 
patient exemplars. This dual 'smearedness' - one being in the basic biological models and the other in 
the patientpopulation - typically requires that the clinician work extensively with analogical reasoning 
and with qualitative and at best comparative connecting pathophysiological principles. Thus one can 
find fairly frequently in textbooks of medicine, generalizations that trace causal connections through 
a complex system that are written as: 

A === B === C 
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indicating that an increase in variable A will produce a decrease in B that will in turn produce an 
increase in C. This is grosser way of articulating a generalization than, say,! = ma" 13 

It appears that Schaffuer reduces the concept of exemplar to two levels: to that of the 
biomedical sciences (physiology, biochemistry, and pathology) on the one hand and the 
clinical sciences (and practice) on the other. In this respect he talks of "double-smeared ness", 
that is at both levels families of exemplars are present. The involvement of these levels with 
each other, initiates the representative form which Schaffuer discusses - although it is not 
clear how this form emerges. 
Schaffuer stresses the prominence of such schematic forms of pathophysiological connec
tions in the medical literature, and discusses examples from cardiology (the formation of 
edema), pulmonary medicine (pathogenesis of chronic hypoxia) and endocrinology (aldoster
one-renin-angiotensin system). This type of representation possibly plays an important role 
in medical science. Indeed, this form of representing knowledge was frequently encountered 
in the medical literature on angina pectoris, heart failure and heart rhythm irregularities 
during research for the present study. Also the representative forms similar to those described 
by Schaffuer occur frequently in the literature on the mechanism of drug action. 
Why therefore do medical scientists and clinicians use profiles as distinct from the schematic 
form of knowledge as proposed by Schaffner? The differences between both forms of 
representations are obvious. The most important difference concerns the cognitive structure: 
causal versus taxonomic. The crux of the matter seems to lie in Schaffner's scheme above. A 
normal situation in drug research (and also in clinical research) is that a causal relation can 
exist between A and B, but not between Band C, or not even between A and B. 
None the less, the three characteristics are regarded as critical aspects of a certain disease or 
of a mechanism of action of a particular drug. The lack of knowledge about the causal 
relationships between these characteristics is compensated for by bringing presumably 
relevant items together in a profile. In other words, there are more or less large "gaps" in the 
causal chains which form the linking fabric between biochemical, pathophysiological and 
clinical knowledge. With the aid of profiles, in which presumed relevant items are taxonomi
cally ordered, scientists try to circumnavigate these "gaps". Undoubtedly, this taxonomic 
form also relates to the practical goals in the scientific discipline. In order to develop a drug, 
a series of compounds and their related mechanisms of action have to be thoroughly and 
quickly compared. It is irrelevant which type of causal relationship exists between these items, 
whether it is to do with structural or functional properties of drugs. We can expect similar 
goals in clinical research or in medical practice where the recognition of a large series of 
(disease) patterns also plays an important role. Also by determining the prognosis or 
instituting therapy the doctor will be guided by the relevant features of the disease and 
therapy, and profiles form a useful instrument. Profiles also play an important role because 
they enable scientists to interrelate different forms of knowledge; biochemical, physiological, 
and clinical. 
The fact remains that both forms of representation can be co-ordinated and scientists use 
both in an interrelated manner. The analysis in chapter 5 also used the schematic form of 
Schaffuer as a starting point to relate the disease processes of angina pectoris and the 
mechanism of action of anti-anginal drugs. It is, however, outside the realm of this thesis to 
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compare both schemes in detail. This does not mean tha t the epistemological role of profiles 
has been sufficiently clarified here but this study does give a general outline within which the 
answer can be sought. 
The problem above, concerning the status of profiles sets a critical limit to the theory 
developed in this thesis. In addition, one can ask wha t is the sphere of influence of the concept 
of profile: it is not inconceivable that the role of the drug and disease profile remains limited 
to drug research and specific areas in medical practice. Even if this be the case, the model 
developed here should be applicable to other forms of technical and therapeutic development. 

8.3.3. Is the discovery process explicable in terms of profiles and rules? 

This point touches on the fundamental limits of the current theory. To examine these limits 
a model developed by Collins will be used to explore the results of artificial intelligence and 
the nature of knowledge. 14 Since Collins addresses the problem whether artificial intelli
gence, e.g. the creation of "knowledgeable machines" is possible, his treatise about the 
possible explication of knowledge is directly relevant to the present model. 
Collins grasps the key to this problem in what he calls the "algorithmiclenculturational" 
dichotomy. The algorithmic model of knowledge implies that knowledge can be transmitted 
to "members of society and the researchers alike in discrete bits capable of being written down, classified, 
and counted". 15 Conversely the enculturational model states that transfer of knowledge 
requires genuine understanding, skills and craftsmanship, and training or socialization into 
a culture. 
On this basis he proposes a fourfold categorization of knowledge: (1) facts and formal rules; 
(2) heuristics; (3) manual and perceptual skills; and (4) cultural skills. The first two categories 
conform to the algorithmic model of knowledge, the second two to the enculturational 
model. This separation agrees with the crucial dividing line between explicable rules and facts 
and the non-explicable tacit component of knowledge. 
Facts and formal rules include knowledge that is readily explicated; heuristics, though by 
artificial intelligence experts set apart from the first category, are still in principle open for 
definition. Manual and perceptual skills include "such things as the ability to recognize the presence 
of shapes that suggest the existence of crystals within an otherwise undifferentiated lump of solid 
material, the ability to distinguish the different sounds that can be made within a prototype TEA-laser 
cavity, and the ability to take a throat swab and see relevant shapes under the microscope". 16 

Instead cultural skills conform to Polanyi's idea of tacit knowledge illustrated by the well
known example of the skill associated with bicycle riding. Without understanding the physics 
of riding the cyclist "knows" how to ride. Since Collins defines cultural skills as "abilities 
required to understand and use facts, rules and heuristics", he uses the term to stress the fact that 
there is an "inexplicable component" of knowledge.17 

Accordingly, Collins uses the model to explain how in the process of knowledge development 
pieces of knowledge are transformed from the one category into another. Collins shows for 
example, how Harrison, a laser expert, succeeded during the development of the TEA-laser 
in translating implicit knowledge into explicit knowledge and rules. Harrison knew, for 
example, that the distance of the electrical connections between certain components in the 
apparatus had to be "short", but he had no idea what "short" in this specific laser context was. 



SEARCH PROCESSES, PROFILES AND THERAPEUTIC PRACTICE IN DRUG DISCOVERY 249 

Only an expert like Harrison, initiated in the laser and electronics culture, was capable of 
performing this transformation. After this success similar apparatus could be built by less 
expert and qualified people. Collins points out that the interpretation of "short" - in electronic 
terms - can only be understood against the background of the wide spread distribution of 
"measurement skills" in our culture. Only then can we say that there is a successful transfer 
of expertise into the system tha t the user can utilize. If notthen this knowledge remains within 
the culture of an esoteric circle of experts and would in all probability be resistent to 
explication. 
Communicating and explaining knowledge depends on the ability to pass on knowledge to 
others. In other words Collins draws attention to the close inter-relationship of knowledge 
and culture and he contests the thought that there is one way traffic between the expert! 
knowledge engineer - expert system - end-user: "Unless, minimally, the end-user can interpret 
the symbols that the expert system uses to give its advice, nothing useful can be transferred". 18 Certain 
skills such as measuring blood pressure or taking an ECG, once sophisticated procedures and 
restricted to the initiated, have now become everyday events. But these nearly commonplace 
skills do not mean that less competence is now required but reflect the fact that the skills have 
become so widely spread. This fact agrees with a conclusion from Artificial Intelligence 
research that "some widespread abilities, such as speaking, writing, and interacting socially, are 
difficult to explicate and that the things we think of as the preserve of clever people, such as rapid 
calculation or playing good chess, are relatively easy to encapsulate in formulas. This is why we cannot 
think about the development of knowledgeable machines without thinking about how they are going 
to be used, or the way they will fit into the cultural ambience. A machine that can interact quite 
acceptably in one social setting may be unacceptable in another". 19 

The manual and cultural skills make up the invisible part of the iceberg of knowledge, not able 
to be made explicit, but able to be used and understood. Explicit knowledge and rules make 
up the tip of the iceberg, a top that becomes ever larger, but which also shrinks when certain 
skills in our culture disappear. In this sense explici t knowledge and rules remain closely bound 
to the skills which lie hidden under the water. "The role of the end-user is", as Collins writes, "to 
insert that part of the iceberg of cultural knowledge that cannot be programmed". 20 

The consequences of the above for the present model are clear. There is a fundamental limit 
to the ability to make knowledge and rules explicit. In this sense the current model does not 
describe the processes involved in drug discovery as "art", "craftsmanship", and "expertise", 
although these skills, as Collins shows, are crucial to the creative process. On the other hand, 
the boundary between explicit and implicit knowledge is not fixed; it moves constantly and 
these movements can be illustrated within the current model i.e. the changes involving 
profiles and rules. 
The most important point which Collins raises is the inter-relationship of knowledge and 
cultureY Irrespective of how successful chemists are in explaining the lipophilic, electric and 
steric properties of molecules and in connecting them with the mechanism of drug action as 
understood by biologists, the knowledge produced remains dependant on the skills of the end 
users, i.e. the chemists who need to synthesize these compounds on a large scale, the 
pharmacists who have to check and deliver them, and the doctors who have to prescribe the 
drugs. 
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Collins provides a justification for the view held in this thesis that the end-users play an 
important role in the process of discovering new drugs. In other words the present model 
claims thatwe have to not only reconstruct the world of the experts and scientists but also that 
of practicing doctors and pharmacists. This role could be taken as "passive", i.e. as a 
supplement to what cannot be made scientifically explicit. However, it must also be regarded 
as active because the end-user also exerts a driving force in the discovery process. Culture -
or rather "practice", i.e. application by the end-user - is no obstacle to scientific progress 
neither is it simply a centre of irrational activity that betrays the scientific norms. On the 
contrary, practice becomes the master-mind of discovery. 

8.4. Practice - the contribution to drug discovery 

8.4.1. Introduction 

In this section an epistemological characterization will be given of the contribution made by 
medical practice to the development of drugs. By practice will be understood therapeutic 
treatment in the context of the doctor-patient relationship. This conforms to the majority 
opinion that the essence of medical practice is individual and patient centred. This study is 
not concerned with the treatment itself but with the cognitive characteristics that are of 
importance in the gaining of knowledge (8.4.3.). Further, the "accumulated experiences" in 
relation to therapeutic treatment (8.4.4.) will be examined, and finally the claim made here 
that medical practice is a source of new knowledge about drugs and disease will be further 
discussed (8.4.5.). Before examining therapeutic action as a source of new knowledge, it is 
necessary to characterize more specifically the process of gaining medical knowledge. For this 
purpose use will be made of the map which Toulmin developed (8.4.2.). 

8.4.2. The conflict between controlled clinical trial and casual experience in therapeutics 

8.4.2.1. Toulmin's epistemological map of medicine 

The central goal of Stephen Toulmin's 1976' article "On the Nature of the Physician's 
Understanding" was to draw a first, rough map to locate the particular kinds of knowledge 
which are embodied in medicine.22 

His natural taxonomy of knowledge starts from the distinction between general and 
particular knowledge. General knowledge encompasses the understanding of the relations 
between, for example, force, mass, and acceleration, or between molecular conformations and 
biological activity. Particular knowledge deals with particular objects such as a flying missile, 
an animal species, a disease entity or chemical compound. Both forms of knowledge regard 
their object differently. The first departs from the peculiarities of the object and looks for the 
rules and the regularities. Particular knowledge, on the other hand, examines the special 
characteristics of the object. With general knowledge the "exceptional cases" are only 
interesting in so far as they expose regular patterns; they are the exception to the rule. With 
particular knowledge they express the uniqueness of the object; devia tion, idiosyncrasies, and 
paradoxes show the richness of individual variation. This knowledge directs itself to the 
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specific conditions of events and specifies time, place and circumstances in which special 
events occur. 
Both types of knowledge are further sub-divided by Toulmin with the help of two pairs of 
epistemological terms. General knowledge can be pursued out of simple theoretical desire 
to improve our understanding of the world or, alternatively, with the aim of developing new 
practical techniques for producing results in the world. This is synonymous with the 
distinction between theory and practice. Theoretical knowledge is directed towards knowing, 
explaining and predicting events and practical knowledge to controlling and (re)creating the 
situation in reality. 
Both theoretical and practical knowledge can be further sub-divided into abstract and 
concrete knowledge. Abstract knowledge goes back to Plato, and concerns the underlying 
mechanisms and lasting principles. These represent order in a world of chance and change. 
Concrete knowledge is the inheritance from Aristotle, and is concerned, as stated by 
Toulmin, "with natural kinds, life cycles, and other typical 'courses"'.21 Here too both forms 
of knowledge regard their object in a totally different way. Abstract knowledge directs itself 
to idealized systems, which as such, don't occur in reality (the Platonic idea). The guidelines 
for concrete knowledge are the "real-life exemplars": typical phenomena or processes which 
take place in reality. Therefore, in the case of concrete knowledge, a new experimental system 
to investigate new anti-hypertensive agents, is considered adequate when it represents 
hypertensive disease in a very realistic way. In the case of abstract (theoretical) knowledge one 
strives for a model that ideally looks like "hypertension" but may be satisfied with something 
that is far from reality. 
This distinction between the abstract and the concrete can also be found in the area of 
technology and practical knowledge. When emphasis lies upon abstract knowledge, it is the 
general principles of the mechanism of action of antihypertensive agents, for example, that 
are relevant. In contrast, in the case of concrete knowledge, specific procedures and boundary 
conditions to control hypertensive disease are important. 

Particular knowledge can be sub-divided into knowledge directed towards particular collec
tives or individuals. Collective knowledge directs itself to a certain group of patients, a 
country, or an animal species; particular knowledge on the other hand is concerned with a 
specific individual. Roughly speaking this distinction is comparable with the work of an 
historian as opposed to a biographer. To use Toulmin's map, the understanding of the disease 
pattern in a group of patients must focus on relevant characteristics as perceived over a certain 
time period: age, sex, social-economic status, disease state, etc.; and not on all events that 
affected the life of these people. Collective knowledge requires a selective attention. By 
contrast, understanding individuals demands an inclusive attention: whatever significantly 
affects the life of a particular patient will be equally relevant for the general practitioner. 
Finally, these two forms of knowledge can be further split, according to Toulmin: "An 
understanding of particulars - whether individuals or collectives - may again be sought, either for its 
own sake, or, alternatively, in the service of advice and advocacy". 24 The former I propose to call 
detached, the latter concerned knowledge. In case of detached knowledge the general 
practitioner explains the linking of facts and events that shaped the life history of a particular 
patient. This activity differs from getting information to intervene in the sick patient in the 
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correct way. Even so, the epidemiologist in occupational medicine may provide a deeper 
understanding of the appearance and distribution of some occupational disease but this is 
quite different from the activity of developing measures to prevent this disease in a particular 
group of factory-workers by an occupational physician. 

It is assumed that the following diagram approximately visualizes the map which Toulmin had 
in mind, though he did not actually draw one. 

General 

Abstract Abstract 

Theoretical Practical 

Concrete Concrete 

Detached Detached 

Collective Individual 

Concerned Concerned 

Particular 

Figure 8.3 
Visualization of Toulmin's map representing the types of gaining medical knowledge. 

Some additional remarks are necessary. Firstly, the attractiveness ofToulmin's map lies in his 
combined use of dichotomies; medical knowledge is not reduced to a simple dichotomy; 
prime focus is on its complexity. Obviously, each of these dichotomies may be criticized but 
combined and properly used they are useful to discuss relevant epistemological issues in 
medicine and drug research. Secondly, the dichotomies are conceived of as reference points 
of a grid, not as absolute categories. Thirdly, the application to actual cases may cause 
difficulties, but is dependant upon the case under scrutiny and the purpose of the analysis. 

8.4.2.2. Application ofToulmin's map on the conflict between controlled clinical trial and 
casual experience in medicine 

Toulmin developed this map to explain the issue of epistemological pluralism in medicine.25 

For, "the status of medical knrrwledge ", as Toulmin notes, "is a historical fact about the practice of 
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medicine at the time in question". 26 Throughout history the mix and distribution of the various 
ways of gaining knowledge in medicine shifted. This applies also to the conflict between 
controlled clinical trial and casual experience in medicine. Here Toulmin's map is used to 
perform a systematic analysis of this conflict. 
Consider, for example, a medical discipline that merely consists of two epistemologies: 
"casual experience" and "controlled clinical trial" (figure 8.4). 

CCT (clinical trial) 

Casual experience 

Figure 8.4 
The landscape of a medical discipline consisting of casual experience and controlled clinical trial as its basic 
types of gaining knowledge, drawn on Toulmin's map. 

The aim of the controlled clinical trial is to validate the effectiveness ofa new therapy. Hence, 
general knowledge is the issue, particularly of a technological, applied nature. Though the 
trial forms a test of the general principles of therapy, these principles are embodied in specific 
procedures to handle the therapeutic problem: route of administration, dosage regimen, 
duration of action, etc. Moreover, it treats its objects as real-life exemplars that actually exist 
in the world. Hence, the "density" of the controlled clinical trial is located in the area of 
practical, concrete knowledge. In addition it encompasses collective, detached knowledge 
because it collects information about patient populations. In contrast casual experience seeks 
particular knowledge. It focusses on individual cases with emphasis on advocacy and 
therapeutic concern. Moreover it reveals individual idiosyncracies, the signs and symptoms 
which are particular, time-bound and tentativeY 
Both epistemologies make claims regarding the nature and justification of medical knowl
edge. These claims represent a spectrum between a weak and a strong interpretation. In the 
case of casual experience the strong interpretation maintains that the experience and 
observation of the doctor is central to the formation of knowledge in general and in particular 
about working principles and effectiveness. The weak interpretation, on the other hand, 
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recognizes that general knowledge about therapeutic principles doesn't belong to its domain, 
but the application does. 
In the case of the CCT-concept the weak interpretation restricts its claims to the evidence 
about the general principles embodied in the therapy and to the specific procedures 
appropria te to the handling of therapeu tic problems. It then remains open, in particular cases, 
for physicians to decide to what extent this knowledge is pertinent to the therapeutic problem 
at stake. In contrast, the strong interpretation claims that the best information to assess 
whether a given treatment does more good than harm to individual patients is delivered by 
the CCT. This leaves no room for particular knowledge whatsoever. 
In the following sections the analysis follows the line of the strong interpretation of the CCT
claim. Firstly, because the analysis gives insights which also apply to the other instances, and 
secondly because this strongly normative judgment is influential and popular. 

8.4.2.3. Pragmatic attitude towards the controlled clinical trial 

Before explaining this strong interpretation it is useful to put this claim in perspective because 
it has to be distinguished from the pragmatic attitude one encounters in practice. The claim 
doesn't deny that the choice of therapy depends on the context of the doctor-patient
relationship, nor that in choosing, the doctor has to decide what should be done for this 
patient. Further, the claim doesn't deny the fact, that in practice, doctors often decide on the 
basis of their own experience. However, this is regarded as undesirable because reliable 
knowledge is only obtainable from the CCT. In other words, the epistemological claim 
concerning the CCT has to be distinguished from the practical view which is motivated by 
pragmatic, economic or psychological factors. This attitude appears in different forms, six of 
which are mentioned here. 
First, it is acknowledged that in particular situations the CCT is unfeasible or irrelevant. If, 
for example, the disease in question is rare or if it is invariably followed by death, then the 
CCT cannot be performed (too few patients) or is not required since any treatment effect is 
immediately obvious. 
Secondly, for practical and economic reasons it is very often impossible to perform the 
required trials. Therefore, in practice, one has to take refuge in methods which produce less 
reliable information but with greater speed or lower cost. When no rigorously controlled 
studies are available, clinicians have to actin the face ofincomplete information which is quite 
a common situation in medicine. Also every time a physician wants to treat a patient, he has 
to evaluate whether the patient concerned is recognizably similar to the patients studied 
during the trial. 
Thirdly, it is acknowledged that controlled clinical trials are too small to detect rare but 
devastating side effects. Although such trials are the only way to assess the efficacy of a drug, 
other studies are required to determine its safety. But again, this is a matter of economics and 
energy, not of principle. For, when sufficient numbers of patients are enrolled and financial 
resources are available, the controlled trial is the ideal method. If, however, the principle itself 
is denied, we enter weaker interpretations of the CCT claim. 
Fourth, the strong claim about the controlled clinical trial does not deny that therapeutic 
decision making is an inductive process which has as its input the specification of observed 
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characteristics of the patient and as output a list of hypotheses each of which could explain the 
characteristics be they diagnostic, prognostic or therapeutic. That is, therapeutic decision 
making is an activity per se, but the truth of the hypotheses generated by the physician is 
determined by the controlled clinical trial. 
Fifth, medical knowledge is probabilistic in nature, and so is the diagnostic and therapeutic 
process, but this is an expression of the present incapacity of medical knowledge. If otherwise 
conceptualized - for example, when it is claimed that medical knowledge is necessarily 
probabilistic by nature - weaker interpretations of the claim may come to the foreground. 
Sixth, the target of medical therapy is subject to the patient-doctor relationship. Though 
clinical trials determine the value of a particular therapy, physician and patient may jointly 
agree not to choose the therapy. Hereby norms and values enter the therapeutic and 
diagnostic process, a subject which will be left aside here. 

However much these exceptions are acknowledged from the pragmatic point of view, they 
still prove the rule that the CCT generates the best information about therapy. 

8.4.2.4. Dissection of the strong interpretation of the normative claim about the CCT 

The strong interpretation of the normative claim implies two things. Firstly, knowledge of 
the efficacy of medical therapy is a mere matter of the CCT. Secondly, in prescribing the 
therapy the physician merely "applies" the knowledge generated by the CCT. Let us agree 
with the first aspect and examine the second in more detail. 
The essence lies in the concept of "application" , a very complex idea which has occupied many 
a philosopher. 28 In this context Toulmin notes: "Though the physician's particular understanding 
of some individual patient may rely on general principles, whether physiological or psychological, the 
principles themselves will have a medical significance only so far as they can be related to a personal 
understanding of the particularities of clinical practice with actual patients, that is, individual human 
beings coming for professional advice. (..) Again, the general (technological) principles of diagnostics 
and treatment are one thing; the specific (craft) regimen appropriate to this or that childhood infection 
is something again". 29 To mark this difference between general scientific principles and their 
"application" to actual cases Toulmin uses an obvious example drawn from physics: "Scientists 
were rightly confident about the laws of gravitation, yet they are quite unable to say where a scrap of 
paper dropped from an upper window will finally touch ground". JO Thus, while the physician 
incorporates the body of scientific knowledge in therapeutic decision making, this knowledge 
enters a different world of concepts and relations. One way or other the physician specifies 
general knowledge, or juxtaposes it to particular conditions. In any case, he enriches the body 
of knowledge about medical therapy and he contributes to the growth of medical knowledge. 
Consequently, we have to reconsider our agreement with the first point, i.e. that knowledge 
about medical therapy is a mere matter of controlled clinical trials. 
An important argument against this interpretation is that particular knowledge of therapy is 
not possible. Imagine for example that the doctor wants to treat a 50 year old, menopausal, 
woman with a muscle relaxant for tense back muscles - a legitimate therapeutic goal in case 
of back pain. A side-effect of certain types of muscle relaxants is orthosta tic hypotension, an 
intermittent drop in blood pressure on getting up or other sudden changes in posture, 
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through which dizziness can occur with a resulting fall. These side effects can be regarded as 
undesirable in this case. Through the possible presence of osteoporosis, a decalcification and 
weakening ofthe bone as a result of hormonal changes due to menopause, there is an increased 
chance of bone breakage on falling; and experience has shown that orthostatic hypotension 
often results in falls. The doctor decides to prescribe a muscle relaxant that does not cause 
orthostatic hypotension. 
In this case, the physician takes account of specific characteristics - woman, 50 years, 
menopause, osteoporosis - in deciding to follow a certain therapeutic course. Even though 
these characteristics occur together in this particular case, they are not at all unique. There 
are more women of 50, in the menopause, who have an increased degree of osteoporosis. 
These are therefore characteristics of groups of patients which are attributed to individual 
patients but there is no question of uniqueness. This is perfectly illustrated by Lasagna's 
scathing opinion of the "no-patient-is-like-any-other-patient ploy" which according to him 
is maintained by the supporters of casual experience: "We are, to be sure, all different from one 
another, and it is probably true that one could listen to hundreds of lungs during the pneumonia season 
and not find two that sounded exactly alike. But this is not the same as saying that there are no common 
features in such patients or that therapeutically one starts from scratch every time one faces a patient 
with pneumonia. If this were so, medical teachingwould be impossible and the practice of medicine chaos, 
or at least anarchy". Jl 

The argument is valid. For in therapeutic decision-making - and also in the diagnostic process 
-, the condition of the patient is, somehow, reduced to general categories or types, hence to 
the body of general medical knowledge. This argument even holds in cases of "uniqueness" . 
Suppose that the pattern described above is indeed unique, then it still figures as a general 
account without which the physician is unable to decide whether it concerns a therapeutically 
significant pattern. Many other characteristics of the patient's condition can be considered 
in therapeutic decision making. One way or the other the physician "leaps" into a category. 
Though Lasagna's counter-argument is sound - mutatis mutandis the same holds true with 
respect to particular knowledge of collectives - it hinges upon the notion that the concerned 
pattern is part of the present body of general knowledge - which in addition is established by 
the CCT. However, it doesn't exclude the possibility that the pattern described is unknown, 
hence is "discovered" in this particular patient. Butin agreement with the counter-argument, 
the physician inductively jumps to a general account of the therapeutic problem in question, 
e.g. that it is "typical" with regard to the patient'S condition. Nevertheless, this account is 
distinct from existing categories, hence contrasts with the present body of knowledge. In 
specifying a particular set of characteristics or aspects of the patient's condition knowledge 
is particularized with regard to the body of general knowledge. From the perspective of 
particular knowledge the patient's condition is generalized (figure 8.5). 
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Figure 8.5 
Thecircus movement of generalization and particularization in the process of creating therapeutic knowledge. 
Adapted from Darden (1980). 

When we distinguish between the therapeutic problem at stake, and the solution provided for 
it, we enter a sort of circular movement of creating therapeutic knowledge. The body of 
therapeutic knowledge is continuously nourished by different sources of medical knowledge. 
It is used to identify therapeutic problems, and to solve them. In this process generalization 
and particularization are intertwined. As a result the body of general therapeutic knowledge 
is used and applied, but also continuously enriched. The mechanisms through which this 
occurs, forms the subject of the next section. 

8.4.3. Therapeutic treatment based on the individual patient 

The way in which medical practice can be regarded as a source of new knowledge can be 
illustrated by reducing the diagnostic-therapeutic process to six basic steps. The first two 
concern the diagnosis and the last four the therapy.32 

Step 1 Establishing the clinical picture CP(i) of patient i. 

Step 2 Comparison of this specific clinical picture with the background knowledge, i.e. the 
domain of disease profiles: the clinical picture CP(i) is similar to the disease profile P. 

Step 3 Establishing the desired therapeutic effect. 

Step 4 Comparison of the desired therapeutic outcome with the background knowledge, 
i.e. the domain of drug profiles: choice of drug. 

Step 5 Establishing the clinical picture CP'(i) after the therapeutic intervention. 

Step 6 Comparison of CP'(i) with CP(i): evaluation of the intervention. 
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Firstly, the physician has to establish the clinical picture. This involves taking a medical 
history, performing a physical examination and possibly some laboratory tests. He then 
compares the clinical picture thus obtained with his background knowledge, and determines 
which disease pattern best matches that of this patient. During the third step the physician 
determines the desired therapeutic outcome, and in the fourth he compares this profile with 
the background knowledge, and he chooses the most suitable treatment from the range of 
available therapeutic possibilities. Finally he evaluates the intervention, for which he first 
establishes the clinical picture of the patient and compares this with his background 
knowledge: a repetition of the first two steps, and he then determines if the therapy is effective. 
In this step-wise scheme two events are concealed which are crucial with respect to the 
acquisition of knowledge: 

A. (Step 2): CP(i) = P: the patient's clinical picture is considered to be the same as a known 
disease pattern. 
When the doctor applies the rule in which CP(i) is the same as the disease profile, he makes 
a dramatic decision. The deviation of the individual disease pattern from the model profile 
- which always exists - is regarded as irrelevant. This step implies a critical decision and can 
always result in a process of reconsideration. There are two possibilities: 

1. Change in the disease profile P, mostly in the sense that a subtype of the sickness is created.33 

2. Anomaly: the deviant nature of the patient's disease pattern is noted but no further action 
is taken. 

B. (Step 6): Comparison of CP'(i) with CP(i), in which there are two possibilities: 
BI. CP'(i) = CP(i): there is no change in the patient's condition. 

Conclusion: the drug is ineffective.34 

BII. CP'(i) '* CP(i): there is a changing clinical picture; the doctor now has to find out the 
cause of this change: 

BUa: CP'(i) = N, in which N is the normal situation: the doctor concludes that the drug 
concerned was effective. 

BUb: CP'(i) = Q, where Q denotes a disease pattern different from P (P,* Q): 

BUb1: a side effect is produced. J5 
BUb2: a new disease has appeared in patient (i).J6 
BUbJ: an unexpected effect has appeared in patient (i), that can result in a new therapeutic 

possibility for drug x (also indirectly via drug y). 

A patient with two illnesses 

Up to this point it is assumed that a patient has only one illness. However, it often happens 
that a patient has two or more complaints simultaneously. The following discusses only one 
specific situation which is important with respect to new knowledge: a patient has disease Q 
258 
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and R (P = Q u R), he receives drug x for Q, which (unexpectedly) happens to be effective in 
treating R: a new indication is discovered for X. 37 

8.4.4. Accumulated experience and therapeutic intervention 

In the previous epistemological analysis patient centred therapy was important. A medical 
practice, however, consists of a conglomerate of therapeutic interventions. Each treatment 
adds something new to the already accumulated experience and this experience exceeds that 
gained from the treatment of one patient. The most simple situa tion is the comparison of the 
therapy of two patients. IfpatientAand B have disease P, and drug x is effective in A but not 
in B, then the situation needs further examination. IfpatientAand B are treated with the same 
drug and both show a undesirable changed clinical picture that can be related to this drug, 
then these two patients show possibly unsuspected side effects. 
In principle these situations don not differ from the observations of therapeutic intervention 
in the individual patient. At most one can say that two, three, or more of such observations 
are an extra indication that the background knowledge has to be modified. However, the act 
of comparison, and the intention to alter or consolidate the background knowledge shows 
already that a shift in the type of knowledge can occur. 
The clinician - or a group of clinicians - could have the experience that in a certain group of 
patients with drug x, 70% of cases will be helped, while it is generally assumed that it will help 
in only 40% of the cases, and that the physician should resort to other forms of treatment in 
the remaining cases. Also a doctor may have experienced that a certain side effect of a drug 
rarely occurs in his practice or is at least less serious than indicated in the literature. The 
doctor may also notice that some drugs from a certain group are more effective than others 
or that some categories of patients respond better to therapy than others. 
We can regard this knowledge as an extra layer between the generally accepted scientific 
knowledge and the diagnostic-therapeutic knowledge based on the individual patient (figure 
8.6). 

I st Level General knowledge 

2nd Level Accumulated experience 

3rd Level Particular knowledge 

Figure 8.6 
Three layers of knowledge in therapeutics. 

The second layer is identified as a middle layer because it interacts between particular 
knowledge and the generally accepted scientific knowledge. Several additional comments are 
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needed with regard to Toulmin's epistemological map. The term "accumulated" refers to the 
fact that the doctor accumulates experiences with his patients. This term is consciously used 
to distinguish it from collective knowledge, because he does not concern himself with a 
population of patients but gains experience with individual patients within this population. 
This involves particular knowledge; it is not concerned with the case but has a more remote 
character. One can speak of general knowledge when the accumulated experience is made 
explicit to illustrate phenomena of a general nature. This occurs also implicitly, because 
knowledge and experience is exchanged in the social interaction between doctors. Also 
doctors use this experience to adjust the scientifically determined standard for their practical 
needs. In this respect it also relates to general knowledge because it serves as a guideline for 
diagnosis and therapy. 
This accumulated experience is the unwritten knowledge in practice, and includes the norms 
and standards which are generally known but which are not written down. This doesn't mean 
tha t this tacit knowledge is not able to be explained. This is contrary to the widely held belief 
that the very existence of tacit knowledge lies in the fact that it cannot be made explicit. 
However, there are limits in principle to the degree to which this can occur. There are three 
questions regarding this tacit knowledge. 

(1) How does the doctor arrive at his knowledge in particular cases? Why does he regard 
one patient differently to another, i.e. why he applies drug x to patient y instead of 
drug z, which is generally regarded as the correct therapy? 

(2) What are the reasons which the doctor can cite for his knowledge? Is the knowledge 
correct? 

(3) What is the nature of the knowledge and the rules which the doctor applies? 

The impression is that the uncertainty concerning (1) and (2) and thereby the rejection of 
"practical knowledge" as inferior to the scientific knowledge, is a barrier to the explication of 
(3). The same mechanism of ga thering knowledge is involved in the accumulated experience, 
as in the individual-centered therapy. The content of this knowledge is however more elusive; 
rather we see slowly shifting patterns, i.e. changing knowledge about diseases and drugs. 
These changes can be characterized with the help of the present model. In addition certain 
ideas about the "effectiveness" and "ineffectiveness" crystalize out. These terms are put 
between inverted comma's to indicate the specific character of these ideas: 
"In my experience, compound x works better with patients with disease y, if it is given at an 
early stage in the illness"; "my experience is that, that compound also has an effect on disease 
y, although it is said to be ineffective". In these opinions, two principles are operational: (1) 
making similar what was dissimilar before; en (2) making dissimilar what was similar before. 
These ideas concerning the effectiveness of drugs lead to new categories of knowledge that 
have not been identified up till now. This knowledge is produced on the basis ofa mechanism 
that has been identified by Bignami under the heading "ex juvantibus logic" - the form of 
reasoning based on what helps.38 Bignami gives the following two examples: 

''first example: Clinically effective antidepressants modifY monoamine metabolism via a blockade of 
reuptake at terminals, which enhances the availability of given neurotransmitters; therefore, 
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depression may be the consequence of reduced neurotransmitter contents or availability. Second 
example: Effective antipsychotic (neuroleptic) agents are powerful dopamine antagonists; therefore, 
the cause (or primary pathogenetic mechanism) of schizophrenia may reside in a disturbance of 
dopamine metabolism" 39 

Etiological or pathogenetic hypotheses are formulated on the basis of whether or not a drug 
is effective.40 This form of reasoning plays an ongoing role. When new drugs are developed 
as an improvement of a known therapy, and have a similar mechanism of action to the original 
therapy then positive clinical results produce a strengthening of the formulated hypotheses. 
Another type of argument is also possible. When an etiological theory exists about a certain 
disease, and a new drug is found, then the evidence of effectiveness of this drug leads to 
hypotheses concerning the mechanism of action of the drug. 
In contrast to the ex juvantibus logic one can also argue from the point of what doesn't help, 
because evidence of the drug's ineffectiveness can also lead to hypotheses regarding the drug's 
mechanism of action. In chapter 5 and 7, the simultaneous appearance ofthe above forms of 
reasoning have been extensively described, especially by the developments concerning 
nitroglycerine and dipyridamole. Both drugs, the first judged effective and the last ineffective, 
were used to decipher the important aspects of the mechanism of action of anti-angina 
compounds as well as the disease process. New hypotheses concerning the disease and 
treatment were formulated. 

