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1
Introduction

In a chemistry class on the nature of blood, Herman Boerhaave (1668–1738) shared 
a hazardous incident in the laboratory with his students. ‘I had long entertain’d an 
opinion that phosphorus might be procured from human blood’, he explained. In an 
attempt to confirm his idea,  Boerhaave had taken a quantity of blood and let it 
separate into the red and watery parts through coagulation. He had then started 
distilling the serum in a retort, i.e. a glass container with long neck, so that it would 
yield a salt on the sides of the receiver, and a yellow oily liquor at the bottom of the 
vessel, called “the spirit of human blood”. Boerhaave was called away during the 
experiment. At night, when he returned with a candle to see the effect, he saw that 
the neck of the retort was completely blocked with a thick matter. He immediately 
backed away and left the room. And not a moment later, the force of the ascending 
oil burst the vessel into a million pieces and set the whole laboratory on fire. ‘Had I 
been by, I had doubtless [sic] perish’d’.1 

This anecdote raises numerous questions: why did Boerhaave subject bodily 
fluids like blood to a chemical examination? If medical students needed to know the 
normal functioning of the body, it would make sense for them to visit an anatomical 
theatre to learn about the body’s internal structures. But why would they also be sent 
into smoke-filled chemical laboratories and be covered in ash while maintaining fires, 
distilling fluids, and synthesising substances? What results did they gain from their 
practice,  and how did they use this knowledge to better understand the functioning 
of  the body? 

It is important to note that this anecdote was not communicated by 
Boerhaave himself, but by his students.2 Boerhaave’s students diligently wrote down 

1  Herman Boerhaave, Institutiones et experimenta chemiae, 2 vols (Paris, 1724), 49; idem, A New 
Method of Chemistry: Including the Theory and Practice of that Art: Laid down on Mechanical Principles, 
and Accommodated to the Uses of Life, trans. Peter Shaw and Ephraim Chambers, 2  vols (London, 
1727), vol. 1, 37; vol. 2, 215.
2  On the history of the multiple editions of Boerhaave’s chemistry textbook, see J.R.R. 
Christie, ‘Historiography of Chemistry in the Eighteenth Century: Hermann Boerhaave and 
William Cullen’, Ambix 41 (1994), 4–19.



their professor’s lectures, and even published their lecture notes as textbooks, thus 
playing a key role in the dissemination of knowledge. Furthermore, a plethora of 
medical dissertations preserve the thoughts and actions of these physicians’ work 
with fluids in the laboratory. From this rich corpus of sources it is not only clear that 
bodily fluids played an essential role in medical education, but also that early 
modern physicians in the Dutch Republic were seriously reconsidering the nature 
and function of blood and other bodily fluids. And rightly so. For these messy yet 
natural flows and fluids performed crucial tasks in the physiology of the human 
body. Blood continuously nourished all parts of the body; the bladder collected and 
stored urine until it was released through the urethra; mothers expressed their milk 
to feed their newborns; perspiration exuded through the innumerable pores of the 
skin; and at moments of sexual climax, male bodies emitted the reproductive fluid of 
semen. That the discharges and interflows of bodily fluids were directly related to 
the body’s vital functions had been known for centuries. But it was at the turn of the 
eighteenth century that physicians like Boerhaave took a new interest in the fluids 
and investigated them with a new set of  instruments and ideas.

