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Medicines and poisons have been closely related in the Western tradition 
since at least the time of Hippocrates. Yet historical coverage of the relation 
between medicines and poisons has been very patchy, and while the history 
of Greek herbals and their Renaissance counterparts has received substantial 
study, the most recent novel interest – stemming from the 1960s – has been 
on the role of narcotics and other addictive drugs.1 There has been some 
recent work on the deliberate use of poisons and antidotes in the Middle 
Ages and in the sixteenth and seventeenth centuries, looking at the issue both 
in material and metaphorical terms, using literary works to explore both 
murderous intentions and symbolic significations in the use of poisons and 
antidotes.2 By contrast, what we are presenting here is a volume that takes a 
broad historical sweep of the close relation between medicines and poisons 
in the Western tradition and of their interconnectedness.3 They are like two 
ends of a single spectrum.

The title of our book is a quotation from the writings of the sixteenth- 
century medical maverick, Paracelsus. It comes from the third of his Seven 
Defensiones (Septem Defensiones), first published in Cologne in 1564, some 
twenty-three years after his death. It will be discussed several times by con-
tributors to the present volume, and in several formulations. Paracelsus is here 
defending himself against other physicians who say that ‘the prescriptions I 
write are poison, corrosive, and an extraction of all that is evil and poisonous 
in nature’. But in making these accusations, Paracelsus says, his opponents

are lacking in understanding and ignorant of natural forces. For what 
has God created that is not blessed with a great gift for the good of 
man? Why then should poison be rejected and despised, if not the poi-
son but nature be sought?

What matters, Paracelsus argues, is the dose: ‘it is not too much, nor too 
little. He who strikes the middle, receives no poison’.

If you wish justly to explain each poison, what is there that is not poi-
son? All things are poison, and nothing is without poison: the Dosis 
alone makes a thing not poison.4

Introduction
Deadly medicine

Andrew Cunningham
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Or, as we have chosen to render it, ‘It all depends on the dose’. It will be 
seen in the course of this volume that Paracelsus was neither the first nor 
the last medical man to express this sentiment, though perhaps he did so 
most pithily.

As Brockliss and Jones have recently written, ‘Paracelsus had urged the 
use of a number of poisonous minerals such as antimony, mercury, and ar-
senic on the grounds that diseases were poisons which needed to be treated 
with antidotes’,5 that is to say, with other poisons suitably prepared. As 
we shall see, for varying reasons, different practitioners over time have fre-
quently used poisons as medicines or as antidotes against other poisons.

At first glance, it might seem that the whole Western tradition of med-
icine is based on poison, since Asclepius, the Greek god of medicine, is 
traditionally portrayed with a snake twisting around his staff. However, 
it appears that this was a non-poisonous species of snake and was there to 
represent the symbolic value of medicine, though what that symbolism was 
is still unresolved among historians. These snakes also slithered constantly 
around the healing temples of the god, interacting with the patients.

The earliest-known surviving works on poisons and antidotes in the 
 Western tradition were two works in Greek, written by Nicander of 
 Colophon around 150 bc, the Theriaca and the Alexipharmaca.6 In the 
first of these, Nicander announces that he ‘will expound the forms of sav-
age creatures and their deadly injuries which smite one unforeseen, and 
countering remedy for the harm’.7 Spiders, snakes, asps and vipers all have 
deadly venom, which can be countered in various ways. Best of all is this 
 counter-remedy: ‘If however you can cast snakes coupled at a crossroads, 
alive and just  mating, into a pot, and the following medicaments besides, 
you have a preventive against deadly disasters’.8 The antidotes are taken 
from plant leaves and roots, and from animals such as birds and the sea 
turtles. Spiders, wasps, scorpions, centipedes, salamanders and stingrays 
are similarly dealt with. The Alexipharmaca deals in poetic fashion with 
other poisons such as aconite, white lead, coriander, hemlock, arrow poi-
son, toads, fungi and other vegetable and mineral substances, with the ef-
fects of them in poisoning humans and with an array of antidotes.9

In the present volume, Toine Pieters begins the discussion of medicines 
as poisons and vice versa. He gives an overview of how the highly signif-
icant developments in the sciences in the nineteenth century, especially in 
chemistry, physiology and pharmacology, ‘opened new avenues for mass 
poisoning’ (as he puts it) in many fields, including in hospitals. He focuses 
in particular on the important role of arsenic – the ‘king of poisons’, as 
John Parascandola has called it – in the deliberate poisoning of people. He 
investigates the story of a famous arsenic poisoner active in late- nineteenth-
century Leiden, the Jekyll-and-Hyde character, ‘Good Mie’ and her alter-
nate personality as ‘Murderous Mie’. Over the course of the nineteenth 
century, what had been seen as habituation to a strong drug gradually came 
to be seen as addiction and abuse. The pharmaceutical developments of the 
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period have come to produce many more medicines that were quickly seen 
to be poisons.