In summary, the following categories of acquiring knowledge in therapeutic interventions 
can be listed: 
a. The discovery of new indications. 
b. The discovery of new side effects. 
c. The discovery of new aspects of disease: new classifications and the recognition of 

subtypes. 
d. The discovery of effectiveness: responders/non-responders, idiosyncracies, paradoxical 

reactions, etc. 
e. The generation of new insights in the mechanism of drug action. 
f. The generation of new insights in the etiology and pathogenesis of the disease. 
These categories of gathering new knowledge are not restricted to medical practice. 
Therapeutic intervention directed to the individual patient can occur in various medical 
situations, for example during randomized clinical trials or cohort-research; the same applies 
to accumulated experience. Also the accumulation of new knowledge is not only restricted to 
physicians. Patients, pharmacists, or scientists who experiment on themselves can arrive at 
these new discoveries. 

8.4.5. Further explication of practice as a source of new knowledge 

The classical model of drug development regards medical practice as the end-station in the 
development process. However, this model also assumes feedback from the medical practice 
to science. If a drug appears to be effective, then the underlying theories are correct; on the 
other hand, if the drug is ineffective then one questions the correcmess of the scientific ideas. 
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In this way medical practice separates the chaff from the corn. This reciprocal influencing of 
science and practice is in conflict with the linearity of the discovery process which lies at the 
basis of this model. This conflict is solved, when one removes the measurement of effective
ness from medical practice and brings it within the realm of science such as recommended by 
the proponents of the randomised clinical trial. The practice is therefore the silent follower 
of science, and has the sole obligation of applying knowledge appropriately. 
The dividing line between science and practice is created by the question of testing the 
effectiveness for a group of patients. From the viewpoint of the individual-patient-centred 
physician this dividing line is inadequate. Although such trials make powerful instruments for 
testing effectiveness they give no definite answer about the effectiveness of a certain drug in 
a particular case. 

Placebo Spontaneous Effect 
effect recovery of drug 

CAl (B) I JCl 
I Normal condition I 

(D) 

Figure 8.7 
Three sources -placebo-effect (A), spontaneous recovery (B) and drug effect (C) - of restoring the pathological 
condition of the patient to the health state (D). 

If the doctor - on the basis of the results of randomized clinical trials - can assume to be giving 
an effective drug, he can't exclude the possibility that spontaneous recovery or a placebo effect 
may bring about an improved condition in the patient: if (D), then not necessarily (C) but 
possibly also (A) or (B). If no improvement occurs in the patient's condition, then the 
conclusion is justified that giving the drug is not effective. In this case it concerns the 
knowledge deviating from the scientific standard. The doctor contributes directly to the 
development of new knowledge. 
This conclusion contrasts sharply with the widespread view that the business of discovery lies 
outside the realm of medical practice. The biological psychiatrist Van Den Hoofdakker has 
contrasted this attitude in medical practice with that of the laboratory scientist: "It is not the 
intention to discover something new in medical practice. It is expected that you recognize what your 
teachers have already seen. Anything new is a problem and dangerous for a young doctor. He wants 
a solution, a diagnosis. It is very difficult for him to say: I don't know, I've never seen this before, it's 
new. In the laboratory I had to search for what had never been seen before. Dare to look, as it were. 
That was tremendously fascinating ... Of course, you cannot look with an untrained, naive eye. Basic 
knowledge and a pre-programmed vision are necessary. But the scientific approach consists of being 
able to adjust that vision: O.K this is our diagnostic eye-glass for the present, but it is not eternal, it 
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changes. It changes only because we dare to look in a different way. That is, after al4 the power behind 
progress, that people dare to look at things differently and don't continue to think that they know it all. 
If you ask different questions, different truths emerge". 41 

Medical practice has a negative attitude towards the "new", "unexpected" or "surprising"; and 
comforts itself with the "familiar" and the "ordinary". This attitude is also reflected in the 
physician's working methods. The physician makes a provisional diagnosis, a "probability 
diagnosis", evaluates this on the basis of the result of therapy, and when the treatment gives 
the desired result, it is concluded that the "correct" diagnosis was made.42 This is a variant of 
the ex juvantibus logic. From whatever helps, i.e. in improving the patient's condition, it is 
concluded that the previously made diagnosis must have been correct. Bignami discusses this 
form of ex juvantibus logic, and cites the following two examples: "first example: Patient A, 
but not B (both clinically depressed) have improved during treatment with drug X (a tricyclic 
antidepressant); therefore, it appears likely that A's depression is endogenous and B's depression is 
reactive. Second example: If a severely anxious patient fails to show improvement under a 
conventional anti-anxiety treatment, but responds well to a neuroleptic (i.e. to an "antipsychotic" 
agent), there may be a psychotic, rather than a neurotic state underlying the anxiety syndrome" 43 

In this way, the therapeutic effect settles the diagnostic uncertainty which precedes the 
treatment. The diagnostic uncertainty is enclosed within step 2 of the diagram illustrating 
therapeutic treatment. During this step the doctor has to make a decision, based on one or 
other rule, that the individual patient's deviation from the general disease profile is irrelevant 
(figure 8.8 (a». 
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Figure 8.8 
The diagnostic-therapeutic situation: a general disease pattern (open box) and the clinical pattern of individual 
patients (. ). 
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The diagnostic uncertainty concerning patients (1) and (2) with a clinical picture CP is 
circumnavigated with help from the certainty concerning the therapeutic effect. The 
apparent certainty of this therapeutic assessment has already been shown. The point is that 
the deviation ofCP(I) and CP(2) from the general disease profile P is not registered. Thereby 
no account is taken of the diagnostic situation, as shown in figure 8.8 (a), which in practice 
can appear as depicted in figure 8.8 (b). It appears here that patient (2) belongs to "another 
group" of patient - but not patient (1). The doctor can only trace P', when he takes deviating 
disease profiles into account. 
This type of ex juvantibus logic does not therefore result in new knowledge. The doctor 
unconsciously adapts his observations to the background knowledge of known disease 
profiles. The practice of medicine remains caught in the network of scientific knowledge. 
Each attempt to escape, to look for "new phenomena" is curtailed. The above form of 
reasoning therefore, works against the principles of therapeutic practice, that is that each 
treatment is itself an experiment. Countless treatments are initiated by doctors daily. Each 
treatment implies the chance of deviation from generally accepted knowledge and could lead 
to new insights. 
Here one must be careful because there are many definitions of the concept "experiment" in 
use. An extensive discussion of treatment and its place in the philosophy of experiment will 
not be covered here. However, it is useful to briefly examine several contrasting terms. A 
classic distinction, of course, is between "observation" and "experiment". In an experiment, 
the reality is consciously and actively manipulated and reduced, it is related to an artificial 
reality. Observation, on the other hand, focusses on the existing reality. For this reason 
discoveries in the clinic or general practice are called accidental observations. The term 
"accidental" then refers to the fact that there is no question of directed search or of a 
previously stated research goal. However, because in the clinic discoveries are elusive, they 
are not obvious to the casual observer, and require a receptive mind. Therefore, these clinical 
discoveries are also often called "serendipitous findings". 
The suggestion here then, may be to regard the above examination of therapeutic interven
tion as a plea for conscious and goal-centered observation or serendipity. This is true, but the 
terms observation and serendipity are unfortunate. In the first place they carry too much the 
connotation of detachment and passivity. The gathering of exceptional cases and their 
possible grouping into new (sub)classes doesn't occur by itself. The doctor has to use criteria 
to decide which cases he will include and which he will exclude from the selected group. These 
criteria are partly established during the evaluation of the results of medical therapy. In this 
respect the term serendipity is preferable to observation. In another respect both terms are 
equally incorrect because of the passive connotation. These terms imply an "existing" reality, 
but in fact they involve a conscious action to artificially change this reality, i.e. the 
intervention in the pathological condition of the patient.44 

In, what shall for convenience be called the "new philosophy of the experiment", this crea tive 
aspect of the experiment is emphasized. This means, as Hacking says, "the purification and 
keeping stable of phenomena that in their pure state don't exist anywhere in the universe". 45 As an 
example he gives the transplantation of parts of the human immune system into mice, which 
was reported at the end of 1988 by two American research groups. This example illustrates 
the fact that experiments often do not work - many laboratories have tried to do the same -
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and especially that a unique system is created: a human immune system that survives in 
another species has never existed in our universe before.46 
Superficially, therapeutic treatment appears to differ from the above because it is meant to 
create a situation which has already been reproduced thousands of times in the laboratory. 
However, treatment itself creates a unique situation because the intervention in a particular 
patient induces a situation which has never before existed. In addition, as Wieland has shown, 
the essence of therapy is in fact, that it is a single event: it is irreversibleY Therapy, however, 
is directed to the individual patient, and is not aimed at generally occurring phenomena, 
which are central to the scientific experiment. However, if we look at therapeutic intervention 
at the level of the middle layer of knowledge - the accumulated knowledge - then this is the 
case. As already pointed out, the patient populations, with which doctors come in contact in 
general practice, differ from those in the hospital, and these differ again from those in the 
clinical experiment. In this sense all therapeutic intervention, individual and collective, breaks 
through all the scientifically established frames of reference. 
Therapeutic intervention aimed at the individual patient is a journey through new and 
unknown territory with the help of a compass provided by science. The goal, of course, is to 
make a once only journey through this unknown landscape, not to make a map. But this 
territory is not an existing reality because it is partly created by the treatment. In the 
accumulated experience in relation to the therapeutic intervention, however, itis exploration 
of this unknown landscape that is important. Moreover, the compass of science becomes 
adjusted in order to adequately carry out the patient centred therapy. This adjustment implies 
an attempt to create a stable situation.48 

8.5. Conclusions 

The model in this thesis has been developed as an aid to the historical description of the 
development of the beta blockers and the calcium antagonists. In this sense it is a descriptive 
instrument, and the underlying theory can be regarded as a descriptive theory. In addition, 
it offers good possibilities for expressing conceptual problems in drug research. It can be used 
for example in the classification of disease and of (classes of) drugs; in describing the 
relationship between profiles and theories about the disease mechanism and the mechanism 
of drug action; in the role of therapeutic goals in the profiling of drugs and disease; in the 
profiling of diseases and treatment in practice; and in the further unravelling of the process 
of drug discovery. Finally, this current theory can be useful in the search for and development 
of expert systems in diagnostics and therapy. 
Mention has been made of two critical limits to the developed model, that of the epistemo
logical status of profiles and the (im)possibility of making knowledge fully explicit. 
Further, the way in which medical practice, i.e. individual and collective therapeutic 
intervention, contributes to the growth of medical knowledge is discussed. Interpretations of 
discoveries in medical practice as "chance" events are incorrect. They don't do credit to the 
sense of curiosity and receptiveness which is necessary to recognise new phenomena 
concerning disease or drugs. In this respect the term "serendipitous findings" is more apt. But 
even this term denies the active and creative character of treatment. Each therapeutic action 
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extends the scientific frame of reference and repeatedly shifts the limits of knowledge; a 
sometimes restrictive but usually expansive process. Therapeutically, intervening is like the 
sea which continuously changes the coastline of scientific progress. This may be very slight 
or suddenly very drastic; it may reduce the coastline or extend it. The recognition of these 
changing coastlines is a major task in the discovery of drugs. The changing frontier of medical 
progress depends not only on fundamental developments in the land of science but also on 
the changing tides of medical practice. 



Chapter 9. The enigma of drug discovery 

It is generally thought that we are on the eve of a new pharmaceutical revolution, and that 
the fundamental developments in molecular biology, genetics and biotechnology will soon 
bear fruit. In this sense it seems as though the "knowledge gap hypothesis" which attributed 
the decline in drug innovation in the 1960s and 1970s to a lack of fundamental knowledge 
may prove to be historically correct. The idea that complicated diseases can only be 
understood and treated at the bio-molecular level is becoming more widely accepted. l The 
quest for greater understanding in pathophysiology has led to increased molecular-level 
experimentation that should allow the drug designer and the biologist to make progress.2 

Considering the expansive growth in medical theory, the fundamental role played by 
medical-pharmaceutical practice in the drug discovery process might be regarded as in 
danger of becoming an anachronism. This view however is not only incorrect but also 
dangerous. It contradicts past events and misses the essence of the drug discovery process. 
It is also a threat to the development of new medical therapies. Because of the strong 
attractive power of this bio-molecular reductionist thought - in this respect there would 
seem to be a return of the classic view of drug discovery - it is worthwhile examining and 
clarifYing anew the important role of medical-pharmaceutical practice. 

The relationship of medical-phannaceutical practice with fundamental develop
ments in biomedical science 

The claim that the rapid developments in the biomedical sciences throw benefits in the 
direction of drug research has often been made. However, this claim is vague and can be 
better understood through recent research in the philosophy of science. The following 
appraisal of scientific theory is based on Zandvoort and the Starnberg group.J 
In the modern post-Kuhn philosophy of science the development of scientific knowledge 
is studied with the help of large analytical units, such as research programs and scientific 
paradigms rather than statements, hypotheses or simple theories.4 The Starnberg group 
formulated a three phase model in which the developments in science are divided into a pre
paradigmatic, paradigmatic and post-paradigmatic phase based on Kuhn's paradigm the
ory.5 In the first phase, the use of scientific concepts is tied to rules, there emerge fixed 
procedures for conducting experiments and the data is systema tically ordered and evaluated. 
In this stage the definition of the research area is of major importance and fundamental 
theories are developed which compete with each other until one remains. In the second, 
paradigmatic phase in principle the fundamental problems in the area of research have been 
solved and work can continue on filling in the theory. The construction of Watson and 
Crick's alpha-helix model and the subsequent research into the structure of the human 
genetic material could be regarded as a paradigmatic period. This period includes a phase 
of "normal science" in which scientists work on recognizable problems which however 
require great resources of creativity and perseverance. In Kuhn's model this phase leads to 
many anomalies, in which the principle paradigm finally suffers its demise. Subsequently a 
crisis develops and after a stormy passage a new paradigm emerges. In the model of the 
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Starnberg group, the third, post-paradigmatic phase covers the period of so-called "mature" 
theories which can in principle be applied to practical problems. This maturity means that 
the fundamental theory on which scientists have worked has been found sufficiently 
adequate for the study and explanation of events in a particular area. 
With the help of this three-phase model, the Starnberg group tried to give concrete form 
to their view that scientific development doesn't proceed autonomously, but that there are 
alternatives and the route chosen by scientists is partly determined by external, social factors. 
They point out a "third way" in science policy between the planners and the defenders of 
scientific freedom. At a particular moment, planning or guiding with a view to external goals 
has preference and at another, autonomous development is preferred, depending on the 
stage of development of the particular discipline.6 In the pre-paradigmatic phase one can 
only profit from ad-hoc findings, in the following phase there is little to direct, because the 
development of the theory follows internally developed lines determined by scientists, and 
in the last phase the internal dynamics of science weakens and external goals determine the 
development of the theory. This last process is called finalization, and is literally "goal
directed".7 External goals become internalised in the development of the discipline, in such 
a way that they form guidelines for the theoretical development within the discipline. 
A standard example is plasma physics. When the crash program to use nuclear fusion for the 
generation of energy was unsuccessful in the early 1950s, scientists realised that greater 
insight into plasma physics was needed and research was stimulated. The developments 
initiated bore all the characteristics of fundamental research except that the direction was 
partly determined by the goal,i.e. to carry out controlled nuclear fusion. The inclusion of 
this goal into plasma physics generated questions of how to bring plasma to a sufficiently 
high temperature and how it could be stabilized. The subsequent theoretical and experi
mental investigations are automatically relevant for the stated goal.s 

The criticism of this model, amongst others, must be that a too direct connection is 
imagined between internal and external goals. Armed with this criticism, Zandvoort has 
creatively reformulated the theory of the Starn berg group within a general model of 
scientific development, in which the interdisciplinary co-operation between research 
programs are taken as a starting point. Co-operation in modern science rests on the fact that 
some programs are directed towards problems which are provided by other programs. The 
first are the so-called guide-programs and the second the supply-programs. Examples of 
guide programs can be found in molecular biology which can be regarded as guides for the 
supply programs from chemistry and physics. Both sorts of programs have an internal 
development, but they are mutually interdependent. Supply programs rely partly on the 
problems found in other areas for their development, while the guide programs are 
dependant on specific concepts and instruments supplied by other programs for their 
further development.9 

With this view, two goals are postulated in the discipline of science: intrinsic and extrinsic 
success. A research program has intrinsic success, when it is able to give an answer to self 
generated problems and to work out fundamental theories in a progressive series each being 
more successful than its predecessor. In addition the program has extrinsic success when it 
contributes to the development of other research programs. In this way Zandvoort solves 
an important philosophical problem, i.e. the justification of the scientists' decision to 
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continue the research program, even if there is stagnation in solving the theoretical and 
experimental problems within this program. The development of the research programs can 
now be regarded as a sequence of intrinsic and extrinsic phases. In the intrinsic phase, the 
hard core of theoretical assumptions are formed and developed and, then the specific 
theories or experimental methods are supplied which contribute to the solving of problems 
elsewhere in the field of science. 
The cognitive structure of scientific development can be described in more detail, and 
roughly two types of situations can occur (figure 9.1). 
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-\&' 
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Figure 9.1 
The relationships between supply and guide research programs in science: a hierarchical model (a) and an 
interaction model (b). 
Reproduced with permission from Zandvoort (1986). 

In the hierarchical model an asymmetrical guide-supply relationship occurs. In other words, 
one research program always serves as a guide for one or more research programs which in 
turn can become guide programs for others. In the interaction model research programs can 
function alternatively as guide or supplier for each other. 

The claim that the fundamental developments in the biological sciences shall lead to new 
drugs in the near future can be more closely examined in the light ofZandvoort's model. The 
biomedical sciences have powerful theories which can serve as the starting point for the 
development of new drugs, for example in the disciplines of immune-modulation and gene 
therapy. The present day excitement in the pharmaceutical world, would seem to have a 
legitimate epistemological basis. The biological sciences function as a guide on the one hand 
for physics and chemistry and on the other for drug research. However, this claim is not 
tenable when proposed as such. 
Although it may be true that research programs in molecular biology, immunology, and 
molecular genetics have an exclusive guide function for physics and chemistry - and even this 
has to be doubted - they simultaneously form supply programs for anatomy, biochemistry, 
physiology and clinical science. Also these research programs interact with each other but 
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an absolute hierarchy in which one or several programs function as guide for all the others 
can't be shown. The present state of afhirs in biomedical science is characterized rather by 
the interaction model. The advantage ofZandvoort's model is that the strucmral situation 
in the present biomedical sciences, such as included in the claim, can be specified, and also 
empirically investigated. In addition one can provide fundamental arguments why drug 
research will most likely remain structured according to the interaction model. 
The biological sciences provide supply programs for industrial research. These industrial 
research programs can be taken as specific forms of research programs, i.e. design-pro
grams.10 In stead of describing, explaining and predicting events, the main concern of 
research programs is the development of drugs to alleviate disease. In this case "disease" and 
"therapy" are the orientation points. Not only medical theory but also medical practice 
changes these orientation points, as already shown in this study. For this purpose, the 
concept of "science" has been extended in order to explain the now anachronistic ways of 
gaining knowledge in medicine, such as casuistic and clinical experience in therapeutic 
interventionY If the claim presented here and which currently enjoys popularity in the 
pharmaceutical sector should fail to recognize that medical practice moves with the times 
then this claim will itself become an anachronism. 
Two additional comments are important. Firstly, the claim above includes a normative 
judgment; that medical theory should be a guide to the biomedical sciences. This implies 
an opinion about the development of knowledge which is untenable because the interrela
tionships between medical theory, experiment and practice are multiform. An argument 
against this is that rejection of a normative judgment on empirical grounds is not conclu
sive. However, if the judgment is also not realistic then such a judgment loses also its 
credibility and its right to existence. 
Secondly, consider the fundamental point that medical practice sets the norm for what is 
understood by "disease" and "suitable therapy". Although medical science provides infor
mation for setting these norms, in fact it takes place in medical practice. Directly or 
indirectly, medical practice passes on an evaluation to medical science and that evaluation 
implies a judgment of which processes are healthy and which pathological, and in which 
processes intervention is required. Also from this normative aspect, practice functions as a 
guide for medical theory and drug research.12 

Three Essentials of Drug Discovery 

In the above, the nucleus of the discovery process has not been characterized in detail. For 
this, attention is drawn to the main principle behind the molecular-biological-reductionist 
claim, which can be stated as follows: 

"For the development of new drugs it is necessary to uncover the secrets of human nature. The 
search has to penetrate deeper and deeper into the human organism to unravel the biochemical 
interactions at the cellular, intra-cellular and most importantly at the molecular level. In this 
way stronger and more selective drugs are developed" 
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The above appears to leave no room for the influence of medical practice. However, 
appearances are deceptive because with the aid of the philosophical knife this principle can 
be split into three essential elements of the drug discovery process and in each element 
medical practice is an essential component. 
Fundamental theories such as the oncogen theory in cancer research and the antibody
antigen theory in immunology can lead to deeper knowledge and better explanations of the 
essential processes in the human organism. Such theories reveal deeper lying structures 
which are the basis for the observed symptoms, i.e. the diagnosed disease.13 
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Figure 9.2 
Hierarchical levels with respect to the human organism. 
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The above principle can now be reformulated: "For the development of new, powerful and 
selective drugs it is necessary to evolve theories which give a continually "deeper" 
explanation of the processes which take place at higher levels in the organism". If theory T2 
is more fundamental than T I, then this reformulated principle implies that T2 contains a 
longer and more complex chain of causal events than TI (figure 9.3). 
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Chains of causal events in the human organism. 
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Theory Tl explains the chain B - C - D·(EIF) and T z explains the chains A - G - H - I -(E) 
and A - B - C - D - (Elf). Link A involves a physiological mechanism at a deeper level, in 
which two series of physiological processes, which were previously regarded as independent 
from each other, have now received a common explanation. From the point of scientific 
explanation this can be called convergence. 
At the same time the number of possibilities for intervention increases. If E represents a 
disease, then in principle the range of possibilities for intervention is increased because there 
is an increase from 3 to 7 possible points for manipulation. From the viewpoint of treatment 
possibilities, i.e. the number of possibilities to intervene in the disease process, the term 
divergence is used. 
This explanation is actually too simple because selectivity also plays a role, which can be 
illustrated by a simple example. If drug x inhibits D and thereby blocks E (a pathological 
process), but also induces F through which an undesired effect appears, then y is a more 
selective drug than x, if y blocks E but doesn't induce F.14 The new theory T z enables 
scientists via chain A - G - H - I to influence disease E without inducing F. There is thus no 
question of a simple increase from three to seven possibilities. None the less scientists 
possess more possibilities for intervention in the disease than before. The value of 
fundamental theories such as the hypothetical theory T z, is that they can make clear why 
certain paths followed by drug researchers lead to a dead end. Theory T z explains, for 
example, why fundamental limits exist to the route of influencing disease process E via the 
chain of physiological events B - C - D. 
However, there is also a dilemma in the fact that more fundamental theories explain more, 
but simultaneously offer more points of entry for the development of selective drugs. 
Although scientists know what they should no longer try, itis not clear what they should try. 
The juxtaposition of theory and therapy creates a solution to this dilemma. The drug 
functions as a reference point because judgment about the effects and side-effects offer 
points of contact for creating selective mechanisms of action. Where fundamental theories 
lead to completely new working principles the process often turns out to be aimless, until 
a new therapy with clinical relevance can function as a point of reference. Until such a 
therapy is found, existing treatments function as reference points in the investigation. 
The above epistemological comment gives only a general idea of the contrast between 
convergence and divergence. However, numerous examples from drug research suggest 
thatit is useful to think further along these lines. The discovery of dopamine as a neurotrans
mitter enabled scientists to explain psychiatric and neurological complaints and to develop 
suitable therapies. Subsequently dopamine regulated systems have been shown to be the 
basis of communication processes in more places than was originally supposed. The 
development of interferon shed new light on complaints such as flu, colds and cancer. In the 
meantime more than 20 types have been discovered and appear to be involved in more than 
two hundred biological processes, e.g. regulation of inflammation, interference with cell 
growth and differentiation, immune-modulation, etc. In both examples one can see 
convergence on the theoretical side and divergence on the practical side, i.e. the therapeutic 
aspect. This mutual tension between convergence and divergence is the first essential of 
drug discovery. 
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The examples of dopamine and interferon reveal a second essential of drug discovery. 
Dopamine and interferon are not only valuable points of contact for influencing pathologi
cal processes but they are also involved in a large number of normal events in the organism. 
The deeper researchers delve into the organism, the more vague becomes the distinction 
between "normal" and "pathological". The development of the oncogen theory illustrates 
this. 
In the regula tion of the growth of animal and human cells, certain protein hormones, called 
growth factors, play an important role. Specific genes are responsible for the production of 
these growth factors for the regulation of cell growth and are therefore called "regulatory 
genes". Mutations or other lesions of these regulatory genes ("proto-oncogens") lead to 
disturbed regulatory genes ("oncogens") which transform the normal cell into a cancer cell. 
The oncogen-theory reduces the question "What is the cause of cancer?" to "How do 
regulatory genes change into oncogens?". The discovery that very small pieces of DNA 
could cause unlimited cell growth was a breakthrough in cancer research and the oncogen 
theory was a driving force in that field of investigation. An obstacle to the further 
development of this theory is the fact that the steering role of these regulatory genes and 
their products, the growth factors, takes place within a complex cascade of biochemical and 
physiological processes both in and outside the cell. ls To unravel these complex cascades it 
is necessary to distinguish between normal and deviating regulatory mechanisms at various 
levels. 
Looked at as a reduction-problem - reduction is when processes at one level are explained 
with the help of knowledge and principles from a lower level- the following can be seen, i.e. 
that the oncogen-theory offers fruitful perspectives to explain pathological processes at 
higher levels, but it cannot "reduce" these in its own terms; in other words, this perspective 
cannot yet be verified. 16 There could be two reasons for this. Firstly, the formulated theory 
is inadequate, and secondly, the theory is adequate, "mature" in terms of the Starnberg 
group, but it has to be applied to complex processes at higher levels. Most likely, scientists 
would say that elements of both were involved but for the present it is assumed that the 
theory is sufficiently adequate. This then, implies that the theoretical knowledge collected 
at the deepest level has to be transferred to the higher levels. 
The Starnberg group has proposed two types of transfer mechanisms, i.e. coincidence and 
transfer researchY Coincidence research means use is made of suitable experimental 
systems - relatively simple, intensively studied and providing penetrating insights - in which 
fundamental and specific problems can be worked on simultaneously. An example is the 
virus system, e.g. phages, which negotiate between cell biology and tumour virology. Other 
examples are certain tumour cells or systems of blood forming cells in cancer research, and 
the special cell systems of the immune defense system. In transfer research on the other 
hand, use is made of more "complex" or "dirty" systems, e.g. cell cultures of epidemiologi
cally relevant tumors or in vitro cultured tumour cell lines from individual patients. Such 
systems are imminently suitable for transferring the results of fundamental research to 
clinically relevant phenomena, and to determine experimental parameters necessary for the 
development of specific therapeutic methods or in which to place fundamental concepts into 
the clinical setting. 
The importance of these distinctions is that between the opposing poles of "fundamental" 
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and "applied" a stepwise system of transfer mechanisms is spread out. IS In walking this 
ladder, fundamental forefront research changes gradually via the interrelated development 
of fundamental and applied research questions to applied research. Research moves from 
the theory to become more and more involved in the practice. This account encompasses 
an ingenious proposal to conceptualize science, at least along certain rungs of this ladder, 
as a process in which theory and application oriented research proceed hand in hand. 
However, the disadvantage of this view is that the fundamental theory acts as the centripe
tal force. But there are other possibilities. The major flaw is the assumption of the presence 
of such a fundamental theory. The genesis of a fundamental theory in which completely 
different transfer mechanisms can occur remains outside this discussion. Most probably, the 
transfer mechanism is an iterate process in which scientists send information collected at one 
level through to theory and concept forming at another level and back again. Scientists refer 
to this situation. To unravel the cascade of physiological events the critical difference 
between normal and pathological has to be continually (re)interpreted. The stepwise system 
as sketched by the Starn berg group, functions therefore more like a two-way street.19 

Looked at from this development perspective the transfer of knowledge between the 
different levels plays a crucial but undervalued role in the biomedical sciences. This is 
certainly true for the drug discovery process. Who ever develops a new drug, whenever a 
new theory is developed, is too late. Therein lies the essential tension of drug discovery. In 
such a situation industrial scientists should close the "gaps" in the causal chain ofpathologi
cal processes by drawing together the available information regarding the mechanisms at 
different levels. A good example is the development of zimelidine, an anti-depressive drug, 
described by Carlsson.20 

At the end of the sixties and beginning of the seventies Carlsson and his group developed 
new in vivo methods for measuring norepinephrine (NE) and 5-hydroxytryptamine (5-HT) 
re-uptake in the brains of intact animals. In this manner they discovered, according to their 
report, that tri-cyclic anti-depressants not only blocked NE-re-uptake as already known, 
but also the 5-HT-re-uptake which was not known. Also they made the remarkable 
observation that within the group of tri-cyclic anti-depressants the tertiary group differed 
from the secondary group. The tertiary group showed a stronger effect on the 5-HT-re
uptake than on the NE-re-uptake, while the opposite was true for the secondary group. 
This discovery, a distinction in properties of compounds at the biochemical and pharma
cologicallevel, enabled the group to link the chemical distinction, i.e. between tertiary and 
secondary amines, to profiling in clinical practice. An important aspect of this clinical 
profiling was that tertiary tri-cyclic amines were preferred in the clinic. Although the reason 
was not completely clear, this preference was possibly due to the lower degree of psycho
motor activity of the tertiary amines.21 As Carlsson notes: "Based on the different biochemical 
and clinical profiles of the tricyclic antidepressiva, we suggested that norepinephrine might be 
espedally involved in the control of psychomotor activity and 5 -HT in the control of mood. We were 
of course aware of the fact that such a statement necessarily is an oversimplification; nevertheless, it 
may have heuristical value". 22 

The zimelidine story illustrates that a link in profiling occurs in the development of a drug 
in research as well in the clinic. In this two way traffic, the transfer of knowledge cannot take 
place directly such as is the case in coincidence research. An important means of transfer is 



THE ENIGMA OF DRUG DISCOVERY 275 

the drug itself. Drugs are not only a suitable means for selectively blocking or stimulating 
a certain process at a certain place in the organism, and for gathering new knowledge about 
the normal and pathological processes. They also enable scientists to pinpoint the induced 
effects within a working pattern. From this pattern the significance of new effects can be 
seen, and the effects in tum help explain the pattern. Differences in working patterns, e.g. 
which were previously not understood, can now be interpreted. These distinctions played 
a significant role in the history of zimelidine. Also "practical" knowledge concerning the 
different effects of the anti-depressants proved to be very important. 

These distinctions originate on the dividing line between general and particular knowledge. 
This brings us to the third essential of drug discovery: the drug as general technological 
principle and as therapy for the individual patient. 
The previous chapter contains a discussion of how new distinctions arise and how new 
knowledge is created through reflection on therapeutic intervention. Treatment takes place 
in a field of tension in which the knowledge goal of theory and practice meet each other. In 
the theory patient and drug appear as objects of general knowledge, in the practice as object 
of particular knowledge. While in the theory the general event appears as departure and end 
point, in practice it functions as starting point, or rather, as orientation point. Because the 
doctor during consultation pays attention to all the factors which can influence the patient's 
condition, he deviates from that orientation point, but he returns in two ways. Firstly, he 
comes back to it by reducing the patient to a "type", to a general pattern stored in his 
background knowledge. The general event then serves as orientation point in evaluating the 
therapy, in which the doctor again reduces the patient to a type. 
In this twofold movement, the drug is of equal importance. During the first movement, the 
doctor establishes which changes in the patient's world, which is in turn reduced to the 
general world, are desirable. Afterwards he determines if the desired changes have indeed 
occurred. It is true that the drug then appears as a general object, i.e. as a type of technical 
means, which is thought to induce the desired pattern, though in the particular case ("casus") 
itself it is this particular drug, which here and now, in its special form, and with its 
peculiarities that produces its effect.23 

During this double movement the orientation point itself is adjusted and the related new 
experiences are stored in a separate layer of knowledge. In this way the doctor gains 
experience with the chosen orientation points, the disease as well as the drug.24 It is known 
that a conceptual framework precedes therapeutic intervention. It is however not well 
recognised that this framework for medical thinking and treatment is not only supplied from 
the theory but also as a result of practical experience. That the adjusted compass often 
appears aimless, that it directs treatment in the wrong directions does not detract from it. 
Against this background the concept of selectivity has a different meaning. This concept is 
stretched out between the general and the particular object which form poles supporting the 
thread on which the dance of drug discovery occurs. At one pole, is the drug which is the 
most suitable general pattern that scientists can conceive. At the other is the particular 
pattern which is most suitable for that individual patient. If this second pole is extended to 
its limit, then the goal of drug discovery is the development of the best therapy for the 
individual patient. This goal, however, forms a hypothetical point. In reality, one has to 



276 CHAPTER 9 

proceed from a general type in the discovery process. The practicing physician finds himself 
in this vacuum between the real and the hypothetical. He floats between reality and utopia. 
The result is however that the physician continually judges selective working patterns, and 
tries to modifY them. At one extreme, selectivity means that in a general way drug A 
sufficiently blocks process p, but then nottoo strongly, and gently adjusts process q; without 
interfering with the other processes at this level, etc. At the other end of this spectrum 
selectivity implies that compound A in a particular case sufficiently blocks p in this patient, 
etc. Here selectivity implies a never to be realized goal, and the doctor judges this working 
pattern in a concrete case. Related experiences lead to a new categorization of the group of 
patients who are eligible for treatment. 
Knowledge about selective patterns comes from activity at both ends. At one end, a general 
principle is created, and one speaks of generalization, while at the other the principle is 
applied and specified and may be called particularization. This tension between generali
zation and particularization is the third essential of drug discovery. 
The diagnosis of Gross can also be understood in this light when he states "that progress in 
medicine and in understanding the pathogenesis of disease is far behind our knowledge in biology. We 
have also to accept that the diagnoses made often refer to quite heterogeneous types of disease, but we 
do not knrrw how to differentiate them, so we have big baskets in which we put together all possible 
types of regulatory disturbances. This is one of the shortcomings of clinical medicine". 25 

The growing discrepancy between biological and clinical research does not come from a lack 
of fundamental knowledge but from the lack of directed application of it. In other words, 
there is no lack of theories, i.e. of generalization, but of serious practice, i.e. of particulari
zation. Through the universal pretensions of clinical research and the large scale operations 
in the pharmaceutical sector, the importance of this fundamental activity in medical practice 
has been lost. 
If one claims that the clinician is too occupied with techniques instead of the patient, too 
much with signs instead of symptoms, and too much with biochemical and physiological 
parameters instead of clinically relevant data such as the natural course of the disease and 
the effect of the subsequent treatment, then of course one is right. Generally, one creates 
the contradiction that the "technical" pole of the above dichotomies - techniques, signs and 
parameters - is interesting from the scientific point of view, but that the "clinical" pole is of 
direct importance for the clinician himself, and for the patient. The clinician as researcher 
is best for scientific research as the doctor is for the patient. The dilemma for the clinician 
is, as Barber stated "to be a discoverer in science and to be a physician who treats his patients 
humanely". 26 This common distinction between the role of scientist and physician signifies 
the field of tension in which the clinician operates. The epistemological structure of this 
field, however, is much more complex. Right across this field run three trails which have 
been called here the essentials of drug discovery. 
The basic structure of gathering knowledge in medicine exists in the transferral of 
knowledge along these trails, not from point to point but in both directions. Penetrating 
deeper into biochemical processes produces insights, but also more chaos, in terms of 
treatment possibilities and in the critical ratio of signal to noise, with respect to what should 
be interpreted as normal or pathological. Clinically and in general practice, the compounds 
relevant for intervention in pathological processes have to be determined, each with its own 
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mix of physical-chemical, biochemical and pharmacological properties. In this way medical 
practice not only creates order in the growth of medical knowledge, but also chaos. Through 
the unobtainable goal which medical practice has set itself, i.e. to choose the best treatment 
for the individual patient, it exceeds the limits of knowledge. In this way, medical practice 
is lost without the compass supplied by research. However, this compass is itself adjusted by 
therapeutic experiences which give rise to new orientation points for medical theory. 
The key lies therefore not in the medical theory or in practice, but in their relation to one 
another. To paraphrase Immanuel Kant: "The growth of medical knowledge is empty 
without theory and blind without practice, and it is just as empty without practice as blind 
without the theory". 