This thesis argues that at the turn of the eighteenth century new research 
methods and instruments crucially changed the perception of bodily fluids, and that 
this contributed to a new system of medicine. For centuries physicians had based 
their knowledge on the ancient humoral pathology, which had its origins in the 
writings of Hippocrates (c. 460–377 BC) and Galen (129–c. 210 AD), and was 
further developed in the medieval period by scholars such as Ibn Sina (aka Avicenna, 
980–1037). Humoral theory proposed that there were four bodily humours –�blood, 
phlegm, black and yellow bile –� which needed to be balanced in relation to each 
other to sustain health.  Blood regularly expelled via nosebleeds,  haemorrhoids, 
menstruation, or surgically by phlebotomy, to sustain the humoral balance. In the 
Renaissance, however, physicians started questioning humoral theory. While some 
progressed learned medicine by emulating the ancients,  others protested against the 
establishment of Galenic medicine. Most notably Theophrastus von Hohenheim 
(1493–1541), better known as Paracelsus, presented a rival model based on three 
primary substances of salt, sulphur and mercury, envisioned disease as having 
external causes, and presented a new set of more drastic remedies that included 
mercury, antimony, and arsenic.3  In the seventeenth century, Galenic medicine 
received another blow when René Descartes (1596–1650) reduced bodily processes 
to motion and mechanical actions. In the early modern period, in other words, new 
observations and theories of the body transformed the ways in which physicians 
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3  On the medicine, philosophy and impact of Paracelsus, see Walter Pagel, Paracelsus: An 
Introduction to Philosophical Medicine in the Era of the Renaissance, 2nd ed. (Basel, 1982); Charles 
Webster, Paracelsus: Medicine, Magic, and Mission at the End of  Time  (New Haven, 2008).



thought about the functioning of the healthy, living body.4 But while Paracelsian and 
Cartesian theories had completely dismissed humoral theory,  Boerhaave and other 
physicians developed a new appreciation for the fluids.  Indeed, at the turn of the 
eighteenth century, the application of new instruments and methods to bodily fluids 
led to an extraordinary set of changes which reinvented ancient humoral theory and 
established a new and irenic physiology of  the fluids.

Histories of  Physiology
When it came to defining “physiology” in a new edition of Noël Chomel’s (1632–
1712) famous household dictionary, the French-Frisian editor Jacques de Chalmot (c. 
1730–1801) came straight to the point: ‘The best books on physiology in Latin are 
those of Boerhaave’.5 The word “physiology” derived from the Greek physis (“nature”) 
and logia (“knowledge”), and therefore initially referred to the philosophical inquiry 
into the nature of things. In the early modern period, however, physiology came to 
be specifically applied to the field of medicine, explaining the conditions of life and 
health, also known as the doctrine of the “animal oeconomy”.6 Boerhaave’s students 
learned that ‘[b]y physiology we mean that part of medicine which explains the 
nature of the entire animal machine, consider’d in its natural state,  when its 
operations are perform’d in greatest perfection; or in a state of health; which 
depends upon a just balance of the solids and fluids’.7  De Chalmot might have 
mentioned any of a large number of physiologists, but it was no accident that he 
chose to highlight Boerhaave. In de Chalmot’s lifetime groundbreaking 
developments had occurred, originating with Boerhaave and his successors. They 
had developed new instruments and methods, such as thermometers and chemical 
laboratories, that were able to measure and analyse bodily fluids to an extent never 
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4  See ‘The New Science’ in Roy Porter, The Greatest Benefit of Mankind: A Medical History of 
Humanity  (New York, 1999), 201–244;  and Andrew Wear, ‘Medicine in Early Modern 
Europe, 1500–1700’ in Lawrence I. Conrad et al., The Western Medical Tradition: 800 BC to AD 
1800  (Cambridge, 1995), 250–361.
5  ‘De beste Boeken over de Phijsiologie in het latijn, zijn die van Boerhave’. Noël Chomel, 
Algemeen huishoudelijk-, natuur-, zedekundig- en konstwoordenboek, ed. Jacques Alexandre de Chalmot, 
2nd ed. (Leiden and Leeuwarden, 1778), vol. 5, 2694. De Chalmot was the publisher and 
author of  several encyclopaedic works.
6  Diderot, Encyclopédie, vol. 12, 537. ‘[D]iscours, partie de la Médecine, qui considere ce en 
quoi consiste la vie, ce que c’est que la santé, & quels en sont les effets’. For general historical 
overviews of physiology see Karl Eduard Rothschuh, History of Physiology, trans. Guenter B. 
Risse (Huntington, NY, 1973); Thomas S. Hall, Ideas of Life and Matter: Studies in the History of 
General Physiology, 600 B.C.–1900 A.D., 2 vols (Chicago, 1969); E.M. Tansey, ‘The Physiological 
Tradition’, in Companion Encyclopedia of the History of Medicine, ed. W.F. Bynum and Roy Porter 
(London, 1993), 120–152.
7 Boerhaave, A New Method, vol. 1, 194; Institutiones et experimenta chemiae, vol. 1, 146–147.



