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Abstract  
 
The paper begins by suggesting that the discovery of a theory involves not just the 
formulation of a theory, but some degree of justification of the theory as well.  This 
will be illustrated by the example of the discovery of the special theory of relativity 
by Einstein. 
 The paper then goes on to apply this approach to medicine.  The discovery of 
a cure involves first the formulation of a theory to the effect that such and such 
procedure will result in the disappearance of a disease or condition without 
unacceptable harm to the patient.  The discovery is not complete until a theory of this 
form (a cure theory) has been confirmed empirically.   
 The final section of the paper will illustrate this general view of discovery by 
two case histories.  The first is the discovery of the statins.  The second concerns the 
drug thalidomide. 
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1. The Distinction between Discovery and Justification 
 
This paper is about discovering cures in medicine, and I will begin by saying 
something about discovery in general.  In the writings of philosophers of science 
about discovery, there are two favourite themes.  The first concerns the mysterious 
notion of serendipity.  I will say something about this in section 5.  The second is the 
distinction between discovery and justification.  Many philosophers of science think 
that this distinction has a fundamental importance.  So let us begin by considering a 
classic statement of the distinction, which is to be found in Popper’s (1934) The Logic 
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of Scientific Discovery.  Popper writes (1934, p. 31): [83] (Numbers in square 
brackets are the page numbers of the published version.) 
 

 … the work of the scientist consists in putting forward and testing theories. 
The initial stage, the act of conceiving or inventing a theory, seems to 

me neither to call for logical analysis nor to be susceptible of it.  The question 
how it happens that a new idea occurs to a man1 - whether it is a musical 
theme, a dramatic conflict, or a scientific theory – may be of great interest to 
empirical psychology; but it is irrelevant to the logical analysis of scientific 
knowledge.  This latter is concerned not with questions of fact (Kant’s quid 
facti?), but only with questions of justification or validity (Kant’s quid juris?).  
Its questions are of the following kind.  Can a statement be justified?  And if 
so, how?  Is it testable?  Is it logically dependent on certain other statements or 
does it perhaps contradict them? 

 
 So for Popper discovery and justification of scientific theories are treated by 
two different disciplines – discovery by empirical psychology, and justification by the 
logical analysis of scientific knowledge, i.e. by philosophy of science as it was 
understood in the days of the Vienna Circle. 
 Popper adds some emphasis to this position in the following passage (1934, 
p.32): 
 

… my view of the matter, for what it is worth, is that there is no such thing as 
a logical method of having new ideas, or a logical reconstruction of this 
process.  My view may be expressed by saying that every discovery contains 
‘an irrational element’, or ‘a creative intuition’ in Bergson’s sense.  

 
These passages from Popper contain some slightly curious features.  It is 

surprising to find, in the second passage, Popper citing Bergson with approval.  It is 
perhaps still more surprising to find Popper in the first passage emphasizing 
justification (Kant’s quid juris?).  Later in his life Popper was to declare that he 
opposed all forms of justificationism.  Here, for example, is a passage from Popper’s 
Realism and the Aim of Science (1983, p. 19): 
 

I assert … that we cannot give any positive justification or any positive reason 
for our theories and beliefs. … the belief that we can give such reasons … is 
… one that can be shown to be without merit. … my solution to the central 
problem of justificationism … is … unambiguously negative … 

 
 So Popper seems to have moved away from the discovery/justification 
distinction which he made in his 1934.  I too once held that this distinction was a 
valid one, but have recently also moved away from it, though for reasons different 
from those of Popper.  In fact I have been influenced here by Carlo Cellucci’s account 
of discovery in mathematics (see Cellucci, 2013).2  Cellucci focuses on discovery in 
mathematics, while here I want to focus on discovery in the natural sciences and 
medicine.  In both the natural sciences and medicine, I am assuming that the 
justification of a theory is given by the degree to which it is empirically confirmed or 

                                         
1 1934 was earlier than the rise of feminism. 
2 I benefited from an email correspondence with Carlo Cellucci just before writing this paper. 
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corroborated.3  Instead of discovery and justification, therefore, I will speak of 
discovery and confirmation. [84] 
 Popper speaks of ‘conceiving or inventing’ a scientific theory.  I will instead 
use the expression ‘formulating a scientific theory’.  My main point is that 
formulating a scientific theory is not the same as discovering a scientific theory.  
Once such a theory has been formulated, it is compared to the evidence available and 
also to new evidence which may be collected in order to assess it.  Only if the theory 
is confirmed sufficiently by such evidence in order to persuade the majority of the 
relevant scientific community to accept it, can the theory be said to have been 
discovered.  If the theory is instead strongly disconfirmed by the evidence, we do not 
say that it has been discovered, even though it has been formulated.  So discovery of a 
scientific theory involves both formulation and subsequent confirmation.  Thus 
discovery and confirmation overlap rather than being separate.   
 I still think, however, that there is a distinction between discovery and 
confirmation, and that we cannot reduce confirmation to discovery.  This is because, 
once a theory has been discovered, scientists continue to compare it to empirical 
evidence, and such further comparisons may result in either confirmation or 
disconfirmation, even though this stage of confirmation or disconfirmation has 
nothing to do with the discovery of the theory.  For example, Newton’s theory was 
formulated by Newton and published by him in 1687.  By the early 18th century, 
Newton’s theory had been sufficiently strongly confirmed empirically to be accepted 
by the majority of the scientific community.  By that stage, therefore, we can say that 
the discovery of the theory was complete.  More than a century later in 1846, the 
discovery of Neptune gave additional confirmation to Newton’s theory, but this 
confirmation has nothing to do with the original discovery of the theory which had 
occurred long before. 
 This completes my account of the relation between discovery and justification 
(confirmation) for scientific theories.  In the next section, I will illustrate it with the 
well-known example of Einstein’s discovery of special relativity.  Then in the rest of 
the paper, I will apply this approach to the discovery of cures in medicine. 
 