The role of practice in drug discovery reviewed 

The concept of transmission of information lies at the basis of the classic view of drug 
discovery. Until the 1950s, direct testing of the imagined clinical relevance of biochemical, 
physiological and pharmacological drug profiles was always possible in the clinic. In this 
fertile climate in the 1940s and 1950s the "Golden Age of Drug Discovery" grew to full 
glory. The process of innovation consisted of a limited number of links; the distance 
between laboratory and clinic was short. The value of this system is that the exchange of 
information between laboratory and clinic is so rapid. From this angle one can understand 
present day developments in the pharmaceutical sector. The criticisms of the rules 
regarding clinical research are basically that the process of innovation should be shortened 
or speeded up. The common practice of introducing new drugs in categories of seriously ill 
patients should be regarded in the same way. These groups of patients are an important 
sluiceway in the system of rules and ethics, through which the development of a new therapy 
can become accelerated. Furthermore, the specific regulations for introducing new drugs 
from recombinant-DNA technology, immunology and biotechnology into the clinic as fast 
as possible are also based on the speedy exchange of informationY 

The excitement about the nearby emergence of a new pharmaceutical era creates a climate 
in which the shortening or speeding up of the development process becomes the main goal. 
Then there is a danger of a return to the classic vision of the discovery process, in part due 
to a romantic longing for the glorious past. This is a threat, not only because the classical 
vision disguises the commercial driving force - large investments have to be recovered - as 
a result of which ethics and the patient have to make way for new products of research and 
technology the value of which are unknown. But also, because it doesn't recognize the far
reaching epistemological changes which are taking place in present biomedical research. 
Three fundamental changes can be listed. 

1. The distance between the labora tory and the clinic, and from there to general practice has 
become larger because of the set of regulations and ethical standards relating to clinical-
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experimental research. However, it is also due to the explosive growth of the discipline and 
the structural changes in the industrial research process. In addition, the chronic diseases 
present structurally different problems to medical science. This has been so often stated that 
it is almost a commonplace, but something ofimponance cannot be repeated often enough. 
The point is that the course of these diseases is spread over a long time period. This causes 
difficult problems with respect to the end points of prognosis and therapy: they are complex 
and difficult to measure. Also it takes the time period of a generation of doctors and patients 
to study the natural course of these diseases. 
In view of the expansive growth of the chains of medical knowledge, shortening or speeding 
up the knowledge process should not be the main goal, but rather the control of the quality 
of the information. Admitting new results of biomedical science too quickly or not well 
thought through leads to a disruption in the critical balance between signal and noise in 
medical research. As long as one interprets the setting of standards as holding back science, 
as protecting patients against the dangers of medical technology or as embanking the 
unchecked growth of industrial research, one forgets the enormous importance for the 
growth of knowledge itself. The present discussions about the standards set for clinical
experimental research should therefore nottake place outside the discipline but atthe centre 
of it. Moreover, when these discussions are restricted to the limits of the research centres, 
which are supposed to function as "testing ground" and "passage way" for medical practice, 
one fails to see not only the essence of therapeutic intervening but also the practice as a rich 
foundation of research. One doesn't catch fish'by closing one or two holes in the net but by 
throwing out a strong and large net at the right place, and medical practice is a rich fishing 
territory. 

2. The classical vision fails to appreciate that the nature of medical therapy changes. More 
powerful and selective compounds possess a broad working spectrum, and in principle are 
considered for ever more indications. The fact that a drug is developed and marketed for a 
certain indication, simply means that one specific working pattern, i.e. one compound, has 
been selected from a large number of possibilities. In other words, from a large selection of 
working characteristics, the wished for effect, the main effect is selected out from the other 
undesirable effects, the side effects. Mutatis mutandis the same applies to the wished for 
structural characteristics of the therapy. The compound is the result of a research process 
in which the desired properties are achieved and the undesired eliminated as much as 
possible. One should not be surprised that the same compound later appears to be also 
suitable for indication B, Cor Z, but in fact this continues to create a surprised reaction. Very 
many "discoveries" - and many more than reponed in the literature - occur after the drug 
is already on the market. The beta blockers and the calcium antagonists are an example of 
this. 
This is the reason this thesis is titled "Drugs Looking for Diseases". The title refers to the 
fact that we increasingly have the situation where drugs are searching for the right 
indications. The development of the drug doesn't stop the moment it appears on the market 
but in fact is just beginning. There are also critics who regard current research in the clinic 
as a world wide "human pharmacological" experiment; and they are correct.28 But this 
"human pharmacological" experiment takes place on a much larger scale than most people 
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realize because it stretches to include medical practice itself. Recognition of this phenome
non and the striving for an improvement in patient-bound and practice-orientated research 
offer a more realistic solution than the attempt to force drug research back into the 
laboratory or the specialized clinical research centre. 

3. The classical vision leaves insufficient room for the far-reaching changes in clinical and 
general medical practice. These are the fast and widespread introduction of computerized 
information systems, data bases, algorithm procedures and decision-making techniques in 
medical-pharmaceutical practice. The fact that dichotomies such as science-art, qualitative
quantitative, ratio-intuition and objective-subjective repeatedly spring up, betrays the fact 
that the available epistemological vocabulary is too limited to indicate the far-reaching 
changes. On Toulmin's map they are to be seen as new relationships between theory and 
practice. Undoubtedly information science, data bases and new research approaches in post
marketing-surveillance create new possibilities for unravelling patterns of knowledge 
concerning disease and therapy which are created in the practice itself. 
This study attempts to show how clinic and general medical practice provide an important 
contribution to knowledge of pa thophysiology and the mechanism of action of drugs. This 
contribution comes not only from experimental research but also via the clinical-epidemi
ological and patient-bound research and in the therapeutic application itself. Following 
from this one can expect that patient-bound research in practice, drug utilization studies 
(pharmaco-epidemiology) and post-marketing-surveillance studies will lead to new insights 
in disease mechanisms, working patterns and side effects. 
In this sense, practice reclaims that which it had lost, the generation of knowledge while 
therapeutically intervening in the pathological condition of the patient. It goes without 
saying that this therapeutic intervention remains imprisoned in the no man's land between 
general and particular knowledge, between the real and the hypothetical. And that this no 
man's land sets a critical limit to medical research. During their journey doctors will find 
other answers at different times and in different places. This cultural variation is no obstacle 
to research, rather a source of inspiration for new ideas. It also forms a contact point of new 
research. This chapter ends therefore in wholeheaned agreement with Payer's conclusion 
about wide cultural differences in treatment: 

" .. the different ways that different countries treat the same disease constitute a 
sort of natural experiment; yet because most people are unaware of the 
experiment in the first place, they are unable to draw the conclusions that might 
result. For example, French doctors have widely prescribed calcium for a number 
of years, and a closer examination of osteoporosis rate there might help illuminate 
the role of CIllcium in this disease. As a corollary, a greater understanding of 
medical culture bias might predict the country in which side effects will first 
surface - or will be hidden" 29 
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(D'Arcy Han (1946), p. 809). See funher Green (1954). 
7. Cf. Hill (1983). 
8. Several repons, e.g. on PAS and isoniazid appeared in the early 1950s in the British MedicalJournal. 
9. Cf Fletcher et al. (1981); Hill (1983); Horwitz (1987); Lilienfeld (1982); Mulrowet al. (1984). 
Though precise data about manpower, economics and the number specialised institutions are not available, this area 
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most institutionalized (e.g. cancer therapy), and where large scale trials are obligatory (e.g. in secondary prevention)" 
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on innovation. Indeed it does. It must. There's hardly any way that regulation can stimulate innovation. Those are 
cross-purposes. The issue is whether regulation accomplishes some higher-pulJlose and does so with minimum 
inhibition of research" (quoted from Leufkens (1982). See for discussions about drug regulation Dukes (1985); Helms 
(1975); Wardell (1978a), (1978b), (1981). 
54. Oates (1982), p. lxxix. 
55. An additional point is the distinction between clinical investigation and clinical trials. The critic of Oates focusses on 
the former while preceding the clinical trial and following on basic and applied research as perceived by the NHLBI 
report (Oates (1982), p. Ixxx-Ixxxi). 
56. Oates (1982). 
57. Schaffner (1980). 
58. Sackett et al. (1985). 
59. Sackett et al. (1985), p. 176-177. 
60. Sackett et al. (1985), p. 176. 
61. Schaffner (1985), p. 29. 
62. Schaffner (1980), p. 198. Philosophers and cognitive scientists working on a logic of discovery have come up with 
different notions such as "provisional field" or "domain" to denote the relevant background of scientific activity (see 
Schaffner (1980), (1985). 
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63. Cf. FletcheretaL (1981). 
64. These articles were published particularly in Circulation, the Journal of the American Medical Association, and 
AmericanJournal of Medical Sciences. 
65. See chapter 8. 
66. The internal development of the controlled clinical trial paradigm and its relationship with the social and cultural 
environment has been left out from the analysis. 
67. The controlled clinical trial might be included in a subjectivist account of hypothesis testing, for example based on 
Bayes theorem. Such an account can be related to an acceptable view of the discovery process. 

Notes chapter 2. 

1. Smith (1985), p. 3. 
2. Spilker (1988), p. 11. 
3. Different terms are used to describe the various stages a drug passes such as lead compound, candidate compound, 
project compound, project drug and marketed drug. Cf. Spilker (1988). 
4. Spilker (1988) distinguishes four sources of drug discovery: 
1) the source of the intellectual idea that led to the drug's discovery; 2) the source of the material that is the drug; 3) the 
business source from which the company obtained the drug; 4) the type of institution in which the drug was discovered. 
With respect to the second source the compounds belong to the following three classes: a) natural products: compounds 
occurring in and isolated from micro-organisms, plants or animals; b) derivatives or close analogues of natural products, 
made by partial or total synthesis; and c) synthetics: artificial compounds. 
5. Hahn (1975). 
6. Bartholini (1983). 
7. Cf. subsequent editions of Trends in Pharmacological Sciences. 
8. "Rational approaches to drug design still depend on the availability of suitable prototypes which can be structurally 
modified to produce more selective compounds. The most fruitful source of these prototypes has been that combination 
of chance and sagacity which Horace Walpole described as ·serendipity'. He coined this term more than two hundred 
years ago after reading a poem about the three princes of Serendip (Sri Lanka) who repeatedly made discoveries they 
were not seeking" (Sneader (1986), p. 13); see also Neiss and Boyd (1984). 
9. Schwartzmann (1976). 
10. Maxwell (1984), p. 377. 
11. Cf. Spilker (1988); Comroe and Dripps (1976). 
12. This does not imply that it cannot be improved. Particularly with respect to the interaction between academic 
sciences and industrial research, philosophy makes a good case to rationalize this interaction: cf. Zandvoort (1985); see 
also chapter 9. 
13. Spilker (1988); Comroe (1977). 
14. The science-technology spiral concept of Casimir (1983) for example; see also Zandvoort (1985) for discussions by 
scientists in the natural sciences on this topic. 
15. Spilker (1988); Comroe and Dripps (1976). 
16. Cf.Jolies and Wooldridge (1984). 
17. Pellegrino (1983); Warner (1986). 
18. Biel and Martin (1971). In this quotation the vocabulary of art is also incorporated which will be discussed in the 
text later on. 
19. Lasagna (1964), p. 91. 
20. Hamner (1982), p. 55; Craig (1980), p. 331. 
21. Hamner (1982); Craig (1980); Gross (1983). 
22. Hamner (1982). 
23. Cf. Spilker (1988);Jolles and Wooldridge (1984). 
24. See Jolles and Wooldridge (1984), p. 241. 
25. The subject of art in drug discovery is left out from the analysis here but reappears in chapter 8. 
26. Langley et al. (1987). 
Cognitive science is presented here as the discipline pre-eminently dealing with the creative processes in science. 
However, this not to deny the active involvement of philosophers. Particularly in the American philosophy the 
discovery process has always received attention originating from the work of Hanson, Toulmin and other in the 1950s 
and 1960s; see in particular Hanson (1969), (1972). This philosophical tradition influences the concepts developed in 
this thesis while using the intellectual work of Schaffner (1980), (1985), (1986) as the reference (see chapter I, 2 and 8). 
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27. Langley et al. (1987), p. 4-5. 
28. Langley et al. (1987), p. 45-47. 
29. This expression is used by Langley et al. (1987). 
30. The example presented is meant to clarify the concept of inductive problem solving. 
31. The example is typical for data driven discovery, that is, from data bases rules are taken to seek patterns in the data 
which are further manipulated. In case of theory driven discovery the origin of the heuristic rules lies in the theoretical 
framework. 
32. Langley et al. (1987), p. 306-307. 
33. Francis Bacon wrote in the Novum Organum: "Those who have treated the sciences were either empirics or 
rationalists. The empirics, like ants, lay up stores, and use them; the rationalists, like spiders, spin webs out of 
themselves; but the bee takes a middle course, gathering up her matter from the flowers of the field and garden, and 
digesting and preparing it by her native powers" (quoted from Langley et. al (1987), p. 25). 
34. Langley et a!. (1987), p. 305-306. 
35. Hacking (1983), p. 246. 
36. Hacking (1983). 
37. Hacking (1983), p. 162. 
38. Probably, the term "art" used by workers in the pharmaceutical sector when asked to define the essence of the 
discovery process partly refers to this creative aspect of science: experimental skills, getting the apparatus working, 
calibrating and improving the signal-noise ratio, and solving technical problems. 
39. Hacking (1983), p. xii. 
40. It falls outside the scope of this section to discuss the philosophical issues related to observation. 
41. Hacking (1983), p.167. 
42. The basic assumptions of the approach of cognitive science as exemplified by the work of Langley and colleagues 
will not be criticized here. The claim of Langley and colleagues that the creative process can be simulated, is criticized 
by Van der Veer, Miedema and Ijzendoorn (1983) with emphasis on five issues: 1) a set of data is presupposed; 2) the 
input of the set of potential solutions precedes the search process; 3) data driven discovery only yields descriptive 
generalizations; 4) the search process is only applicable to "well-structured" problems; and 5) the use of primitive 
notions, e.g. "same", "similar", "next" which require clarification. 
43. Zsoter and Church (1983). 
44. There is some ambivalence in the sense that drugs may have variable effects or that there is a lacuna in scientific 
knowledge. 
45. Taking the term remedy in its broader sense, including in it apparatus and procedures this will not alter the present 
interpretation of structural characteristics. 
46. This distinction is valuable in all cases of designing apparatus, compounds or procedures. 
47. Feinstein (1967), p. 73. 
48. Morris (1975), pp. 108-120. 
49. Engelhardt (1975). 
50. This example comes from Engelhardt (1975); see also for an extensive discussion on clinical judgment Engelhardt et 
al. (1979). 
51. Wulff et al. (1986). 
52. Fleck (1983). 
53. Prinzmetal et al. (1959). 
54. The first aspect of the concept of disease profile leads us to the key-concept of set theory, namely "is element at" 
("is a member at", "belongs to''). The notation x E A denotes: "x is an element of A"; in contrast, x Ii A: "x is not an 
element of A". As a rule capitals A, B, C, ... represent sets, and lower case characters a, b, c, ... represent elements of 
sets. At several places definitions and other expressions drawn from naive set theory are formulated informally. Cf. 
Suppes (1966). 
55. Example derived from Harrison's principles of internal medicine (1974). 
56. Disease characteristics are conceived of in a broad sense: properties, relations between properties, processes, and 
structures. 
57. If A and B are sets such that every member of A is also a member ofB, then we call A a subset ofB, or say that A is 
included in B. The sign' fc ' is used as an abbreviation for "is included in". In this case the possibility is not excluded 
that A = B. When A fc B but A '* B, A is called a proper subset ofB, in which case the sign' c ' is symbolically used. 
By the intersection of A and B (in symbols A n B) we mean the set of all things which belong both to A and B. If A is 
the set of all drugs, and B is the set of all toxic compounds, then A n B is the set of all toxic drugs. By the union of A 
and B (in symbols A u B) we mean the set of all things which belong to at least one of the sets A and B. If A is the set of 
all human males anaB the set of all human females, then A u B is the set of all human beings. Finally, the symbol a 
denotes the empty set. 
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58. Cf. note 57. 
59. In case of comparing disease profiles this appears to be an arbitrary or inadequate way of putting things. However, 
in case of comparing drugs (i.e. drug profiles) it will become clear that this decision problem is realistic. Sometimes 
rules have to be introduced to provide a more satisfactory comparison. If so, we exceed the limits of the model and drop 
into the domain of heuristics and statistics. 
60. These values might be numerical, nominal, ordinal or symbolical. For example, it is common to label complaints of 
patients as "mild", "moderate" and "severe". Medical language is full of such, from the quantitative viewpoint vague 
classifications. However, clinicians also use very often symbols to group "ranges of numerical values", for example, with 
the help of arrows pointing upwards or downward, and of the "=" symbol. When c denotes the disease characteristic 
"cardiac output", that is the volume of blood pumped by the heart per minute into the circulation, there are three 
possibilities: c 1 ,c 1 ,c=. Heart failure might be characterized by c I. Other types of symbolical representations such 
as "+"- and "-" are also possible. Medical terminology is ambiguous, but serious problems will not rise. 
61. An ordered couple consists of two objects given in a fixed order. The concept of ordered couple can be generalized 
into that of ordered n-tuple which expresses that n objects are ordered in a fixed order. 
62. This product represents the set of all ordered 5 -tuples which can be formed from the five sets (in a fixed order), and 
is called the Cartesian (or cross) product. Considering two sets A and B, the Cartesian product of two sets A and B (in 
symbols: A x B) is the set of all ordered couples <X,y> such that x E A and y E B. 
63. N, X, Y en Z can also be defined "in a direct way": 

Definition: 

X =: {<V" ... , vs>1 for all i: ri <v,l 
y=: {<Vp ".,vs>1 ,,:si<viSrJ 
Z=:{<vI' ... ,vs>1 ,,:ti<vi:<>s,1 
N=:{<VI' ... ,vs>1 ,,:vi:<>til 

Further, it is true that 

· Disease profile P: P =: {<v" ... , vs> I for all i: ti < vJ 
· P' =: X U Y u Z. 
· N '* V - P'; in other words: N is not exactly the complement of P' because P' is incomplete. N is even a proper subset 
of V -Po 
64. The profile P and the elements Pi can be reinterpreted as the result of, in this case of maximally coarsening of the 
space of values. If po denotes this profile, then: 

Definition: 

Pi := (ti, 00) 
di := (-00, til 

p. := {<v" ... ,vs> Ifor all i: ti < vJ 
65. To be exact, "coarsened" specific profiles are the point of issue; this is omitted, and the term specific profiles will be 
used. From the formal viewpoint the procedure is that each patient will be attributed a specific profile from V. From 
this follows a specific profile in terms ofV. Finally, the clinician is able to determine, on the basis of some rule, 
whether the specific profile "matches" the category-profiles X, Y, Z or N. These four category-profiles belong also to 
the set of 1024 specific profiles. 
66. Another objection is that this misses the important point that profiles in combination with rules playa role on 
different levels. Dissatisfaction merely increases when considering the fact that distinct types of ranking of order are 
possible; the pathognomonic sign is merely one type. 
67. Here the suggestions are followed which have been provided by Kuipers (1988), (1989) to improve the model 
developed at the Science Studies Unit at the University of Groningen to study R&D processes. This model (Bodewitz, 
De Vries and Weeder (1988» conceives the process of research and development (R&D) as an attempt to match the set 
of materials with certain relevant properties with the set of intended applications, or demands. This matching process is 
represented in a lattice model, and R&D processes can be reconstructed by tracing the changes in the properties! 
demands lattice. In the course of the development of a lead to a product, the lattice evolves from a network of loosely 
connected sets of properties and demands to a tightened cluster of connections between properties and demands which 
is no longer susceptible to improvement without rigorous change. During this process of evolvement difficulties in 
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matching properties with demands may arise, and different heuristic strategies are available to solve the problems. See 
for a review of models developed to study the intra-firm innovation process, Saren (1984). Saviotti and Metcalfe (1984) 
have proposed a model of technological development distinguishing between technical and service characteristics. 
The improvement proposed by Kuipers is to reformulate the model in terms of set theory, in particular by assembling 
factual (operational) and desired properties (demands) as subsets of the set of relevant properties. When, in joint 
cooperation, applying this improved model to drug research, it seemed convenient to project this pair of concepts on 
the distinction between structural and functional characteristics of drugs hereby generating the concepts described in 
the text. The model has been adapted to connect it with the cognitive structure of biomedical knowledge about diseases 
and drugs, i.e. disease and drug profiles. 
68. In the text qualitative definitions are given but quantitative definitions can be formulated analogously. 
69. This solution is based on the assumption that there are two categories of properties: desirable and undesirable. This 
dichotomy implies that all properties considered not undesirable, i.e. not as side-effects, are seen as desirable 
characteristics. An objection is that the distinction between therapeutically desirable properties and side-effects becomes 
obscured. Another objection might be that some properties, either explicitly or implicitly, are considered desirable nor 
undesirable. 
The former objection is not decisive because the evaluation of a novel drug encompasses both "positive" and "negative" 
aspects. The latter objection however, is fundamental but can be removed by the following modification of the model. 
For this purpose a tri-partition of relevant characteristics of a drug is appropriate: wished for, indifferent, and not 
wished for. Desirable properties are therapeutically beneficial effects, undesirable properties side-effects while 
indifferent properties are those characteristics which presumably are not important with respect to the disease 
concerned, nor in a positive sense, nor in a negative way. This category of indifferent properties has to be introduced 
because in each stage not all possible relevant properties are determined as desirable or undesirable. 
Then: 

K: domain of conceivably relevant functional properties 
W: set of desirable properties 
U: set of undesirable properties 
I: set of indifferent properties 
of (x): factual, i.e. operational (functional) properties of drug x. 

K 

o(x) 

figure 

Further, we assume that W, U en I do not intersect each other, and exhaust K 
Now the following qualitative definitions hold true: 

u 
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1)~ is an improvement ofx. in view ofW/IIU:= 

of(~) AWe of(x.) A W and I n of (x.) = I n of(~) 

2)W/I/Uz is a concession to x with respect to W.II.IU.:= 

The second and third tenn in the definition above explicitly indicate that the alterations are confined to reconsider, 
positively or negatively, one or more indifferent properties that belong to I •. In other words: I forms in general the 
primary space of negotiation for extension ofW and/or U. This does not alter the fact that properties belonging to W 
and/or U can be eliminated or changed, or that properties can be interchanged between Wand U. 
This revised model can replace the version elaborated in the sections 2.7.2. - 2.7.4. 
70. Again, coarsening of the space of values of the characteristics e and c occurs, and the procedure can be treated in the 
same way as described in section 2.6.3. 
71. From the clinical point of view this is not an adequate interpretation of the term "exercise tolerance". This term 
expresses the extent of exercise a patient suffering from pain in the chest tolerates before getting this complaint. The 
paragraph in the text implies that any human being, also the healthy and trained subject, reaches a level of exercise 
where pain in the chest occurs. This is by no means implied by the tenn as used by cardiologists. 
72. Otherwise than described in the text, it is possible that in case of the simultaneous occurrence of two diseases the 
clinician uses different criteria to divide the space of values of the characteristics of both diseases respectively. Thus, he 
"descends" to the original space of values in order to starr over again coarsening this space. 
In both cases, i.e. as described in the text and in this note, it is assumed that the characteristics of both sets are not 
interrelated. If so, then a characteristic representing the relation between e and c has to be added to AP. 
An interesting case is found in chapter 7 about the German medical views of angina pectoris, i.e. "Verkettungsangina". 
This disease entity concerns the specific combination of a particular affliction with an atypical form of angina pectoris 
in which the one affliction modifies the manifestations of the other. In part this concerns the manifestation of new signs 
of angina pectoris distinct from the typical form, and partly the alteration of values (and/or priorities) of characteristics 
of the classical pattern of angina pectoris, i.e. angina of effort. 
73. This perfect drug in view of the wished for profile might be one compound, but also a combination of two or more 
compounds, or of one or more compounds and other forms of medical therapy. 
74. The question whether or to what extent heuristic principles are explicable, is not answered here but will be dealt 
with in Chapter 8. 

Notes chapter 3. 

1. Langley (1905). 
2. Dale (1906). 
3. Ahlquist (1948). 
4. Powell and Slater (1958). 
5. Biel and Lum (1966); Barrett (1972); Carrier and Shlafer (1984). 
6. Moran and Perkins (1958). 
7. Ahlquist (1982). 
8. Black and Stephenson (1962). 
9. Prichard (1964); Clark (1976). 
10. Barger and Dale (1910). 
11. Nickerson (1949), p. 27. 
12. Dale (1906). 
13. Nickerson (1949). 
14. Fildes (1940). 
15. Martin (1951). 
16. Martin (1951), p. 477. 
17. Cavallito (1968). 
18. Bloom (1970). 
19. Albert (1960), p. 147. 
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20. Carrier and Shlafer (1984); Ahlquist (1958), (1973). 
21. Cavallito (1973). 
22. Carrier and Shlafer (1984). See for this criticism of Ahlquist's experimental work also Kalsbeek (1969), a Dutch 
clinician who questioned at the time the relevance of Ahlquist's alpha and beta receptor theory for the the clinician. 
23. Ahlquist (1948), p. 587. 
24. Ahlquist (1948), p. 588. 
25. Furchgott (1959). 
26. Dresel (1960); Lucchesi and Hardman (1961); Moore and Swain (1960); Moran et al. (1962). 
27. Nickerson (1959). 
28. Winbury (1964), (1984). 
29. Winbury (1964), p. 21. 
30. Black and Stephenson (1962), p. 311. 

Notes chapter 4. 