In the Western tradition of learned medicine, it is Galen who looms larg-
est as model medical thinker and authority. His works were in use into 
the seventeenth century, so what he had to say about poisons was crucial. 
In our second chapter, Helen King shows that Galen had extensive expe-
rience of poisons and antidotes and wrote about them both at length. She 
also shows that among ruling families and elsewhere in Roman imperial 
times, poisons and suspected poisons were widely used against one’s ene-
mies. Antidotes were used to accustom the body in advance to poisonous 
substances, especially the famous mithridatium (mithridate), in order to 
evade the attempts of poisoners. Dosage was all important. Epidemics, the 
much-feared appearances of a deadly disease across a whole community, 
were particularly difficult to account for and to treat in a medical system 
like that of Galen, based as it was on the individual person and his or her 
particular humoral balance. King explores how Galen effectively adopted 
the theory of how poisons work in order to explain also how the whole 
humoral body works, beginning (as King puts it), ‘to think about poison as 
a model for disease and, indeed, for healing’.

The chapter by Montserrat Cabré and Fernando Salmόn takes us into the 
heart of Christianised Europe and the world of miracles and devotion to 
the Virgin. They analyse the story of the apparent poisoning of a young girl 
who had been fasting intensely – but not poisoned by a human agent, nor by 
a poison introduced from outside her body. She was devoted to the cult of 
Mary and signalled that her heart was the locus of her illness. Her mother 
appears to have called for her heart to be anatomised. When the heart was 
dissected, the onlookers found ‘a likeness of the Glorious one, which She 
[Holy Mary] had graven there’. The finding leads the onlookers to praise 
Mary. It looks like a case of self-poisoning, the possibility of which had 
been expounded in the writings of Avicenna, the great Persian writer who 
developed the Greek tradition from Galen. Cabré and Salmόn take us into 
some of the different ways in which poisoning could be believed to happen, 
even ‘through a glance, a sound or a smell’.

Epidemics, where a whole population suffers from a sudden and usually 
fatal illness, were difficult to understand in medieval Christian Europe. 
On the one hand, to believers, epidemics were clearly the action of God, 
warning or punishing society. On the other, the dominant theoretical med-
ical teaching, derived from Galen, dealt with individuals, not people in the 
mass. But suffering societies were not passive: they frequently sought out 
scapegoats such as lepers, Jews or simply foreigners, believing them to have 
deliberately poisoned the water supply. Jon Arrizabalaga explores these is-
sues in fourteenth-century southern Europe in our fourth chapter, focus-
sing on the so-called ‘Black Death’ of 1348–49. He shows that the fear 
caused by epidemics in turn led to the belief that the poison of epidemics 
could not only be spread deliberately by evil persons, but also be man-made 
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often in the form of powders. Belief in man-made poisons even reached the 
academic arena of Montpellier University’s medical faculty.

Georgiana D. Hedesan’s chapter brings us right to Paracelsus himself, the 
celebrated rejecter of the classical tradition in medicine that had stemmed 
from Hippocrates and Galen. She concentrates on seven writings by Para-
celsus in order to try and find how consistent his teachings on poison were, 
and on what principles they were based. Paracelsus’s basic position is that 
all diseases are caused by poison of one sort or another, and Hedesan deals 
with his views on the origin of such poisons in ens astrale, a heavenly in-
fection. Paracelsus is not an easy author, and careful analysis is needed to 
understand his theories, and Hedesan’s title indicates the range of fields to 
which Paracelsus turned: alchemy, potency and imagination. She concludes 
her analysis by reaffirming the centrality of Christianity to Paracelsus’s 
thinking about poison.

We have seen from the contribution of Cabré and Salmόn that the concept 
of self-poisoning could be legitimately applied in a deeply religious Christian 
context and, at the same time, be justified from the Greek– Arabic medical 
tradition. In more recent centuries, there have been a number of celebrated 
instances of investigators deliberately self-poisoning, but on these occasions 
simply in order to see what would happen. For instance, John Hunter in 
1767 inoculated himself with the poison – the virus – of gonorrhoea in an 
attempt to prove that gonorrhoea and syphilis were the same disease.10 Ole 
Grell now takes us on an unexpected journey to the heart of the Protes-
tant Reformation, showing how Martin Luther, himself a former friar and 
therefore sworn to celibacy, promoted the view that sexual abstinence – that 
is, the unnatural retention of semen, both male and  female – was itself a 
form of self-poisoning. Its antidote, Luther claimed, was marriage. Again, 
as Grell shows, this position could find support in classical medical texts by 
Galen, one of which may have been Luther’s source.