 
2.  Example of Einstein’s Discovery of Special Relativity 
  
Most textbooks of special relativity begin by describing the Michelson-Morley 
experiment of 1887.  Although this was important in providing evidence for 
Einstein’s theory of special relativity, it was certainly not the stimulus, which 
produced it.  The null result of the experiment was explained by the Lorentz-
Fitzgerald contraction, and 18 years elapsed from 1887 until 1905 when Einstein 
published the special theory of relativity.  The stimulus for special relativity was a 
series of remarkable discoveries which occurred in the decade before 1905.4  In 1896 
Becquerel discovered that uranium emits radiation.  This phenomenon of radioactivity 
was investigated by the Curies from 1898, and they discovered radium.  Rutherford in 
1899 began his [85] investigations of radioactivity, and distinguished between α- and 
β-rays.  Meantime J.J.Thomson had made the most important discovery of all, that of 

                                         
3 In this paper I will use confirmation and corroboration as synonyms, though Popper uses them with 
different meanings. 
4 In this account of the discovery of special relativity, I have taken much information from Arthur I. 
Miller’s classic (1981).  My account is given in more detail in Gillies (2016). 
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the electron.  This particle seemed to be the bearer of electric charge, but its mass was 
soon estimated to be more than 1500 times less than that of the lightest particle 
hitherto known.  In 1900 Becquerel connected J.J.Thomson’s discovery with that of 
radioactivity by showing that β-rays were streams of electrons.  The novelty of these 
discoveries should be emphasized.  They had shown the existence of hitherto 
unknown entities, and the laws governing these entities were completely unknown. 
 It was natural then that the physics community should from 1900 put forward 
radically new ideas to explain these radically new phenomena.  The first such idea 
turned out to be incorrect, but had many followers initially.  This was the 
electromagnetic world picture which was proposed by Wien in 1900.  In the 19th 
century, mechanics had been regarded as fundamental.  Maxwell tried to explain 
electricity and magnetism in terms of mechanical models.  Wien’s idea was that one 
should do the opposite and explain mechanics in terms of electromagnetism.  The 
hope was that matter would be ultimately reduced to electrical charges and the aether.   
 Applying these ideas to the electron, it seemed possible to explain at least part 
of its mass as originating from the electromagnetic field.  This electromagnetic mass 
turned out to have rather curious properties.  First of all it varied with the particle’s 
velocity.  Secondly it had a different value when the particle’s velocity was in the 
same direction as its acceleration (longitudinal mass) from its value when the velocity 
was perpendicular to its acceleration (transverse mass).  The electromagnetic world-
picture naturally suggested that the mass of the electron might be entirely 
electromagnetic in character, and it was this hypothesis which an experimenter in 
Göttingen (Walter Kaufmann) set out to investigate. 
 Kaufmann borrowed from the Curies a radium chloride source only 0.2mm 
thick.  The β-rays, i.e. streams of electrons, from this source were found to move at 
velocities exceeding 0.9c, where c = the velocity of light (Miller, 1981, p. 48). Thus 
Kaufmann was investigating a phenomenon where relativistic effects might become 
noticeable.  He concluded in 1902, as a result of his experiments, that the electron’s 
mass was purely electromagnetic in character.  This was obviously a great success for 
the electromagnetic world picture. 
 A colleague of Kaufmann’s at Göttingen was a theoretical physicist (Max 
Abraham) who was an adherent of the electromagnetic world picture.  In the years 
1902-3 he developed a theory in which the electron was a rigid charged sphere, whose 
mass was entirely electromagnetic in character.  He calculated the longitudinal and 
transverse mass of such an electron.  Indeed Abraham was the first to introduce the 
terms longitudinal and transverse mass. 
 In his 1905 paper, Einstein adopted an approach quite different from 
Abraham’s.  Instead of trying to reduce mechanics to electrodynamics, Einstein 
introduced a new mechanics, which differed from Newtonian mechanics, and was 
based on two postulates.  The first of these was the principle of relativity, and the 
second the principle of the constancy of the velocity of light.  From his new 
mechanics, Einstein derived formulas for the longitudinal and transverse masses, not 
just of the electron, but of any moving body.  These formulas, however, differed from 
[86] Abraham’s but agreed with the formulas which Lorentz had produced in 1904 
from the hypothesis of a deformable electron.  Kaufmann therefore decided to carry 
out another set of experiments to distinguish between the theory of Abraham on the 
one hand and those of Einstein and Lorentz on the other.  He published his results in 
1906 and these agreed with Abraham’s formula for the transverse mass of the 
electron, but disagreed with the formula of Einstein and Lorentz. 
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 Let us pause to analyse the situation in terms of our scheme regarding the 
discovery of scientific theories.  Both Abraham and Einstein had formulated scientific 
theories.  Abraham’s was the theory of the rigid electron, and Einstein’s the theory of 
special relativity.  These theories had then been tested experimentally.  Abraham’s 
had been confirmed, and Einstein’s disconfirmed.  It should be added, however, that 
Kaufmann’s experiments were not the only relevant evidence available.  In the period 
1902-4 some further aether drift experiments had been carried out using quite 
different set-ups from that of Michelson-Morley and achieving higher levels of 
accuracy.  They had all produced a null result.  Rayleigh had carried out an 
experiment in 1902 which achieved an accuracy of one part in 1010.  This experiment 
was repeated in 1904 by Brace who achieved an accuracy of one part in 1013.  
Another quite different experiment was carried out in 1903 by Trouton and Noble, 
again with a null result (Miller, 1981, p.68).  Abraham’s theory, however, predicted a 
positive result within the limits of accuracy of Rayleigh and Brace.  Einstein’s theory 
naturally predicted a null result in all cases.  At this stage, therefore, the evidence was 
mixed.  Some of the evidence confirmed Abraham and disconfirmed Einstein, while 
other parts of the evidence disconfirmed Abraham and confirmed Einstein.  I think it 
is fair to say that nothing had been discovered at that stage. 
     The evidence was soon, however, going to swing in favour of Einstein.  In 
1908, Bucherer carried out further experiments on electrons moving with high 
velocities, which avoided some of the flaws in Kaufmann’s experiments.  This time 
the results agreed with Einstein’s formula for transverse mass, and disagreed with 
Abraham’s.  Within a decade or so, Einstein’s theory of special relativity had come to 
be accepted by nearly all physicists, whereas Abraham’s theory of the rigid spherical 
electron was largely forgotten. 
 We can therefore sum up as follows.  Both Abraham and Einstein formulated 
scientific theories.  However, Abraham’s theory was disconfirmed by the evidence, 
whereas Einstein’s was confirmed by the evidence and came to be accepted by the 
physics community.  It is standard to say that Einstein discovered special relativity, 
but no one would say that Abraham discovered that the electron was a rigid sphere.  
This example shows clearly that the discovery of a scientific theory does not consists 
just of the formulation of that theory, but requires that the theory be sufficiently well 
confirmed by the evidence for it to be accepted.  So discovery involves confirmation 
(justification) and the concepts of discovery and confirmation (justification) overlap 
rather than being separate. [87]      
 