1. Black, interview. 
2. Black, interview. 
3. Black, interview. 
4. Raab (1940); see further Raab (1953), (1962), (1971). 
5. Black, interview; see also Charlier (1961), (1971). 
6. Black (1959). 
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7. The project delivered one of the screening tests being used by Black in the early phase of the ICI project to find anti
adrenergic compounds (Black, interview). 
8. These stressful events could also be mimicked by injecting adrenaline. Injecting adrenaline was used for some time as 
a diagnostic test for angina pectoris but it had many risks and became obsolete. 
9. Black (1976), p. 12. 
10. Dollery, Prichard, interview. Guanethidine, an adrenergic neuron blocking drug, has for some time been the leading 
antihypertensive drug in the United Kingdom. The discovery of the class of adrenergic neuron blocking drugs with TM 
10 (xylocholine) and subsequently bretylium took place in the British context. Bretylium was quickly thereafter 
challenged by guanethidine (cf. Sneader (1985» which became a popular drug in British medicine. 
11. In angina pectoris the situation is much more complex. For many years, the view was widely held that the nerves 
that transmit cardiac pain and accompany the sympathetic nerves of the heart, if cut, would relieve the pain, but not the 
disease. However, this view was replaced by the notion that cutting the sympathetic drive improved the patient's 
condition. Resection of the anginal pathway, i.e. by cutting the sympathetic nervous system to the heart, was advocated 
and introduced by White in 1940. Various surgical procedures were described of which the bilateral thoracic 
sympathectomy in which the upper three or four dorsal ganglia of the sympathetic chain are excised, had been found 
most satisfactory (cf. Burnett and Evans (1956). 
12. Drill (1954); see Ahlquist (1958). 
13. Black (1967), p. 120. 
14. Shanks, interview. 
15. Shanks (1984), p. 49-50. 
16. Powell and Slater (1958); Moran and Perkins (1958). 
17. Black, interview. 
18. Conen et aJ. (1957). 
19. Shanks (1984), p. 50; see also Black (1967). 
20. In the course of 1959 Black changed the test-system. Instead of the Langendorff preparation he used the isolated rat 
papillary muscle preparation. In this preparation the contraction of cardiac muscle induced by isoprenaline was assessed 
and hence the activity of potential blocking compounds was measured. It was a difficult test-system. The recording of 
the muscular contraction response requested much of the ingenuity of Brian Horsfall, the technician, who got involved 
in the project. Continuity on the technical level, however was that the heart rate remained the key parameter (Black 
1967). 
21. The ICI Research Report noted: "Isolated heart muscle 112 compounds tested, of which 10 are active, none as 
much as DCI. This is a disturbing result, because it was reported that 32, 278 (DCI) did not block the action of 
adrenaline on guinea-pig hearts, and that compound itself was a potent cardiac stimulant" (Woodbridge (1981); also 
interview Black). 
22. The ICI Research Report noted: "A new compound, 38,174, appears to possess most of the properties that may be 
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necessary to protect the heart in coronary muscle artery disease. It has not yet been shown that 38,174 is a candidate for 
clinical trial, and much work on toxicity and particularly on pharmacological side-effects including hypertensive action 
will be necessary before its suitability for trial can be assessed. The new work will be given very high priority, as will the 
evaluation of new analogous, and this will probably involve a much reduced effort on potential hypertensive 
compounds" (Woodbridge (1981), p. 164); also Black (1967). 
23. Full quotation: "that analogues ofICI 38, 174 (pronethalol) were being tested to find a compound which (was 
longer acting, had greater resistance to catecholamino breakthrough and) showed less penetration of the central nervous 
system" (Shanks 1984, p.54). 
24. Alleyne et al. (1964); Fulton and Green (1963). 
25. Shanks comments to this: "The laevo isomer was 40 times more potent than the dextro isomer in blocking beta 
adrenoceptors, but the two isomers were equally effective in producing effects on the central nervous system (and had 
the same acute LD50 in mice)" 
(Shanks (1984), p.55). 
26. Robinson, interview. 
27. Robinson, interview. 
28. The criteria for assessing the therapeutic ratio shifted over time. 
29. Shanks (1984), p. 54. 
30. Howe, pers. comm. 
31. Obviously this was not the only reason. The ICI team realized very early its unstable position. For example, in a 
series of76 analogues of pronethalol 41 compounds proved to be as potent as pronethalol whereas 7 compounds 
exhibited an even much stronger beta blocking activity. Cf. the two series of three articles published in the Journal of 
Medicinal Chemistry of 1968 and 1969 that provided some insight in the stock of numerous compounds synthesized 
and screened, albeit in retrospect (see for references Howe et al. (1970». 
32. Gill and Vaughan Williams (1964). 
33. Moreover this concerns both experimental and clinical profiling (chapter 2 and 3). 
34. Vaughan Williams, interview; Barrett, pers. comm. Gill and Vaughan Williams had obtained the supplies of 
pronethalol by chance. However, the similarities in chemical structure between quinidine and pronethalol were already 
recognized by Gill. 
35. The latter term concerned the effect on cell membranes that can be measured in the frog sciatic nerve using 
procaine as the standard (Barrett (1972). 
36. Stock and Dale (1963). The authors describe the issue in technical terms, but basically they state that the 
sympathetic system has a significant role to play in the maintenance of circulatory hemodynamics, particularly in 
patients with (incipient) heart failure. Two mechanisms of aggravation or precipitation are proposed, one focussing on 
the contractile state of the heart, the other on the heart rate. These two parameters structured research at lCI and in 
the field at large. 
37. Another important toxicological problem concerned the hypotensive activity of pronethalol, an unexpected finding. 
During a trial at the University College Hospital Prichard and his colleagues observed that pronethalol produced small 
but nevertheless significant hypotensive effects. Black reported: "In anaesthetized cats and dogs, rapid intravenous 
injection of pronethalol produced an abrupt fall in blood pressure, whereas slow intravenous infusion produced a 
significant, steady decline in blood pressure. ( .. ) A satisfactory explanation for this vasodilation was never found" (Black 
(1967), p. 112-113). This problem initiated research into the vasodilator properties of beta blocking compounds (see the 
section about the development of practolol). 
38. Paget (1963). 
39. Barrett, interview. 
40. Shanks (1984), p. 56. 
41. Howe et aI., interview - interviews were held with Dr. R. Howe and Dr LH Smith together with other chemists; i.e. 
Dr. OJ. Le Count, Dr. B.J. Main and Dr. HTucker involved in later stages of research at lCI: Dr. OJ Le Count has 
been deeply involved in the atenolol project (Count, Le (1981). Henceforth this interview will be referred to by Howe 
et al. 
42. Shanks (1984), p. 59. 
43. Barrett (1972), p. 223. 
44. Barrett, interview. 
45. Howe et aI., interview; Barrett, interview. 
46. Shanks, interview. 
47. Fitzgerald, interview. 
48. Dornhorst, interview; Robinson added that Dornhorst was much more likely to be asked to make such a decision 
being the senior (Robinson, interview). 
49. Robinson, interview. 
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50. Robinson, interview. 
51. Robinson, interview. 
52. Black, interview; Fitzgerald, interview. 
53. Academic scientists showed that the effect of adrenaline upon fatty acid mobilization was mediated by the beta 
receptors. The action of adrenaline on glucose mobilization did not seem to be mediated by either alpha or beta 
receptors. Human studies confirmed this pattern (cf. Pilkington and Lowe (1962)). Thus, it matches the typical pattern 
of the expansion of pharmacological methodology into the various therapeutic fields. 
54. Barrett (1972), p. 213. 
55. Cf. Black (1967). 
56. This was shown in the syrosingopine treated rat which is devoid of sympathetic control; this test system is similar to 
the reserpinized cat used by the Hassle team (see 4.5). 
57. Howe et ai, interview. 
58. Cf. Shanks et al. (1966). Rightly or wrongly these differences might have been explained by the fact that ICI 45763 
exhibited intrinsic activity while propranolol did not. But I presume that this type of explanation did not playa major 
role and the participants did not suggest this when interviewed; neither had this explanation a prominent role in 
literature. 
59. Shanks, interview. 
60. Prichard, interview; Dollery, interview. 
61. Illustrative is the following quotation that refers to the dramatic effects of pronethalol and simultaneously illustrates 
the clear-cut effects of the drug on the heart: "( .. ) I should like to tell you briefly about my first experience with them 
(beta blockers, RV). In 1961162 I was an intern working in an intensive care ward of a surgical thoracic unit. One day, 
while I was doing internal cardiac massage on a heart with ventricular fibrillation, a research assistant gave the patient 
some pronethalol intravenously. The effect was staggering. The small, coarsely fibrillating heart suddenly became a 
dilated sac, quivering like a jelly, for which nothing further could be done" (Gau (1974), p. 135-136). 
62. The Buxton Symposium in November 1965, the first symposium on propranolol, attracted about eighty British 
clinicians, representing about 45 hospitals, infirmaries and clinical institutes in the United Kingdom. Half a year later a 
British invasion in the American Journal of Cardiology (1966; see Shanks (1966c) took place when more than twenty of 
these "Buxton" articles were published - in the form of full articles and abstracts. 
63. Dollery, interview. 
64. This interesting sketch of the connection between the development of the beta blockers and the discipline of clinical 
pharmacology, within the fold of British cardiology, lowe to professor Dollery (Dollery, interview). 
65. Barrett, pers. comm. 
66. Black (1967), p. 116. 
67. Shanks, interview. 
68. Shanks, interview. 
69. Stephen (1966). 
70. Fitzgerald (1969), p. 297. 
71. Goodwin quoted from Stephen (1966), p. 468. To a great extent the discussion focussed on the quantity per 
ampoule; for example, Dornhorst stated: "I would like to suggest that the ampoule size be reduced. It is 5 mg. at the 
present, and junior hospital staff are rather apt to assume that one ampoule is a safe dose" (Stephen (1966)). Similarly 
Rosenheim noted: "I would like to emphasize again the need for a smaller ampoule, and I would quite agtee with 
Professor Dornhorst that if one puts 5 mg. in an ampoule, it is an invitation to give 5 mg." (Stephen (1966), p. 472). 
72. Cf. Gillam and Prichard (1965). 
73. Later on it was discovered that propranolol showed considerable variance in metabolism thus resolving much of the 
confusion about the dose variation. 
74. Barrett, interview. 
75. Dunlop and Shanks (1968). 
76. Dr. Howe and Dr. Smith, chemists, as well as Dr. Barrett and Dr. Fitzgerald, biologists, confirmed that such a 
broad project was going on (interviews). 
77. See Black (1967). This effect was initially noticed in anaesthetized cats and dogs, but became urgent when the 
hypotensive action of pronethalol during clinical trials was noticed. 
78. For example, propranolol, ICI 45.763 and pronethalol produced a marked increase of hind-limb blood flow in the 
dog, whereas MJ 1999 produced an increase that was dose-independent and much less than the maximum produced by 
the former compounds. This difference was explained by the fact that MJ 1999 probably lacked the local anaesthetic 
property. This explanation seemed to be valid especially since the optical isomers of propranolol - the (+ )isomer 
possesses less than one-twentieth of the Il-blocking action of the (-)isomer - increase blood flow to the same extent 
having the same degree of local anaesthetic activity whereas MJ 1999 is devoid of the latter activity (Shanks (1967)). 
79. The experiments are marked by three key articles. 
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The first is received September 13, 1966 and concerns the peripheral vascular effects of propranolol and other related 
compounds as described (Shanks (1967». The second article was received October 3, 1967 and discusses the selective 
blockade of the beta receptors in the heart by practolol and concerns animal experiments, as indicated before (Dunlop 
and Shanks (1968». The third article was received April 25, 1968 and concerns studies in healthy volunteers (Brick et aI. 
(1968». The timing of the publications shows the neat sequence from laboratory to man. Yet the time course is much 
more complex because the latter two articles were published as short communications simultaneously (Barrett et al. 
(1967/1968; Brick et al. (1967/1968». 
80. Shanks, interview. 
81. Glover et al. (1062); Brick et al. (1966);Brick et al. (1967); Brick et al. (1968) and several other articles in the domain 
of physiology. 
82. VanDeripe et al. (1964), (1965); Levy and Wilkenfield (1969). 
83. N-isopropyimethoxamine blocked beta receptors in the rat uterus (Levy 1964); moreover it blocked beta receptors 
mediating the metabolic actions as the marked rise in free fatty acids, blood glucose and blood lactic acid produced by 
the catecholamines (Levy (1966b). 
84. N-tertiary buryimethoxamine (Levy 1966a); other scientists such as Burns, Lemberger and Salvador came to the 
same results) and dimethylisoproprylmethoxamine (Levy, 1966b) blocked beta receptors in the rat uterus, canine 
intestine and peripheral blood vessels. 
85. Similar differences in patterns of response were noticed when testing beta receptor stimulating agents in particular 
experimental systems, particularly in relation with metabolic effects (Cf Lands et al. (1967) and many other references 
in the field). 
86. Levy (1965), p. 413. 
87. Other terms like "certain", "not properly" and "only" denote the extent to which scientists were certain of their 
case. 
88. See for the review of the state of affairs in the field Moran (1967). 
89. Furchgott (1959); Nickerson (1965). 
90. Cf. Anonymous (1966). 
91. It is interesting to note that at the time that Ahlquist formulated his theory ofa- and fl-receptors, Lands proposed a 
classification in which he distinguished the receptors in the heart as a separate subcategory. When elaborating his 
classification of fl,- and Il,-receptors Lands worked at the Sterlop Winthrop Institute, i.e. in an industrial setting. 
92. Moran's definition was in accordance with Ahlquist's functional definition of the receptor. The hypotheses 
described fitted pharmacological methodology (as described in Chapter 3). 
This methodology dominated the 1960s and firmly linked academic and pharmaceutical research. "Receptor hunting", 
e.g. the biochemical attempt to identify and to trace the molecular configurations that made up "the receptor", which 
rapidly emerged during the 1960s, did not fundamentally affect the course of academic and industrial research on beta 
blocking compounds until the 19705. 
93. Cf. Bartholini (1983) and many short accounts of the development of beta-blocking and beta-stimulating agents in 
medical literature; the participants involved however, emphasize the development of the selectively acting compounds 
rather than the theory (see also Sneader (1985». 
94. The Science Citation Index started in 1961 while the compound was launched in 1958. 
95. Cf. Idiinpiiiin-Heikillii (1985) for references or standard references such as Inman's textbook on monitoring for drug 
safety. 
96. More sophisticated techniques such as co-citation-analysis methods may provide a better understanding. 
97. This is not an universal pattern per se. Some articles concerning methods rank very high on the list of "citation 
classics" published in Current Contents. 
98. Moran (1966); see further Dornhorst (1966). 
99. Moran (1966), p. 507-508. 
100. This definition reflects the growing influence of biochemistry on receptor research. 
101. Moran (1966), p. 509 -510: "New information, such as that discussed above with respect tott-methyl DCI, suggests 
the possibility of using modifying designations to describe the receptors, such as the tissue involved, e.g., bctahm, and 
bct3blood .. , .. I, to differentiate the cardiac and vasodilator bcta receptors. Although this terminology is cumbersome, 
evidence docs not justify adding to the complexity of classification by introducing completely new types whenever a new 
drug is found which interferes with an adrenergic response". Illustrative for Moran's position is his paraphrase of 
Robert Frost's couplet ("We dance round in a ring and suppose/But the Secret sits in the middle and knows"; "We 
dance round the cell and suppose/But the Receptor sits inside and knows" (Moran (1966), p. 511). 
102. Braunwald (1966), p. 307. 
103. Interview Jack: the same history was sketched by Brittain. 
The initial target was a metabolically stable long-acting beta-stimulant and this was sought by replacing the catechol 
group in adrenaline by a variety of disubstituted phenyl substituents and increasing the size and complexity of the N-
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substiment. Salbutamol, the saligenin analogue of N-t butyl noradrenaline, was found to be more active on respiratory 
smooth muscle than on heart muscle in the guinea pig and other species, results which were consistent with Lands' 
beta-Ilbeta-2 classification of beta-adrenoceptors. Jack & Brittain explained the selective action of salbutamol by 
supposing that the physiological receptor proteins for adrenaline were different in detail and that this allowed the 
receptors for salbutamol to be different in respiratory and heart muscles (Brittain, pers. comm.; see also Brittain, Dean 
and Jack (1981». 
104. Engelhardt, interview: ["Ich habe nie viel davon gehalten, dieses starrer System von beta-I und beta-2 zu verfolgen 
weil nach meiner Erfahrung von Substanz zu Substanz die Ubergiinge fliellend sind und es keine so scharfe 
Differenzierung eigentlich gibt. Wenn sie einige Prototypen herausnehmen, denn ja aber wenn sie jetzt grollere 
Substanz Serien betrachten, dann geht das fliellend ineinander tiber. So hab ich also dieses Konzept oder die 
Bezeichnung dieses relativ starre Kiistchenbezeichnung III und 112 nie gem gemocht. Aber die Differenzierung, 
natiirlich dall das moglich ist, dall hatten wir schon in einem Beispiel hier befor Lands und die anderen aufgetreten 
waren. Da hatten wir niimlich das Berotec (fenoterol, RV) bereits hier in den Hand, nicht. Das ist vom 1964 glaube ich. 
Das war die erste Agonist die diese Differenzierung deutlich zeigte"]. 
105. Carlsson (1983), p. 36. 
106. These compounds were the result of improving the separation of desired actions from undesired effects and were 
picked out from a whole array of compounds synthesized for different purposes: for profiling desired therapeutic 
actions; as tools for inside comparative analysis in animals and men; for class exemplification in filed patents; for 
calibration of technical apparatus and validation of experimental systems. The compounds were selected for various 
reasons including therapeutic reasons. 
107. The distinction between these three levels is arbitrary but expresses the view that the creation of compounds and 
experimental systems is an innovatory activiry per se. 
108. Cf. Moran (1966). 
109. Carlsson et al. (1972). 
110. See chapter 2 for the discussion about the differential relationships between theory and experiment; cf. Hacking 
(1983). 
Ill. Cf. Dunlop and Shanks (1967); Shanks (1968). 
112. See Shanks (1984). 
lB. Shanks, interview. 
114. Shanks, interview. 
115. Robinson, interview. 
116. Howe et aI., interview. 
117. Barrett, interview. 
118. Fitzgerald, interview. 
119. Davies, interview. 
120. Around 1968 ICI started a project to provide such a theoretical basis but the project failed (Davies, interview). 
121. This is also the case in man, particularly in patients with a decreased heart function (Shanks (1984); Shanks, 
interview). 
122. Robinson, interview. 
123. Barrett, interview. From the pharmacological point of view it was recognized that oxprenolol was an effective beta 
blocker and that there was little the ICI scientists could do from laboratory data to offset Ciba claims against 
propranolol. Barrett suggested that the main benefit Ciba had might have been their avoidance of an intravenous 
preparation thereby allowing justifiable claims for greater safery in clinical practice, i.e. most of the deaths from 
propranolol at that time followed intravenous administration (Barrett, pers. comm.). 
124. As was explained by Pfizer's Medical Director to Fitzgerald (Fitzgerald, interview). 
125. Howe et ai, interview. 
126. Barrett, interview. 
127. McNeill (1966); Stevens (1966). 
128. Braunwald (1966), p. 307. 
129. Furthermore, the American situation stimulated the development of practolol. Leading cardiologists in the United 
States, and among which the renowned clinical scientist Braunwald, were very sceptical about the dramatic effects of 
propranolol on the cardiac output (Fitzgerald, interview). 
130. Interview Fitzgerald: "Of course, patients have died on the needle, there is no question about that. That was 
horrible. But I think the great sort of attraction that practolol had on people was they felt that they could shoot it in and 
nothing would go wrong". 
131. Shanks, interview. This mystery lost its attraction when the toxic effects of practolol were revealed. 
132. Powell and Slater first presented their results at the Federation Meetings (1957). Their full repon appeared in 
1958 (powell and Slater (1958». 
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133. Moran, pers. comm. (quoted from Shanks (1984), p. 41). 
134. Moran and Perkins (1958). 
135. This quotation is taken from their comment on Moran and Perkins' paper at the symposium on Catecholamines 
(Bethesda, Oct. 1958); cf. Powell and Slater (1958b). 
136. "Thus DCI can be considered an useful tool for the qualitative separation of alpha and beta receptor sites, but for 
the present it must be used with caution for the quantitative aspects are not clear" (Powell and Slater (1958b». 
137. Cf. Dresel (1960); Moran and Perkins (1961); Biel and Lum (1966). Thus, it was shown, for example, that beta 
blocking agents were more specific than the alpha blockers which exhibit also other types of activity, e.g. anti
acetylcholine and antihistamine activity. 
138. Dresel (1960). 
139. In this early phase the hypothesis emerged in the field that DCI might be beneficial in clinical conditions 
associated with an excessive adrenergic stimulation. Hence, its use in the surgical removal of phaeochromocytoma, a 
catecholamine producing tumor releasing excessive amounts of catecholamines when manipulated, was suggested as a 
possibility (cf. Dornhorst and Laurence (1963); Barrett (1972); Biel and Lum (1966). 
140. This concerned, for example, the coronary ligation method; see Furchgott (1959); Dresel (1960); and Lucchesi and 
Hardman (1961). 
141. Slater, pers. comm. quoted from Shanks (1984), p. 41. 
142. Lilly investigated DCI clinically (Werko, Ostholm and Ablad, interviews). 
143. Cf. Shanks (1984), p. 44: "( ... ) Lilly filed a United States patent on nethalide (pronethalol) which was withdrawn 
because of an earlier filing date by Imperial Chemical Industries". 
144. Lish et al. (1960), p. 129. Unlike the opening sentences suggest, the article does not cover cardiovascular problems. 
145. The proprietary designation Vasodilan was applied to the compound (Lish et al. (1960). 
146. Sneader (1985). 
147. Larsen and Lish (1964), p. 1283. Larsen had considerable experience in the synthesis of sulphonamides, and joined 
Mead Johnson around 1960. Attempts were made to incorporate sulphonamide-groups into the benzene ring of the 
phenethanolamines. This was supported by experiences with extensive modification of these amines, the phenolic 
hydroxyl groups being replaced by a variety of substituents but without any success. According to Larsen these failed 
modifications shared a common characteristic: the substituents exhibited no acidic character. Therefore, Larsen 
searched for substituents with an acidity comparable to that of the phenolic groups. 
However, another sequence of events might have taken place. Perhaps, Larsen just replaced the phenolic groups by the 
sulphonamide-groups with which he was so familiar, then found a reasonable activity subsequently providing an ex
post-facto explanation in terms of this acidity. Alternatively, the polar structure of the phenethanolamines, represented 
by the phenolic groups, had to be remained to avoid entrance into the central nervous system. Ephedrine, for example, 
an important remedy against asthma attacks, caused central side-effects; phenethanolamines did not. Furthermore, the 
polar structure was of interest for increasing the biological stability of these compounds against catecholamine 
destructive enzymes. This was also related to the duration of action. 
This episode in asthma therapy research falls outside the scope of this study. 
148. Larsen had synthesized MJ 1999 (sotalol) in October 1960. Since the various compounds containing a 
sulphonamide-group are numbered in order, this series of compounds has presumably been synthesized around the 
same time. 
149. Inside information collected by Shanks supports this conclusion (personal communication with Stanton, one of the 
researchers at Mead Johnson from the early beginnings): "As it was noted that MJ 1999 resembled DCI, tests were 
established to examine this activity further. On 22nd March, 1962, it was observed that MJ 1999 (0.01 - 0.11lg) blocked 
both the isoprenaline and adrenaline induced relaxation of the pitocin stimulated rat uterus in vitro ( .. ). Lish 
commented on the test sheet that MJ 1999 (sotalol) was "probably the first known and most potent drug capable of 
blocking beta stimulants in the uterus (,,)" (Shanks (1984), p. 68-69). 
150. Howe et aI., interview. 
151. Lish et al. (1965). 
152. This supports the conclusion of the ICI chemists that Mead Johnson was poor in developing MJ 1999 as an 
cardiovascular drug (interview Howe et al.). Undoubtedly, the taking over of Mead Johnson by Bristol Myer at the time 
must be taken into account. Another hypothesis, however, would be that the search for antispasmodic drugs prohibited 
Mead Johnson from entering the cardiovascular field. The search for antispasmodic drugs was firmly linked with the 
concept of coronary vasodilation which was on strained terms with the objective of beta blockade (cf. chapters 5 and 7). 
However, the material presented is not sufficient to substantiate this hypothesis. Neither did I intend to do so. 
However, to some extent the issue will reappear when discussing the beta blocker project of Boehringer. 
153. Dr. Ivan Ostholm is working on a book about the beta blocker project at Hassle. He has provided much of the 
material presented in this section and has made many comments. I am very grateful for his efforts. 
154. Ostholm, pers. comm. Roberts had done research in this area at the Department of Pharmacology during the 
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1950s (cf. Roberts and Baer (1960). 
155. Roberts and Baer (1960). 
156. Ostholm, interview. 
157. Ostholm, pers. comm. 
158. Ostholm, pers. comm. 
Carlsson commented: "They explained what they were searching for. I saw the structures of the compounds, and I told 
them: "If you want to do anything you must go into the beta-adrenergic field". It was new to them. Nothing was known 
about beta receptors ... " (interview, Carlsson). 
According to Ostholm the collaboration with Arvid Carlsson can be looked upon as one of the most important 
crossroads in the development of a new approach in the Astra-group. Not only the beta blockers, i.e. alprenolol and 
metoprolol, and the beta agonist terbutaline, but the whole CNS-research program at Astra aiming at new classes of 
psychopharmaca may be considered as the result of his ideas and approach (Ostholm, pers. comm.). 
159. Following a sabbatical leave in 1955-56 at the Laboratory Heart Institute in Bethesda, Maryland, Carlsson 
performed studies about the effects of reserpine on the adrenergic system (Carlsson, pers. comm.). He was among the 
first to show that reserpine depleted the storage vesicles of noradrenaline. 
160. Carlsson, interview. 
161. Carlsson, interview. 
162. Ostholm, pers. comm. 
163. Carlsson, interview. 
164. Moran worked at the Dept. Pharmacology, Emory University, Atlanta and was deeply involved in the field of 
adrenergic receptors (cf. Moran (1958), (1962), (1966); VanDeripe et al. (1964); VanDeripe and Moran (1965). 
165. VanDeripeand Moran (1965),p. 712. 
166. Shanks (1984). 
167. Barrett, interview; and Howe et aI., interview. 
168. The sheer fact that several companies succeeded in synthesizing propranolol-like compounds at about the same 
time doesn't provide evidence for either version of the story. From the chemical point of view it is a creative step to 

proceed from compounds with an ethanol-amine side chain to compounds with an oxypropranolamine side chain. 
169. The origin of the idea is described by Brandstrom et al. (1966). 
The synthesis of beta blocking compounds with the propranolamino-side-chain at ICI and Hassle even occurred along 
different chemical routes. It is interesting to note that the ICI team refers to O. Stephenson, working at British Drug 
Houses, whereas the Hassle team refers to Fourneau. 
170. Berntsson, pers. comm. 
171. Ablad, interview; Ostholm, interview. 
172. The code numbers of H 29/50 and H 56128 show wide margins. However, the Hassle numbering system is not a 
purely chronological one. The numbers to the left of the slash is the number of the laboratory notebook used by a 
certain chemist and the numbers to the right are the page number in that notebook (ranging from 01-99). The 
numbers show only which book the chemist has happened to take from the bookshelf when he had finished his old one 
and needed a new one. Since all pages are signed and dated there is no problem of telling when a certain compound was 
made. Compound H 29/50 was made on the 3rd of April 1963; this is only one year and 3 months before the synthesis 
of H 56/28 (alprenolol), synthesized on the 27th of August 1964 (Berntsson, pers. comm.). 
173. Carlsson, interview. 
174. Ablad et al. (1967a), (1967b). Somewhat earlier some results were published in the Swedish journals. 
175. Werko, interview; Sannerstedt, interview. 
176. Ostholm (1972), p. 22. 
177. Ostholm, interview. 
178. Folkow (1952), (1955); Folkow and Hamberger (1956); Folkow et al. (1956); Folkow et al. (1967). This 
experimental work of Folkow can be seen in the wider context of Swedish physiology and the successful research 
tradition in the field of catecholamines. The experimental work of Von Euler, laureated with the Nobel prize for 
establishing noradrenaline as the true neurotransmitter of the sympathetic system, exemplifies this tradition. 
179. See for references note 178. 
180. "It is now fairly well established that in animals the correlation between stimulation frequency and the effector 
response of sympathetically and parasympathetically innervated structures forms hyperbolic curves, reaching nearly 
maximal values at frequencies around 8-10 impulses/sec. with a definite maximum approximately at 20 impulses/sec. 
Animal experiments show that the tonic discharge rate of autonomic fibers under 'resting' conditions is only about 113 
impulses/sec., and rarely exceeds 10 impulses/sec., even on extreme excitation of central structures" (Folkow and 
Hamberger (1956), p. 268). 
181. Different test-systems existed and also the species used differed. 
182. Reserpine perfectly illustrates how therapeutics are powerful investigational tools. This drug had a tremendous 
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impact in biomedical research. 
183. Werko, Sannerstedt, Ablad, intelViews. 
184. From these results it was concluded: "1) propranolol reduced cardiac output by inhibiting endogenous sympathetic 
tone on the cardiac IS-receptors, 2) H 56/28 inhibited endogenous sympathetic tone on the heart to the same degree as 
propranolol, 3) the hemodynamic consequences of this action of H 56128 was compensated by a cardiac stimulation due 
to the slight "intrinsic" IS-receptor stimulating action that this agent possesses" (Forsberg and Johnsson (1967), p. 1153). 
185. Ablad, pers. comm.; Ostholm, interviews; see also Ablad et al. (1970). 
186. Ablad, interview. 
187. Werko, interview. 
188. Ablad, pers. comm. 
189. The observation in 1966 gave a hint as to the structure activity relationship of cardio-selective beta blockers, which 
was pursued in more intense chemical-synthetic work at Hassle from 1968 (Ablad, pers. comm.). 
190. Ablad et al. (1973). 
191. Ablad et al. (1973). 
192. The idea of the Hassle team was that H 93126 would not block the peripheral vasodilator effects of circulating 
catecholamines and therefore it would not potentiate the hypertensive effect of adrenaline. Non-selective agents as 
alprenolol and propranolol as well as cardio-selective beta blockers with intrinsic activity potentiate this hypertensive 
effect. This was considered disadvantageous in some clinical conditions (Astra (1972». 
193. This was suggested by Dr. Enar Carlsson, and has subsequently been confirmed in many laboratories (Ostholm, 
pers. comm.); see also Carlsson et al. (1972). 
194. Hassle was not supported by the mother company Astra. When in 1970 the merger between Ciba and Geigy took 
place, Hassle had to provide access to Geigy to its research portfolio in danger of loosing the distribution rights of the 
Geigy products for the Scandinavian countries. Together with two other interesting compounds in Hassle's research 
pipeline, the compound H 93126 (metoprolol), was selected by a Ciba-Geigy investigational team. Metoprolol entered a 
co-marketing project and arrangements were made with respect to market sharing and distribution. 
Ciba-Geigy's participation in the development of metoprolol was limited. They did not perform long term toxicology 
and clinical trial studies. Ciba-Geigy contributed by synthesizi~,g large amounts of metoprolol which enabled the Hassle 
team to start clinical studies on a large scale and much earlier (Ostholm, pers. comm.). The limited interest of Ciba
Geigy's medical department is reflected in: " ... this cardioselectivity is only relative and offers little if any real 
advantage ... " (Imhof (1974), p. 41). 
When practolol unexpectedly had to be redrawn from the market because of serious side effects, the market was open 
for this new compound metoprolol. The strange and extraordinary phase of one and the same drug but two differently 
profiled therapeutics started (Bodewitz et al. (1986). 
195. Brunner, pers. comm. 
196. Brunner, pers. comm. 
197. In 1968 the CIBA group published that oxprenolol possessed no intrinsic activity: Also the lack of a positive 
inotropic and chronotropic effect in the isolated guinea pig heart and a bronchodilator effect of Ciba 39'089-Ba 
(oxprenolol, RV) indicates that this substance does not match IS-stimulating effects [" Auch das F ehlen einer positiv 
inotropen und chronotropen Wirkung am isolierten Meerschweinchenherzen und einer bronchodilatatorischen 
Eigenwirkung von Ciba 39'089-Ba (oxprenolol, RV) deutet darauf hin, daIS dem Praparat keine IS-stimulierende Effekte 
zukommen"] (Brunner et al. (1968), p. 169. 
198. Brunner et al. (1971), p. 222; see also Imhof (1974). See for the results of the experiments with oxprenolol also 
Brunner et al. (1970) and Meier (1970). 
199. Brunner interview; and pers. comm. The other paticipants interviewed where Dr. M. Meier and Dr. F.Ostermayer. 
200.Burley, interview. 
201. Silk, intelView. 
202. Cf. Gross (1981). 
203. The role of university contacts for the successful development of new drugs in a R&D-organization so small as 
Hassle is important as Ostholm commented: "When I visited ICI in Alderley park in 1962 they had well over 700 
people in medical-pharmaceutical research while we at Hassle had only 35 people. Without the guidance of scientists at 
the medical faculty in the University of Goteborg we could not have achieved what we did. Folkow, Carlsson and 
Werko all participated in research conferences when our projects were evaluated and criticised" (Ostholm, pers. 
comm.). This collaboration with university Gross referred to as unique and deserving to be copied by other firms 
(Gross (1983), p. 237). 
204. Barrett, intelView. 
205. Quoted from Talalay (1964), p. 267. 
206. Fitzgerald, interview. 
207. Barrett, intelView. 
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Notes chapter S. 