Though they may never have experienced them themselves, the people of 
early modern Western Europe were very familiar with the motifs of poisons 
and antidotes. They suspended their disbelief when watching many of the 
plays written for the stage in early modern Europe, in which playwrights fre-
quently resorted to potions, poisons and antidotes as very handy dramatic 
devices. They distinguish the bad guys who administer the poisons from the 
good guys who bring the antidotes. The great thing about poisons on the 
stage is that a stage poison can work as quickly, or slowly, as the dramatist 
wants or needs, while similarly the antidote can bring a character back to 
life and resolve the drama at whatever pace is required.  Shakespeare adopts 
such dramatic devices frequently. The tragedy of  Romeo and Juliet depends 
entirely on potions, poisons and antidotes: a wise friar, skilled in the virtues 
of herbs, gives Juliet a sleeping draught (a potion) to feign death and thus 
avoid an impending marriage. This seeming death on Juliet’s part Romeo 
mistakes for self-poisoning, leading him to immediately poison himself us-
ing poison acquired from an apothecary. In another play revolving around 
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poison, Shakespeare could for the sake of the drama even introduce new 
anatomical pathways for the poison to travel: Hamlet’s sleeping father is 
poisoned by ‘juice of cursed hebenon’ poured into his ear, which swiftly 
‘courses through the natural gates and alleys of the body’ and curdles the 
blood and kills the king. Other characters in Hamlet are killed by a poi-
soned sword or a poisoned drink.

But poison on the stage may not merely be a convenient dramatic device: 
it can be a metaphor to represent the evil in the society being portrayed, or 
it can be the trigger for psychological changes or a symbol of such changes. 
‘In poison there is physic’, the Earl of Northumberland says, grieving over 
the news of the death of his son Percy, known as Hotspur; throwing away 
his crutch, he resolves on ‘bloody courses’ to be avenged (King Henry IV, 
Part Two, I, i, 137). He is cured from his own ailment by the poison of the 
news of his son’s death.

These obsessions with the role of poison and antidote in the theatre have 
been widely adopted for the opera stage as well, especially in scenarios 
where the poison or drug is false or the wrong one. In Donizetti’s comic 
opera L’elisir d’amore, the shy young man is sold a love potion that isn’t 
a love potion – yet it works. In Wagner’s Tristan und Isolde, by contrast, 
where the text is full of potions, poisons and antidotes, both actual and 
psychological, a love drug is administered accidentally instead of a deadly 
poisonous potion, with extraordinary rapturous results and for which the 
only antidote is death.

The courts of the Italian Renaissance states have long been notorious for 
the deployment of poison by those wishing to take over power. This image 
comes to us from writers such as Stendhal and historians such as  Burckhardt. 
Alessandro Pastore in our seventh chapter, dealing with ‘poisoning as pol-
itics’, confirms, from a wide range of sources, that poisoning was indeed a 
political weapon in Renaissance Italy, in the courts of local rulers and of the 
papacy. He shows that diplomatic correspondence of the time had as many 
rumours of poisoning as valid reports on poisoning. Doctors and political 
theorists were concerned with how rulers should keep away from harm and 
familiarise themselves with antidotes, and some rulers such as Cosimo I de’ 
Medici had a ready supply of condemned men on whom to experiment. The 
papal court was far from immune to poisoners and plotters.

The role or roles of women in making and administering poisons in 
the early modern period have been widely studied in recent years. Alisha 
Rankin, by contrast, in Chapter 8 offers a study of the role of women in 
preparing or procuring antidotes, a possible further skill in their role as 
healers. She explores whether or how far antidotes to poisons were gen-
dered. She finds much new material in manuscripts, which indicates wom-
en’s interest in poison antidotes.

Mateu Orfila, who came from the island of Minorca and went on to fame 
in Paris, is generally credited with creating the science and practice of toxi-
cology; the investigation of poisons, their nature, effects and their detection. 
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His (1815) Traité des poisons became Europe’s textbook on the subject. 
But it was a science in the making, and everything about it was controver-
sial. José Bertomeu-Sánchez explores Orfila’s use of live animals for testing 
poisons and antidotes, and his employment in legal trials as a toxicologist, 
especially for the detection of arsenic in cases of alleged poisoning. Orfila 
was a showman as well as an investigative scientist, and Bertomeu-Sánchez 
highlights Orfila’s public performances in front of students, fellow medical 
men, and in the law courts, as well as his extensive chemical experiments. 
The developing situation was in no way clear-cut, as is shown by the contin-
ued controversy over the existence of ‘normal arsenic’ in the human body.

Of all the naturally occurring poisons, mercury has perhaps been the 
most actively employed in civilised life. It was – and still is – everywhere we 
look, in measuring instruments such as thermometers and barometers, in 
electric apparatus and lighting, in our mended teeth and in mirrors. It will 
be a long time before we can live in a mercury-free world. And it was also 
very actively employed for centuries in attempting to cure syphilis or the 
pox. The treatment was often more painful than the illness, and it remained 
questionable whether the use of mercury created a disease rather than cured 
it. This continued almost to the mid-twentieth century. In Chapter 10, 
 Andrew Cunningham explores this persistent reliance on, and faith in, the 
restorative properties of mercury: a known poison used against another 
poison, the virus of the pox.