 
3.  Application of this Approach to the Discovery of Cures 
 
We naturally think of cures as being cures of a disease, but I will here extend the 
notion a little by including cures of conditions as well as diseases.  A condition is 
something like high blood pressure, which, although it may not be exactly a disease 
itself, is a causal factor for a disease.  High blood pressure is a causal factor for heart 
disease, so that those with high blood pressure have an above average probability of 
developing heart disease.  For this reason, it is considered wise to treat this condition, 
and try to lower high blood pressure either by changes in diet or by the use of drugs.  
As a result of such a treatment the patient will have a lower probability of going on to 
have heart disease. 
 We can distinguish three types of cure, namely (i) surgery, (ii) life style 
changes, particularly in diet and exercise, and (iii) drug treatments.  Of course very 
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often all three types of cure are combined.  In this paper, however, I will focus on 
drug treatments.  Now the discovery of a drug treatment must begin by the discovery 
of a substance, which will constitute the drug.  For example, Fleming discovered a 
particular substance (penicillin), which was not known before.  However, the 
discovery of the substance does not in itself constitute the discovery of a cure.  
Although Fleming discovered penicillin, he did not discover that it could be used 
successfully as an antibiotic for many bacterial infections. In fact, though he 
originally suggested in his 1929 paper on penicillin that this might be the case, he 
came to doubt whether penicillin could be a successful antibiotic.  It was Florey and 
his team at Oxford, who showed later on that penicillin was an excellent antibiotic.5  
 The discovery that a particular substance (s) can successfully cure a disease 
(D) involves first the discovery of a possibly curative substance s, and then the 
development of what could be called a cure theory (CT), which shows how s can be 
used to cure D.  A cure theory for s and D, or CT(s, D) has the following form: 
 
CT(s, D): The substance s given in such and such a manner and quantities to patients 
of such and such a type will cure, or at least ameliorate, the disease, or condition D, 
without unacceptable harm to the patient. 
 
I will now make a few comments on the last clause in italics, which is obviously of 
crucial importance.  It is often possible to eliminate a disease using a drug, which, 
however, causes damage to the patient which is as bad, if not worse, than the disease 
itself.  Ideally, of course, one would like drugs to act  ‘without any harm to the 
patient’, but sometimes it is necessary to tolerate quite a harmful side effect in order 
to eliminate a very serious disease.  Chemotherapy is an example of this. [88] Still 
one always wants to ensure that the benefit to the patient of a drug in terms of cure 
outweighs the damage which the drug does.  This is what is meant by the phrase 
‘without unacceptable harm to the patient’.6   
 Discovering the cure of a disease D by a drug treatment is thus equivalent to 
discovering a cure theory CT(s, D).  Using our earlier analysis, this involves first 
formulating a cure theory, and confirming this theory to a level which makes it 
acceptable to the majority of medical practitioners.  Sometimes a cure theory CT(s, D) 
may be disconfirmed rather than confirmed, but it can then turn out that a different 
cure theory CT(s, D’) is confirmed.  To put it another way, it may be that a substance 
s is not a successful cure for the disease or condition for which it was first introduced, 
but it may turn out to be successful cure for a completely different disease or 
condition.  As we shall see in section 5, this was the case for thalidomide.  In the next 
section 4, I will use the ‘cure theory’ framework to analyse the discovery of a less 
problematic drug treatment, namely the use of statins to lower cholesterol levels.  This 
has proved to be one of the safest and most successful drug treatments to be 
introduced in the last thirty or so years.   
 
 
 
                                         
5 For a fuller account of the two phases in the discovery of penicillin as an antibiotic, see Gillies 
(2006). 
6 The phrase ‘without unacceptable harm to the patient’ was introduced as a result of a comment by an 
anonymous referee.  Previously I had used the phrase ‘without significant harm to the patient’, but, as 
the referee pointed out, this is contradicted by the case of chemotherapy.  I am very grateful for this 
good criticism. 
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4.  Case History (i) Statins 
 