1. Follansbee and Shaver (1986). 
2. Schwartz and Taira (1983); see also Van Zwieten (1985). 
3. Pfennigsdorf, pers. comm. 
4. Pfennigsdorf, pers. comm. 
5. Verapamil was defined as a benign coronary vasodilator in dilating the coronary vessels and therefore increasing 
blood and oxygen supply to the heart without increasing the demands of the heart. In constrast, malign coronary 
vasodilators dilated coronary vessels and increased total coronary blood flow at the expense of an increase in cardiac 
work; see for this distinction also chapter 7. See for experimental research on verapamil at Knoll: Haas and Hartfelder 
(1962), (1964a), (1964b), (1964c), Haas and Busch (1967), Haas (1968), Haas and Igarashi (1968), Haas (1970); Haas and 
Gokel (1970). Further: Schlepper and Witzleb (1962), Melville et al. (1964). With respect to clinical studies: 
Anonymous (1963), Tschirdewaahn and Klepzig (1963); Hoffmann (1964); Strassle and Burckhardt (1965); Hoffbauer 
(1966); Wette et al. (1966); Zimmer (1966); with respect to the use of verapamil in cardiac arrhythmias in German 
medicine: Bender et al. (1966); Bender et al. (1968); Bender et al. (1969); Bender (1970); and Bender (1971). 
6. See also appendix III. 
7. Charlier (1971). 
8. This author's analysis of the retrieved articles confirms this pattern. 
9. Mignault, de L (1966), p. 1253, and further: "Therefore, one must explain the clinical improvement experienced by 
patients taking the drug by mechanism that is independent of any change in coronary blood flow". 
10. Luebs et al. (1966), p. 540. 
11. Neumann and Luisada (1966), p. 552. 
12. Engelhardt, the pharmacologist at Boehringer commented: "That verapamil had to be something different from 
Persantin was in fact already obvious from the whole activity spectrum, in particular because verapamil has a strong 
cardial effect which is totally absent in Persantin" ["Dall Verapamil etwas anderes sein miisste als Persantin, war 
eigentlich schon klar aus dem ganzen Wirkungsspektrum besonders deshalb, wei! Verapamil eine starke kardialen 
Wirkung hat die ja beim Persantin total fehlt!"] (Engelhardt, interview). 
13. Haas commented: "And I remember that I was at Hoechst and I said to Hartfelder, who had already left me at that 
time: "I have discovered something new about Isoptin; it is a beta blocker". And he said: "You don't say!". It is a great 
development if it can be done like that. That's how new it all was" ["Und ich erinnere mich das ich bei Hoechst war und 
dem Hartfelder die damals schon von mir weggegangen war, habe ich gesagt: 'lch habe was neues von lsoptin entdeckt; 
das ist ein Betablocker'. Und er sagte: 'Donnerwetter'. Eine toile Entwicklung wenn man das so machen kann. So neu 
war das alles"] (interview Haas). 
14. Haas commented: "That would have been an advantage at the time, because in fact only propranolol existed. We 
would then have been so to speak the second to be clinically relevant. So in that respect it would have been an initiative 
that would have been already very rewarding at the time. There wasn't this abundance of beta blockers yet" ["Das ware 
damals vielleicht ein Vorteil gewesen, weil eigentlich nur Propranolol existierte. Wir waren dann so zu sagen der 
Zweite gewesen, der klinisch relevant gewesen ware. Also insofem war das schon ein Ansatz der sich damals gelohnt 
hatte. Es gab ja noch nicht diese Fiille von Betablockem"] (interview, Haas). 
15. According to Haas the view held at the pharmacology department of Knoll was that verapamil possessed beta 
blocking properties which was somewhat later rejected (cf Haas (1964); Haas, pers. comm.). However, the issue to what 
extent and in what way verapamil differed from beta blockade was elaborated by Fleckenstein. 
16. Gebhardt and Biichner (1967). 
17. Melville et al. (1964); see also Melville and Benfey (1965). 
18. Fitzgerald and Barret (1967). 
19. ibidem. 
20. Bateman (1967). 
21. ibidem. 
22. ibidem. 
23. Shanks (1967). 
24. Robinson, interview; see also the description of the development of propranolol (4.2.4.1). 
25. Fitzgerald and Barrett (1967). 
26. Bateman (1967). 
27. ibidem. 
28. Anonymous (1968). 
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29. Anonymous (1967). 
30. Anonymous (1968). 
31. Anonymous (1967). 
32. Anonymous (1969a); see further Anonymous (1969b); Grant et al. (1968); Thompson and Ledey (1968). 
33. Sandler (1968), p. 226; see further for a negative judgment Phear (1968). 
34. Anonymous (1968). 
35. Shanks (1967). 
36. Anonymous (1968). 
37. Wilkinson (1967). 
38. See for references Fleckenstein (1964). Further it is interesting to note that clinicians were also involved in research 
on this topic; cf. Nagle (1970). 
39. Fleckenstein (1964). 
40. Cf. Fleckenstein (1964). 
41. For the effects induced by these compounds mimiced the symptom complex of utilisation -insufficiency. 
42. Cf. Later we also included lsoptin and Segontin in our research; since, according to the producing firms, these two 
substances have - apart from the direct coronary vasodilator main effects - beneficial sympatholytic effects in the 
manner of beta receptor blockers. As a matter of fact, we could fully confirm these assertions" ["Spater haben wir dann 
auch Isoptin und Segontin in unsere Untersuchungen mit einbezogen; denn nach Mitteilung der Herstellerfirmen 
besitzen auch diese beide Stoffe - neben direkten coronarerweitemden Hauprwirkungen - giinstige sympatholytische 
Nebeneffekte nach Art der Beta-Receptorenblocker. Tatsiichlich konnten wir diese Angaben voll und ganz bestatigen"] 
(Fleckenstein (1964, p. 92-93. 
Cf. also: "Because Isoptin also exceeded the sympatholytic effect of Alderlin on the hearts of guinea pigs by five or six 
times, it may probably be regarded as the strongest - hitherto known - sympatholytic antagonist for the myocardium" 
["Da Isoptin am Meerschweinchenherzen auch den Herz-sympatholytischen Effekt von Alderlin urn das Fiinf- bis 
Sechsfache iibertraf, darf es wahrscheinlich iiberhaupt als der stiirkste - bisher bekannte - Sympathicus-Antagonist fur 
das Myokard gelten"] (Fleckenstein (1964), p. 93). 
Fleckenstein's brother B. Fleckenstein, a clinician, worked at Knoll BV. 
43. This figure is taken from Fleckenstein (1968a). Before that the scheme had been published in German medical 
literature (e.g. Fleckenstein et al. (1967c), p. 11). 
44. Fleckenstein related this biochemical and physiological explanation of cardiac insufficiency to the concept of 
coronary vasodilation in the following way. The diastolic tone is a major factor in the regulation of the coronary 
circulation. When during hypoxia or exercise high-energy phosphates are broken down, the diastolic tone decreases and 
consequently the resistance of the coronary circulation increases thus improving oxygen supply to the heart and the 
increased synthesis of high-energy phosphates; and this physiological cycle could start again (Fleckenstein (1964). 
45. See Fleckenstein et al. (1967a), (1967b); title in German: ["Zum Wirkungsmechanismus neuartiger 
Koronardilatatoren mit gleichzeitig Sauerstoff-einsparenden Myokard-Effekten, Prenylamine und Iproveratril"]. 
46. The criteria used by Fleckenstein were still incomplete in comparison with the full set of criteria proposed by the 
ICI scientists (Fitzgerald, Barrett (1967); Shanks (1967)). 
47. The latter were determined by using the ratio ofCP to Pi as the index, the former by using the inhibition of 
isoprenaline induced tachycardia as the standard. 
48. Fleckenstein (1967a), p. 726: ["Der Gedanke ist naheliegend, dall die Hemmung von Kontraktilitat und Frequenz 
durch ll-Rezeptoren-Blocker, Segontin und Isoptin auf einem Ausfall des sympathischen Antriebs infolge einer 
spezifischen Blockierung der im Myokard gestapelten und am Myokard angreifenden sympathischen Ubertragerstoffe 
beruhen konnte. Wir selbst haben zunachst ebenfalls zu dieser einfachen Erklarung geneigt"]. 
49. Fleckenstein et al. (1967a), p. 727: ["Infolgedessen ist das Ausmall der Herabsetzung der Herzkraft und der 
Frequenz am Herzen in situ nicht streng mit dem Ausmall der ll-Rezeptoren-Blockade korrcliert"]. The question is put 
as subheading of the section (p. 726): ["1st die Hemmung von Kontraktilitiit und Frequenz durch Il-Rezeptoren
Blocker, Segontin und Isoptin Foige einer Herzsympathikolyse?"] 
50. Fleckenstein et al. (1967a), p. 730: ["Man kann aus allen diesen Ergebnissen folgem, dall eine Il-rezeptoren
Blockade nicht unbedingt mit einer starken Herzhemmung und umgekehrt eine starke Herzhemmung nicht 
zwangslaufig mit einer Il-Rezeptoren-Blockade vergesellschaftet sein mull"]. 
51. After the second quotation the authors immediately continue as follows: "Incidentally, this is confirmed by later 
findings by Levy and Richards (1965); they report about a beta receptor blocker (MJ 1999) with only very little negative 
inotropic effect" ["1m gleichen Sinne sprechen iibrigens auch neuere Befunde von Levy und Richards (1965), die iiber 
einen ll-Rezeptoren-Blocker (MJ-1999) mit nur sehr geringer negativ-inotroper Wirkung berichteten"] (Fleckenstein et 
al. (1967a), p. 730). 
52. The German terms are: ["nicht streng ... korreliert" and "nicht unbedingt .... nicht zwangslaufig .... vergesellschaftet 
sein mull"]. 
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53. The following quotation is characteristic: "It is of particular interest that Segontin and Isoptin have also shown 
certain beta receptor blocking properties in the frequency-test with Aludrin (isoprenaline, RV), as has been described by 
Lindner (Segontin, 1964) and by Haas (Isoptin, 1964)" ["Von besonderem Interesse ist, dal! auch Segontin und Isoptin 
im Frequenztest gegen Aludrin (isoprenaline, RV) gewisse Il-Rezeptoren-blockierende Eigenschaften besitzen, so wie 
dies schon von Lindner (1964) fur Segontin und von Haas (1964) fur Isoptin beschrieben worden ist") (Fleckenstein et 
al. (1967a), p. 729). 
54. Huxley (1969); see also Singh (1980). 
55. It is interesting to note that the latter possibility is explicity referred to in the article (e.g. Fleckenstein et al. (1967b), 
p. 853) but not mentionned in the conclusion and English summary. 
56. Fleckenstein et al. (1967b), p. 853: ["Letzlich entscheidend flir die Ziigelung der mechanischen Myokardfunktionen 
ist viehnehr ein hemmender Eingriff in die "elektromechanische Koppelung", wobei die spezifischen Il-Rezeptoren
Blocker sowie Segontin und Isoptin vor allem auch als Ca++-Antagonisten wirken, indem sie die physiologische 
Mittlerfunktion der Ca++-Ionen zwischen dem elektrischen Erregungsprozel! und dem Kontraktionsakt 
beeintrachtigen"). 
57. Fleckenstein et al. (1967b), p. 853: ["Aile diese Befunde weisen daraufhin, dall die negativ-inotropen 
Myokardeffekte von Il-Rezeptoren-Blockern sowie von Segontin und Isoptin auf einer komplexen Hemmung der 
Myofibrillen-ATPase beruhen, indem sich (a) die unspezifische Ca++-Verdrangung sowie (b) die spezifische 
Auschaltung der endogenen Catecholamine infolge Il-Rezeptoren-Blockade jeweils im Endeffekt addieren"l. 
58. Fleckenstein et al. (1967a), p. 734: ["dal! sich hinter dem wenig priizisen Begriff der 'elektromechanischen 
Koppelung' wohldefinierte Reaktionen verbergen ( ... )"). 
59. ["Segontin und Isoptin wirken offenbar an der Myofibrillen-ATPase in erster Linie als Ca++-antagonisten und erst 
in zweiter Linie als Catecholaminverdranger an Il-Rezeptoren") (Fleckenstein et al. (1967b), p. 856. 
60. Cf. Fleckenstein et al. (1968b), p. 344: " .. because basically the art of therapeutic application to human beings of beta 
receptor blockers and related substances consists for the most part of manoeuvring between the Scylla of non-effective 
doses and the Charybdis of an immanent insufficiency of the heart" [" .. denn die Kunst der therapeutischen Applikation 
von 11-Receptorenblockern und verwandten Stoffen am Menschen besteht im Prinzip hauptsiichlich darin, sich zwischen 
der Scylla einer unwirksamen Dosierung und der Charybdis der drohenden Myokardinsuffizienz hindurchzuwinden"). 
61. Cf. Fleckenstein et al. (1967b), p. 855: "Moreover, the possibilities of sympathetic regulation of the cardiac function 
are preserved in a somewhat mitigated way under the influence of Segontin and Isoptin, so that the danger of a sudden 
circulatory collapse is smaller than that which is to be feared with the application of specific beta blockers" ["Dariiber 
hinaus bleiben die sympathischen Regulationsmoglichkeiten der Herzaktion unter dem Einflull von Segontin und 
Isoptin mallig abgeschwacht erhalten, so dall die Gefahr eines plotzlichen Kreislaufzusammenbruchs weniger als bei 
Anwendung spezifischer Il-Rezeptoren-Blocker zu beflirchten ist"). 
62. Moreover, the direct mechanical effects had to be separated from secondary changes in the cardiovascular system as 
the fall in arterial and venous pressure that indirectly result from these mechanical effects. These problems were 
assessed by continuously registering the cross-section of the heart and relating it to both the time of onset of the 
dilation and the changes in the electrical system. 
63. Fleckenstein, pers. comm. See for the early reception of Fleckenstein of the role of calcium in the bio-electrical 
processes in the heart, for example: Antoni H, Engstfeld G, Fleckenstein A. Inotropic effects of A TP and epinephrine 
on hypodynamic frog myocardium following excitation-contraction uncoupling by Ca withdrawal. [In German) 
Pfluegers Arch. Gesamte Physiol. Menschen Tiere 1960; 272: 91 - 106. An extensive survey on this matter is given by 
Fleckenstein (1983), particularly Chapter IV, pp. 165-185, and Chapter V, pp. 186-208. See for fundamental research 
on verapamil Nayler (1967); Nayler et al. (1968). 
64. Vaughan Williams, pers. comm.: his hypothesis was, for example, ignored in the computer construction of the 
cardiac action potential in 1962, performed by Noble. In the late 1950s and during the 1960s Vaughan Williams and 
Singh developed a classification system of anti-arrhythmic drugs (e.g. Singh and Vaughan Williams (1970), (1972); 
Singh (1980), and the references in these articles). When the anti-arrhythmic properties of verapamil were reported, 
Singh and Vaughan Williams reported that the drug was not a class 1, 2 or 3 agent, and thus suggested that it had a new 
"class 4" action in restricting the second inward current revealed as persisting in the presence of quinidine <Vaughan 
Williams, pers. comm.). See for a review of this sequence of these events Vaughan Williams (1989a) (1989b), i.e. 
Chapter 1 (Cardiac Electrophysiology) and Chapter 2 (Classification of Antiarrhythmic Actions). 
65. Fleckenstein et al. (1967b), p. 848: "All these findings show that the coronary vasodilator effect of Segontin and 
Isoptin is an exceptional property which appears independent of the other cardiac effects of this substance" ["Aile diese 
Befunde zeigen, dall die koronardilatatorische Wirkung von Segontin und Isoptin eine besondere Eigenschaft ist, die 
unabhangig von den sonstigen Herzeffekten dieser Substanzen in Erscheinung tritt"). 
66. E.g. Fleckenstein et al. (1967b), p. 851: "The discharge of the heart as a result of blood pressure fall is considered by 
some authors as the therapeutically more decisive factor in the nitroglycerine treatment of an anginal attack. At the 
same time however, the true coronary vasodilator actions of nitroglycerine and erythroltetranitrate should not be 
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depreciated too much (c£ Bernsheimer and Rudolph (1961); Klensch and Juznic (1964)" ["Die Entlastung des Herzens 
infolge Blutdrucksenkung ist von einigen Autoren als der therapeutisch wichtigere Faktor bei der 
Nitroglyzerinbehandlung eines Angina-pectoris-Anfalls angesehen worden (vgl. Bernsheimer und Rudolph (1961); 
Klensch undJuznic (1964). Gleichwohl sollte man die echten koronardilatatorischen Wirkungen von Nitroglyzerin und 
Erythroltetranitrat nich zu gering einschatzen ( .. )"]. This implies that the German authors referred to above by 
Fleckenstein disagreed with the concept of coronary vasodilation (see for the references Fleckenstein et al. (1967b). 
67. Fleckenstein (1967b), p. 855: "Since, however, Segontin and Isoptin can, in addition, also increase the coronary 
flow, they have a preferential position with which no specific beta blocker can compete" ["Da jedoch Segontin und 
Isoptin auch noch zusatzlich die Koronardurchblutung steigern kiinnen, besitzen sie eine Vorzugstellung, mit der kein 
spezifischen b-Rezeptoren-Blocker konkurrieren kann"]. 
Some ambiguity about the coronary vasodilator concept needs to be noted. On the one hand he argues - in an Anglo
American way - that coronary vasodilators are often used although probably the coronary vessels during hypoxia are 
dilated maximally and that the sclerotic vessels can hardly be expected to dilate. In this sense he considers the coronary 
vasodilators as the classic approach, the beta blockers as the new approach; "classic" comes close to meaning an 
outdated approach. On the other hand he approves verapamil and prenylamine because they include both therapeutic 
principles. 
68. Thus, Fleckenstein represents the typical German view that beta blockers were dangerous drugs: "However, beta 
receptor blockers are dangerous in all cases in which the necessary heart minute volume and the arterial pressure can 
only be maintained with stronger aid of sympathetic heart and circulatory regulations (immanent myocardial 
insufficiency, inclination to peripheral circulatory collapse, acute loss of blood and others)" ["Dagegen sind 6-
Rezeptoren-Blocker in allen Fallen gefahrlich, in denen das erforderliche Herzzeitvolumen bzw. der arterielle Druck 
nur noch unter starkerer Zuhilfenahme der sympathische Herz- und Kreislaufregulationen aufrechterhalten werden 
kann (larvierte Myokardinsuffizienzen, periphere Kollapsneigung, akute Blutverluste u.a.)"] (Fleckenstein et al. (1967b), 
p.855). 
69. Fleckenstein et al. (1967b), p. 857. 
70. Fleckenstein et al. (1969a), p. 227: ["Iproveratril, D600 und Prenylamin kiinnen als die erst en hochwirksamen 
Vertreter einer neuen Klasse von Pharmaka gelten ( .. )"] and ["Gaben von Extra-Calcium oder Sympathicomimetica 
(speziell Isoproterenol) heben die Effekte der CaH -Antagonisten prompt wieder auf"] (this was a short communication 
delivered at the 10 Friihjahrstagung der Deutschen Pharmakologischen Gesellschaft (Mainz, 16-19 Marz, 1969); see 
also Fleckenstein et al. (1969b). See for research on prenylamine Lindner (1960a), (1960b); and nifedipine Bossert and 
Vater (1971) and the proceedings of the series of nifedipine-symposia (cf. Lichtlen and Ebner (1986». The references 
regarding research on verapamil have been given throughout this chapter; D600 has received relatively little attention. 
71. Fleckenstein (1971). 
72. According to "This Week's Citation Classics" - Science Citation Index, 1988; 31 (nr. 23 June 6): 19 - the 1977 
paper of Fleckenstein has been cited in over 1.380 publications (making it the most-cited paper from the journal Ann 
Rev Pharm Toxicol). This number differs from that presented in this study because of the period covered and the 
methodology used; see also appendix II. 
73. Mulkay (1980); see further Moravcsik and Murugesan (1979). 
74. Since research into calcium antagonism is built up of a highly complex mixture of theory- and technique-based 
specialities and evolved in response to the requirements of pharmaceutical-industrial and medical research, it is very 
unlikely that curve D reflects the same patterns as those which evolve out of largely autonomous research networks. 
This falls outside the scope of this analysis. Furthermore, it has to be stressed that the scientometric data shown are not 
corrected with respect to various factors; for example, the increase in the total number of medical publications over past 
decades. 
75. Cozzens (1985); Dolman and Bodewitz (1985). 
76. Fleckenstein, interview. 
77. Bender, Kaltenbach, interviews. 
78. Refsum and Landmark (I 975), p. 374. 
79. Newman et al. (1977), p. 723. 
80. Livesly et al. (1973). 
81. So, for some time profiling of verapamil by clinicians in angina pectoris concurred in two ways. Firstly, the 
determination of the efficacy of the drug without reference to its mechanism of action. Secondly, the profiling of the 
drug on the basis of cardiovascular characteristics that were not yet connected to the concept of calcium antagonism. 
82. Bender, Huijbers, interviews. 
83. Pfennigsdorf, interview. In Anglo-American medicine it was particularly Melville (Melville et al. 1964; Melville and 
Benfey (1965» who initiated this area of interest (see also Britchard and Zimmerman (1970; Zipes et al. (1975); Zipes 
and Troup (1978». In the German context Bender elaborated the anti-arrhythmic activity of verapamil and discovered 
the beneficial effects in supraventricular tachycardia; the work performed by Bender and co-workers during the 1960s 
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(Bender et aJ. (1966); Bender et aJ. (1968); Bender et aJ. (1969», was unknown to clinicians in the English speaking 
world. 
84. Singh (1980). 
85. Singh (1980). 
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86. Fleckenstein, interview. Lichtlen and Ebner (1986) point out that at the first Nifedipine meeting "(oo) the word 
"calcium antagonist" was used only by Fleckenstein. At that time, clinicians still had to get acquainted not only with this 
term but also with the whole concept of calcium antagonism". See also Kroneberg (1975, p. 9) where he proposes a 
different mechanism of action to explain the complex effects of nifedipine; and in this proposal the concept of calcium 
antagonism plays a minor role. 
87. Lichtlen and Ebner (1986), p. 9. 
88. Parodi et al. (1979); Maseri et al. (1979); Pfennigsdorf, pers. comm. 
89. See for references Lichtlen and Ebner (1986). 
90. The following procedure was performed to achieve the figures depicted in the table. Using verapamil and nifedipine 
as keywords the number of articles indexed by MEDLARS during the period 1966-1987 (november 1987, i.e. the time 
of the research performed) was retrieved by computerized search. Subsequently these sets of articles were further 
restricted by using the selection procedures "Find x and PY d 971 ", "Find x and PY d 976", etc. until the numbers of 
the articles indexed could be calculated for the periods represented in the table; where x denotes a specific item in the 
computerized search, e.g. the set of articles about verapamil. The same procedure was repeated for the sets of articles 
achieved by using the names of the drugs and "angina pectoris" as the keywords. The term "clinical" was defined as 
cr =Human in MEDLARS; this implies that articles reporting on both experimental (animal, in-vitro) and clinical 
aspects are also classified as clinical. 
91. Pfennigsdorf, pers. comm. 
92. In earlier times coronary blood flow was considered from the perspective of increasing blood flow whether or not at 
the expense of energy. The concepts of benign and maligne vasodilation denoted compounds which increased coronary 
blood flow without increasing demand (benign vasodilation) and which increased flow at the expense of demand 
(maligne vasodilation); see also Chapter 7. 
93. Preload is a determinant of afterload and as such a determinant of myocardial oxygen demand, hence (A)-(P)
(lHO). Furthermore, decreased afterload decreases demand but with secondary decrease in supply, hence: (A)-{I)
(0); (A)-{C). Considering the effects of nitrate therapy, for example, both effects have to be taken into account with a 
clear-cut net effect of decreasing demand over decreasing supply. Confusion may also rise because of the present use of 
variables. The variable intracardial tension is nowadays divided into diastolic and systolic wall tension. It is known that 
decreased diastolic wall tension facilitates coronary perfusion while it is at the same time a principle determinant of 
myocardial demand. The same applies to systemic venodilation which is divided into end-diastolic volume (preload) and 
end-diastolic pressure. Other examples may be given as well (Follansbee and Shaver (1986). 
94. See for the present views about the major and minor determinants of myocardial oxygen demand, Follansbee and 
Shaver (1986). 
95. The drugs X, Y and Z are "unrealistic" drugs, because the sets denoting these drugs contain also elements other than 
a, v, i, ffi, h, 0, sore. 
96. This is not to say that nitrites have no effect on coronary vessels, that is, dilation of larger resistance vessels, 
collateral channels as well as stenotic vessels. Nowadays the view is held that these effects lead to the net result of a 
redistribution of flow towards ischemic areas (which are perfused by stenotic vessels). In the late 1960s and early 1970s 
however, a spasmolytic effect (s) was attributed to nitroglycerine but an increased coronary flow (c) was doubted. For 
this reason of(nit) contains characteristic "s" but not "c". See for a research article in which the comparison between 
nitroglycerine and dipyridamole served the purpose to unravel the mechanism of action of antianginal agents, 
Bousvaros et al. (1966). 
97. Scientists are ambivalent in classifying a compound or a class of drugs. For example, sometimes the profile of 
verapamil includes the antianginal effects, then its antiarrhythmic drug action; and at other times its general profile is 
depicted. Furthermore, in some cases scientists use the operational (functional) profile of a drug, in other cases they 
refer to the overlap between the operational functional profile and the wished for functional profile. 
98. This differentiation of two profiles of cardiac dysrythm is an idealized representation of the actual developments in 
the 1960s. 
99. Vaughan Williams, interview. See figure 5.1; the actual reference Vaughan-Williams has in mind is: figure 7 on 
page 233 in Fleckenstein A, Doring H], Kammermeier H. Experimental heart failure due to inhibition of utilization of 
high-energy phosphate. In: Marchetti G, Taccardi B (eds). Coronary circulation and energetics of the myocardium. 
Basel, Karger: 1967: 220-236 (Vaughan Williams, pers. comm.). 
100. This expression arose during the interview with Prof. Bender. 
101. This term came from Dr. Pfennigsdorf during the interview when confronting him with Bender's opinion that 
verapamil was a dying drug. 
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Notes chapter 6. 

1. Heberden, 1772, quoted from Matthews (1977), p. 3. 
2. See Charlier 1971, p. 95: Symposium on the Diagnosis of Thoracic Pain. 
3. Friedberg (1956), p. 449-450. 
4. Friedberg (1956), p. 472. 
5. Friedberg (1956), p. 451. 
6. Robinson, Dollery, Prichard, Chamberlain, interviews. 
7. Wood (1952), p. 376. 
8. Paul Dudley White (1951) was interested in the interaction of 'the psyche and the soma' in heart disease. He pointed 
out that emotion might cause angina not only in patients with coronary artery disease but also in humans with normal 
coronary arteries; and rarely, even death in a person with a healthy heart (White (1951». Presumably this was a 
defendable position from the viewpoint of the theory of coronary spasm prevalent at that time. During the 1950s this 
became 'unthinkable'. 
9. Friedberg (1966), p. 713; see also Preston (1977) and Schaefer (1980). 
10. Friedberg (1956), p. 376. 
11. Wood (1952), p. 376. 
12. Friedberg (1956), p. 470. 
13. Dexter (1981), p. 13. 
14. Wood (1952), vii. 
15. Anonymous (1960), p. 1063. 
16. ibidem. There was no need for technical measurement to differentiate angina pectoris from other conditions 
because in "practically every instance the typical history is sufficient to distinguish the anginal syndrome from those 
diseases simulating it". 
17. Anonymous (1960), p. 1064. 
18. Wood (1952), vii. 
19. Cf. Preston (1977), particularly Chapter 2: "Historical Development of Operations for Coronary Artery Disease". 
20. Vineberg, Walkers (1957); quoted from Preston (1977), p. 18. 
21. Preston (1977), Schaefer (1980). 
22. Preston describes how the Vineberg operation that remained highly controversial, received a boost from the work of 
Sones and Shirey in Cleveland in 1962. With the help of coronary angiography they documented definite connections 
between the internal mammary artery and the coronary circulation. It was thus shown that surgeons indeed provided 
"fresh blood to the ischemic myocardium" as Vineberg claimed (quoted from Preston (1977), p. 18). 
23. Preston (1977). This is also reflected in the clinical taxonomy of angina pectoris; see further this chapter. 
24. See Preston (1977), particularly pp. 153-171; international comparison yields important differences for the various 
countries. About 28 operations per 100.000 population were performed in the United States while this number for 
Britain and West-Germany amounted 2.5 and 1.4 operations per 100.000 population respectively. The fact that in the 
USA ten times more operations are performed is explained by Preston in terms of economic, social and psychological 
factors. 
25. Silber, Katz (1953), p. 1075-1076. 
26. Beecher (1953), p. 44. 
27. Charlier (1971). 
28. Silber and Katz (1953), p. 1075. 
29. Russek, Urbach and Doerner (1953), p. 207. 
30. Wood (1952),p. 378. 
31. Friedberg (1956), p. 470. 
32. Cf: "The exercise and other test must definitely be regarded as of accesory value to the clinical history, and not as 
the decisive factor in the diagnosis of angina pectoris" (Friedberg (1956), p. 470). 
33. As encountered in the samples of, for example, therapeutic evaluations of verapamil and dipyridamole (chapter 5 and 
7). 
34. Robinson, interview. 
35. I asked for this because of my impression that Circulation was characteristic for this hemodynamic approach. 
36. Chamberlain, interview. 
37. Swales (1985), particularly his introduction, p. ix-xviii. 
38. Quoted from Swales (1985), p. xiv. 
39. Quoted from Swales (1985), p. xiv. One of Platt's opinions made during his Harveian Oration, might have been 
taken straight from Ryle as Swales commented: "Clinical science has shown an unfortunate tendency to follow only the 
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methods of physical science, which try to prove everything by contrived experiments to the neglect of discovery by 
deliberate and relevant observation and the kind of evolutionary or if you like teleological thinking necessary to the 
study of biology". (Quoted from Swales (1985), p. xvii). 
40. See for the formation of British cardiology in the early decades of this century Lawrence (1985). The journals in 
which this second group of clinical researchers published were particularly Clinical Science (founded by Lewis), 
Circulation and Circulation Research, as well as the general medical journals (e.g. British Medical Journal) and the 
general scientific journals (e.g. The Lancet). 
41. Cf. Swales (1985). 
42. Silk, interview. 
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43. Screening the British HeartJournal over the period 1951 - 1959 using as key words the terms "angina pectoris", 
"hemodynamic", and "(cardiac) catheterization" yielded few articles, i.e. 6, 5, and 11 respectively - the average number 
of articles of a volume (including 4 numbers) amounts to a little more than 60 articles (counted for the 1959' volume 
and excluding editorials, comments, etc). 
In the 1960s the British Heart Journal published various articles including therapeutic evaluations, on the beta blockers. 
However, the British MedicalJournal formed the platform for exposing the new way of thinking. 
44. Chamberlain, interview; Silk, interview. 
45. Dollery, interview. 
46. Robinson, interview. 
47. This concept of coronary insufficiency has been variously defined. This means in the author's terminology that the 
three patient profiles intersect to a greater or lesser extent or that the sets of characteristics vary. 
48. Raab (1953), p. 291. 
49. ibidem. 
50. Raab (1953), p. 295. 
51. Maseri (1980). 
52. Monroe and Chung (1976). 
53. Friedberg (1972), p. 1037. 
54. Preston notices the first aspect regarding coronary surgery. The other aspect is discussed by Lawrence (1985). 
55. Friedberg (1972), p. 1038. 
56. Friedberg (1972), p. 1038. 
57. See Preston (1977) and Schaefer (1980). 
58. Friedberg (1972), p. 1038. 
59. Yet another feature contributed to this renewed interest for clinical symptomatology. Due to the rapid expansion of 
angiography, angina pectoris had become a symptomless disease. Not the symptoms of the patient, but the anatomic 
lesions of the coronary vessels played the active role in establishing the parameters for the therapeutic and prognostic 
outlook of heart disease. In a sense this offended professional identity in cardiology. It is striking to see that particularly 
in this period, late 1960s and early 1970s, the symptom of pain and physical signs observed with simple bedside 
techniques reappeared in cardiology. However, they were considered as too vague and too uncertain for exact diagnosis 
(e.g. Proudfit and Hodgman (1968». 
60. Cf. Maseri et al. (1979), Maseri (1980), (1983), (1985). 
61. Kubler and Tillmans (1985). 
62. Maseri (1985); Kaltenbach, interview. 
63. Hillis and Braunwald (1985). 
64. Lichtlen (1986), p. 11. 
65. This implies that the gap between structure and function is great and variably filled up: "A century has passed since 
the hypothesis of coronary arterial spasm was first proposed. It remains a pathophysiological and clinical enigma. The 
incidence of the phenomenon may be quite small and its penalty even more inconsequential. But, in the present state of 
knowledge, the gap that separates anatomic structure from function is great and it underscores the many determinants 
regulating the balance between coronary perfusion and myocardial metabolism that fall beyond our understanding. 
Coronary artery spasm may be among the more significant of them" (Likoff (1976), p. 245). 
66. Cf. Dhurandhar et aJ. (1972), p. 902. 
67. Venn-diagrams are not suitable for representing the (logical) relationships between sets when the number of sets 
exceeds three or four. However, the purpose here is to mark the major shifts in relationships between the sets which can 
be visualized. No intersection is meant to be empty. 
68. Vakil (1961); Beamish and Storrie (1960); Papp and Smith (1960). 
69. In another article a few clinical and therapeutic differences between the forms of angina pectoris were discussed 
(prinzmetal et aJ. (1959b». 
70. Prinzmetal et al. (1960). 
71. Gazes et aJ. (1973). 
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72. Gazes et a1. (1973), p. 331. 
73. Maseri (1980); further he lists five lines of research to elucidate the characteristics of this form of angina: 1. 
continuous electrocardiographic monitoring; 2. stress testing; 3. continuous haemodynamic monitoring; 4. regional 
myocardial perfusion studies; and 5. coronary arteriography. 
See for an extensive discussion of the two major classes of angina, i.e. classic angina and variant form of angina, from the 
perspective of two fundamentally different pathogenetic mechanisms (Fuchs and Becker (1980)). 
74. Selzer et a1. (1976). 
75. To mark the difference in using Venn-diagrams for the cognitive and social dimensions of medical knowledge, the 
circles represent the cognitive features; the squares the social aspect: the size of the square is crucial, not the 
intersection. 
76. Friedberg (1966). 
77. Further, to cover Anglo-American cardiology and cardiovascular research the British Journals were studied 
including: British MedicalJournal, Nature, The Lancet, British Heart Journal and Clinical Science; as well as the 
American Journals: American Journal of Cardiology, American HeartJournal, Circulation, Circulation Research, 
JAMA, American Journal of Medicine. All Journals were screened on the same key words over the period 1955-1970 
systematically whereas with respect to the periods 1950-1955 and 1970-1980 the snowball-method was used. 
78. Bruce (1964), p. 290. 
79. Gor/in (1965). 
80. This is especially because angina of deglutition denoted a pre-infarction state which is also depicted in figure 6.2. 
81. Gor/in (1965), p. 145. 
82. Elsewhere he stated: "In addition, during active coronary vasoconstriction, an "inappropriate" sympathetic nervous 
system response, may be a major factor in many attacks of angina" (Gorlin (1965), p. 147). 
83. In this way MacAlpin (1973) summarized the prevalent opinion in the field. At that time MacAlpin helped to set 
through this concept (cf. MacAipin et a1. (1973); MacAipin (1976).Just like MacAipin (1973) Aisner (1970) summarized: 
"Many current textbooks still emphasize the fact that, if the pain does not occur with effort or emotional stress or 
cannot be reproduced by physical exertion, the diagnosis of angina pectoris is suspect". Silber and Katz (1975) stated 
that "vasomotor changes" (i.e. coronary vasospasm) were considered by several authors as the cause of anginal attacks at 
rest; and they admit that temporary occlusion of the great coronary vessels had been established. However, their 
opinion was: "It is likely, however, that these vasomotor phenomena in architecturally normal coronary arteries are of 
no importance". Thus, Silber and Katz considered atherosclerotic occlusions of the coronary vessels as the most 
important cause of angina pectoris, also in case of spontaneous or nocturnal angina. The period 1970-1975 shows 
therefore a variety of positions intermediate between enthousiast acceptance and total rejection. See further Schrenk 
(1967); Whiting et a1. (1970); Griffith (1971); White (1974); Meller et al. (1976); Hillis and Braunwald (1978); Maseri et 
a1. (1979). 
84. Scherf and Cohen (1974). 
85. For example, by asking around. The interviewed Anglo-American clinicians suggested that Gorlin's classification, 
though Gorlin himself was a well-respected clinical investigator, certainly was not as influential as the ones proposed by 
Friedberg or Wood. Sophisticated scientometric techniques are available to investigate this problem. 
86. In 1951 Pickering criticized the theory of vascular spasm: "At the present time the idea that vascular spasm produces 
the manifestations of disease is entertained too freely and too uncritically. It is my purpose here to try to show how 
closely organic vascular narrowing or occlusion may mimic vascular spasm, and to show that true spasm is a rare rather 
than a common condition" (Pickering (1951), p. 845). 
He therefore condemned the theory of coronary spasm as an unnecessary hypothesis (with respect to all types of vessels 
and corresponding pathological conditions): "Before closing, one point should be made abundantly clear. There is no 
contention here that vessels do not contract and expand, for such indeed is their essential function in ministering to the 
wants of tissues that vary in their activity and hence in their requirements from minute to minute, from hour to hour, 
and from day to day. What is claimed is that many of the manifestations of disease that have been ascribed to abnormal 
contraction of a single artery, or group of arteries, are in fact due to other circumstances, of which the chief is organic 
arterial occlusion or obstruction. In other words these phenomena can be interpreted in terms of known pathological or 
physiological processes, without assuming that arteries behave like whimsical children (as children were understood 
before contemporary psychology) and react violently to a perfectly ordinary stimulus or to none at all" (Pickering 
(1951), p. 850). It is interesting to note that the claim of Pickering was picked up by the German physician Hoffman 
who wholeheartedly disagreed (cf. the description of the German medical views in chapter 7). 
87. Kubler and Tillmans (1985). 
88. Prinzmetal et al. (1959a), (1959b), (1959c), (1960), (1961). 
89. See chapter 7. 
90. Cf. Goodman and Gilman's textbook (1970). 
91. Combination therapy of nitrates and beta blockers in exertional angina was established; hence their profiles 
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intersected considerably. The additive efficacy is the result of one drug blocking the adverse effects of the other on net 
myocardial consumption. Cf. Goodman & Gilman's textbook (1985). 
92. Cf. Lie (1987). 
93. Anonymous (1960a), p. 291. 
94. Interview Silk. 

Notes chapter 7. 

1. Matthews (1977). 
2. Matthews (1977); see for the quotation of Brunton in the text Goodman and Gihnan (1941, p. 548), (1955, p. 730). 
3. MacAlpin (1980). 
4. Goodman and Gihnan (1941), (1955). 
5. Goodman and Gihnan (1965), (1970) and (1975). 
6. Lie (1987). 
7. Cf. Lie (1987). 
8. Lie (1987). 
9. This theoretical pluralism with respect to angina pectoris - not described in many historical accounts as Lie rightly 
argues -is to set the scenery for the development of the coronary vasodilator concept in the post-Second-World-War 
period. 
10. Lie (1987); Leibowitz (1970); Burch and DePasquale (1964). 
11. This "ischemia" theory of angina pectoris was constructed on the analogy of the widely accepted view that muscular 
pain was caused by an impaired blood flow due to arteriosclerotic stenosis of the blood vessels (cf. Goodman and 
Gihnan (1965); (1970). Anginal pain became synonymous with muscular pain. 
12. See chapter 6. 
13. Braunwald (1981), p. 299. 
14. See for history of coronary theory and theory of coronary spasm: Amsterdam and Mason (1981); Lichtlen and 
Ebner (1986); Likoff (1976); MacAipin (1973); Maseri (1983), (1980); Friedberg (1972); Lie (1987); Leibowitz (1970); 
White (1974); Braunwald (1981). 
15. However, the spasm theory underlied views about these disorders as well. 
16. For example, Pickering (1951); see for other references MacAlpin (1980). 
17. MacAipin (1980), p. 302. 
18. MacAipin (1980), p. 302. 
19. MacAipin (1980). 
20. This study takes a global contextual analysis as point of departure but regional variation figures prominently in 
therapeutic change and drug prescribing. The spasm theory, for example, must have been influential in several parts of 
Anglo-American medicine since some influential textbooks referred to it till the seventies: see for example Krantz and 
Carr (1965). 
21. This is not say that there is no disagreement. Cf. Silber and Katz: "We have relied solely upon relief of pain as a 
criterion of the efficacy of a particular agent. We have rejected exercise tolerance or hypoxemia tests because response 
to these procedures varies spontaneously in patients and requires repeated testing over long control periods to make 
their use at all worthwhile. More important, these tests are artificial and are not comparable to the clinical situation that 
evokes anginal pain" (Silber and Katz (1953) p. 1076; see chapter 6. 
22. Silber and Katz (1953), p. 1075. 
23. Traks et al. (1959). 
24. The famous article by Gregg and Sabiston is dated 1956 but the differentiation was formulated earlier. This is 
exemplified by Silber and Katz (1953): "( .. )it must always be established that drugs that increase coronary flow do not at 
the same time increase the metabolism or work of the heart proportionately or disproportionately and thereby nullify 
the anticipated benefits" (Silber and Katz (1953), p. 1075). 
25. Gregg and Sabiston (1956). 
26. Quoted from Lichtlen (1972), p. 193. 
27. A systematic analysis of the state of affairs in the various European countries was not performed. 
28. Kreuzer (1969), p. 186: ["Es gibt wohl kein therapeutisches Prinzip, bei dem trotz der zahlreichen experimentellen 
Ergebnisse die ldinische Beurteilung so unterschiedlicht ist, wie bei der medikamentosen Coronardilatation. Die 
Angaben tiber die ldinische Wirksamkeit bei Angina Pectoris schwanken zwischen 0 und 90%. Besonders in der 
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deutschsprachigen Literatur finden sich zahlreiche Arbeiten, die tiber erstaunlich gute Resultate in erstaunlich kurzer 
Zeit und mit erstaunlich geringen Dosen berichten ( .. ). Demgegentiber stehen negative Urteile nicht zuletzt aus dem 
angelsachsischen Schrifttum, die bis zur volligen Ablehnung dieser Substanzen reichen. So schreibt Fisch in einem 
Obersichtsreferat, dall keines dieser Praparate (er bezieht sich auf Persantin, Segontin und Amplivix) zur Behandlung 
der Angina Pectoris empfohlen werden konnen"]. 
29. Lichtlen (1972), p. 205: ["Entsprechend sind die Idinischen Resultate - in der Regel auf Doppelblindversuchen 
beruhend - beztiglich der antianginosen Wirkung ebenfalls widersprtichlich. Wahrend die meisten angelsachsisehen 
Autoren, mit einer Ausnahme, tiber negative Idinische Ergebnisse bei Angina Pectoris berichten, liegen von deutschen 
und franzOsischen Autoren zahlreiche positive Resultate vor"]. 
30. Kaltenbach, interview: ["Und ich kann mich noch erinnern wie ich mit den Freiburgern mal diskutiert habe und 
dann meine Einwande eingebracht habe. Die sagten: 'Ja, aber Kaltenbach, hor doch mal. Wenn jetzt Deine Mutter 
Koronarbeschwerden hat, wollen Sie dann ihr die Koronardilatatoren vorbehalten? Das kann man doch nicht tun"]. 
31. Kaltenbach, interview. 
32. Bender, interview: ["( .. )muss man sagen daB in Deutschland anders als in den USA ein starke Trennung ist ins 
allgemeine - hier nicht in Mtinster - zwischen Experiment und Klinik und so dall der eine nicht weiBt was der andere 
macht und sich das sehr auseinander entwickelt hat"]. 
33. Kaltenbach, interview: ["Vieileicht waren auch die Arzte die zu der Zeit in den flihrenden Positionen waren, einfach 
nicht Arzte denen das naturwissenschaftliches Denken ganz besonders nahelag, die eben groB geworden waren in einer 
Medizin die anders eingeriehtet war"]. 
34. Kaltenbach, interview: ["Belastungsuntersuchungen waren ein Stiefkind in vielen Kliniken. Beispielsweise hatte man 
in Dtisseldorf frtihzeitig mit der Herzchirurgie begonnen, sich aber diagnostisch ganz auf den Herzkatherismus 
konzentriert. Dies lag nahe weil vorwiegend Patienten mit Vitien und Millbildungen nicht aber Koronarkranke 
behandelt wurden"]. 
Furthermore Kaltenbach referred to an anecdote: "A man who has been a co-operator in my department for as long as 
twelve, fourteen years told me just the other week that until 1972 he used to work in a German university hospital. In 
that hospital an exercise-ECG-test which showed a coronary insufficiency was a sensation that occurred only twice or 
three times each year" ["Ein Mann der schon zw61f Jahre mein Mitarbeiter ist in meine Abteilung, vierzehnJahre, der 
hat mir gerade vorige Woche erzahlt, er war in einer Deutsche Universitatsklinik bis 1972. In diese Klinik war ein 
Belastungs-EKG das eine Koronarinsuffizienz anzeigte, eine Sensation die imJahre nur zwei, drei Mal vorkam"]. 
35. Kaltenbach, interview: ["Und speziell in Zusammenhang mit der Prtifung solcher Medikamente wurden immer 
wieder Studien vorgelegt mit Idassische Koronardilatatoren wie Persantin. Und dann musste ich immer wieder sagen: 
'Was definieren Sie eigentlich als Angina Pectoris? Wenn man aile Brustbeschwerden als Angina Pectoris bezeichnet, 
kann schon Luminal ein wunderbares Mittel sein, urn zu wirken; aber das hat nichts damit zu tun, daB die 
Koronarinsuffizienz beeinfIllBt wird"']. Kaltenbach was very much involved in developing exercise ECG tests in 
Germany; cf. Kaltenbach and Klepzig (1963); Kaltenbach and Zimmermann (1968); Kaltenbach (1970); Kaltenbach et 
al. (1971). 
36. This applies to Klinische Wochenschrift, Deutsche Medizinische Wochenschrift and Mlinchener medizinische 
Wochenschrift, and particularly to Therapiewoche and Therapie der Gegenwart (cf Klever (1966); Kolodzig (1966); 
Dornaus (1967); and Hirsch und Woschee (1967). 
37. Pfennigsdorf, interview: ["Die Durchfuhrung einer plazebokontrollierten doppelblinden Crossover-Stu die bei 
Angina pectoris bedeutet in der Regel, daB der Patient mindestens 10 - 12 Wochen an der Studie teillnehmen mull. Da 
die meisten deutschen Kliniken nicht tiber ein eigenes ambulantes Krankengut verfligen, k6nnen die Patienten zum 
Biespiel fur Wirksamkeitsuntersuchungen von Koronarmitteln in der Regel nur mit Zustimmung des behandelnden 
Hausarztes rekrutiert werden. Hierbei ergeben sieh Probleme, da der behandelnde Arzt nich selten befurchtet, seinen 
Patienten zu'verlieren"']. 
38. Kreutzer (1969), p. 193: ["Es ist deshalb verstandlich, daB bei der Anwendung von Coronardilatatoren in der Klinik 
gtoBe Unsicherheiten bestehen. So reichen die Ansichten von der volligen Ablehnung bis hin zur groBzligigen 
Medikation auch bei funktionellen Beschwerden. ( ... ) Trotz der haufig enttauschenden klinischen Wirksamkeit der 
Coronardilatatoren und trotz der Schwierigkeit, ihre Effekte zu objektivieren, erscheint es vorlaufig nieht 
gerechtfertigt, auf ihre Anwendung generell zu verzichten. Die experimentelle Ergebnisse tiber die 
Kollateralenentwicklung sind so eindrucksvoll, dall es angezeigt ist, Coronardilatatoren mindestens so lange zu geben, 
bis zweifelsfrei feststeht, daB sie beim menschlichen Herzen die Kollateralenentwicldllng nicht begtinstigen. Dieser 
Nachweis wurde jedoch bis jetzt nicht geflihrt"]. 
39. Typical is, for example: "It must be assumed that the regulating function of adenosin in such a situation (i.e. the 
occurrence of disturbances of the oxygen supply of the myocardium) not only exists in an increase of the blood flow but 
also in the passage rate of the most important substrates" ["Es mull angenommen werden, daB die regulierende Rolle 
von Adenosin in einer solchen Situation (i.e. Allftreten von Sauerstoffversorgungsstorungen des Myokards) nicht nur in 
einer Steigerung der Durchblutung, sonder auch der Durchtrittsrate der wichtigsten Substrate besteht"] (Kraupp 
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(1969), p. 153). 
40. Articles of Raab appeared also in the German medical literature. 
41. Mainzer (1958): ["DaB Coronarspasmen auch bei intakten Arterien vorkommen ktinnen, erweist neben vielen 
anderen Tatbestanden, die klassischen Beobachtung von Gruber und Lanz, die als Folge eines epileptischen Anfalies 
mit Herzbeklemmung Myokardnekrosen bei vtillig einwandfreien Coronararterien feststellen konnten. Diese Sachlage 
wird auch durch hie wiitigen Angriffe nicht geandert, die der englischen Kliniker Pickering undernommen hat, wobei 
er diese Anschauung verschiedentlich as 'grotesken Mythos von Idioten' bezeichnet hat"]. 
42. Payer (1988). 
43. Charlier (1971). 
44. The compound concerned is benziodarone; the successor of this compound was amiodarone but this drug was 
rapidly acknowledged as different from a 'coronary vasodilating agent'. 
45. Charlier (1961). 
46. This is an advantage since due to the dominance of Anglo-American medicine in the Post-Second-World-War 
period it is seldom the case that articles from different medical - including the German - contexts are covered. A clear 
disadvantage of Charlier's position, however, is that Charlier was also director of the Labaz Laboratories, a Belgium
French pharmaceutical company that was involved in the development of coronary vasodilators (benziodarone, 
amiodarone). For this reason I checked Charlier's interpreted data; see also appendix III. 
47. To understand the medical views about coronary vasodilators and beta blockers amongst general practitioners, 
particular in the United Kingdom, the journals J Coli Gen Pract and The Practitioner were screened using the key 
words "angina pectoris", "(coronary) vasodilators", "dipyridamole", "propranolol" and "B-(adrenoreceptor)blockersl 
blockade" over the period 1958 - 1970. In the former journal one article, in the latter sixteen articles were retrieved. 
MacKinnon points out that "the majority of drugs in use at present are recommended because of their ability to 