seen before. According to Boerhaave, ‘many of the most important parts in all the 
medical physiology are only to be known by chemistry’.8

The present study focusses on developments in eighteenth-century medicine 
largely passed over in historiography. Historians have often discussed the discovery of 
the circulation of blood and the consequent mechanisation of the body. The next 
momentous phase in the history of medicine has generally been identified as the 
experimental physiology of the nineteenth century.  Yet I argue that this sequence of 
events bypasses the eighteenth century and the establishment of a new physiology of 
fluids, which proved influential far into the nineteenth century. In doing so, I aim to 
contribute to the current historiographical debates in medical and chemical history, 
the history of mechanist and vitalist theories, and the study of early modern material 
culture.

‘The Fluids of  course’

The intricate relationship between physiology and anatomy has received much 
scholarly attention by historians of medicine. Anatomy and physiology, after all, 
appear to complement each other perfectly, because one needs to be intimately 
familiar with the structure of the internal organs before understanding their 
functions in the normal, living body. Anatomy has certainly been a popular research 
subject in recent years.9 Tackling the complicated relationship between anatomy and 
physiology directly,  Andrew Cunningham published an article in two parts titled 
‘The Pen and the Sword’, in which he argued that physiology in the early modern 
period must not be interpreted anachronistically as a primitive predecessor of 
modern-day experimental physiology.10  Furthermore, based on the case of Jean 
Fernel (1497–1558), the French physician who first used the term “physiology”, 
Cunningham demonstrates that early modern physiologists largely cared about the 
theoretical nature of the human body. Anatomists, by contrast, were occupied with 
manual investigations into the structure of human and animal body parts. Defining 
“disciplinary boundaries” between the two,  Cunningham corrects a number of 
historiographical misinterpretations: Fernel cannot be reduced to the role of the 
father of experimental physiology simply for using the word “physiology”, nor were 
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early modern vivisectionists part of experimental physiology –�they rather dealt with 
the manual art of anatomical observation. Even the case of Albrecht von Haller 
(1708–1777), who had famously performed innumerable vivisections and 
experiments on which he based his theory of sensibility and irritability, must not be 
confused with an experimental physiologist avant la lettre. Cunningham proposes that 
there was a clear divide between von Haller’s two roles,  as the investigative anatomist 
and as the contemplating physiologist.

While this may be the case, this dissertation maintains that the binary division 
of anatomy and physiology was only one part of the story. Take,  for instance, the 
short entry on physiology in Ephraim Chambers’  Cyclopaedia (1728), published a year 
after Chambers’ translation of Boerhaave’s chemical lectures, A New Method of 

Chemistry (1727). Instead of mentioning the central role of anatomy, Chambers stated 
that ‘Chymistry does not properly belong to Physiology,  but is a kind of counter-part 
thereto, as imitating or mimicking Nature’.11 As this quote suggests,  more than the 
anatomical knife,  the chemical flask was the instrument par excellence for observing 
changes in bodily fluids, and thereby supported physiological contemplation.

The role of chemical practices has not been absent from the history of 
medicine. But while historians have paid specific attention to the role of medical 
chymical theories in the sixteenth and seventeenth centuries, they have not attended 
to the eighteenth century to date. Historical attention to medical chymistry has been 
largely based on analyses of the works of Paracelsus,  Jan Baptist van Helmont 
(1579–1644), Franciscus Sylvius (1614–1672), and their followers.12  Medical 
chymistry,  formerly known as iatrochemistry (from Greek iatros,  “physician”),  denotes 
the Paracelsian school which sought to understand medicine and physiology in 
chymical terms. Practitioners working in Paracelsus’ footsteps portrayed the body as 
a chemical laboratory, according to which, for example,  food and drink were 
digested by means of acid fermentation in the stomach and intestines. Fermentation 
was caused by acid particles mechanically reacting with alkalis inside the body. 
Hence, Sylvius and his student Reinier de Graaf (1641–1673) went to great lengths 
to obtain the various intestinal fluids –� saliva, stomach juice, bile, and pancreatic 
juice – to ascertain their acidity by the direct sensory experience of taste.  As Evan 
Ragland has argued, this type of experiment not only showed the crucial role of 
sensory experience in experimentation, it was also an exemplary seventeenth-century 
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approach to experiments derived from Harveian anatomical and Helmontian 
chymical traditions.13 