Statins are a treatment for a condition, namely high levels of blood cholesterol.  
Unfortunately two different systems of units are used to measure the level of blood 
cholesterol.  In the USA it is measured in milligrams per decilitre (mg/dL), whereas in 
Canada and the UK it is measured in millimoles per litre (mmol/L).  One can convert 
the Canadian measure to that of the USA by multiplying by 38.6598.   
 Naturally there are debates about what constitutes a high level of blood 
cholesterol, but it is generally accepted nowadays that a level greater than 240 mg/dL 
(6.19 mmol/L) is too high.  The problem with a high level of blood cholesterol is that 
it is generally held to be a causal factor for atherosclerosis (or ‘hardening of the 
arteries’).  Atherosclerosis consists in the formation of plaques in the walls of the 
arteries.  These plaques are indeed largely composed of cholesterol.  Atherosclerosis 
in turn often leads to one or more of a number of unpleasant diseases such as angina, 
strokes, deterioration of blood flow to the legs, or heart attack.  A heart attack is 
usually caused by a blood clot forming at the surface of an artery affected by 
advanced atherosclerosis.  In 25-35 per cent of cases, the first attack is fatal.  Quite a 
number of statistics have been collected, and they show that the higher an individual’s 
blood cholesterol level, the greater the probability of that individual developing 
atherosclerosis and one or more of its characteristic consequences.  For example, a 
study of healthy middle aged Americans showed that those with a blood [89] 
cholesterol level of over 260 mg/dL had 4 times the probability of having a heart 
attack compared with those whose blood cholesterol level was under 200mg/dL (Keys 
and Keys, 1963, p. 18).  So those who have high levels of blood cholesterol are well-
advised to take steps to reduce it. 
 There are basically two ways of reducing the level of blood cholesterol, 
namely (i) changes in diet, and (ii) taking a cholesterol reducing drug.  The relations 
between diet and the level of blood cholesterol have been fairly well worked out.  
Some of the cholesterol in our body is directly absorbed from the food we eat.  
However, among the foods normally eaten, only egg yolks are particularly rich in 
cholesterol.  So it is sensible to limit the number of eggs consumed in order to lower 
blood cholesterol. However, the main agent in raising blood cholesterol is saturated 
fat, the principal sources of which are meat and dairy products, such as butter, cream 
and cheese.  In fact typically around 7 times more cholesterol is made in the body 
from dietary saturated fats than is absorbed as cholesterol from food. So to lower the 
level of blood cholesterol someone simply needs to eat less meat and dairy products.  
The traditional Japanese diets and Mediterranean diets had low levels of meat and 
dairy products, and sure enough epidemiological studies of those who ate such diets 
showed that they had low blood cholesterol levels and suffered very few heart attacks.  
The contemporary Western diet which is based on the Northern European dietary 
tradition, with the addition of a good deal of fast food, is of course high in saturated 
fats, and atherosclerosis and heart attacks are common among those who eat it.  
Regular consumption of cheeseburgers is a sure way of raising blood cholesterol. 
 It would thus seem simple for people to reduce their blood cholesterol.  All 
they need to do is switch from a typical Western diet to some combination of 
traditional Japanese or Mediterranean diets.  However, this is easier said than done.  
Many people are very conservative about what they eat, and reluctant to change their 
diet.  This tendency is reinforced by fast food companies, who regularly advertise 
their products, such as cheeseburgers.  Moreover, although the effect of diet on blood 
cholesterol level is always in the same direction, its magnitude varies a lot from 



 8 

person to person.  Some people can eat quite large amounts of saturated fat without 
their blood cholesterol level rising very much, while others have high blood 
cholesterol levels even though they eat only small quantities of saturated fat.  An 
extreme case of this latter group is constituted by those who suffer from a genetic 
disorder known as familial hypercholesterolemia.  Due to the lack of an important 
gene, such people fail to develop the usual system for regulating blood cholesterol; 
whatever diet they eat, they have very high blood cholesterol levels, and, without 
treatment, can develop angina and have heart attacks while still children.  For these 
reasons then, pharmaceutical companies started the search for drugs, which would 
reduce the level of blood cholesterol.  This search resulted in the discovery of the 
statins.   
 Before going on to describe this discovery, I would like to make a technical 
point.  So far, I have talked rather loosely of the level of blood cholesterol.  This was 
what the original researchers in this field measured.  Later, however, it was 
discovered that blood cholesterol is of two types, namely LDL and HDL cholesterol. 
[90] LDL (Low Density Lipoprotein) cholesterol is the bad cholesterol.  It is the type 
of cholesterol which leads to atherosclerosis.  HDL (High Density Lipoprotein) is 
good cholesterol.  It is actually protective against atherosclerosis.  So one should aim 
to reduce the level of LDL cholesterol, but not that of HDL cholesterol.  It is normally 
considered that LDL cholesterol should be below 160 mg/dL (4.12 mmol/L). 
 Fleming had discovered penicillin when a petri dish containing colonies of 
staphylococci had become contaminated with a mould, later identified as penicillium 
notatum.  Fleming noticed that the staphylococcus colonies had not developed near 
the mould, and concluded that the mould was producing a substance which inhibited 
this pathogenic bacterium.  This substance he later named penicillin. 
 Following this example, many pharmaceutical companies started to conduct 
systematic investigations of substances produced by moulds and fungi to see whether 
they could find more effective antibiotics in this manner.  In 1971, Akira Endo was 
conducting an investigation of this sort for the Japanese pharmaceutical company 
Sankyo in Tokyo.7  He reasoned that it might be worth testing the products of fungi 
not just for antibiotic properties, but for their ability to reduce cholesterol levels.  
Cholesterol levels in the body are increased or reduced through the action of the 
enzyme HMG-CoA reductase, and Endo thought that there might be HMG-CoA 
inhibitors of microbial origin, because (Endo, 1993, p. 1570): “certain microbes 
would produce such compounds as a weapon in their fight against other microbes that 
required sterols or other isoprenoids for growth.  Inhibition of HMG-CoA reductase 
would thus be lethal to these microbes.”  So Endo had a strong heuristic guiding his 
search. 
 There is a certain irony in the fact that the most important cholesterol reducing 
drugs were discovered by a Japanese, since, because of the Japanese diet, high 
cholesterol was not a serious problem in Japan.  However, Endo had worked for 
several years from 1965 in the USA on the problems of cholesterol synthesis.  He 
knew a fast and cheap method of assaying for a substance’s ability to inhibit 
cholesterol synthesis from labelled acetate in a cell-free system.  Accordingly he and 
his colleague Dr Masao Kuroda started testing fungal broths in 1971.  Over a two  
year period, they tested over 6,000 microbial strains, and then finally hit on a very 
powerful inhibitor of cholesterol synthesis, produced by the mould Penicillium 