Our final two chapters bring us full circle in this exploration of the rela-
tion between poisons and medicines in Western history, for here our contrib-
utors deal with current practice in eliciting new medicines from notorious 
poisons and with new ways of assessing dosage – and hence toxicity – in 
administering medicines. Louis Pasteur, in seeking a remedy for someone 
bitten by a rabid dog (rabies), in 1885, discovered that by manipulation 
of the poison – the virus – in the laboratory, he could create an antidote 
in the form of a vaccine. Pasteur’s method was to culture the virus in the 
laboratory, but solely in living animals. By trial-and-error experimenting, 
he found that the virus could be made either more virulent or more at-
tenuated, if passed through guinea pigs or rabbits. It was all a matter of 
timing in the laboratory. And then, increasingly virulent injections of the 
vaccine could actually cure the patient, as he famously demonstrated with 
the young  Joseph Meister. As he said, the disease – that is, the virus, the 
poison – becomes its own preventive.

In her chapter on food poisoning in the Britain of the 1880s and onwards 
to the present day, Anne Hardy shows how certain agents most poisonous 
to man have been turned, through laboratory manipulation, into thera-
peutic agents. It is a very interesting turn on the Paracelsian view of the 
relation of poisons and medicines. Drug companies, themselves a new kind 
of business in the nineteenth century, took up much of this investigative 
role in their laboratories in the case of ergot – ‘a veritable treasure house 
for drugs’ as one of the main investigators called it – and naturally enough, 
given their commercial interests, they were very interested in dosage. She 
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also shows that interest in using the botulinum toxin was shown by the US 
military developing bacteriological warfare, though its most widespread 
use has been as the cosmetic Botox.

Jeffrey K. Aronson and Robin E. Ferner are the authors of our final  chapter, 
which brings the whole discussion of dosage up to date. These authors are 
both practitioners of clinical pharmacology today, and their contribution here 
reflects their own present-day research on reactions to medicines and thus  
on questions of dosage. They draw our attention to the Law of Mass Action 
propounded by two Norwegian scientists in 1864, which was the foundation 
of quantitative treatment of pharmacological phenomena and which ‘dictates 
that the magnitude of a pharmacological reaction increases with increasing 
dose’. Aronson and Ferner trace much subsequent experimental research 
subsequent to the establishment of that Law, including the introduction of 
the concept of receptors, and concentration- effect and dose-response lines of 
inquiry, bringing the whole discussion up to the present day. It seems that it 
does indeed all depend on the dose, though many other factors are involved.

Notes
 1 For instance, Roy Porter and Mikulás Teich, eds., Drugs and narcotics in his-

tory, Cambridge: Cambridge University Press, 1995.
 2 See Sarah Voinier and Guillaume Winter, eds., Poison et antidote dans  l’Europe 

des XVI et XVII siècles, Arras: Artois presses université, 2011. Franck Collard, 
The crime of poison in the Middle Ages, Westport, Conn.: Praeger, 2008 (first 
publ. in French 2003).

 3 On poisons and their histories, see, for instance, Lloyd G. Stevenson, The 
meaning of poison, Logan Clendening Lectures on the History and Philosophy 
of Medicine, Seventh Series, Lawrence: University of Kansas Press, 1959; John 
Timbrell, The poison paradox: chemicals as friends and foes, Oxford: Oxford 
University Press, 2005; Joel Levy, Poison: a social history, Stroud, UK: The 
History Press, 2011; John Elmsley, The elements of murder: a history of poi-
son, Oxford: Oxford University Press, 2005.

 4 Four treatises of Theophrastus von Hohenheim called Paracelsus. Translated 
from the original German, with Introductory essays by C. Lillian Temkin, 
George Rosen, Gregory zilboorg, and Henry E. Sigerist. Edited with a preface 
by Henry E. Sigerist. The quotations are from pages 20, 21 and 22, and the 
translation is by C. Lilian Temkin. The German original is as follows:

Die da sagen, das meine Recept, so ich schreib, ein Gifft, Corusium, und 
Extraction sein aller bόßheit und gifftigfeit der Natur … Dann im selbigen 
puncten sind sie unverstendig, und unwissend in den natürlichen krefften. 
Dann was ist das Gotterschaffen hat, das nie mit einer grossen gaben beg-
nadet sei, dem Menschen zu guten? Warumb soll dann Gifft verworffen und 
veracht werden, so doch nicht das Gifft, sonder die Natur gesucht werde? … 
Was ist das nit Gifft ist? alle ding sind Gifft, und nichts ohn Gifft, allein die 
Dosis macht, das ein ding Gifft ist.