increase coronary blood flow by producing coronary arterial dilatation in animal experiments" (MacKinnon (1960), p. 
559). Amongst the short-acting coronary vasodilator drugs glyceryl trinitrate (trinitrin) was evaluated as the drug of first 
choice in relieving and aborting anginal attacks. Long-acting coronary vasodilator drugs amongst which dipyridamole, 
xanthines, khellin and derivatives, and derivatives of nitrites were disappointing. Thereafter only (long-acting) nitrites 
and beta blockers were the subject of discussion. Long-acting coronary vasodilators were evaluated negatively. In the 
early 1960s beta blockers were considered having a limited place in the treatment of angina pectoris; in the late 1960s 
with established value, though preserved for cases with a significant disability despite the use of glyceryl trinitrate. 
48. The difference berween the curve "clinical articles" and the curve of "positive clinical articles" concerns not negative 
clinical articles (there is merely one) but exploratory clinical articles the major part of which discussing beta blockade in 
relation to particularly cardiac insufficiency. 
49. This example comes from Levine (1958), p. 349. 
50. Parsons-Smith (1950): "He (MacKenzie, RV) regarded breathlessness, dropsy, engorgement of the liver, and renal 
congestion as indications of a deficient output into the systemic circulation, a smilar discrepancy in the lesser circulation 
being responsible for stasis and edema in the lungs" (Parsons-Smith (1950), p. 889). 
51. Lawrence (1985). 
52. Parsons-Smith (1950). 
53. In America Harrison was among the first clinicians attempting to interpret Starling's observations clinically. He 
broke with the British tradition in heart failure by showing, as Pickering stated, "that the hypothesis of forward failure 
favored by the great masters MacKenzie and Lewis did not explain the phenomena of cardiac failure, which were more 
consistent with the alternative hypothesis of backward failure" (Pickering (1960). 
54. Cf. Wood (1952); Pickering (1960) refers merely to the work of McMichael and Sharpey-Schaefer in the British 
context. 
55. The controversy berween the backward and forward failure theories was surpassed because the active role of the 
venous pressure in cardiac adjustment was stressed: "As opposed to the back-pressure and the forward-failure theories, 
in both of which a raised venous pressure was regarded as a passive development, the modern interpretation, based on 
Starling's law of the heart, is that the venous filling pressure plays an active part in regulating the range of the cardiac 
output, and that in a failing heart the rise of venous pressure is, for a time, a compensatory mechanism" (parsons-Smith 
(1950), p. 890). 
56. Wood (1952), p. 154. 
57. Pickering (1950), p. 323. 
58. Harrison (1977), Hurst (1966,1970,1974), Friedberg (1950,1956,1966). 
59. See Friedberg (1966), p. 138. 
60. For example, clinicians who assessed the role of the kidney in heart failure. Particularly in the United States the 
'kidney' school has been very strong, paying attention to neurohumoral mechanisms of adaptation. However for some 
time the regulatory role of the kidney was shown with the help of hemodynamic studies. With so much emphasis laid 
upon the kidney, McMichael wondered whether heart failure was a failure of the kidney or of the heart (McMichael 
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(1962». 
61. This framework did more than redefining the language of everyday clinial practice; it added new subsets of heart 
failure too, e.g. "high-output" and "low-put" failure. 
62. The issue is not whether Braunwald is right or wrong or even if Starling is right or wrong. The mere point is to 
show that medical and scientific perceptions in Anglo-American physiology and cardiology rely upon the applicability 
of Starling's Law of the Heart. 
63. Braunwald, Ross and Sonnenblick (1967), p. 39. The authors use a nice analogy to explain the difference. Firstly, the 
number of horses for pulling a barrow: the more horses, the stronger the car is pulled; secondly, the strength of the 
(individual) horses: the stronger the horses the faster the car is pulled. The analogy is suitable to explain the 
contribution of the ultrastructural studies: the muscle filaments (the ultrastructural units) are the horses. 
64. So influential was Starling's concept in cardiology that it was said that regulatory mechanisms adjusted the 
organism to the operation of the law. As Friedberg wrote: "Other collateral regulatory mechanisms as well as the 
sympathetic nervous system add their effects to the Starling relationship" (my emphasis, RV) (Friedberg (1966), p. 141). 
Or as Friedberg put it for the case of exercise: " .. the Starling law is temporarily modified during exercise, not 
invalidated" (Friedberg (1966), p. 140); and: "The modifying autonomic and humoral regulatory factors which become 
notable with physiologic stress such as exericse are dominant only for relatively brief periods of time" (my emphasis, 
RV) (Friedberg (1966), p. 140). 
65. Kaufmann (1926): ["In Wahrheit scheint mir die Sache so zu verhalten: Wenn wir alteren, in jlingster Zeit von 
W.R. Hess bereicherten Anschauungen folgend die Funktionen des Korpers in zwei Gruppen teilen, die animalischen, 
zu welchen die Funktionen der Sinnesorgane, der die Muskeln und Sinnesorgane versorgenden Nerven und vor allem 
die Funktionen der Korpermuskulatur gebOren, und die vegetativen, zu welchen die Verdauung, die Ausscheidung und 
vor allem die Atmung gehoren, so lallt sich das Verhalmis des Herzens zu diesen beiden Funktionen vielleicht 
zutreffend ausdrucken, wenn wir sagen: Das Herz ist ein Diener der animalischen, es ist ein Sklave der vegetativen 
Funktionen des Organismus"]. 
66. Wenckebach (1942), full quotation: "At this point the moment would have come for the Romantics among us to sit 
down by the side of the road and reflect on the transience of all great things. Harvey compared the heart to the 
outstanding character of his king (Charles I) to whom he was a loyal servant and to whom he dedicated his immortal 
opus "De motu cordis et sanguinis". In his dedication he ranked both heart and king with the sun, the centre of the 
world on which everything turns. ( ... ) The "automation" of the heart muscle emerged as glorious victor from the long 
struggle of "neurogenic" against "myogenic". The laws of dynamics with regard to cardiac activity showed the 
exceptional adjustment of the heart to the demands required, no matter how great these demands were. Nevertheless, it 
was here that the term "slavety of the heart" was heard! Rudolf Kaufmann, our Viennese colleague, who died at too 
young an age, said in his last lecrure for the Medical Society with all the emphasis of his serious manner: The heart is 
servant to the animal functions and slave to the vegetative functions of the organism". What would Harvey have said, 
had he lived to hear that statement? As an old, wise man he would have been comforted: He had already had to 
experience his king's head falling on the scaffold! For us it is an advance to have realised that the heart too must serve, 
not master, the well-being of the community" 
["Hier ware fur den Romantiker unter uns der Augenblick gekommen, sich am Wegrand niederzulassen und liber die 
Verganglichkeit alles Grollen nachzudenken. Harvey verglich das Herz mit der hervorragenden Figur seines Konigs 
(Charles I.), dem er ein treuer Diener war und sein unsterbliches Werk "de motu cordis et sanguinis" widmete. In 
seiner Widmung stellte er beide auf eine Hohe mit der Sonne, dem Zentrum der Welt, um das sich alles dreht. ( ... ) Die 
"Automatie" des Herzmuskels ging aus dem langen Kampfe "neurogen gegen myogen" in vollem Glanze als Sieger 
hervor. Die dynamischen Gesetze der Hertatigkeit zeigten die liberragend autonome Anpassung des Herzens an jede 
Grolle der ihm gestellten Anforderungen. Nichtsdestoweniger fiel hier das wort der "Knechtschaft des Herzens"! 
Rudolf Kaufmann, unser zu frlih verstorbener Wiener Kollege, sagte in seinem letzten Vortrag in der Gesellschaft der 
Arzte mit dem ganzen Nachdruck seines ernsten Wesen: "Das Herzen ist ein Diener der animalischen, es ist der Sklave 
der vegetativen Funktionen des Organismus". Was hatte Harvey gesagt, wenn er diese Ausspruch erlebt batte? Als alter, 
weiser Mann hatte er sich getrostet; er hat es ja auch erleben mUssen, dall der Kopf seines Konigs auf dem Schafott fiel! 
Flir uns ist es ein Fortschritt, eingesehen zu haben, dall auch das Herz dem Wohl der Gemeinschaft zu dienen hat, sie 
nicht beherrscht"] (Wenckebach (1942), p. 95-96). 
67. Quoted from Silber and Katz (1975); see also Katz (1960), (1966). 
68. Florian was asked by the editorial board of the German medical journal to write a "state of the art" article about this 
subject. 
69. Florian (1954), p. 1471. 
70. It was extensively questioned whether a "sport heart" was normal or pathological. 
71. The equivalent terms in German are: "Kontraktionsinsuffizienz" and "muskulare Insuffizienz". 
72. It is interesting to note that in order to achieve this beneficial state for the heart peripheral regulatory mechanisms 
were considered indispensable. Whereas Anglo-Saxon medicine declared these compensatoty mechanisms to obscure 
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the operation of the Law of the Heart, German medicine appeals to them as necessary conditions for the operation of 
this Law. In the latter situation there is consequently no question of obscurity but actually the reverse, i.e. of clearness. 
73. There were other terms in use (cf. Reindell et al. (1963), (1967). 
74. Friedberg (1966), p. 152. 
75. These observations were made in patients with heart failure on the basis of mitral stenosis, diphteria, multiple 
infarction, coronary insufficiency and a variety of other cardiovascular disorders (cf. Klepzig and Kaltenbach (1962), 
Klepzig (1964), (1968), (1972). 
76. The pathologist Linzbach had quite some impact in Anglo-Saxon cardiology with the paper "Heart failure from the 
Point of View of Quantitative Anatomy" published in the American Journal of Cardiology (1960). Linzbach's findings 
contradicted the general view that hypertrophy is associated with an increase in diameter and volume of individual 
muscle fibres, not with an increase in number of fibres (cf Friedberg (1966), p. 151). Somewhat later his concept of 
"plastic dilatation" had impact too (cf. Hurst (1974), p. 420). 
77. This concept was used by German clinicians to account for the observations made in mitral stenosis. This deviated 
clearly from Anglo-American views that the mechanical factor imposed on the (right) heart was more important to the 
development of heart failure in mitral stenosis than the pathological state of cardiac tissue. Friedberg, for example, 
acknowledged that heart failure of the (right) heart resulted in part from the mechanical disturbance, and in part from 
the pathological change which is generally of rheumatic origin. However, as he stated: " .. as a rule the mechanical factor 
imposed .... far exceeds any intrinsic myocardial disease in importance as a cause of right heart failure in mitral stenosis" 
(Friedberg (1966). 
78. See for references Klepzig and Kaltenbach (1972), Klepzig (1964), Reindel! et al. (1967). 
79. Hegglin (1947); see further Florian (1954), p. 1470. See also "Fragen aus der Praxis" in the German medical journal 
on this issue and the answers provided by Delius (1953) implying that Hegglin's views had quite some impact. 
It is interesting to note that Hegglin in fact takes a position relatively close to the Anglo-American position: he strongly 
distinguishes between the two forms of heart failure, one being dynamic (a la Starling), the other energetic requiring a 
biochemical-pathological approach. 
80. The three major forms were "energetic insufficiency", "energetic-dynamic insufficiency" and "Hegglin's 
syndrome". The diagnosis could be made at the bedside. In the case of a prolongation of the QT-period, a normal ECG 
and the absence of congestion the diagnosis was energetic insufficiency; the same symptoms but including an untimely 
2nd heart tone, energetic-dynamic insufficiency; and the symptoms as with the second syndrome but associated with 
AV-block or a positive reaction on a neurohumoral test, e.g. an adrenaline injection, the diagnosis was Hegglin's 
syndrome (Delius (1953)). 
81. Cf. the spring and autumn meetings of the German Society of Cardiovascular Research (T agungen) as well as the 
German Journal in the field (Zeitschrift fur Kreislaufforschung. 
82. This is not to deny their significance in Anglo-American medicine. The classification of the New Yark Heart 
Association dividing patients in four classes according to their symptoms with varying degrees of physical activity was 
very important. The classification has been used in the study of failure and pregnancy and of patients submitted to 
cardiac surgery for valvular heart disease. Cf. Friedberg (1966), p. 241. 
83. Medical views in other countries were not investigated. 
84. As Friedberg (1966, p. 336) wrote: "The various test of circulatory function or myocardial reserve are of very limited 
value. The responses of pulse and blood pressure to stress are too variable to be employed as a diagnostic test and there 
is considerable overlapping of the findings in normals and cardiac patients". 
85. It is interesting to note that the varying perceptions of the major exception to Starling'S conception, that of exercise, 
beautifully illustrates the marked differences between Anglo-Saxon and German views. Exercise diminishes cardiac 
volume yet is associated with increased stroke work. 
According to Starling's law this is impossible because an increase in output originates from an increase in cardiac 
volume. The Anglo-American attitude to this exception consisted either in denying the relationship or by showing that 
despite this, the exercise was in accord with the applicability of Starling'S law to man. Departing from exercise German 
and Scandinavian clinicians developed another view. 
86. Naturally the methods were designed in such a way to discriminate between respiratory, circulatory and cardiac 
failure. In connection with the latter two categories, the test had to discriminate between nervous and organic states 
too. 
87. Interview Kaltenbach: ["Ja, zur der Zeit in der funfziger Jahren war die Schwedische Schule die Hoheschule der 
Kardiologie. Ja ich denke die waren auch wirklich gut damals"]. 
88. See Reindell, Konig and Roskamm (1967) for an extended list of references. 
89. Engelhardt; Kaltenbach, personal communication. 
90. Reindell et al (1967), particularly p. 82-83, and p. 86-87. 
91. In fact, a continuous rise in pressure load; the hypertrophy that develops is essentially the same as in the case of 
training. 
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92. Gennan tenns are: "Bewegungsinsuffizienz". "Friihinsuffizienz" • "Iarvierten Fonnen der Insuffizienz". "Iatente 
Insuffizienz". and "Pre-insuffizienz". 
93. Friedberg (1966). p. 726. There was however an important understream in Anglo-American cardiology which 
patronized the view that the angina patient was in a state of subliminal heart failure (c.f. Gorlin (1965». 
94. Dornhorst. interview. 
95. The table is adapted from Friebel (1982). 
96. Chamberlain. interview. 
97. Cf. the different editions of Friedberg; and Braunwald in Harrison's textbook. 
98. The most paradoxical and controversial therapeutic measure recendy proposed and that is a direct consequence of 
this dynamic view. is the use of beta blockers in the treatment of heart failure. 
99. Gennan clinicians seemed to have had a rather primitive account of both Starling's experimental and the creative 
experiments perfonned during the 1940s and 1950s in the United Kingdom and America. The reverse, however. was 
also true. 
100. It is difficult to retrieve from textbooks or scientific literature quantitative data with respect to the natural history 
of diseases. Under the heading of prognosis the course of the disease is discussed in qualitative tenns: "some patients 
might develop ... ". "other patients ...• "several patients ... ". etc. This enhances the difficulty in reconstructing contextual 
differences in patient profiles. 
10 1. It is not stated whether these occurred simultaneously or not. 
102. [" Aber aile auf dem Gebiete der Angina Pectoris erfahrenen Kliniker haben je und je die Manigfaltigkeit ihrer 
Symptomatologie under ihres Verlaufes betont"] Holzmann (1954). p. 1109. 
103. The balance between these two major opposing views with respect to the nature and natural history of angina 
pectoris has been tipped in favour of either side throughout history. Cf. Monroe and Chung (1976). 
104. Thus. a continuum existed ranging from little spots of necrosis. fibrosis and scars. "rudimentary" (anterior) 
infarction to myocardial infarction. The concept of "rudimentary" infarction encompassed all cases in which clinically 
and electrocardiographically an incomplete infarction pattern existed (cf. Holzmann (1954); Hauss (1954). (1958». 
105. At the therapeutic level contextual differences are more distinct. In Anglo-American medicine the treatment of 
angina pectoris was designed primarily to prevent or reduce the frequency of attacks. e.g. it was treatment of the pain. 
Gennan medical literature focussed on the restoration of nonnal physiological conditions providing the heart with 
oxygen and nutrients in order to prevent damage of cardiac tissue. 
106. This therapeutic view covers not only anginal treatment but also treatment of cerebral and peripheral disturbances. 
Vasodilators are a popular treatment in Gennan medicine. 
107. Levine (1958). p. 263. Admittedly. Levine also stresses prognostic and therapeutic aspects of this condition as the 
sentence which follows the quotation in the text expresses: "So often the physician errs and makes a 'cardiac cripple' out 
of one who is structurally sound" (ibidem). 
108. Cf. Bargmann and Doerr (1963); Delius (1960). (1964). (1966); Grosse-Brockhoff (1964); Hauss (1954). (1966); 
Hoff (1948); Holzmann (1954); Klepzig (1968). (1972); Kottmaier and Schettler (1961); Parade and Bockel (1954); 
Reindel and Klepzig (1961); Reindel et al. (1967); Schimert et al. (1960); Schrenk (1967); Seitz (1966). 
109. Cf. Hauss (1954). (1966); Keller (1960); Delius (1960). (1964). (1966); Parade and Bockel (1954). 
110. This leads to another usage of the tenn "functional". For in Anglo-American medicine the tenn functional became 
synonymous with "from psychic origin". Hence. the distinction between organic and functional was overrided by that of 
"somatic" and "psychogenic". 
111. The first meaning of the tenn "typical" is the relationship between the anginal attack and physical exercise. The 
second meaning denotes the clinical pattern that is so typical. once the anginal attack is manifest. This typicality ranges 
from anginal pain (e.g. typical nature and localization of the pain) to the full-blown picture ( typical pain. typical 
electrocardiographic changes and other typical signs and symptoms). 
112. See also the definition of angina pectoris and the lack of acceptance of exercise ECG tests in Gennan medicine 
(section 7.2.1; notes 30 and 31). 
113. Reindell en Klepzig (1961). p. 551: ["Das klinische Bild der Coronarinsuffizienz kann demnach durch ein 
vielfiiltiges Zusammenwirken von funktionellen und organischen Gef:i6veriinderungen ausgelost werden"]. 
114. Since angina pectoris vera especially affected persons of sixty and seventy. and angina pectoris vasomotorica 
persons of thirty and forty. the group of persons of fifty was liable to both syndroms; furthennore. elderly people were 
characterized by vasovegetative lability. 
115. Froment and Bruel. quoted from Mainzer: ["Wo immer bei Angina Pectoris die auslosende Faktoren. das zeidiche 
Verhalten. die Art der Ausstrahlung und die Reaktion des Angina Pectoris-Schmerz auf Nitrite vom typischen 
Verhalten abweichen. liegt Grund vor. die Ursache dafuer in der Mitwirkung modifizierender Einfluesse von 
gleichzeitig bestehenden anderweitigen Organerkrankungen zu suchen"] (Mainzer (1958). p. 750). 
116. Parricularly. the "vegetative chain of events" mediated these pain syndromes. This chain was considered as two
way-traffic. On the one hand these pain syndromes could be the result of genuine angina pectoris. On the other the 
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reverse situation was also held to be true. 
117. Keller (1960), p. 1412: ["Besteht z.B. neben einer Erkrankung der Koronargefalle eine zweite, hiervon 
unabhangige Erkrankung, die aullerhalb des Herzens lokalisiert ist, so erschopt sich deren Vorhandensein keineswegs 
regelhaft in einer banalen 'Koexistenz'. Nicht selten kommt es vielmehr zu einer h&hst komplizierten Verkettung oder 
Verflechtung der pathologischen Vorgange, es entstehen neuartige pathogenetische Konditionenen, die das gewohnte 
klinische Bild des stenokardischen Anfalls in eigentfunlicher Weise modifizieren. Dall atypische Angina pectoris-Anfalle 
in diesem Lichte zu deuten sind, dall sie unter dem Einflull der Verkettung eine neuartige, doch wiederurn typische 
Gestalt annehmen, war der klinischen Medizin lange verborgen und konnte erst in den letztenJahren erhartet 
werden"]. 
118. Engelhardt, interview: ["Dann wurde uns Ende der runfziger J ahren bekannt dall ein Dichloorderivat des Aludrins 
bei Eli Lilly synthetisiert worden war, das hier bisher nicht hergestellt worden war und das wirkte so ein bischen wie ein 
elektrischer Schlag: 'Warum haben wir das nicht gemacht?', '1st das so schwer?' und so weiter. Also .. und nattirlich mit 
der Besonderkeit das diese Verbindung ja auch nog blockierende Eigenschaften hatte. Also wir sind eigentlich durch's 
DCI auf dieses Thema gestollen worden, durch die Findung des DCI's"]. 
119. Koppe (1977), (1986). 
120. From the pharmacological and therapeutic point of view research in anorectic drugs unexpectedly branched into 
the realm of beta blockers. At the chemical level, however, this discontinuity seems to be less dramatic. The class of 
phenethanolamines was of considerable interest within the wider scope of research on sympathomimetic amines. By the 
end of the 1920s medicinal chemists had recognized four structural variants amongst sympathomimetic amines of 
therapeutic interest: adrenaline, tyramine, ephedrine and amfetamine. From these structures new drugs originated, 
particularly in view of indications as obesity, asthma, blood pressure disturbances, nasal congestion and the like. 
Manipulation of amfetamine, for example, led to derivatives as phenmetrazin, and several analogues of amfetamine were 
introduced as anorectic drugs (cf Sneader (1985). 
121. Koppe (1986), p. 33; see also Engelhardt, Pharmacological Report, 19-5-1961. 
122. Engelhardt, interview: ["Das war an sich mal zunachst vom rein pharmakologischen weil es ein neues Phenomenon 
war dall man den Sympathikus am Herzen blockieren konnte ( ... ). Und da hab ich mir gesagt seiner Zeit das ist 
zunachst mal ein sehr interessanter und neuer pharmakologischen Befund aber habe noch kein Konzept gehabt, sagen 
wir mal, rur eine therapeutische Ausntitzung sondern habe mir nur gesagt das mtisste eigentlich auch therapeutisch zu 
nutzen sein, im welchen Weise war ... dazu konnte man theoretische Uberlegungen anstellen. Die waren zu der Zeit von 
aller Ding, und das hat sich ja auch als wichtiges Prinzip rur die Betablockern nachher ergeben, die Beeinfliissung der 
Herzfrequenz! Was daraus folgen wtirde jetzt ftir bestimmte Krankheiten und Indikationen. Dazu hatte Ich damals 
keine Ahnung"]. 
123. Engelhardt, interview: ["Nattirlich. Also wenn wir was gefunden hatten, ware das narurlich sofort eine Projekt 
geworden. Das ist klarl". For such a finding "hatte narurlich sehr nahegelegen beim den ganzen Konzept von 
Boehringer mit dem Aleudrin, nicht? Wir waren ja an die gleicher Zeit auch dabei ein Nachfolger des Aleudrins zu 
entwicklen. Das orciprenaline, ja"]. 
124. Engelhardt, interview. 
125. The chemical and pharmacological reports of the compounds desribed in this section were provided by 
Boehringer. 
126. In German: ["Zu untersuchen auf: Appetitziigelung"J. The form was signed by the chemist and the research 
director, i.e. Prof.Dr. Zeile who connived at the research into sympatholytic drugs (Dr. Koppe, pers. comm). 
127. Engelhardt, interview: ["Na, wir haben zunachst mal narurlich, und da ging einige Zeit dartiberhin, zusammen mit 
Herrn Dr. Koppe die Molekule optimiert, beziehungsweise untersucht. Was war jetzt mallgeblich rur diese Wirkung? 
War das die Chlorsubstitution am Ring die wir zu anfangs postuliert hatten? Da merkten wir bald dall das gar nicht der 
Fall war. Und dann ein Preparat oder eine Substanz heraus zu suchen die optimal wirksam war und wenig toxisch"]. 
128. Ko 581 was synthesized on July 11,1961. 
129. The first pharmacological report referred to investigations of anorectic activity (February 28; March 13, 1962); the 
first report on isoprenaline antagonism in isolated guinea pig left atria appeared November 19, 1962. 
130. The methods used were antagonism of adrenaline and isoprenaline induced bronchospasmolyse in quinea pigs 
(Konzett-Rossler system) in which bronchospasm was produced by acetylcholine and in isolated guinea pig left atrial 
preparations in which the effects of drugs on force of contraction and heart rate were expressed in terms of per cent of 
the post equilibration force as well as of the effects of isoprenaline. 
131. That is, the LD-50 test. 
13 2. Engelhardt, Pharmacological Report, June 14th 1962: ["Ko 592 ist unter die verwandten Verbindungen die bisher 
starkste bradycardische Substanz, was evtl. auf eine Brauchbarkeit als Antiarrhythmikum hinweisen konnte, aber 
nattirlich besonders geprtift werden mull"]. 
133. At this stage this was a general approach including effects on rhythmic and contractile function as well as general 
toxic effects on the cardiovascular system. A typical quotation of such a toxic effect with respect to Lg 32: "After 10 mg/ 
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kg one animal died of strong bradycardia and the ECG-changes of a bundle branch heart block" ["Nach 10 mg/kg ging 
I Tier unter starker Bradykardie und den EKG-Veriinderungen eines Schenkelblocks ein"]. (Engelhardt, 
Pharmacological Report May 27th 1963). 
134. Lichterfeld, interview. 
135. Engelhardt, interview: ["N ein. Es war an sich keine Uberraschung. Es war nur ein stiickchen weiter gedacht als wir 
seiber hatten, niimlich jetzt nun auf eine besondere Krankheit ausgerichtet. Also auf der Angina Pectoris, auf die 
Koronarerkrankung was zuniichst paradox erschien zu jener Zeit, denn die pharmakologische Koronartherapeutika 
beruhten ja auf Koronardilatation. Und das war nun bei den Betablockern iiberhaupt nicht der Fall. Die hatten keine 
Koronardilatierende Wirkung, unter Umstiinde sogar, unter bestimmten Konditionen sogar den Gegenteil im Effekt. 
Und trotzdem waren Sie einsetzbar fUr eine Koronarerkrankung. Das war iiberraschend"]. 
136. Koppe, interview: ["Wir wuJlten damals (196111962) iiberhaupt noch nicht daB einer sich Gedanken dariiber 
hiitten machen konnen was m~n damit anfangen kann, einfach therapeutisch. Wenn man das Herz ruhig stellt, was 
passiert dann? 1st das etwas giinstiges? Kann man das Herz okonomischer schlagen lassen? Hilft das? Heute ist es leicht 
zu sagen, es hilft ein Angina Pectoris Patient, nicht?"]. 
137. Letter (Engelhardt), October 31 th 1962: ["Auf der Tabelle sind die wichtigsten Eigenschaften dieser 
Verbindungen der Bezugsubstanz Dichlorisoproterenol (DCI) gegeniibergestellt. Alle Substanzen sind wesentlich 
weniger toxisch als DCI und hemmen die Herzwirkung des Aludrin 5 - II mal stiirker. Sie unterscheiden sich 
hinsichtlich der bradycardischen Eigenwirkung, welche bei Th 293 fehlt, bei Ko 592 und 581 dagegen die Wirksamkeit 
des DCI urn das 12- bzw. 23-fache iibertrifft. Der bradycardische Eigeneffekt konnte Ausdruck einer zusiitzlichen 
antiarrhythmischen Herzwirkung sein"]. 
138. The negative chronotropic activity ("Bradycardische Eigenwirkung'') was distinguished from isoprenaline
antagonism in the sense that a potent "Bradycardische Eigenwirkung might express an anti-arrhythmic action in 
addition to the negative chronotropic effect of beta blockade. This differs from the ICI team who considered 
isoprenaline-antagonism as their prime criterium. To conclude this "cultural difference" on the basis of the use of two 
pharmacological parameters is far from convincing, but my impression is that such a letter would not have been written 
at ICI. 
139. Engelhardt, interview. 
140. Koppe, Engelhardt, interviews. 
141. Engelhardt, interview: ["Also hier war sicherlich das Konzept der Koronardilatation in der praktischen Medizin 
sehr stark etabliert, nicht' ( .. ) Und dies waren jetzt die Betablockern, Koronartherapeutika ohne koronardilatierende 
Wirkung und das war schwer verstiindlich"]. 
142. Lichterfeld, interview: ["Das Denken in Richtung des therapeutischen Prinzips "Koronardilatation" war ja auch 
bei Boehringer durch Persantin gepriigt. Erst langsam kam durch die fehlenden klinischen Erfolge der rein en 
Koronardilatation ein Umdenken"]. 
143. Oxyfedrine (Ildamen) was a result of this idea (Lichterfeld, interview). 
144. Lichterfeld, interview: ["Die Forschung der Firma richtete sich bisher auf die Agonisten der adrenergischen alpha
und beta-Rezeptoren. Neu und eine Wendung um 180" war die Entwicklung von Hemmstoffen des Sympathikus und 
das damit verbundene Denken"]. 
145. The most prominent German medical journals were: Arzneimittelforschung, Deutsche Medizinische 
Wochenschrift, Miinchener Medizinische Wochenschrift, Medizinische Welt, Medizinische Monatschrift, Aertzliche 
Forschung, Therapie der Gegenwart, Aertzliche Praxis, Medizinische Klinik, Zeitschrift fUr Kreislaufforschung und 
Therapiewoche. Medical journals in other German speaking countries were most prominently: Wiener Medizinische 
Wochenschrift, Praktische Artzt (Wien), Wiener Zeitschrift fUr Innere Medizin, Wiener Klinische Wochenschrift, 
Schweizerische Medizinische Wochenschrift, Experientia (Basel) and Cardiologia (Basel). See also chapter 7, part I. 
146. Cf. the prospectus about Beta-Persantin, a combination preparation ofKo 592 and dipyridamole, published by 
Boehringer in August 1971. 
147. Engelhardt, interview: ["Es fehlte hier bei Boehringer eigentlich der Impetus oder der gemeinsamen EntschluB 
jetzt mit der Substanzen voran zu gehen"]. 
148. Koppe, interview: [" Schon von Anfang an war man da erst mal vorsichtig als man diese neue 
Indikationsmoglichkeit sah, war das eine reine Angelegenheit von der Forschung. Wir haben es weiter betrieben aber es 
kannte keine Eingang in die Foigeabteilungen die danachkommen"]. 
149. Lichterfeld, interview. 
150. The difference between Ko 581 and Ko 592 was explained as follows: "Ko 581 shows a moderate bradycardiac 
effect in non-anaesthesized animals and in itself it does not mobilize the non-esterified fatty acids. Therefore, the 
arresting effect on the tachycardiac and fatty acid mobilising effect of Aludrin is specifically and quantitatively of about 
the same strength as after Ko 592. However, since Ko 592 is somewhat less toxic and cheaper to produce, we 
recommend that further action be concentrated on this substance and that Ko 581 be put aside" ["Ko 581 zeigt an nicht 
narkotisierten Tieren eine miillige bradykardische Eigenwirkung und mobilisiert selbst die unveresterten Fettsiiuren 
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nicht. Der Hemmeffekt auf die tachykardische und fettsauremobilisierende Aludrinwirkung ist daher spezifisch und 
quantitativ etwa ebenso stark wie nach Ko 592. Da Ko 592 aber etwas weniger toxisch und billiger herzustellen ist, 
empfehlen wir, die weiteren Arbeiten auf diese Substanz zu konzentrieren und Ko 581 zuriickzustellen"] (Engelhardt, 
Pharmacological Report, September 11th, 1963). 
151. Cf.: "Rather strong negative inotropic and to a lesser extent also negative chronotropic effects. 50% depression of 
the amplitude at the concetration 0.125 mg/50 mI." ["Ziemlich starke negativ inotrope und in geringerem Ma!!e auch 
negativ chronotrope Eigenwirkung. 50% Arnplitudendepression bei der Konzentration 0,125 mg/50 ml"] (Engelhardt, 
Pharmacological Report, November 29th, 1962). 
152. Engelhardt, Pharmacological Report, August 28th, 1964: ["Lg 32 ist halb bis doppelt so wirksam wie Chinidin und 
wirkt damit am isolierten Herzvorhof starker cardio-depressiv als Ko 592"]. 
153. Engelhardt, Pharmacological Report, April 11th, 1963: ["Zusammengefatlt ergaben die bisherigen 
Untersuchungen, da!! Ko 592 ein spezifisches fl-Adrenolytikum ist und gegentiber bisher bekannte Substanzen dieser 
Art Vorteile bietet. Wir empfehlen eine vertieft pharmakologischen Priifung und bitten, ein Patent zu beantragen und 
die Trennung der optischen Isomeren in Angriff zu nehmen"]' 
154. Engelhardt, Pharmacological Report, October 15th 1963: "Tests on isolated heart preparations, on anaesthesized 
guinea pigs and on non-anaesthesized dogs have shown that, with regard to Aludrin-antagonism, Ko 592 has an effect 
on the heart that is at least twice as strong as Nethalide, and does not have any sympathomimetic characteristics of its 
own" ["Untersuchungen an isolierten Herzpraparaten, an narkotisierten Meerschweinchen und an nicht narkotisierten 
Hunden haben ergeben, da!! Ko 592 am Herzen hinsichtlich Aludrinantagonismus mindestens doppelt so wirksam ist 
wie Nethalide, und selbst keine sympathomimetischen Eigenschaften besitzt"]. 
155. Lichterfeld, pers. comm.: ["Das Konzept der friihen klinischen Priifung von Ko 592 war durch klinisch
pharmakologische Fragestellungen am gesunden Probanden bestimmt wie Ermittlung der dose-response and time
response ftir die aludrinantagonistische Wirkung und die "Eigenwirkungen", d.h. die Wirkungen per se. Die Parameter 
zielten auf adrenergisch vermittelte Funktionen von Herz und Kreislauf, Bronchien und Stoffwechsel, um Hinweise auf 
mogliche Indikationen und Kontraindikationen zu erhalten"]' 
156. Hahnel (1966); Kukovetz and Poch (1965); Stock and Westermann (1965); Strubelt (1965); Levy and Richards 
(1966); Engelhardt (1964); Kuschinsky and Rahn (1965). 
157. Lichterfeld, interview. 
158. Lichterfeld, interview. 
159. Kirchhoff (1965). This study on 50 human volunteers (age group: 18 - 35 year) was performed by Kirchhof while 
working at the medical department of the German Air Force. However, he had worked at the department of Reindell 
and the study of Ko 592 was in accordance with the functional-ergometric approach of Reindell; see Reindel! and 
Kirchhoff (1956); Reindell et al. (1967). 
160. Cf. Hahnel (1966). 
161. Gebhardt et al. (1964); Gersmeyer (1965); see for references Hahnel (1966). 
162. Lichterfeld, interview. 
163. Lichterfeld, interview. 
164. Kaltenbach, Bender, Pfennigsdorf, Haas and others (interviews); these reports also reached Boehringer. A German 
pharmacologist wrote October 18th, 1965 to Engelhardt after his visit to a symposium on beta blocking agents in 
Heidelberg: "From several sides we received warnings against possible side-effects, in particular cardiac depression" 
["Von verschiedenen Seiten wurde vor den evtl. auftretenden Nebenwirkungen besonders der Herzdepression 
gewarnt"] (Letter to Dr. Engelhardt, October 18th 1965). 
165. Cf. Patent application by G.H. Koppe, dated 23-4-1963, on behalf ofthe patent department of Boehringer. This 
letter contains information regarding reference substances for chemical and pharmacological screening, e.g. DCI and 
pronethalol, class exemplification and demarcation of patent rights. With regard to this latter aspect the various patents 
made by British Drug Houses which also patented a series of comparable compounds were included. 
166. D.O.S. (Deutsches Offenlegungsschrift) 1493454. 
167. Koppe and Engelhardt, interview. 
168. On March 16, 1965 Boehringer received a letter from ICI claiming patent rights of this class of compounds. 
Priority dates referred to were 11-12-1962 and 19-7-1963; particularly with regard to Ko 592 ICI's patent application 
preceded that of Boehringer with less than 2 months. Cf. letter of patent department, 18-5-1988. 
169. This was suggested by Koppe and Engelhardt, but was backed by the patent department of Boehringer. 
170. Engelhardt, interview. 
171. This is the case when considering the people who attended the meetings and received the relevant reports. 
172. Engelhardt, interview. 
173. Engelhardt, Pharmacological Report, March 8th, 1967: [" Samtliche gem essen en Parameter wurden dosisabhangig 
im Sinne einer Cardiodepression verandert. Besonders und starker betroffen als nach Ko 592 waren die Herzfrequenz 
und die Kontraktionskraft des rechten Ventrikels"]. 
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174. Engelhardt, Phannacological Report, March 31 th 1967: ["1m Vergleich zu Chinidinsulfat war Propranolol 
hinsichtlich negativ inotroper Wirkung 5,9 (3,1 - 9,3) mal starker, negativ chronotroper Wirkung 1,3 (0,9 - 1,5) mal 
starker, negativ bathmotroper Wrrkung 2,6 (1,8 - 3,7) mal starker, Verlangerung der Refraktarzeit 2,1 (1,5 - 2,4) mal 
starker. Unter den gepriiften Il-Adrenolytika zeigte Propranolol am isolierten Meerschweinchen-Herzvorhof die 
starkste cardiodepressive Wirkung"]. 
175. Letter Medical Department Boehringer, November 14th 1967: ["Es sieht so aus, als ob die Warnung der 
deutschen K1iniker, b-Rezeptorenblocker nicht fUr die ambulante Patienten freizugeben, auch flir Kii 592 berechtigt sei 
und als ob auch Kii 592 kein 'Praxispriiparat' werden kann"]. 
176. Letter Medical Department Boehringer November 14th 1967: ["Nach dem derzeitigen Stand des Wissens ist es 
nicht wahrscheinlich das b-Rezeptorenblocker gefunden werden, die Therapeutika fUr eine breite Praxisanwendung 
werden kiinnen"]. 
177. This was suggested several times when speaking with Gennan clinicians. Due to the differences in health care 
system structure comparison is difficult. However, the following figures are impressive. The Gennan Government 
(Daten des Gesundheitswesen (1977» estimated the total number of specialists in internal medicine in 1960 on 7.550 of 
which 4.119 internists worked in private practice, 2641 in hospitals and 790 in administration and research (1970: 
11.001, 5816, 3.977 and 1.208 respectively). In the United Kingdom the number of specialists working in private 
practice seemed to be considerable lower, i.e. under ten per cent of all specialists (Stevens (1966». 
178. Further research on cardiac insufficiency was recommended and the possibility of introducing another compound 
with a more marked intrinsic sympathomimetic activity, e.g. Kii 1313, was discussed Cf. letter Medical Department 
Boehringer Sohn, 14-11-1967. Compound Kii 1313 was valued for its similarity with alprenolol but it was argued that it 
was not certain at all that compounds with intrinsic activity were less riskfy and/or equally effective as propranolol. 
179. Lichterfeld, interview: ["Aber ich glaube nicht, dall es daran lag, dall wir die falschen Konzepten hatten. Wir 
hatten die Konzepten die in der Luft lagen, inklusive der Angina pectoris und der labilen Hypertonie. Aber da war 
natiirlich eine Bremswirkung, weil jeder representative wullte "irgendwo ist das Zeug gefahrlich .. ". Und eigentlich kam 
dann kein Durchbruch und es trat eine Mutlosigkeit auf so dall man da nicht weiter durchgehalten hat und 
weitennachte"]. 
180. Interviews with the Gennan industrial scientists and clinicians. 
181. Letter Medical Department Boehringer, March 23rd 1970: 
["Kii 592 besirzt phannakologisch und toxikologisch griillere therapeutische Breite. Il-adrenolytische Dosis und negativ 
inotrope Dosis sind weiter auseindergeriickt als bei Propranolol"] 
["Direkte und indirekte Hinweise sprechen flir eine geringere kardiodepressive Wirkung von Kii 592 im 
phannakologischen Experiment und in praliminaren klinischen Befunden"]. 
This letter was send to marketing and foreign medical departments to provide infonnation how to profile the drug. The 
addressed institutions were: "Phanna-Vertrieb CHBS Deutschland", "Marketing Infonnation Ausland", "Region I", 
"Region II" and "Auslandsmedizin". 
182. Letter Medical Department Boehringer, March 23rd 1970: ["Diese Ergebnisse diirfen nicht zu dem Fehlschlu6 
verleiten, da6 Kii 592 weniger sorgsam als Propranolol bei Herzinsuffizienz eingesetzt werden kann. 
Die Il-Adrenolyse selbst, also die immanente Hauptwirkung, kann durch Hemmung des kompensatorisch verstarkten 
"sympathetic drive" bei Herzinsuffizienz zu einer Verschlechterung des Krankheitsbildes fiihren. Diese 
"Nebenwirkung" ist also dem therapeutischen Prinzip selbst und in klinisch-therapeutischen Dosierungen nicht den 
"kardiodepressiven" Eigenschaften anzulasten"]. 