                                         
7 This account of the discovery of the statins is based on Endo (1992), Brown and Goldstein (2004) 
and Steinberg (2007, pp. 176-193). 
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citrinum.  Endo called this substance ML-236B, but it was later named mevastatin – 
the first of the statins.  Once again the Penicillia had produced something of great 
benefit to humanity. 
 By this stage, Endo had clearly formulated the hypothesis that ML-236B 
might be a useful cholesterol reducing drug for humans, but he cannot yet be said to 
have discovered that it was such a drug.  There were many hurdles still to cross, and 
one of them might well have prevented a genuine discovery being made.   So far it 
had been shown that mevastatin inhibited cholesterol synthesis in vitro, but would it 
also do so in vivo?  Unfortunately when Endo tried out mevastatin on the usual [91]  
experimental animals (rats and mice), it turned out that it did not lower blood 
cholesterol levels (Endo, 1992, p. 1573): 
 

Unexpectedly, the feeding of rats with a diet supplemented with 0.1% 
mevastatin for 7 days caused no changes in plasma cholesterol levels … .  
Plasma cholesterol was not lowered even when the agent was given to the 
animals at a dose as high as 500 mg/kg for 5 weeks.  Furthermore, mevastatin 
was ineffective in mice, producing no detectable effects on plasma lipids at 
500 mg/kg for 5 weeks.  

 
Many researchers might have given up at that point, but the persistent Endo 

decided to try mevastatin out on other animals.  Knowing that egg yolks are very high 
in cholesterol (a fact which was mentioned earlier), Endo reasoned that the level of 
cholesterol synthesis in hens which actively producing eggs would be high, so that it 
would be good to try out mevastatin on such hens.  This time the experiment was a 
success (Endo, 1992, p. 1574): 
 

We fed hens a commercial diet supplemented with 0.1% mevastatin for 30 
days.  As expected, plasma cholesterol was reduced by as much as 50%, while 
body weight, diet consumption, and egg production were not significantly 
changed throughout the experiments … . 

The success in the experiments in hens opened up an opportunity to 
conduct experiments in dogs and monkeys.  In dogs, mevastatin reduced 
plasma cholesterol by 30% at a dose of 20 mg/kg and as much as 44% at 50 
mg.kg … . β-Lipoprotein (LDL) was markedly reduced by mevastatin while 
α-lipoprotein (HDL) was not lowered but, rather, increased slightly. 

 
Similar results were obtained with monkeys.  Mevastatin appeared to reduce 

the bad (LDL) cholesterol significantly, while slightly increasing the good (HDL) 
cholesterol.  If the results of these animal experiments applied to humans, then 
mevastatin, if it were safe, would become a most important drug.  However, its 
effectiveness and  safety for humans still remained to be confirmed before the 
discovery was complete. 
 In 1977 Endo gave a paper on drugs affecting lipid metabolism at a major 
conference in Philadelphia, but his presentation was poorly attended and seemed to 
arouse no interest.  Luckily, however, two leading American researchers in the field 
(Brown and Goldstein) did realise the importance of Endo’s work.  They invited him 
to their laboratory in Dallas, and the three of them went on to write a joint paper. 
 Curiously another research group working for the pharmaceutical company 
Beecham’s in England had isolated mevastatin from another strain of penicillium 
mould slightly before Endo.  They were primarily interested in the possible anti-
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gonococcal properties of the molecule, and, when these proved not very strong, they 
abandoned their research on the compound.  Like Endo, however, they tried out the 
compound, which they called compactin, on rats to see whether it reduced cholesterol 
levels, and like him, found that it did not.  They were also in touch with Brown and 
Goldstein, and sent them 500mg of compactin.  However, according to Brown and 
Goldstein (2004, pp. 13-14):  
 

… they warned us informally that compactin was not a useful 
hypocholesterolemic agent.  They had given the drug to rats, and it didn’t 
lower the cholesterol at all! [92] 

 
It seems that some persistence in the face of apparently negative evidence is important 
in drug discovery.8 
 But why did mevastatin not reduce the blood cholesterol levels in rats?  Brown 
and Goldstein suggest (2004, p. 14) that this was because rats have most of their 
cholesterol in the form of HDL and very little LDL.  At all events rats seem to thrive 
much better than humans on a diet rich in cholesterol and saturated fats.  If only 
human beings could become more like rats, a diet of contemporary fast food would 
suit them perfectly! 
 Brown and Goldstein stimulated an American pharmaceutical company 
(Merck) to take an interest in statins, and they discovered their own statin (lovastatin) 
in 1979.  Curiously Endo in Japan had isolated exactly the same compound though 
from a different mould.  Lovastatin differs from mevastatin only because one 
hydrogen atom in mevastatin is replaced by a methyl group CH3.  This new agent was 
slightly more active in inhibiting HMG-CoA reductase. 
 By early 1980, then, the stage seemed set for the commercial development of 
statins, but now another set back occurred.  It was reported that Sankyo had shown in 
a trial that mevastatin produced toxic effects in dogs.  Some mystery surrounds this 
episode because the full details of the experiment were never made public.  This what 
Endo says about the matter (1992, p. 1575): 
 

In mid 1980 … mevastatin had been found to produce toxic effects in some 
dogs at higher doses in a long-term toxicity study.  In this experiment, 
mevastatin was given to the animals at doses of 25, 100, and 200 mg/kg per 
day for 104 weeks.  Although details of the experiment have not been 
reported, the purported toxicity was apparently due to the accumulated toxicity 
of the drug.  It should be noted that mevastatin is effective in humans at as low 
as 0.2 mg/kg or less …;  thus a dose of 200 mg/kg given to dogs is 1000 times 
higher than the effective dose in man.” 