Paracelsus, Septem Defensiones Die Selbstverteidigung  
eines Aussenseiters; reprint of the 1589 edition, pp. 169–170 (60, 62)

 5 Laurence Brockliss and Colin Jones, The medical world of early modern 
France, Oxford: Clarendon Press, 1997, p. 122, no direct reference given to the 
writings of Paracelsus.



8 Andrew Cunningham

 6 Scholars still dispute about whether the content of these poems is original with 
Nicander, or whether it was taken from one Apollodorus, whose writings are 
cited by Pliny in the Natural History.

 7 A.S.F. Gow and A.F. Scholfield, eds., Nicander: the poems and poetical frag-
ments, Cambridge: Cambridge University Press, 1953, p. 29, the first verse.

 8 Gow and Scholfield, p. 35.
 9 Peter K. Knoefel and Madeline C. Covi, eds., A Hellenistic treatise on poison-

ous animals (the “Theriaca” of Nicander of Colophon): a contribution to the 
history of toxicology, Lewiston, NY: The Edwin Mellen Press, 1991.

 10 See Wendy Moore, The knife man, London: Bantam Press, 2005, pp. 188–197, 
who concludes that this was an instance of self-experimentation, not carried 
out on a third party.



It does all depend on the dose. Understanding beneficial and adverse
drug effects since 1864 
Waage P , Guldberg CM . Forhandelinger: Videnskabs-Selskabet i Christiana, 1864: 35. 
Ferner RE , Aronson JK . Cato Guldberg and Peter Waage, the history of the Law of Mass
Action, and its relevance to clinical pharmacology. British Journal of Clinical Pharmacology
2016; 81(1): 52â��55. 
Aronson JK . Good prescribing: benefits, hazards, harms, and risks. BMJ 2016; 352: i537. 
â��poison, n.â��. OED Online. Oxford University Press. http://ezproxy-
prd.bodleian.ox.ac.uk:2355/view/Entry/146669?rskey=G5kJ7f&result=1. 
Bradberry SM , Dickers KJ , Rice P , Griffiths GD , Vale JA . Ricin poisoning. Toxicological
Reviews 2003; 22(1): 65â��70. 
Ober WB . Did Socrates die of hemlock poisoning? New York State Journal of Medicine 1977;
77(2): 254â��258. 
Watson G. Theriac and Mithridatium . A Study in Therapeutics. London: Wellcome Historical
Medical Library, 1966. 
Webster C. Paracelsus . Medicine, Magic and Mission at the End of Time. New Haven and
London: Yale University Press, 2008; Chapter V: 131â��168. 
Deichmann WB , Henschler D , Holmstedt B , Keil G . What is there that is not poison? A study
of the Third Defense by Paracelsus. Archives of Toxicology 1986; 58(4): 207â��213. 
Stephenson RP . A modification of receptor theory. British Journal of Pharmacology and
Chemotherapy 1956; 11(4): 379â��393. 
Kelly J , Stephenson J. Dr RP Stephenson (1925â��2004). pA2 Online 2004; 2(3).
www.pa2online.org/Vol2Issue3Stephenson.html. 
Calabrese EJ . Hormesis: from mainstream to therapy. Journal of Cell Communication and
Signaling 2014; 8(4): 289â��291. 
Calabrese EJ . Historical foundations of hormesis. Homeopathy 2015; 104(2): 83â��89. 
Muir MMMP . A History of Chemical Theories and Laws. New York: John Wiley & Sons, 1907:
381.236 
Whewell W . Chapter II: Establishment and development of the idea of chemical affinity. In: The
Philosophy of the Inductive Sciences: Founded Upon Their History. London: John W Parker,
West Strand; Cambridge: J & JJ Deighton, 1840: 374. 
Berthollet CL . Recherches sur les lois de lâ��affinitÃ©. Paris: Baudouin, 1801. 
Pereira J . The Elements of Materia Medica. 4th edition. London: Longman, Brown, Green &
Longmans, 1854: 1â��91. 
Parascandola J . The development of receptor theory. In Parnham MJ , Bruinvels J , editors.
Discoveries in Pharmacology. Volume 3. Pharmacological Methods, Receptors and
Chemotherapy. Amsterdam: Elsevier, 1986: 129â��156. 
Drake M . Population and Society in Norway, 1735â��1865. Cambridge: Cambridge University
Press, 1969. 
Guldberg CM , Waage P . Etudes sur les affinitÃ©s chimiques. Christiana, 1867. 
van â��tHoff JH . Etudes de dynamiques chimiques. Amsterdam: Frederik Muller, 1884. 
â��M.M.P.M.â�� Chemical Affinity. By GULDBERG and WAAGE (J. pr. Chem., [2], 19, 69â��114). Journal
of the Chemical Society Abstracts 1879; 36: 580â��586. 
Muir MMP . XXVII.â��Contributions from the laboratory of Gonville and Caius College, Cambridge.
No. V. Note on chemical equilibrium. Chemical Society Abstracts 1880; 37: 424â��429. 
Mysels KJ . Textbook errors. VII: The laws of reaction rates and of equilibrium. Journal of
Chemical Education 1956; 33: 178â��179. 
Guggenheim EA . Textbook errors. XI: More about the laws of reaction rates and of equilibrium.
Journal of Chemical Education 1956; 33: 544â��545. 
Wright MR . Fundamental chemical kinetics. In: An Exploratory Introduction to the Concepts.
Chichester: Horwood Publishing, 1999. 
Crivellato E , Beltrami CA , Mallardi F , Ribatti D . Paul Ehrlichâ��s doctoral thesis: a milestone in
the study of mast cells. British Journal of Haematology 2003; 123(1): 19â��21. 
PrÃ¼ll C-R . Part of a scientific master plan? Paul Ehrlich and the origins of his receptor concept.
Medical History 2003; 47: 332â��356. 
Silverstein AM . Paul Ehrlichâ��s passion: the origins of his receptor immunology. Cellular
Immunology 1999; 194: 213â��221. 
Ehrlich P . Partial cell functions. Nobel Lecture, December 11, 1908. 
Sherrington CS . The Integrative Action of the Nervous System. New Haven: Yale University
Press; London: Humphrey Milford, Oxford University Press, 1906. 
Ehrlich P . Experimental Researches on Specific Therapeutics. The Harben Lectures for 1907
of the Royal Institute of Public Health. New York: Paul B Hoeber, 1909.