How the relationship between physiology and chemistry continued during the 
eighteenth century, however,  remains largely unexplored. In fact, many studies in the 
history of chemistry actually pass over the early eighteenth century entirely.14 This 
dissertation, therefore, takes inspiration from those studies that are moving away 
from the traditional narrative of the chemical revolution in the late eighteenth 
century, and that focus on developments in chemistry in the years between Robert 
Boyle’s (1627–1691) and Antoine Laurent Lavoisier’s (1743–1794) active years 
instead.15 A number of studies have already reinstated some important narratives in 
the history of chemistry from the longue durée of chemical knowledge.16  This 
dissertation adds to this growing body of work, first, by emphasising the diverse 
chemical practices that were developed in relation to medicine from the turn of the 
eighteenth century onwards. And second, it challenges the general argument that the 
academic institutionalisation of chemistry resulted in its taking on a more 
philosophical nature.17  Seventeenth-century chymistry, as shown by William 
Newman and Lawrence Principe, denoted an artisanal practice involved in making 
things by chemical methods. Most seventeenth-century writers would not 
differentiate between chymical and alchemical practices.18  In the early eighteenth 
century, however, academic scholars became increasingly aware of the discrepancy 
between commonly dispersed vernacular practices on the one hand,  and the 
conscious attempt to make the practice of chemistry acceptable for academic 
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purposes on the other. And indeed, learned men like Hieronymus David Gaubius 
(1705–1780) distinguished between seventeenth-century chymistry and the new 
chemistry, elevating chemistry as demonstrative method, useful for the practice of 
natural philosophy and medicine.19 

But this did not mean that chemistry lost any of its practical aspects. On the 
contrary, this thesis shows that the practical side of chemistry, too, gained a place in 
academic discourse –� even more: it became a practical foundation of academic 
medicine. The laborious nature of chemical experiments on bodily fluids thus 
significantly contributed to theoretical physiology and the development of a new 
medical system. According to Boerhaave’s students, ‘chemistry is no science form’d à 

priori; ’tis no production of the human mind, framed by reasoning and deduction’. 
Instead, truths in chemistry had to be ‘collected à posteriori,  from numerable 
experiments’.20  At the same time in history,  chemical operations comprised 
experiments on vegetal,  animal, and mineral bodies by applying fire,  water, earth, 
air, and menstrua (i.e., solvents). By applying his new method of chemistry, Boerhaave 
formulated questions about the nature of bodily fluids, and painstakingly 
investigated blood, urine, and milk individually to understand how each of these 
animal materials changed in vitro (i.e. in glass) and how they worked in vivo (i.e. in the 
living body). This physiological reasoning, based on experimentation, resulted in new 
insights which proved essential to physiology and medicine, because ‘many of the 
most important parts in all the medical physiology are only to be known by 
chemistry’.21  

It is for this reason that this present study leaves the well-trodden path of the 
history of medicine, and of investigating early modern physiology by focussing on 
anatomy. Instead, it takes its cue from studies in the history of medical chemistry, 
and applies the same to the often-neglected early eighteenth century. It will argue 
that chemical instruments and investigations of the bodily fluids in the eighteenth 
century played an essential role in the medical and physiological understanding of 
the body. As summarised by Boerhaave’s successor Gaubius in 1731:

Medicine,  physiology, and chemistry cohere by an indissoluble bond, 
hence I take as the theme of my public lectures that most noble and 
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most copious part of the entire human body,  the fluids of course; because 
as the fluids are too subtle, the knife of the anatomist cannot reach 
them.22 