 
Sankyo abandoned work on mevastatin and lovastatin, and Merck was 

doubtful about whether to do the same.  Eventually, however, the problem of treating 
patients suffering from familial hypercholesterolemia provided the stimulus for Merck 
to continue.  Clinical trials carried out in Japan in 1979 had indicated that mevastatin 
was an effective treatment for some patients suffering from familial 
hypercholesterolemia.  As no other treatment was available for such patients, it was 
argued that it was justified to carry out clinical trials of lovastatin with them.  The 
FDA gave its permission in 1987, and the clinical trials showed that lovastatin was 

                                         
8 This principle is also illustrated by the case of Fleming and penicillin.  See Gillies (2006).  
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indeed an effective treatment and had no severe side effects.  Statins have since then 
been prescribed to millions of patients and they have proved to be among the very 
safest drugs.  So, Sankyo’s result concerning toxicity in dogs had given rise to 
unfounded alarm. 
 The cure theory for statins states that when given in appropriate doses, they 
reduce the blood cholesterol level without causing unacceptable harm to the patient.  
As we have seen, this cure theory seemed to be initially disconfirmed by two negative 
results.  However, further tests in 1987 showed that the cure theory was [93] sound 
after all. On our analysis therefore, the statins were not discovered in 1973 when 
Endo isolated the first statin, but only in 1987 when the cure theory for statins was 
sufficiently well confirmed to convince the medical community.  

That concludes my account of the discovery of statins, and, in the next section, 
I will turn to the case of thalidomide where events took a very different course.  
Initially the cure theory for the first use of thalidomide seemed to be strongly 
confirmed by the evidence, but then it was disconfirmed in a striking and horrible 
manner.   
 
 
5.  Case History (ii) Thalidomide 
 
Thalidomide was originally proposed as cure for a condition rather than a disease.9  
This condition consisted of anxiety and insomnia.  It was quite widespread in the 
1950s – perhaps not surprisingly.  The Second World War had ended a few years 
before in 1945, and many had had, during the War, the kind of horrifying and 
traumatic experiences which leave lasting effects.  The War had ended with the 
explosions of two atomic bombs, and had been succeeded by the Cold War, which, in 
the nuclear age, seemed to threaten the continued existence of mankind.  Moreover, 
the Cold War was not entirely cold, and the Korean War raged from 1950 to 1953. 
 Given this general background, it is not surprising that the use of sedatives 
was very common.  In Britain it was estimated that a million people took sedatives, 
and in the USA that one person in seven took sedatives (Brynner and Stephens, 2001, 
p. 4).  These sedatives were barbiturates, and an overdose could be fatal.  There were 
many tragic accidents in which children took several of their parents’ sleeping pills, 
thinking them to be sweets, and died as a result.  The pharmaceutical industry was 
looking for a sedative, which could be taken in large quantities without ill effects.  In 
1954, a German pharmaceutical company, Chemie Grünenthal, came up with what 
they thought was the answer, a drug which they named thalidomide. 
 Thalidomide was indeed a powerful sedative and effective sleeping pill for 
humans.  Moreover it appeared in animal trials to be completely non-toxic.  In such 
trials, animals are fed a chemical to determine the dosage at which half of the tested 
animals die; this is called LD50.  In the case of thalidomide, they could not find a dose 
large enough to kill rats.  This was most unusual.  Moreover, the drug appeared to be 
non-toxic for the further animals tested, namely mice, guinea pigs, rabbits, cats, and 
dogs (Brynner and Stephens, 2001, p.9). [94] 
                                         
9 This account of thalidomide is largely based on Brynner and Stephens’ 2001 book: Dark Remedy.  
This is an excellent book, which I strongly recommend.  It was written by a historian with a M.A. in 
Philosophy (Rock Brynner), and a Professor of Anatomy and Embryology who had spent twenty-five 
years researching into thalidomide (Trent Stephens).  The book contains a highly informative account 
of all aspects of the thalidomide case – scientific, methodological, sociological, political, and historical 
– including many aspects, which I will not be discussing in this paper.  
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   Grünenthal concluded that thalidomide was much safer than the barbiturates 
currently used as sedatives.  Indeed, thalidomide was believed to be so safe that it was 
released as an over the counter drug in Germany on 1 October 1957.  The advertising 
campaign for thalidomide stressed that thalidomide was much safer than the other 
sedatives currently available.  Even a determined suicide could not take enough of it 
to die, and tragic accidents with children would no longer be possible (Brynner and 
Stephens, 2001, pp. 14-15).  The cure theory for thalidomide was that it was an 
effective sedative and sleeping pill which could be used safely by anyone.  There was 
some, though not enough, empirical support for this theory when thalidomide was 
released, but it was soon to refuted in a tragic fashion. 
 Thalidomide, as we now know, produces horrifying birth defects in babies 
when it is taken by pregnant women.  It also has another less grim but still very 
unpleasant side effect when taken either by men or women.  This is peripheral 
neuropathy, that is to say damage to peripheral nerves rather than those in the brain.  
Nerve damage occurred in between 5 and 20 per cent of those who took thalidomide 
for several months.  It usually affected the feet and lower part of the legs, producing 
numbness, pain, loss of balance, and difficulty in walking (Brynner and Stephens, 
2001, pp. 24-25).  Sometimes the hands were affected as well.  Unfortunately the 
damage proved to be irreversible when the patient ceased to take the drug.   

When thalidomide’s ability to cause birth defects and peripheral neuropathy 
came to light, thalidomide was withdrawn in Germany in November 1961, and, 
though there were unfortunate delays, in the rest of the world by the end of 1962.  
During the 4 to 5 years when it was on the market, thalidomide produced around 
40,000 cases of peripheral neuropathy, and between 8,000 and 12,000 deformed 
babies of whom about 5,000 survived beyond childhood (Brynner and Stephens, 
2001, p. 37). 