Langley JN . On the reaction of cells and of nerve-endings to certain poisons, chiefly as regards
the reaction of striated muscle to nicotine and to curari. Journal of Physiology 1905; 33(4â��5):
374â��413. 
Virchow R . Ueber die Erregbarkeit der Flimmerzellen. [On the irritability of ciliated cells.] Archiv
fÃ¼r Pathologische Anatomie, Physiologie und fÃ¼r Klinische Medizin 1854; 6(1): 133â��134. 
Schulz H . Zur Lehre von der Arzneiwirkung. [On the theory of drug effects.] Virchows Archiv fÃ¼r
Pathologische Anatomie und Physiologie und fÃ¼r Klinische Medizin 1887; 108(3): 423â��445. 
Schulz H . Ueber Hefegifte. [On toxic yeasts.] PflÃ¼gers Archiv fÃ¼r die Gesamte Physiologie des
Menschen und der Tiere 1888; 42(1): 517â��541. 
Southam CM , Ehrlich J . Effects of extract of Western red-cedar heartwood on certain wood-
decaying fungi in culture. Phytopathology 1943; 33: 517â��524. 
Oberbaum M , Gropp C . Update on hormesis and its relation to homeopathy. Homeopathy
2015; 104(4): 227â��233.237 
Koppe R . Untersuchungen Ã¼ber die pharmakologischen Wirkungen des Digitoxins, Digitalins und
DigitaleÃ¯ns. [Investigations into the pharmacological actions of digitoxin, digitalin, and digitalein.]
Archiv fÃ¼r Experimentelle Pathologie und Pharmakologie 1875; 3(3â��4): 274â��301. 
Juckuff E . Versuche zur auffindung eines Dosirungsgesetzes: eine toxicologischâ��mathematische
Studie. [Attempts to find a law affecting dosages: a toxicologicalâ��mathematical study.] Leipzig:
FCW Vogel, 1895. 
Harnack E . Ueber den Begriff cumulativen Wirkung in ihren VerhÃ¤ltniss zu den
Dosirungsgesetzen. [On cumulative effects in relation to the laws regulating dosages.] MMW
MÃ¼nchener Medizinische Wochenschrift 1896; 44: 1065â��1067. 
Spenzer JG . Ueber den Grad der Aethernarkose im VerhÃ¤ltniss zur Menge des eingeathmeten
Aetherdampfes. [On the extent of ether narcosis in relation to the amount of ether inhaled.]
Archiv fÃ¼r Experimentelle Pathologie und Pharmakologie 1894; 33(6): 407â��414. 
Holford NHG , Sheiner LB . Understanding the doseâ��effect relationship: clinical application of
pharmacokineticâ��pharmacodynamic models. Clinical Pharmacokinetics 1981; 6(6): 429â��453. 
Pearce RM . An experimental glomerular lesion caused by venom (Crotalus adamanteus).
Journal of Experimental Medicine 1909; 11(4): 532â��540. 
Bull CG , Pritchett IW . Toxin and antitoxin of and protective inoculation against Bacillus welchii .
Journal of Experimental Medicine 1917; 26(1): 119â��138. 
Kahlenberg L , True RH . On the toxic action of dissolved salts and their electrolytic
dissociation. Botanical Gazette 1896; 22(2): 81â��124. 
KrÃ¶nig B , Paul Th . Die chemischen Grundlagen der Lehre von der Giftwirkung und Desinfektion.
[The chemical foundations of the study of disinfection and of the actions of poisons.] Zeitschrift
fÃ¼r Hygiene und Infektionskrankheit 1897; 25(1): 1â��112. 
Chick H . An investigation of the laws of disinfection. Journal of Hygiene 1908; 8(1): 92â��158. 
Watson HE . A note on the variation of the rate of disinfection with change in the concentration
of the disinfectant. Journal of Hygiene 1908; 8(4): 536. 
Cash JT . The relationship of action to dose especially with reference to repeated administration
of indaconitine. British Medical Journal 1908; i: 1213â��1218. 
Hunt R . On the effects of intravenous injections of minimal doses of epinephrine sulphate upon
the arterial blood-pressure. American Journal of Physiology 1901; 5(2): vii. 
Hill AV . The mode of action of nicotine and curari, determined by the form of the contraction
curve and the method of temperature coefficients. Journal of Physiology 1909; 39(5): 361â��373. 
Lyon DM . Does the reaction to adrenalin obey Weberâ��s law? Journal of Pharmacology and
Experimental Therapeutics 1923; 21(4): 229â��235. 
Shackell LF , Williamson W , Deitchman MM , Katzman GM , Kleinman BS . The relation of
dosage to effect. I. Epinephrine on arterial rings. Journal of Pharmacology and Experimental
Therapeutics 1924; 24(1): 53â��65. 
Clark AJ . The reaction between acetyl choline and muscle cells. Journal of Physiology 1926;
61(4): 530â��546. 
Galton F . The geometric mean, in vital and social statistics. Proceedings of the Royal Society
of London 1879; 29(196â��199): 365â��367. 
McAlister D . The law of the geometric mean. Proceedings of the Royal Society of London 1879;
29(196â��199): 367â��376. 
Ferner RE . Harms from medicines: inevitable, in error or intentional. British Journal of Clinical
Pharmacology 2014; 77(3): 403â��409. 
Clark AJ . The Mode of Action of Drugs on Cells. London: Edward Arnold & Co, 1933.238 
Gaddum JH . The quantitative effects of antagonistic drugs. Journal of Physiology 1937;
89(Suppl): 7Pâ��9P. 
Schild HO . pA, a new scale for the measurement of drug antagonism. British Journal of
Pharmacology 1947; 2(3): 189â��206.