183. This is a much more complex issue, particularly so from the theoretical point of view and related to the 
development of selectivity in the field of beta stimulating drugs. The question whether it was possible to dissociate these 
effects at the receptor level evolved during the 1960s. 
184. Whether the parts of this preparation are administrated separately or combined into one tablet is not important in 
this case. Neither would the association of these activities into one molecule make any difference, unless other demands 
are included into the wished functional profile: one tablet or one molecule, for example, might be preferred with regard 
to patient compliance. 
185. The field of anti-arrhythmic drugs rapidly expanded during the 1960s not only because of the introduction of the 
beta blocking agents but also while cardiac dysrythm became a major clinical problem. In other words, the set of 
characteristics with respect to electrial function of the heart (with indirect consequences concerning mechanical activity) 
changed. 
186. A non-empty intersection is a minimal condition in this respect. 
187. Fliirkenmeier (1980): [ "1m Gesprach mit Kollegen aus der Praxis oder Klinik kommt es immer wieder vor, da6 der 
eine oder andere Arzt seine Furcht vor einer Beta-Blocker-Anwendung zum Ausdruck bringt"]. 
188. The intennediate passage shows that there was a difference of acceptance between scientific and medical circles: 
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[RV: "Und sollte das bedeuten das diese Mediziner sehr stark an den Koronardilatatoren Konzept festhalteten?" 
E: Das war ja damals eigentlich schon auch ein bischen an wackeln" 
RV: ':Ja, in pharmakologischen Kreisen und physiologischen Kreisen vielleicht" 
E: "Ja, ja" 
RV: "Aber wie war das in medizinische und therapeutische Kreisen?" 
E: "Ja, hatte eigentlich nicht sein sollen, wiirde ich meinen aber ich weiss es nicht, also ... " 
RV: "Sie sagten: 'Das mtisste nicht so sein'. Aber es war so?"]. 
(RV: "And would that mean that these physicians stuck to the coronary dilator concept very firmly?" 
E: "In fact, at that time, that had also started to become somewhat wavering 
RV:"Yes, perhaps in pharmacological circles and in physiological circles". 
E: "Yes, yes". 
RV: "But what was the situation in medical and therapeutical circles?" 
E: "Well, it shouldn't have been like that, but, I don't know, anyway .. " 
RV: "You say: it shouldn't have been like that. But it was like that?"). 
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189. E: "Wir haben den Mediziner den da seiner Zeit - der ist jetzt nicht mehr in der Firma (Dr. Graubner, RV) - sehr 
beknieen mtissen und es war also sehr schwierig ihm zu iiberzeugen" 
RV: "Aber bedeutet das daB man iiberhaupt das ganze Konzept bezweifelte?" 
E: "Richtig, richtig! So ist es gewesen" 
RV: "Und sollte das bedeuten das diese Mediziner sehr stark an den Koronardilatatoren Konzept festhalteten?" 
E: Das war ja damals eigentlich schon auch ein bischen an wackeln" 
RV: "Ja, in pharmakologischen Kreisen und physiologischen Kreisen vielleicht" 
E: "Ja,ja" 
RV: "Aber wie war das in medizinische und therapeutische Kreisen?" 
E: "J a, hatte eigentlich nicht sein soli en, wiirde ich meinen aber ich weiss es nicht, also ... " 
RV: "Sie sagten: 'Das mtisste nicht so sein'. Aber es war so?". 
E: "J a, es war unbefriedigend letzes Endes und hat dann auch damit allem damit zugefiihrt daB wir mit unserem 
Doberol-Patent in der Prioritat hinter der leI standen" 
K: "Obwohl wir ein, zweiJahre hatten vorliegen konnen. Es gibt Situationen im Leben die man von sich aus nicht in 
der Griff bekommen kann von einem gewissen Position aus. Bedenken Sie bitte auch, wir waren 25 Jahre mindestens 
junger und da gibt es A1teren im hohere Position en. Und da ist es nicht ganz so einfach eine neue, iiberraschende 
Erkenntnis urn zu formen in ein verkaufliches Medikament. Das ist sehr schwierig vor allem Ding dann wenn da noch 
ein gewisses Risiko spricht, zum Beispiel die Kardiodepression vorhanden ist, und es bekannt war ... eh .. oder daB man 
davor Bange hatte. Sie wissen daB im Deutschland die Betablockern auch im nach hinein sehr viel spater erst zu einem 
wirkIich breiten Medikamentbereich geworden sind was in England, in den Skandinavischer Landern schon Jahren 
vorher dann anerkannt war"] (Engelhardt, Koppe, interview). 
190. Interview Lichterfeld: [" Aber mir ist auch bei der Riickblick eben kIar geworden wie stark wir als Firma in das 
deutschen Umfeld eingebettet waren. ( .. ) Das es nicht ein Versagen bestimmter Menschen war, sondern ein 
Umfeldproblem"]. 

Notes chapter 8. 

1. These restrictions occur on the basis of the priority aspect which is omitted from the set-theoretical analysis. The 
results of these restrictions can still be registered with the help of the model. Actually, we assume implicitly in the text 
that in the context of wf/of and wf<'/of" (see step 5) F is restricted to subsets F' and P', respectively. 
2. Without serious problems these steps can be described in terms of the set-theoretical model (see appendix IV). 
During step 3, for example, n times an introduction of a certain operational - functional and structural - profile occurs, 
while during step 4 it becomes clear that the extrinsic type of change, i.e. starting convergence with respect to the 
wished for profile, applies to compound XI and x2' but not to the other synthesized substances. 
3. There is no question of complete blindness. Even during a program of synthesizing and screening hundreds of 
thousands of substances, scientists make choices. The availability of raw material and equipment, the expertise of the 
chemist, the complexity of chemical synthesis, and the type of compounds already patented or studied by competitors 
influence the decisions made by the chemists. Further, one has to consider the wished for profile: compounds 
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containing chemical groups suspected of toxicity, for example, will be disregarded. Such considerations may also enter 
the search process later on. 
4. Drews (1983), p. 49. 
5. Drews (1983), p. 49. 
6. Davey (1983), p. 47. 
7. Austel and Kutter (1980), p. 39. 
8. Austel and Kutter (1980); some papers of Austel and Kutter have been published since then which elaborate the 
principles discussed in the text and in appendix V in order to improve the activity of the medicinal chemist. 
9. Three forms of structure-activity relationships are important to their analysis: 1) qualitative structure-activity 
relationships; 2) structure-activity classifications; and 3) quantitative structure-activity relationships cf Austel and Kutter 
(1980). 
10. In chapter 2 this point has also been touched on when drawing attention to the controversy between "pictorial" and 
"sentential" imagery. 
11. Cf. the Journal of Medicine and Philosophy, in particular Schaffner (1986) and Caplan (1986). 
12. In medicine, as Schaffner argues, generalizations "fail to apply not only because they represent a stochastic process, 
i.e. are statistical generalizations, but also, and perhaps more often, because the generalizations represent only a partial 
fit due to individual or strain variation. The generalizations thus have a looser fit to their instances, which retain 
'particularity' or their own individual differences more so than do (most) entities in the physicochemical sciences" 
(Schaffner, p. 77. 1986). As result, analogy or exemplar reasoning is prominent in medicine. An example of this is 
according to Schaffner, that biomedicine takes prototype-organisms such as the E. Coli bacterium as the exemplar, and 
"articulates a "mechanism" (more accurately an interlevel, idealized and usually temporal process) that explains some 
feature(s) of that organism. (A good example of such a 'mechanism' is the operon model for genetic regulation in the lac 
region ofE. Coli K-12). The organism (or component part of the organism) is construed to be a prototype, and to have 
similarities with other organisms (or parts of organisms) - and ultimately and hopefully with humans - that license the 
extension of the 'mechanism' to a broader class of biological entities" (Schaffner (1986), p. 70). See also chapter 9 of this 
thesis for theory and concept forming at different levels in the organism. 
13. Schaffner (1986), p. 71. 
14. Collins (1987). 
15. Collins (1987), p. 330. 
16. Collins (1987), p. 336. 
17. Cf. Collins (1987), p. 337. 
18. Collins (1987), p. 335. 
19. Collins (1987), p. 342. 
20. Collins (1987), p. 345. 
21. Notice the double sense of the term culture: the culture of the expert, i.e. the initiated, and of the end-user, i.e. the 
non-initiated. 
22. Touhnin (1976). 
23. Touhnin (1976), p. 36. 
24. Touhnin (1976), p. 37. 
25. Touhnin applies his map at a general level: medicine as a whole over a long period of time. My argument would be 
that we may seek lower levels of analysis and use the map for different purposes. In what way and to what extent 
depends on the issue at stake. We may focus on specific therapeutic fields or disease areas; or describe the contextual 
differences between British and German cardiology; we may do so for different groups or medical practices, e.g. the way 
cardiological problems are dealt with by cardiologists, gynaecologists, surgeons and general practitioners; and of course 
this can be done with respect to a department, a hospital, or a scientific discipline. 
26. Touhnin (1976), p. 41. 
27. In the diagram casual experience has an offshoot to the upper part of the map, i.e. general knowledge, indicating 
that the body of scientific therapeutic knowledge enters the reahn of practical knowledge. In addition, it has an offshoot 
to collective knowledge, because physicians, e.g. general practitioners and occupational physicians, collect experiences 
about actual cases in taking care of particular groups of patients. 
28. Cf. Stegmiiller (1980); see also the discussion about the concept of application by Biihme in Starnberger Studien I, 
particularly p. 210-218 (reference by way of Hohlfeldt (1978). However, application is generally considerend in the 
context of the scientific theories. In this section the problem of application is interpreted by the author in terms of two
way-traffic between generalization and particularization with respect to a body of general knowledge composed of 
various threads of knowledge. This author's analysis results in the view of a circus movement of generalizing and 
particularizing medical knowledge. The basic idea is derived from Darden (1980) in which a general pattern of 
reasoning in theory construction (in genetics); and the figure (8.5) in the section of this thesis is adapted from Darden 
(1980, p. 155). 
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29. Touhnin (1976), p. 40. 
30. Touhnin (1976), p. 43 
31. Lasagna (1964), p.93-94. 
32. The array of medical actions such as medical history taking, physical examination, laboratory measurements up to 
and including the prescription are left out of the analysis. The same applies to the activities of the patient and the 
pharmacist. Either these activities can be included into the stepwise reconstruction of the diagnostic-therapeutic 
process; or they are irrelevant for explaining the mechanisms of gathering new knowledge. 
33. These changes can be described as transformation and differentiation (see appendix IV). 
34. It might be the case that, though the drug was effective, the patient suffers anew from the same disease. 
35. The drug might be effective or ineffective. In the case of a drug being effective: CP'(i) = N u Q, where Q is caused 
by that drug; in the case of a drug being ineffective: CP'(i) = P u Q or CP'(i) = P" u Q, where P" is a change ofP 
caused by that drug or through interference of Q with P. 
36. In this case too the drug might be effective or ineffective. 
37. This might concern a side-effect but this has been discussed under BIIb!. 
38. Bignami (1982) uses the term logic but does not define it in terms of logic. Since he treats ex juvantibus logic as a 
form of reductionist reasoning, the term form of reasoning is used in the text. 
39. Bignami (1982), p. 96. 
40. In this respect ex juvantibus logic comes close to the concept of retroductionlabduction of Peirce. However, because 
of the "distance" between theory and observation the term ex juvantibus logic is preferred by the author. 
41. Van den Hoofdakker quoted from Termeer (1988), translation of quotation in Dutch: ["lets nieuws ontdekken is in 
de praktijk niet de bedoeling. Er wordt juist verwacht dat je herkent wat je leermeesters al gezien hebben. Wat nieuw is, 
dat is lastig en gevaarlijk voor een jonge arts. Hij wil een oplossing, een diagnose. Het is voor hem heel moeilijk om te 
zeggen: ik weet het niet, dit heb ik nog nooit gezien, dit is nieuw. In het laboratorium moest ik op zoek naar wat nog 
nooit gezien was. Durven kijken, bij wijze van spreken. Dat was cnorm boeiend ... Natuurlijk kun je niet kijken met het 
ongewapende naieve oog. Basiskennis en cen voorgeprogrammeerde blik heb je nodig. Maar de wetenschappelijke 
houding bestaat er nu juist uit, dat je die blik moet kunnen relativeren: oke, dit is onze huidige, diagnostische bril, die is 
niet eeuwig, die verandert. En hij verandert aileen doordat wij op een andere manier durven kijken. Dat is toch ook de 
motor van iedere vooruitgang, dat mensen anders durven kijken en niet langer denken dat ze het wei weten. Als je 
andere vragen stelt, komen er andere waarheden boven tafel"). 
42. Cf. Howie (1972), Van Eijk (1979); and Gerritsma (1982). In this cycle the physician is guided by therapeutic 
objectivcs, i.e. restoring the normal condition of the patient, rather than correctly diagnosing the disease. However, the 
consequence (Bignami, type I) is clear. 
43. Bignami (1982), p. 96. 
44. The essence of the experiment lies in the fact that nature is being investigated under circumstances which do not 
normally exist. De Vries (1984, p. 15) writes [translation, RV): "The experimenter has to change nature to a state in 
which it normally doesn't occur. Just as the geologist looks for fractures because there layers appear on the surface 
which otherwise lie hidden under the earth's surface, so, according to Bacon, should the physicist go to work. He has to 
produce "fractures"; because, after all, in experimental situations things appear which normally remain hidden under the 
surface". 
In medicine it is repeatedly emphasized that disease is one of Nature's experiments. The analogy with the De Vries' 
gcological fractures is pcrfect, since nature produces its own fractures which the experimenter makes use of. The second 
meaning, hidden in the above citation is that the experimenter creates these fractures. The medical practitioner is 
therefore involved in an experiment in two ways. On the one hand he acts and alters nature and on the other hand he 
treats disease as an experiment of nature. 
45. Hacking (1989), p. 19; quotation translated: ["het uitzuiveren en stabiel houden van fenomenen die in pure toestand 
nergens in het universum bestaan"). 
46. Hacking (1989), p. 20. 
47. Wieland (1975). 
48. The terminology which I use deviates from that normally used in ethical discussions. The diverse classifications of 
the therapeutic experiments in medical ethics will not be discussed further here. Generally speaking, the terms 
"therapeutic" and "experiment" are used in a broader sense than in medical ethics. Treatment given, for example, as 
pan of a randomised clinical trial is considered therapeutic by the author but non-therapeutic in medical ethics. In 
relation to the term experiment, the prescription of an antibiotic for a woman with an urine bladder infection, is non
experimental according to the definition in medical ethics, while in this study it is regarded as an experiment. 

Notes chapter 9. 

1. Cf. Katz (1988). 
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2. Subsequent editions of the journal Trends in Pharmacological Sciences in recent years are evidence of this. 
3. Hohlfeldt (1978); Zandvoort (1985), (1986). 
4. This is also the case for srudies of science looking at the relationship between social and cognitive aspects in the 
development of science (cf. the journal Social Srudies of Science). In the above discipline concepts such as "style" or 
"heterogeneous network" illustrate the use of large analytical units. 
5. Kuhn (1970). 
6. Another model of the Starnberg group, i.e. the "alternatives" model, is left out from the analysis (cf. Zandvoort 
(1985); Boers (1981)). 
7. In addition, the Starnberg group distinguishes between "functionalisation" and "finalisation". Functionalisation 
occurs in a siruation where theories are lacking and trial-and-error strategies are important. Complex biological systems 
are considered as input-output systems, and manipulated accordingly. Pharmacology is considered pre-eminently as a 
scientific discipline in which functionalisation is central. Searching for medicines to treat headache, for example, 
pharmacologists proceed in a functional way by tracing causes of specific physiological effects, e.g. the dilation of blood 
vessels and hence, the search for vasoconstrictor agents. The theoretical explanation of underlying physiological 
mechanisms, then, is of minor importance. 
The Starnberg group stresses that functionalisation as well as finalisation are important for the development of science. 
However, functionalisation is of primary importance in the pre-paradigmatic phase. Cf. Hohlfeldt et al. (1977); Rip and 
Groenewegen (1980); and Bodewitz and Stemerding (1979). 
8. Cf. Rip and Groenewegen (1980). 
9. Cf. Zandvoort (1985), (1986). 
10. Kuipers (1989). 
11. The more clinical medicine and general medical practice become the subject of philosophy, the development of 
medical knowledge cannot be described in terms of research programs. 
12. Cf. the extensive discussion on the descriptive and normative nature of the concepts of health and disease in the 
Journal of Medicine and Philosophy; see also Vos and Willems (1987). Further, a philosophical justification for the 
claim that medical practice is a guide to medical science is not provided here. This claim can be justified, however, on 
the basis of Canguilhem's work. See particularly Hertogh (1987) who starts from Canguilhem in order to develop the 
concept of "clinical-therapeutical knowing". 
13. Obviously, other classification levels can be found. In medicine "higher" levels including the social-culrural setting 
in which human beings live have to be considered. 
14. Here the analysis is directed to the distinction between desired and undesired effects. However, the way of 
reasoning developed in the text also applies to the case of searching for more potent drugs in the sense of both 
inhibition or stimulation of specific physiological processes. 
15. Moolenaar (1989). 
16. Here we might consider reduction of phenomena (concepts) and relationships between phenomena (laws, theories). 
Standard examples of successful reductions, in physics, are the reduction of the law of BoyleiGay-Lussac (or the ideal 
gas law) to the kinetic gas theory, and, in biology, of the two major laws of Mendel to the theory of molecular genetics. 
In the latter case the reduction of the concept of "gene" to the concept of "DNA-molecule" represents the reduction of 
concepts, in the sense of identification, i.e. "a gene is a piece of DNA-molecule" (Kuipers (1987a), (1987b). 
17. Hohlfeld (1978); Rip and Groenewegen (1980). 
18. Other classifications are imaginable; a comprehensive overview is not provided here. 
19. Due to the three-phase model the interaction between functionalisation and finalisation is not the subject of the 
analysis by the Starn berg group while this is especially so in this srudy. Specifically both processes are to be seen from 
the development of knowledge at different levels as distinguished in the text. 
20. Carlsson (1983). In this article Carlsson mentions a number of important moments in the development of 
zimelidine, a medicine for depression. It is not important how truthful his discussion is, or how delighted clinicians 
should be with the drug, since it has already been withdrawn from the market because of its serious neurological side 
effects. 
21. This does not mean that this knowledge always has to be published. The pharmaceutical industry maintains an 
extensive communication system with the medical profession via consultancies, Sytllposia and congresses, panel review 
systems and market research. Usually this communication system is regarded as being uni-directional. The 
pharmaceutical industry provides information (to put it positively) to doctors or manipulates them (to put it negatively). 
This view fails to recognize that the communication system works in two directions - the "feelers" of the 
pharmaceutical industry. 
22. Carlsson (1983), p. 38. 
23. The term "case" (in Latin: casus = "declension" or "inflexion") is clarifYing in this respect. By case is understood the 
declension of the nominative: in the (medical) case the disease as a general category is declined according to the 
situation of the patient, which is also declined in the process of diagnosis (Dillman and van Leeuwen (1989)). 
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24. In both cases the doctor will adjust his point of reference. Convergence and divergence here have a twofold 
relationship with each other. Because the theory (t) converges (c) to the orientation point as a general object (a): t • c~ a. 
It diverges (d) however from this point as an particular object (i): t • d • i. Conversely, the practice (p) diverges: p ~ d • a; 
and converges: p ~ c ~ i. The result however forms a reciprocal convergence to the adjusted orientation point, i.e., to 
the object of the accumulated experience which forms a modification of the general object (a). Then the process begins 
again so that this interplay of movements can be viewed as a cycle. 
25. Gross 1983, p. 64. 
26. Barber (1979). 
27. Veatch (1989). 
28. Explicitly this view is held in radical circles; implicitly this view readily discussions on drug policy. 
29. Payer (1988), p. 34. 
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Appendix I. The ranking order aspect of the concept of profile 

In this appendix the ranking aspect of the concept of profile will be briefly elaborated. This ranking aspect has 
many forms in medical practice but here emphasis is on the pathognomonic sign, that is: a feature which is so 
typical fora certain disease that the physician will diagnose a patient with that feature, immediately and without 
doubt as suffering from that disease. Examples are (Levine (1958): 

. The typical feature that when in case of a young adult who is suddenly afflicted with painful joints which are 
tender, warm, swollen and red, the symptoms are jumping from one joint to another in rapid succession, is 
pathognomonic for rheumatic fever . 
. A continuous machinery murmur at the second left interspace of the chest is pathognomonic of patent ductus 
arteriosus, an abnormal connection in the heart. 

In both cases a disease characteristic is considered more important than any other characteristic of the disease 
concerned. Henceforth, such a disease characteristic will be called a dominant characteristic. 
Firstly, the concept of dominance and the comparison of profiles will be defined. Then, the concept of 
pathognomonic sign will be elaborated. 

General definitions: dominance and comparison 

If: 

c: the set of disease characteristics 
M: the set of human beings 
P: M ~ P(C), that is: P is a function from M to the power set of C, i.e. the set of all subsets of Cj 

Then: P(i) ~ C, where P(i) denotes the disease profile of patient i. 

Let E be an elementary disease profile, where E is a subset of C but we do not assume that all subsets need 
to be an elementary disease profile. Hence, ifEDP represents the set of elementary disease profiles, then: 

i) EDP ~P(C) 
ii)E E EDP 

iii)E!;;. C 

Further, Z is a complex disease profile, that is: a set of elementary disease profiles: Z c EDP 

Definition 1.1: 

C E C is a dominant characteristic of Z:= {c} E Z 

Definition 1.2: 

P(i) looks qualitatively more like E2 dan E1:= 

E2 I::.. P(i) C El I::.. P(i) 

On the basis of definition 1.2 it is possible to compare at the level of elementary disease profiles. 
Further, we should be able to compare at the level of complex disease profiles. 
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Definition 1.3: P(i) looks qualitatively more like Zz than Zj:= 

there is an Ez in Zz such that for all E j in Zj: 

Proposition I.a. 1fZ2 = {Ezl and Zj = {Ejl, then definition 1.3 corresponds with I.2. 

Proof: 

From 1.3 it follows by substimting Zz = {Ezl and Zj = {Ejl that: 

P(i) looks qualitatively more like {Ezl than {Ejl is equivalent to Ez t:. P(i) C Ej t:. P(i), 

because Zz and Zj contain merely one element. This is precisely the condition ofI.2. 

The preceding analysis has been restricted to the qualitative definitions; quantitative definitions can be 
similarly treated. 

The pathognomonic disease characteristic 

The following interpretation of the pathognomonic disease characteristic will be proposed. A disease 
characteristic will be called pathognomonic when a certain feamre suggests the diagnosis more accurately than 
any other symptom or sign of the disease concerned. This proposal should include also the simation that a 
clinical picmre composed of a pathognomonic sign is more suggestive for the diagnosis than any other 
combination of disease characteristics which does not encompass a pathognomonic sign. 

Definition 1.4: c is called pathognomonic with respect to Z:= c E P(i)· P(i) E Z. 

This definition expresses that patient i has complex disease profile Z if and only if the disease profile of 
patient i belongs to Z. 
When assuming that: 
(I) c is pathognomonic with respect to Z; 
(2) c E P(I); 
(3) c ~ P(2), it follows that: 

(4) P(I) E Z (on the basis of definition 1.4 and assumption (I) and (2»; 
(5) P(2) ~ Z (on the basis of definition 1.4 and assumption (I) and (3». 

Now P(I) looks more like Z than P(2) does, because from (4) and (5) it follows that 

{P(I)It:.Z C {P(2)It:.Z. 

Typical pattern of disease characteristics 

The above proposal does not take into account the possibility that a certain number of clues, none of them 
characteristic enough to be pathognomonic, but when considered in their combination suggests a disease as 
much as the presence of a pathognomonic feamre. 

An example is provided by Levine (1958, p. 10-11): "It is well known that nosebleeds occur in many normal 
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individuals and in a variety of diseases, but I know of no group of individuals who have repeated epistaxis 
(nosebleed, RV) as frequently as rheumatic children. (oo) At any rate, a history of repeated nosebleeds, together 
with other features, which may be of doubtful significance in themselves, should make one strongly suspect 
that the patient is rheumatic". 
Thus, a combination of disease features might be as suggestive for the disease as a single pathognomonic sign. 
Henceforth, such a combination will be called a typical pattern. This possibility will be briefly elaborated in 
this section. 

When T represents a particular set of disease characteristics (T.c; C; T .c; E), and further when the pathog
nomonic sign c rt T, then: 

Definition 1.5: T will be called a typical pattern with respect to 2:= T f P(i) ~ P(i) E 2. 

This definition expresses that patient i has complex disease profile 2 if and only if the disease profile of 
patient i belongs to 2. 
When assuming that: 
(1) T is a typical pattern with respect to 2; 
(2) T .c; P(I); 
(3) T 'I P(2); 
(4) c rt pel), P(2), it follows that: 

(5) P(1) E 2 (on the basis of definition I.5 and assumptions (1), (2) and (4»; 
(6) P(2) rt 2 (on the basis of definition I.5 and assumption (I), (3) and (4». 

Now pel) looks more like 2 than P(2) does, because from (4) and (5) it follows that 

(P(l)}t.2 c;: (P(2)} t. 2. 

Combining the definitions 1.4 and I.5 it follows that a clinical picture containing a pathognomonic feature 
suggests the diagnosis as much as a picture containing the typical pattern: 

If: 

c is pathognomonic with respect to 2 
T is a typical pattern with respect to 2 
c E P(I) 
Tc P(2) 
c rt P(2) 
TtP(I), 

Then: 

I{P(I)} t. 21 = 1 (P(2)} t. 21. 