The first question which the thalidomide case raises is whether the disaster 
could have been avoided by testing the drug more severely before putting it on the 
market.  As we have seen, some animal trials were conducted on the drug, but not 
very many.  However, it is not clear that more animal trials would have brought the 
problems of thalidomide to light.  The difficulty is that thalidomide in small doses 
does not cause birth defects in any animals other than primates.  After the disaster, 
birth defects produced by thalidomide were shown in rabbits, but only with doses 150 
times greater than the therapeutic dose.  Moreover, it was difficult to show this effect.  
Dr Helen Taussig, a leading American researcher, said that she was unable to obtain 
abnormalities in baby rabbits using thalidomide, because the massive doses needed 
produced abortions (Brynner and Stephens, 2001, p. 13). 

More consideration of the evidence of mechanism would, however, have 
helped to avoid the disaster.  This is another illustration of the importance of evidence 
of mechanism in assessing drug treatments.10  Brynner and Stephens (2001, pp. 12-
13) write: [95] 
 
“ … it had been known since 1955 that any substance with a molecular weight of less 
than 1,000 could cross the placenta and enter the fetal blood.  The molecular weight 
of thalidomide is 258. … it had been demonstrated in 1948 that the dye known as 
trypan blue could cause birth defects in rat embryos, whereas the mother rats 
exhibited no symptoms.”  
 

                                         
10 On this topic, see Clarke et al (2014). 
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Evidence of this kind should have raised doubts in the minds of the regulators 
whose job it was to approve thalidomide.  Indeed perhaps it did in some cases.  
Although thalidomide was approved, not only in West Germany and many other 
countries (the British Commonwealth, Italy, Japan), it was not approved in some 
countries, notably East Germany and the USA. 
 A major disaster with thalidomide was narrowly avoided in the USA.  A 
leading American pharmaceutical company (Richardson-Merrell) was preparing to 
launch thalidomide in March 1961.  10 million tablets were already manufactured, 
when they submitted an application to the American regulatory authority (the FDA) 
on 8 September 1960.  It was expected that the application would go through with no 
problems, but, unexpectedly, difficulties were raised by the FDA officer assigned to 
the case (Dr Frances Kelsey).  Kelsey delayed granting approval until 29 November 
1961 when Grünenthal withdrew the drug in West Germany.  After that, it was 
obvious that thalidomide would not be approved in the USA.  In August of the next 
year, Kennedy presented Dr Kelsey with the President’s Award for Distinguished 
Federal Civilian Service (Brynner and Stephens, 2001, p. 55).  Obviously it was richly 
deserved. 
 Now the interesting fact here is that, before joining the FDA, Dr Kelsey had 
carried out research with her husband on malaria.  Among other things they had 
examined the effects of quinine on pregnant rabbits, and discovered that quinine is 
toxic to the fetus, but not to the mother (Brynner and Stephens, 2001, p. 45). 
 After the thalidomide disaster, it would be natural to suppose that thalidomide 
would be banned forever.  Instead something very surprising occurred.  It was 
discovered that thalidomide was a cure for some terrible diseases for which 
previously there had been no remedy.  The man who made this discovery was Dr 
Jacob Sheskin.  Dr Sheskin was Jewish, but had managed to survive the holocaust in 
the ghetto of Vilna.  After the war, he emigrated to Venezuela, and, as leprosy was 
still common there, he specialised in that disease.  Later he resettled in Israel, where 
he became director of the Jerusalem hospital for leprosy. 
 Leprosy is caused by the Mycobacterium leprae, which is similar to the 
Mycobacterium tuberculosis, and, like the tubercle bacillus, is hard to treat with 
antibiotics.  In the 1960s, leprosy could be controlled, though not completely cured, 
using some antibiotics called sulphones.  These are, however, useless against a severe 
inflammatory complication of the disease, which occurs in about 60% of the worst 
forms of the disease.  This complication is called Erythema Nodosum Laprosum (or 
ENL) by Brynner and Stephens (2001, p. 122), but is referred to by Sheskin himself 
as Lepra Reaction (1975).  The symptoms are large, persistent, and very painful 
weeping boils all over the body; severe inflammation of the eyes that often leads to 
blindness; and severe pains in the joints and abdomen, as well as headaches.  The pain 
is very intense, despite the injections of morphine and other [96] pain killers several 
times a day which were made in the early 1960s.  Patients can neither eat nor sleep, 
and become emaciated.   
 In 1964, a critically ill patient with this condition was sent to Dr Sheskin by 
the University of Marseilles.  His condition is described by Brynner and Stephens, as 
follows (2001, p. 122): 
 

The man had been bedridden for nineteen months, and by this time, on the 
verge of death, he was almost deranged from the unremitting pain that had 
denied him sleep for weeks;  doctors in France had tried every existing 
sedative, but nothing he had been given helped for more than an hour. 
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Sheskin wondered whether any sedative, which had not yet been tried, could 

be given to this patient.  Thalidomide had been withdrawn by this time, but there was 
still a bottle of 20 tablets in the hospital.  Sheskin knew that thalidomide was a 
powerful sedative and sleeping pill.  Of course he also knew that it was a banned 
drug, but, in the circumstances, there seemed no harm in giving it a try.  He therefore 
gave the patient two thalidomide tablets. 
 The results seemed almost miraculous.  The patient slept soundly for twenty 
hours, and, upon waking, was well enough to get out of bed without assistance.  
Moreover with further doses of thalidomide his sores began to heal.  This continued 
as long as thalidomide was given.  Six other patients in the hospital were then treated 
with similarly excellent results (Brynner and Stephens, 2001, p. 123). 
 Sheskin was scientifically minded, and he realised that, to convince his peers, 
he would have to perform some control trials with thalidomide.  He therefore returned 
to Venezuela, where thalidomide was still available, and carried out a trial with it on 
173 of the patients whom he had treated earlier.  The result of this trial was published 
in 1965.  Sheskin went on to organise further trials in the next decade, and sums up 
the results in his 1975 as follows (p. 575): 
 

A double-blind study performed in 173 leprosy reactions indicated therapeutic 
effectiveness in 92% of the trials in which thalidomide was given. 