AriÃ«ns EJ . Affinity and intrinsic activity in the theory of competitive inhibition. I. Problems and
theory. Archives International de Pharmacodynamie et de ThÃ©rapie 1954; 99(1): 32â��49. 
Paton WDM . A theory of drug action based on the rate of drug-receptor combination.
Proceedings of the Royal Society of London Series B 1961; 154(954): 21â��69. 
Changeux JP , Thiery J , Tung Y , Kittel C . On the cooperativity of biological membranes.
Proceedings of the National Academy of Sciences of the United States of America 1967; 57(2):
335â��341. 
Rang HP . The receptor concept: pharmacologyâ��s big idea. British Journal of Pharmacology
2006; 147(Suppl): S9â��S16. 
Kenakin T . Principles: receptor theory in pharmacology. Trends in Pharmacological Sciences
2004; 25(4): 186â��192. 
Calabrese EJ , Baldwin LA . Hormesis: U-shaped dose responses and their centrality in
toxicology. Trends in Pharmacological Science 2001; 22(6): 285â��291. 
Gaddum JH . Clinical pharmacology. Proceedings of the Royal Society of Medicine 1954; 47(3):
195â��204. 
Chennavasin P , Seiwell R , Brater DC . Pharmacokineticâ��dynamic analysis of the
indomethacinâ��furosemide interaction in man. Journal of Pharmacology and Experimental
Therapeutics 1980; 215(1): 77â��81. 
Brater DC , Chennavasin P , Day B , Burdette A , Anderson S. Bumetanide and furosemide.
Clinical Pharmacology and Therapeutics 1983; 34(2): 207â��213. 
McDevitt DG , Shand DG . Plasma concentrations and the time-course of beta blockade due to
propranolol. Clinical Pharmacology and Therapeutics 1975; 18(6): 708â��713. 
Hughes DA , Aronson JK . A systematic review and empirical analysis of the relation between
dose and duration of drug action. Journal of Clinical Pharmacology 2010; 50(1): 17â��26. 
Wayne EJ . Problems of toxicity in clinical medicine. In: Walpole AL, Spinks A, editors. The
Evaluation of Drug Toxicity. London: J & A Churchill Ltd, 1958: 1â��11. 
Levine RR . Factors modifying the effects of drugs in individuals. In: Pharmacology. Drug
Actions and Reactions. Boston: Little, Brown and Co, 1973: 261â��291. 
Wade OL , Beeley L . Adverse Reactions to Drugs. 2nd edition. London: William Heinemann
Medical books Ltd, 1976: Chapter II. 
Rawlins MD , Thompson JW . Pathogenesis of adverse drug reactions. In: Davies DM , editor.
Textbook of Adverse Drug Reactions. Oxford: Oxford University Press, 1977: 44. 
Rawlins MD , Thompson JW . Pathogenesis of adverse drug reactions. In: Davies DM , editor.
Textbook of Adverse Drug Reactions. 2nd edition. Oxford: Oxford University Press, 1981: 11. 
Grahame-Smith DG , Aronson JK . In: The Oxford Textbook of Clinical Pharmacology and Drug
Therapy. Oxford: Oxford University Press, 1984: 134. 
HoignÃ© R , Jaeger MD , Wymann R , Egli A , Muller U , Hess T , Galeazzi R , Maibach R , Kunzi
UP . Time pattern of allergic reactions to drugs. Agents and Actions Supplement 1990; 29:
39â��58. 
Park BK , Pirmohamed M , Kitteringham NR . Idiosyncratic drug reactions: a mechanistic
evaluation of risk factors. British Journal of Clinical Pharmacology 1992; 34(5): 377â��395.239 
Laurence DR , Bennett PN . Clinical Pharmacology. Edinburgh: Churchill Livingstone, 1992:
121â��122. 
Ferner R , Mann RD . Drug safety and pharmacovigilance. In: Page C , Curtis MJ , Sutter MC ,
Walker MJA , Hoffman BB , editors. Integrated Pharmacology. 1st edition. London: Mosby,
1997: 83â��90. 
Hartigan-Go KY , Wong JQ . Inclusion of therapeutic failures as adverse drug reactions. In:
Aronson JK , editor. Side Effects of Drugs. Annual 23. Amsterdam: Elsevier, 2000: xxviiâ��xxxiii. 
Aronson JK . Drug therapy. In: Haslett C , Chilvers ER , Boon NA , Colledge NR , editors,
Hunter JAA , international editor. Davidsonâ��s Principles and Practice of Medicine. 19th edition.
Edinburgh: Elsevier Science Limited, 2002: 147â��163. 
Aronson JK , Ferner RE . Joining the DoTS. Classifying adverse drug reactions by dose
responsiveness, time course, and susceptibility. BMJ 2003; 327(7425): 1222â��1225. 
Aronson JK . Adverse drug reactions: history, terminology, classification, causality, frequency,
preventability. In: Talbot J , Aronson JK , editors. Stephensâ�� Detection and Evaluation of Adverse
Drug Reactions: Principles and Practice. 6th edition. Oxford: Wiley-Blackwell, 2011: 1â��119. 
Aronson JK , Price D , Ferner RE . A strategy for regulatory action when new adverse effects of
a licensed product emerge. Drug Safety 2009; 32(2): 91â��98. 
CallrÃ©us T . Use of the dose, time, susceptibility (DoTS) classification scheme for adverse drug
reactions in pharmacovigilance planning. Drug Safety 2006; 29(7): 557â��566. 
Aronson JK , Ferner RE . The Law of Mass Action and the pharmacological concentrationâ��effect
curve: resolving the paradox of apparently non-dose-related adverse drug reactions. British
Journal of Clinical Pharmacology 2015; 81(1): 56â��61.