Appendix II. Bibliometrical analysis of the impact of Fleckenstein's concept of calcium antagonism 

A bibliometrical analysis was performed in order to gain insight in the extent to and the mechanism through 
which the concept of calcium antagonism elaborated by Fleckenstein was accepted by the scientific and medical 
community. 
The assumption is that Fleckenstein developed the conceptofcalcium antagonism: "Major credit must be given 
to Fleckenstein for first pointing out the possibility of selective calcium inhibition".l 
However, various scientists examined the role of calcium ions in the human organism. Moreover, the concept 
of "antagonism" is a well-known pharmacological and physiological notion. Thus, the combination of the term 
calcium and antagonism is notrevolutionaryin itself. Furthermore, the issue of excitation -contraction coupling, 
described in the text, was a rapidly developing subject in cardiac physiology in the late 1950s and I960s. 
From the Five year Cumulation 1965-1969' edition of the Science Citation Index it becomes clear that various 
articles were published with titles which linked calcium and drug therapy. In 1969 the term "Antagonists & 
Inhibitors" is for the first time used in The Cumulated IndexMedicus as a subheading to the ca tegory "Calcium", 
and encompasses five articles. Two papers are published by Fleckenstein and co-workers, two other papers 
concern sodium-calcium- and calcium-magnesium-antagonism respectively, and the fifth concerns the 
inhibition by cinnarizine and chlorpromazine of the contraction induced by calcium. While the other authors 
discuss antagonism of calcium for describing pharmacological and physiological processes, Fleckenstein uses 
it to clarify a new pharmacodynamic principle. In this sense Fleckenstein can be credited with the discovery of 
this concept. 
The bibliometrical analysis comprises two methods: 
1. Counting the number of citations; 
2. Citation-context analysis. 

Counting the number of citations 

A simple computerized search in the data base Sci search (SCI = Science Citation Index) in the period 011011 
1974 -23/02/1986 - using the key-word "Fleckenstein A" - yielded 118 (cited) papers published by Fleckenstein 
(as first author) in the period 1942 - 1985. Subsequently, the number of citations of each paper was calculated 
by computer. Seven papers were quoted more than 100 times; another eight more than 50 times. 
Next, the counting of the number of citations of the seven most cited papers was repeated but now by hand on 
the basis of an analysisoftheSCI-handbooks- the analysis stretched from 1961 beingthefirstyearofpublication 
of the SCI, up till and including 1985. Some changes in the ranking according to the number of citations 
occurred, particularly so because of mistakes of the SCI -database (spelling-mistakes, wrongly given references, 
etc.) which were eliminated by the hand-made analysis. Therefore, a count by hand of the number of citations 
of the additional set of papers - being cited more than 50 times in the original set - was performed as well. As 
a result, a list of 1 0 most-cited papers of Fleckenstein and co-workers was retrieved (table A-II. 1), the criterium 
being "cited more than 100 times in the period 1961-1985". 

II III IV V Total 

1) F(1977) 140 1071 1211 Table A-II. 1 

2) F(1971a) 71 264 305 640 Citation score of most-cited papers 
3) F(1972) 32 87 126 245 of Fleckenstein 
4) F(1969) 5 90 80 175 
5) F(1971b) 2 23 47 96 168 
6) F(1967a) 47 69 46 162 

F • Fleckenstein; I: 1961-1965; 
7) F(1983) 162 162 
8) F(1968) 22 40 27 46 135 II: 1966-1970; III: 1971-1975; 
9) F(1974) 18 48 29 15 110 IV: 1976-1980; V: 1981-1985. 

10) F(1964) 43 11 11 39 105 
11) F(1967b) 13 27 14 17 71 

Total 98 304 778 2003 3184 

356 



APPENDIX 357 

One article, i.e. 11), was added because it fonned the second part of a paper of which the first part, i.e. 6), 
belonged to the "top 10".2 Citations by Fleckenstein or his co-workers (called "in house" citations) are excluded. 
Though absolute criteria for what counts as a high number of citations do not exist, a total number of more than 
1000 citations of one paper (F(1977», is extraordinarily high; this paper has been discussed as a "citation-classic" 
in the SCI(1988).Moststrikingis the difference in the total number of citations of the papers 1) and 2) compared 
with that of the other papers. This indicates that the first two papers had the greatest impact in the scientific 
communiry. Since plan and contents of both papers are rather similar, the 1977' paper may be considered as the 
'mature' version of the 1971' paper. 
The curves A, B, C, and D of figure 5.2 are based on this hand-made analysis (numbers of citations counted per 
year). 

Citation-context analysis 

A major problem with counting the number of citations is the lackofinsightinto the nature of the citation: what 
component of the paper is cited, and how is it cited. To gain deeper understanding of the way scientists referred 
to Fleckenstein's work, a citation-context analysis was performed in the following way.l 
The SCI gives the title of the citing paper, the author(s), the affiliation and the periodical in which the citing 
paper appeared. Thus, articles citing Fleckenstein's papers can be listed and retrieved from the library. 
Subsequently, that part of the citing paper which specifically refers to Fleckenstein's paper can be found and 
studied. The context of the citation was defined as the sentence immediately preceding and following the 
citation. In doubtful cases the wider context, i.e. the paragraph, of the citation was used. 
First, to restrict the large set of ci ted papers published by Fleckenstein a smaller set of papers was defined meeting 
two conditions. One condition was that the papers were acknowledged by the scientific communiry as important 
contributions to the field, i.e. being frequently cited papers. The other was thatthey represented Fleckenstein's 
work in an adequate way. 
The set of cited papers was restricted to those papers published during the period 1964 - 1971 because the 
analysis comprised the period 1973 - 1977 (to be explained below). Therefore, the papers 1), 3), 7), and 9) of 
the "top 11 "-cited papers of Fleckenstein were excluded. Further, paper 5) of the top-II list was left out because 
it concerned calcium antagonism with regard to uterus-relaxation, not to cardiovascular applications. Hence, 
six articles (2), 4), 5), 6), 8), 10) and 11) were included. Further, two papers (Fleckenstein (1967 c), (1970» were 
added because they represented essential components of Fleckenstein's research on phosphates and cardiac 
metabolism.4 As a result, eight papers were selected: Fleckenstein (1964), 1967a), (1967b), (1967c), (1968), 
(1969), (1970) and (1971). This set contains the article published in 1971 which because of its high number of 
citations may be considered important in its relation to neighboring fields, such as clinical medicine. 

The years 1973, 1975 and 1977 were selected as "mark year" for the following reasons. Firstly, the middle 1970s 
were considered particularly interesting to see whether clinicians connect basic concepts with therapeutic 
developments in their own field at an early stage. This phase is the second stage which is covered fairly well by 
the period 1973 - 1977 taking 1975 as the turning-point of the S-shaped curve D. The first stage is deliberately 
left out because based on literature analysis and interviews, the impression was that Fleckenstein's work was 
known to fewclinicians. 5 Secondly, 1973 wasin any case still an early stage as suggested by curves A and D (figure 
5.2), and the impact of the 1971 paper can be measured here. Thirdly, 1977 was taken as the final mark year 
because the qualitative results from literature-analysis and interviews suggested that late 1970s and during the 
1980s medical opinion leaders formed the mediators between experimental research and clinical medicine. 
Moreover, taking 1977 as the final mark year was practically useful in order to keep the sample of articles to be 
analyzed within reasonable limits. 

All articles citing the sample of Fleckenstein's articles in 1973, 1975 and 1977 were retrieved from Medlar's 
database by computerized SCI-search. Excluding the in-house citations the total set retrieved contains 138 
articles (with 169 references) published in 64 different journals amongst which 22 journals (33 articles) were not 
available (table A-II.2). 
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TableA-ll.2 
Number of references to the defined sample of Fleckenstein's 

articles, number of articles and journals in which 
the references and the articles appeared. 

References Articles Journals 

Total 191 150 67 

In house 22 12 8 (a) 
Relevant 169 138 64 

of which: 

outside 48 33 20 
in 121 105 44 (b) 
Groningen. 

APPENDIX 

(a) Three of these eight journals, i.e. "Annual Review of Pharmacology and Toxicology", "Klinische W ochen
schrift", "Medizinische Klinik", merely contained articles of Fleckenstein and/or co-workers. 
(b) One article (published in "Albrecht von Graefes Archiv fur klinische und experimentelle Ophthalmologie'') 
referred to an article of Fleckenstein in the list of references but not in the text. 

The decision was made to include the articles available in the library of the University of Groningen into the 
sample of the analysis. Thus, the total number of articles of the sample amounted to 104, namely 105-1 (table 
A-II.2 and note (b». These articles were published in 43 different journals and with 120 references according 
to SCI). 

Table A-IIJ shows the journals (un)available in the library of the University of Groningen and the number of 
citing articles per journal. From the table it follows that renowned journals are included in the sample and that 
the journals are equally distributed over the set of articles available in Groningen and the set of articles not 
available as far as the disciplinary origin is concerned. 

TableA-ll.3 
List of journals containing the papers citing Fleckenstein's papers categorized according to availability in 
Groningen and the number of the citing articles that appeared in the journals listed 

Acta Pharmacologica et Toxicologica 
Advances in Cyclic Nucleotid Research 
Agressologie. Revue internationale de 

physio-biologie et de pharmaco
logie appliques aux effets de 
I' agression 

Available 
III 

Groningen 

yes 
yes 

no 

Number 
of 
Articles 

5 
1 
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Angiology yes 
Annals of the New York Academy of 

Sciences yes 2 
American HeartJournal yes 1 
American Journal of Physiology yes 1 
Archives internationales de pharma-

codynamie et de therapie yes 
Arzneimittel Forschung/Drug Research yes 16 (2 I.H.) Basic 
Research in Cardiology no 5 (2 I.H.) 
Biochemical Pharmacology yes 2 
Biochemical Society Transactions yes 1 
Biochimica et Biophysica Acta yes 2 
Brain Research yes 1 
British Journal of Pharmacology yes 6 
British Medical Journal yes 1 
Canadian Journal of Physiology and 

Pharmacology yes 1 
Cardiovascular Research yes 3 
Circulation yes 3 
Circulation Research yes 2 
Comparative Biochemistry and Physiology 

c.comparative pharmacology no 
Cryobiology. Journal of the Society 

for Cryobiology no 
Deutsche Medizinische Wochenschrift yes 
Diabetes. The Journal of the American 

Diabetes Association yes 
Endocrinology (Los Angeles) yes 
European Journal of Clinical 

Pharmacology yes 1 
European Journal of Pharmacology yes 9 
Experientia yes 2 
Experimental and molecular Pathology yes 1 
Gastroenterology yes 1 
General Pharmacology no 1 
Herz-Kreislauf no 5 (1 I. H.) 
Internist yes 1 
Japanese HeartJournal no 3 
Japanese Journal of Pharmacology no 5 
Japanese Journal of Physiology no 1 
Journal of the American Veterinary 

Medical Association no 
Journal of Endocrinology yes 
Journal of Molecular and Cellular 

Cardiology no 4 
Journal of Pharmacology and Experimental 

Therapeutics yes 8 
Journal of Physiology yes 3 
Lancet yes 1 
Life Sciences yes 1 
Lyon Medical no 1 
Metabolism. Clinical and Experimental yes 1 
Monatschrift fur Kinderheilkunde yes 1 
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Naunyn-Schmiedebergs Archiv fur 
experimentelle Pathologie und 
Pharmakologie 

Pfluegers Archiv fur die gesammte 
Physiologie 

Pharmazie 
Pharmacology and Therapeutics. 

b. general and systematic 
pharmacology 

Pharmacology and Therapeutics. 
c. clinical pharmacology and 

therapeutics 
Physiologia Bohemoslavaca 
Postgraduate Medical Journal (London) 
Proceedings of the Society for 

experimental Biology and 
Medicine (New York) 

Progress in Cardiovascular Diseases 
Research Communications in Chemical 

Pathology and Pharmacology 
Sbornik Lekarsky (Praag) 
Scandinavian Journal of Clinical and 

Laboratory Investigation 
South African MedicaIJournal 
Surgical Forum 
TohokuJournal of Experimental Medicine 
Virchows Archiv fur pathologische 

Anatomie und klinische Medizin 
Zeitschrift fur Gastroenterologie 

* I.H. = "in house" citations. 

yes 

yes 
yes 

no 

no 
yes 
no 

yes 
yes 

no 
no 

yes 
no 
yes 
no 

yes 
no 
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11 (2 I.H.) 

7 (3 I.H.) 
1 

2 
1 

In order to check that the decision to include only articles available in Groningen didnot affect the sets of articles 
distributed over the mark years unequally, table A-II.4 may be constructed. 

Table A -11.4 The distribution of the number of articles citing Fleckenstein's pa pers included in the sample over 
the sets of articles available respectively non-available in Groningen 

Availability in Groningen 

Yes No Total 

1973 18 6 24 
1975 45 12 57 
1977 41 15 56 

104 33 137 
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From table A-II.4 it follows that the references to both categories of articles, i.e. available and non-available, 
are distributed reasonably well. 
Finally, the articles referring to Fleckenstein were classified as "(animal) experimental", "human-experimental" 
and "clinical-therapeutic". The second category, i.e. "human-experimental", designated the exploration of 
mechanisms of actions or pathogenetic mechanisms in human subjects; the third, i.c. "clinical-therapeutic", the 
assessment of therapeutic efficacy in patients. 
The passages in the articles in which Fleckenstein's work was referred to, that is, the "citation-contexts"6, were 
also classified into three categories: 'experimental', 'conceptual' and 'therapeutic' as illustrated by the following 
examples: 

a. experimental: specific experimental results or conditions are referred to, for example: 

"Fleckenstein (1971) has demonstrated an increase in calcium influx into the isoproterenol-induced necrotic 
heart .. "7; 

b. conceptual: the concept of calcium antagonism is quoted from a pharmacological, biochemical or 
physiological perspective, for example: 

"( .. ) nifedipine, which inhibits the transmembrane calcium influx during excitation without affecting the 
simultaneous sodium movements (Fleckenstein 1971; Fleckenstein et al. 1972)( .. )"8 

c. therapeutic: the concept of calcium antagonism is quoted with respect to therapeutic applications, for 
example: 

"The antiarrhythmic properties of verapamil have been explained by interference with calcium conductance 
(Fleckenstein, 1968)."9 

In this way table 5.2 is obtained. 
The difference between the numbers of references in the table presented in the text and table A-11.2 is due to 
the fact that during the analysis articles containing two or more references in the text were found - this was the 
case for 46 articles of the set (= 104 articles). 

Notes appendix n. 

1. Singh (1980). 
2. One article published in 1953 with 116 citations was excluded from the analysis. It concerns an article about 
the classification of sympathomimetic amines based on experimental research by Fleckenstein carried out as a 
Bri tish Council Exchange Lecturer at the Department of Pharmacology at the U niversi ty of Oxford. This article 
has no (direct) influence on Fleckenstein's research on calcium antagonists and calcium antagonism. 
3. Cozzens (1985); Dolman and Bodewitz (1985). 
4. Both papers being full articles were selected from a total number of42 papers published by Fleckenstein and 
co-workers in the period 1964-1971 (and cited). The other papers being abstracts, monographs and/or dealing 
with other subject, and not available in the library of the University of Groningen were excluded. 
5. In addition, Fleckenstein charged the medical world with the deplorable lack of acquaintance with his work; 
furthermore, the first series of Adalat-symposia which was attended by pharmacologists, physiologists and 
clinicians Fleckenstein was actually the "only one" who used the word calcium antagonism (Fleckenstein, pers. 
comm.). 
6. The citation-context was defined as the sentence in the article referring to Fleckenstein, and the sentence 
before and after this sentence. In doubtful cases the passage was taken as the citation-context. 
7. Varley and Dhalla (1973), p. 103. 
8. Refsum and Landmark (1975), p. 374. 
9. Silvertssen et al. (1975), p. 605. 



Appendix III. Bibliometrical analysis of Charlier's" Antianginal Drugs" 

In this book Charlier reviews the state of affairs regarding anti-anginal drugs. After a general overview of 
basic concepts, pathophysiology, hemodynamics and pharmacological and clinical methods for investigat
ing and evaluating anti-anginal drugs (117 pp.) he discusses the pharmacological and clinical features of 
antianginal drugs. In his review of each group of preparations - subdivided in individual members - he 
discusses experimental and clinical observations hereby referring to articles in the relevant fields. Propra
nolol was chosen being the representative of the beta-adrenoceptor blocking agents, the five compounds 
mentioned in the text being the representatives of the coronary vasodilators. Since the book appeared in 
1971, Charlier's review of the literature in 1970 and 1971 was considered to be incomplete and 1969 
was chosen as the final mark year. Since dipyridamole was marketed in 1959 and the other four coronary 
vasodilators selected were developed during the 1960s, the period of 1959 - 1969 was chosen. 
The analysis comprises a text-analysis while selecting and investigating the references made by Charlier in 
the text. 

The following procedure was followed. 
1. The sample of articles was formed by selecting those articles Charlier referred to in passages dealing 
with angina pectoris, and excluding those dealing with myocardial infarction, cardiac arrhythmias, etc. For 
example: articles referred to by Charlier when stating "Although its antianginal effect has been ... "; and "As 
regards the effect of .... on angina pectoris subjects ... " were included. Doubtful cases such as " .. .in the 
treatment of cardiac pain in particularly painful cases of acute infarction" were excluded. 
2. The retrieved articles were classified as experimental or clinical. By definition, an article was catego
rized as clinical whenever Charlier explicitly referred in the text to a clinical situation: "According to ... , 
the beneficial effect of ... on the angina subject .. "; " ... of favorable results to be achieved (102 patients),,; 
"With 41 patients ... "; "Eight clinical tests have been carried out double-blind ... "; and so on. Otherwise, 
articles were classified as experimental. 
3. The journals in which the articles were published were headed according to origin: "Anglo-American", 
"German" and "Other". The placement of articles matched fairly well the location of the laboratory or 
clinic of the authors concerned meaning that Anglo-Saxon doctors published in Anglo-Saxon journals and 
German doctors in German journals. 
4. Clinical articles were classified as positive or negative whenever Charlier explicitly referred to them as 
yielding beneficial or negative clinical results with the concerned drug in anti anginal treatment: "The 
efficacy of....is likewise beyond doubt in the opinion of other clinicians"; "Although its antianginal effect 
has been denied by cenain ... authors, especially under double-blind conditions ... other clinicians .... claim 
that this drug is effective as preventive treatment against anginal attacks". Doubtful cases as " .. .led its 
authors to consider the anti anginal effect ... as being very relative" or articles referred to by Charlier as 
positive at one place but negative at another were labeled as 'exploratory'; the same applies to articles 
discussing specific aspects or pathogenetic mechanisms. 

This bibliometrical procedure was checked by analyzing the articles about dipyridamole as reviewed by 
Charlier by perfonning an independent evaluation of the articles about dipyridamole using the same 
categories (angina pectoris, positive, negative, etc.). Charlier reviewed 39 articles about dipyridamole 
which were retrieved from the library: 33 articles concerned dipyridamole whereas 6 concerned dipyrida
mole in combination with a sedative. These six articles were excluded from analysis. Moreover, from the 
set of 33 articles another four articles were excluded: one article could not be located in the journal 
referred to by Charlier; the other three were published in journals not available in the Netherlands. The 
results obtained by the author's analysis matched the results of the bibliometrical analysis of Charlier's 
textbook. 
Charlier's sample ofverapamil (see 5.3.) was also checked and with the same result. Verapamil was left out 
from the analysis being discussed as a coronary vasodilator and as a beta blocker. 
Further, through a computerized search in MEDLARS database using the name of the drugs respectively 
and angina pectoris as key words, the articles published during 1966-1975 were retrieved. The cross-check 
between Charlier's and the computer's sample has been conducted for the years 1966-69. 
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Charlier's review is reasonably complete, considering that his sample covers about 65% of the sample 
retrieved by computer, and even about 85% if articles in East-European, Spanish or Italian language are 
excluded. Charlier's sample can be considered as well representing the Anglo-American and German 
medical world. 
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NAME INDEX 

Ablad 101, 109, 115, 120 
Ahlquist 71-73, 75-77, 83, 97-98, 100, 104, 119 
Albert 74 
Ambrose 6 
Aphthorp91 
Arieos 74 
Aristotle 251 
Austel 243-244 
Bacon 33 
Barber 276 
Barger 73 
Barrett 87, 89-90, 93, 95,101,103,110,121, 

126-127 
Bateman 127-129 
Bayes 49 
BeecherS,162 
Bender 138, 191 
Bemtsson 110 
Bignami 260, 263 
Black 72, 77-78,81-85,87,89,91,97,101,106, 

119-120 
Bradshaw 29 
Brauer 202 
Braunwald 99,103,169,198 
Bricks 95 
Brittain 95 
Bruel213 
Brunner 118 
Brunton 186-187 
Btichner126,207-208,210 
Burley 118 
Cannon 83, 111 
Carlsson 100-101, 108, 110,274 
Carrier 75 
Chamberlain 91-92, 164-165,206 
Charlier 125,193,195 
Church 35, 38 
Clark 74 
Clymer 10 
Cochrane 4 
Cohen 178 
Collins 248, 250 
Corrodi 108 
Coumand 198 
Crowther 84-86 
Dale 71-73, 91-92 
Davey 103,242 
Delius 214 
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Dengel 135 
Dexter 159 
Dollery 91, 165, 184 
Domhorst 84-85, 89, 205 
Dresell04 
Drews 241-242 
Drill 83 
Dunlop 95, 98 
Engelhardt46,99-100, 216-218,220-222,225,237 
Favorolo 161 
Feinstein 6, 46-47 
Fildes 74 
Fisch 190 
Fitzgerald 89, 92,101,103,121,126-127 
Fleck 47 
Fleckenstein 123, 126, 129-136, 138, 140, 150, 

152-154,201 
Fletcher 3-5, 17 
Florian 199 
Folkow 107, Ill, 113 
Forsberg 114 
Foumeau 84, 110 
Friebel 205 
Friedberg 158-159, 163, 167-168, 176, 198 
Froment 213-214 
Furchgott 74, 76 
Gaddum 74 
Gazes 174 
Gebhardt 126 
Gill 86 
Gillam 91, 93 
Gilman 187 
Gonin 213 
Goodman 187 
Goodwin 92 
Gorlin 177 
Grandjean 118 
Graubner218,221-222 
Gregg 82,189 
Greiner 5 
Gross 118,276 
Gruber 193 
Haas 124 
Hacking 33-34, 264 
Hamilton 75 
Harrison 91, 198 
Harvey 188, 196, 199 
Haynes 16 



366 

Heberden 157-158, 173 
Hegglin 201 
Heilmeyer 202 
Herxheimer 4 
Hess 199 
Hillis 169 
Hofmann 208 
Holzmann 208-209 
Hope 197 
Howe 85 
Hurst 198 
Idiinpiiiin-Heikillii 11 
Imhoff 118 
Jack 95, 99-100 
Johnsson 114 
Juhl4 
Kaltenbach 191,202 
Kant 277 
Kattus 188 
Katz 161-162, 189, 199 
Kaufmann 199 
Keller 214 
Kennedy 10, 12 
Kepler 31 
Kirchhoff 202 
Klaes 7 
Klepzig202 
Knipping 191, 202 
Konig 202 
Koppe 216-222, 224, 237 
Kreutzer 190, 192 
Kronenberg 135, 140 
Kiibler 178-180 
Kuhn 246, 267 
Kutter 243-244 
Lands 96-101,116-117 
Langley 29-30, 32, 34, 71 
Lanz 193 
Larsen 106 
Lasagna 2, 256 
Lawrence 91 
Levine 210 
Levy 95, 97-98, 100, 102 
Lewis 2,164-165 
Lichterfeld 220, 222-223, 225, 237 
Lichtlen 140, 190 
Lie 187 
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functional-organic 212 
impending infarction 170- 171 
implikative Kardialgie 214 
intermediate syndrome 167, 170-171, 173 
nervous theories 187, 193 
nervous-vasomotor paradigm 192 
nocturnal angina 177 
nonexertional angina 173 
organic-functional 210 
organic-functional 209 
pathological-biochemical theories 193 
physical therapy 223 
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Bay a 1040 135 

369 



370 

Bayer 135, 140, 148 
Benign vasodilation 189, 192 
Benzodioxan-analogues 88 
benzodioxanes 73 
Berotec 216 
Beta blockers 38-40, 71, 94,140 
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diltiazem 35, 37, 39,123 
dimethylisopropylmethoxamine 95 
dipyridamole 124, 126, 135, 142, 181, 192, 196,216, 

222,227,232,236,261 
Discovery 29, 31 
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selectivity 272, 275-276 
serendipity 28-29, 33-34, 264 
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theory-practice 91,164,251,262,274,276--277, 
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trial and error 243 
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view of 1,10-14,18-19,21,28-29,71,83 

Drug regulation I, 4, 6--7, 11, 18, 277 
Drug development 21 
Drug-receptor theory 76, 97, 99-101 

affinity 74, 112 
agonist-antagonist 74-76 
intrinsic activity 75, 112 
methodology 76 
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partial agonist 89-90,112 

Drug utilization studies 279 
Effort syndrome 223 
Effortil212,216 
Electrocardiography 159, 163, 174, 189 
Eli Lilly & Co. 72,91,104,112,119 
Energy state of the heart 130-131, 134, 136 
ephedrine 75 
Ergonovine test 169 
Eurrhythmic 64-68 
Ex juvantibus logic 260, 263-264 
Excitation-contraction coupling 131, 133 
Exercise test 159, 163, 189 
Exercise therapy 231, 234 
Exercise-induced tachycardia 90,102,128, 146 
Experiment 

philosophy of 33-34, 264-265 

Expert systems 32, 265 
Extra-cardiac interpretation 103-104 
fenoterol 100,216,224 
Food and Drug Administration 7-12 
Functional heart disorders 234-235 
Functional-ergometric studies 223 
Gallopamil 135 
Ganglion blocking drugs 83, 90 
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also Knowledge,general 
H64/55115 
H 93/26 116--117 
H 64/52115-116 
H 56/28110,114-115 
H 35/25 95,115-116 
H 29/50 109, 112 
H87/07116--117 

Heart failure 57, 60, 70 ,87, 93, 104, 112, 118, 121, 
128,132,196,198-199,201-203,223-224, 
227,234 

angina pectoris and heart failure 204 
biochemical hypotheses 201 
cardiac insufficiency 224 
congestive heart failure 197-198,201,205 
deficiency-insufficiency (Mangelinsuffizienz) 

130-132 
digitalis therapy 206 
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early failure (Friihinsuffizienz) 202-203 
early digitalization (Friihdigitalisierung) 206 
energetic insufficiency 201 
ergometric approach 202 
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202-203,205 
failure at rest (Ruhe-insuffizienz) 202, 205 
grade 1 and grade 2 205 
Herzinsuffizienz mit Stauung 197 
immanent-manifest 198,234,236 
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234 
latent failure (Latente Insuffizienz) 202-203 
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myogenic dilation (Myogene Dilatation) 200 
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pressure-load and volume-load 200 
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regulative enlargement (Regulative 
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130-132 
Hemodynamic concept 160, 163, 167, 182-184, 188, 

192,198 
Heuristic rules 30-32, 59, 61, 67-68, 70 
Heuristic principle 149-150 
High-energy phosphates 130, 192 
Hoechst 124, 129 
Hyperkinetic heart syndrome 91, 223 
Hypersympathicotonic heart disorders 223, 234 
Hypersympathicotony 82, 177 
Hypertension 83, 90-91, 164 
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ICI 50232 94 
ICI4584788 
ICI 50172 92, 94 
ICI 45763 88-90 
ICI 38174 85 
ICI 45520 85-86, 88 
imidazolines 73 
Imperial Chemical Industries (ICI) 72, 81, 90, 92, 95, 

102-103,110,117,119,121-122,127-128, 
220,224 

indole 243 
Induction 16, 30 
INPEA 100, 110 
Intra-cardiac interpretation 103 
Intravenous beta blockade 92-93,102-103, 121 
Intrinsic sympathomimetic activity 77, 89-90, 102, 

105,109-112,117-118,120-121,223,235 
Isomers 92, 152, 223 
isoprenaline 72, 100, 102-103, 106, 112, 114, 128, 

216,218,229 
Isoprenaline antagonism 220-221, 223 
Isoprenaline-induced tachycardia 102, 128, 146,221 
isoxsuprine 105 
khellin 188 
Knoll AG 124-126, 129, 135, 139 
Knowledge 

application 246, 254-255, 262, 268, 273-274 
coincidence 273-274 
communication 277 
exemplar 246-247 
explicability 248-249 
finalization 268 
fundamental-applied 273 
real-life exemplar 251, 253 

reductionism 267, 270-271, 273 
sentential-pictorial 33 
tacit 248-249, 260 
transfer 273-274, 276 

Kii 582 221, 233 
Kii 581219 
Kii 446217-218,227,229 
Kii 592100,219-227,230,233-236 
Lead compound 21-22, 62, 243 
Lead development 21 
Lead generation 21 
Lg 32185,219,222-223 
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Local anaesthetic action 86-87, 91-95,127,139, 
150, 152 

Logic of discovery 17 
Mead Johnson 92, 105-106, 119 
Mechanistic approach 163 
Medical knowledge 6, 246 

abstract 251 
accumulated 250, 258-261, 276 
causal relation 247, 271 
collective 251, 253, 260 
concrete 251 
convergence-divergence 272 
cultural differences 4-5,7,22,125,279 
detached 251, 253 
generaI46-47,50,250-251,253-254,260,275 
generation-validation 5, 15-17, 19,29,279 
inclusive attention 251 
normal-pathological 273 
particular 46-47,50,250-251,255,260 
practical 253, 260, 275 
probabilistic 255 
selective attention 251 
sources of 11,14, 18-19 
taxonomic 247;see also classification 
theoretical 251 
theory-practice 4, II, 19,48,250,259,261-262, 

267,279 
Medical Research Council 2 
Membrane stabilizing action 77, 86,121 
metoprolol39,72, 117, 120 
Mitral stenosis 91 
MJ 1998106 
MJ 199994,100, 106, 110, 126, 132 
MJ 1996106 
MJ 1993 106 
MJ 1992106 
MJ 1991106 
MJ 1995 106 
Molecular modification 22-23, 239 
Myocardial infarction 39, 91. 161. 164-165. 

170-171, 187 
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N-isopropylmethoxamine 95-96 
N-tertiary butylmethoxamine 95 
Negative chronotropic effect 225 
Negative bathmotropic effect 225 
Negative inotropic action 132-134,220,225-226 
Neurocirculatory asthenia 210 
nifedipine 35, 37, 39,123,140-142,148-150,181 
nitrates 140, 189 
nitrites 78,142,147-148,150,178,181,186,188, 

192 
nitroglycerin 135, 168, 170,208,261 
noradrenaline 75,108,112,216,274 
orciprenaline 100,216,218,229 
oxprenolol72, 100, 102, 110, 118-121,235 
oxyfedrine 232 
papaverine 124, 188 
Paradigm 267 
Particularization of knowledge 255, 257, 275-276; 

see also Knowledge,particular 
Patent application 224 
Pattern 30, 32, 35, 47, 49, 51, 66, 263, 275 
Persantin 190, 216, 227 
Pfizer 102, 124, 127-128 
Pharmaco-epidemiology 11,279 
phenethanolamines 105-106 
phenmetrazin 216 
phenoxybenzamine 84, 89, 104 
phenoxyethylamines 73 
phentolamine 104, 106 
pindolol 100, 102, 117 
Placebo 1-2,5, 161,262 
Platt-Pickering-debate 164 
Post-Marketing-Surveillance 9,11-12,18,279 
Practical-experimental type of research 102 
Practolol 11 
practoloI92-93, 95, 98, 100-104, 116--117, 119, 

121-122 
Preludrin 216 
prenylamine 124, 126, 130, 132-135, 150, 152 
Problem space 30, 32 
procainamide 108 
procaine 86 
Profile 35-41, 44-45, 48-52, 239, 243-247 

angina pectoris, of; see Angina pectoris 
basic features 52 
biochemical 274 
clinical 274 
disease profile 174, 180,227,241,258,264 
drug profile 174, 180,227,241,277 
functional profile 65--66, 68, 239 
heart failure, of; see Heart failure 
operational functional profile 64, 66 
operational profile 67, 242, 244 

operational structural profile 64 
restricted 240 
scientific role 245, 248 
set theory 52--61, 67-70 
structural profile 65--67, 239, 243 
structural-functional 63--64 
symmetric difference 62, 70 
wished for drug profile 69 
wished for functional drug profile 70, 241 
wished for functional profile 64 
wished for profile 42, 63, 67--68, 70, 241-244 
wished for structural profile 64 

Profiling 
experimental 77, 79 
process of rapprochement 62, 70, 180-181, 239 
therapeutic 78-79 
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pronethalol 72, 78, 84-88, 90-91, 93-94, 96, 98, 100, 
105-106,108,117,126,130-132,134, 
220-221,223,230 

Prontosil 74 
propranolol 39, 72, 78, 85-88,90-95,98, 100, 

102-104, 110, 113-115, 117, 120-121, 
126--129, 132, 134, 140, 147, 150, 152, 181, 
185,194,220,224-226,234,236 

Prototype; see classification 
quinidine 86, 107-108, 135, 140, 150, 152,220,223, 

225,229,233-234 
Quinidine-like action 86--87, 127, 129, 152 
Randomization 5, 9, 16,262 
Rational approach 22-23, 243 
Research program 267-268 

design program 270 
guide-program 268-269 
hierarchical model 269 
interaction model 269 
supply-program 268-269 

reserpine 112 
Rules 

formal 59, 240-241, 244 
heuristic 58--60, 67-68,149-150,240-244,248 

salbutamol99-100 
Scientometric analysis 3, 97-98 
Screening 22, 239-240, 243 
Segontin 132, 152, 190 
Selective beta blockade 94-95, 98,100,102,104, 

109,115-117 
Serendipitous findings 22-23, 264; see also drug 

discovery 
Skills 248-249 
Soldier's heart 223 
sotalol92, 95,106,152 
Spasm theory 192-193 
Starling'S Law of the Heart 196--200 
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Starnberg group 267-268, 273-274 
Steal-phenomenon 142 
Structure-activity-relationship (SAR) research 73, 

85-86,90,104,239,242 
Subaortic hypertrophic stenosis 91 
sulfanilamide 74 
sulphonamidophenethanolamines 106 
Supply-demand balance 142-143, 177,211 
Sympathetic nervous system 82-83, 92,169,182 

dysregulation 203,211 
Fehlsteuerung 211 
hyperactivity 90,169,211 
hypo-activity 211 
imbalance 211 
irritability 169,211 
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stabilizers 212 
sympathectomy 83,91-92,120,198,227,235 
sympathetic drive 92,112,114,134,146,177 
sympathetic control 111-114 
Vegetative Umstimmung 212, 235 

Sympatol212,216 
Taxonomy: see classification; see also medical 

knowledge (taxonomic) 
terbutaline 1 ()() 
Th293221 
thalidomide I, 7, 9 
Therapeutic assessment 1,5,6 
Three-layer-model of knowledge 259-260; see also 

medical knowledge 
Toulmin's map of (medical) knowledge 25G-254, 

279 
Utilization-insufficiency 13G-131 
Vasculat 216 
Vasoregulatory asthenia 187, 223 
Vegetative dystonia 213-214,223 
Vegetative dysreguIation 212-213, 223-224 
Ventricular fibrillation 107, 119 
verapamil35, 37, 39, 123-130, 132-135, 138-142, 

146-150,152,181 
Walk-through phenomenon 166, 182 
xanthine 188 
yohimbine 73 
zimelidine 11,274,275 
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