A survey which I performed of the use of thalidomide in lepra reaction 
of lepromatous leprosy showed successful results in 99% of the cases.  The 
study involved 62 therapeutic centers in 5 continents, covering 4,552 patients 
of different ages, sexes, and races, living in different climates and having 
different ways of life and dietary habits.  All signs and symptoms of lepra 
reaction of lepramatous leprosy showed improvement during the first 24-48 
hours, and total remission was completed during the second week of 
treatment. 

 
 Evidence of the mechanism by which thalidomide cures ENL was then found 
by Dr Gilla Kaplan.  One factor in the immune system is known as Tumour Necrosis 
Factor-alpha or TNF-α.  This is useful in suppressing tumours.  However, in ENL, as 
in many inflammatory conditions, the immune system over-reacts, and becomes itself 
the cause of the symptoms.  Kaplan showed that patients with ENL had very high 
levels of TNF-α in their blood and lesions.  She went on to show that thalidomide 
could reduce TNF-α levels by as much as 70 per cent in vitro, and tests on ENL 
patients showed that a similar reduction occurred in vivo as well.  Thus by the early 
1990s, the mechanism of action of thalidomide in curing ENL had been [97] 
established.  As in other cases of discovery, the discovery of the cure for the lepra 
reaction in lepromatous leprosy involved confirmation of the cure theory. 
 Sheskin’s discovery is often referred to as a serendipitous one.  In my 2014 
and 2015, I discuss serendipity in some detail, and argue in favour of adopting the 
following definition.  Serendipity consists in “looking for one thing and finding 
another”.  Sheskin’s discovery is not strictly serendipity if we adopt this definition, 
because Sheskin was looking for sedative, which would make his patient sleep, and he 
found what he was looking for.  However, his discovery is an example of what I call 
in my 2014 additional serendipity.  In additional serendipity, the researcher does 
discover what he or she was looking for, but, in addition, discovers something else 
unexpected.  Sheskin did discover what he was looking for, namely a sedative which 
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would make his patient sleep, but, in addition, he discovered something else 
unexpected, namely that the drug cured his patient’s symptoms. 
 Despite this striking results regarding the curative properties of thalidomide in 
what was an otherwise incurable condition, the FDA were understandably reluctant to 
approve the drug.  However, in 1998, the FDA did approve thalidomide for the 
treatment of ENL in leprosy.  The approval was given only under very strict 
conditions relating to possible side effects.  First of all patients had to be monitored 
for signs of peripheral neuropathy.  Secondly patients had to follow a strict protocol to 
ensure that they did not become pregnant, while taking the drug.  The precautions 
were more complicated than might at first be thought.  Research had shown that 
thalidomide produced birth defects when taken early on in pregnancy, between the 
twentieth and thirty-sixth day after conception, and many women might not realise 
they were pregnant at this stage.  Moreover, thalidomide could affect the semen.  So 
men had to take precautions as well as women. 
 In fact there was a further breakthrough in the treatment of leprosy in the 
1980s.  Improved antibiotics for the disease have been developed, and, most 
importantly, a cocktail of several different antibiotics is now given, as is done in the 
treatment of tuberculosis.  With this multi-drug therapy, leprosy has become curable 
in most cases.  The need for thalidomide in the treatment of leprosy is thus reduced.   
 Brynner and Stephens remark (2001, p. 142) on:  “an unusual feature of U.S. 
drug regulations .. once a medication has been approved for treating one condition, 
doctors may then legally prescribe it for any other condition.”  In fact thalidomide has 
been used in the treatment of no less than 130 different conditions.  One possible 
reason for this is that thalidomide, when it is metabolized by the liver, produces over a 
100 breakdown products.  Some of these may be responsible for reducing TNF-α 
levels, others for producing birth defects, and others still for damaging the peripheral 
nerves. 
 This is illustrated by the use of thalidomide to treat multiple myeloma, a 
cancer of the bone marrow.  Myeloma involves what is known as angiogenesis, which 
means the development of new blood vessels.  Now thalidomide has been shown to be 
an antiangiogenic agent, and, though the matter is still uncertain, this may explain its 
effectiveness in the treatment of multiple myeloma, since other inhibitors of TNF-α 
do not have any effect on the disease (Brynner and Stephens, 2001, p. 193). [98] 
 
 
5.  Conclusions   
 
 The thalidomide case is a good illustration of many of the themes of this 
paper.  Thalidomide shows that discovering the cure for a disease (or condition) is not 
just a matter of discovering a potentially curative substance s, but of discovering a 
cure theory CT(s, D) for that substance and a disease or condition D. 
 The original cure theory for thalidomide [CT(s, D)] was that it was a sedative 
safe for general use in treating anxiety and insomnia. CT(s, D) was refuted in a tragic 
fashion, but surprisingly a new cure theory was developed CT(s, D’), where the 
disease was D’ was now ENL in leprosy, and where the theory involved very rigorous 
conditions for using the drug, designed to avoid its known negative side effects.   
 Sheskin formulated the new cure theory for thalidomide, but he recognised 
that his discovery would only be complete if he obtained evidence in its favour, which 
was sufficient to convince the medical community.  Sheskin himself produced 
statistical evidence from control trials of patients. Later on Kaplan produced evidence 
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concerning the mechanism by which thalidomide cured the lepra reaction in 
lepromatous  leprosy.  This is a good illustration of how discovery involves not just 
formulation of a theory but its justification.  In medicine justification takes the form 
of empirical confirmation of the theory.       
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