Aronson JK , Ferner RE . Preventability of drug-related harms. Part 2: Proposed criteria, based
on frameworks that classify adverse drug reactions. Drug Safety 2010; 33(11): 995â��1002. 
Roughead EE , Pratt NL . Impact on drug safety of variation in adherence: the need for routinely
reporting measures of dose intensity in medication safety studies using electronic health data.
Drug Safety 2015; 38(12): 1145â��1152. 
Aronson JK . Distinguishing hazards and harms, adverse drug effects and adverse drug
reactions: implications for clinical trials, biomarkers, monitoring, and surveillance. Drug Safety
2013; 36(3): 147â��153. 
Kenakin T . The mass action equation in pharmacology. British Journal of Clinical
Pharmacology 2016; 81(1): 41â��51. 
Hill AV . The possible effects of the aggregation of the molecules of hÃ¦moglobin on its
dissociation curves. Journal of Physiology 1910; 40(Supplement): ivâ��vii. 
Bindslev N . In: Drugâ��Acceptor Interactions. Modeling Theoretical Tools to Test and Evaluate
Experimental Equilibrium Effects. CRC Press, 2017.
https://www.taylorfrancis.com/books/9781351660587. 
Ross HE , Murray DJ (editors and translators). E.H. Weber on the Tactile Senses. 2nd edition.
Erlbaum, UK: Taylor & Francis, 1996.
https://books.google.co.uk/books?id=xEd8JglYzFwC&printsec=frontcover&source=gbs_ge_sum
mary_r&cad=0#v=onepage&q&f=false. 
Stevens SS . On the psychophysical law. Psychological Review 1957; 64(3): 153â��181. 
Barr J , Marshall CR , Atkinson GA , Smith RS . A discussion on diuretics. British Medical
Journal 1897; 2(1928): 1697â��1709. 

 