Mechanist and Vitalist Physiologies

While the aforementioned studies have addressed the entangled and complicated 
relationship between disciplines, a number of scholars have confronted the equally 
complex problem of two apparently competing physiological theories in the 
eighteenth century: mechanism and vitalism. Did the eighteenth-century study of 
bodily fluids using chemical experiments lead to a mechanist or vitalist 
understanding of physiology? Inspired by Harvey’s circulation of blood and Antoni 
van Leeuwenhoek’s (1632–1723) blood corpuscles,  mechanist theories explained the 
workings of the living body with reference to mechanical processes. The body could 
be seen as a piece of machinery, with external forces acting on a homogeneous 
matter. Boerhaave has often been cast as the pinnacle of mechanist medicine. Gerrit 
Lindeboom, for example, presented Boerhaave as a supporter of the iatromechanical 
or iatrophysical approach to medicine, claiming that Boerhaave ‘went as far as a 
mechanistic way of thinking could lead him’.23 Luyendijk-Elshout likewise argued 
that Boerhaave and his students kept their physiology strictly mechanistic, with 
Newtonian laws of gravity and attraction as the basic principle,  and life understood 
as the circulation of fluids through the vessels.24  This contributed to the 
understanding of mechanism and vitalism, associated with the supposition of a 
“vital force” or “vital principle”,  as developing in strong oppositional reaction to 
each other. Historians of medicine have argued that increased quantification and 
mechanisation gave rise to the idea that life itself,  in fact, could be reduced to 
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mechanical and physical phenomena –� a frightful idea to many contemporaries.25 
Historian Frank Huisman, for example, presented Nicolaas Hartsoeker (1656–1725) 
as a physician who ‘resolutely rejected mechanistic physiology, arguing that the law 
of mechanics had nothing to say about the movement and functions of the body’, 
and Frederik Winter (1712–1760), the professor of medicine in Franeker and Leiden, 
as ‘dissatisfied with the mechanistic learnings of his teacher Boerhaave, and 
unwilling to resort to animism as it was taught by the Halle professor Georg Ernst 
Stahl’. Offering an alternative, Winter postulated an active principle to explain 
muscular contraction, and thereby entered into a discussion with Albrecht von 
Haller, Wouter van Doeveren (1730–1783) and others on concepts of irritability, 
sensibility, and the existence of  vital powers.26

In recent years,  however, most historians have come to realise that this strict 
binary of mechanist and vitalist theories of physiology is problematic. Detailed 
studies on Boerhaave, von Haller, and the medical school of Montpellier all reveal 
the difficulties and limitations of keeping to a strict mechanist-vitalist opposition. 
Rina Knoeff ’s discussion of Boerhaave’s textbook Elementa chemiae (1732) 
considered the theories of menstrua and of seminal principles.27  A menstruum was 
a substance able to dissolve other substances over the course of a philosophical 
month.  For Boerhaave, menstrua revealed many different powers, and he therefore 
considered them suited to discovering the vital powers of bodies, and also useful in 
the preparation of drugs. Furthermore, by introducing seminal principles peculiar to 
every individual body, Boerhaave’s approach to medicine was as mechanistic as it 
was vitalistic.  Hubert Steinke has further pointed out the difficulty of positioning 
Albrecht von Haller in either the mechanist or vitalist school of thought once one 
realises that his contemporaries identified von Haller with both and neither school at 
the same time.28  Anita Guerrini has denied a sudden break between mechanist 
theories derived from Newtonian physics and vitalist theories. In the eighteenth 
century, she argued, ‘“vitalist” ideas were now revived by scientists who were 
dissatisfied with mechanical explanations. Yet there was not a dichotomy between 
mechanists and vitalists, and there were many gradations and syntheses between the 
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two’.29 Elizabeth Williams therefore decided to study vitalism in France neither as an 
abstract theory, nor as a set of disembodied concepts, but rather as a broad discourse 
largely located in the medical school of Montpellier. According to Williams, 
Montpellier vitalism ‘was not a unitary medical doctrine or program linked to a 
particular political or social philosophy but a protean, often fragmented discourse’.30 
Living plants, animals, and humans were thought to be endowed with life, and the 
Montpellier physicians searched for the unique laws governing the existence of living 
beings. They presupposed interconnected activities of the so-called animal 
oeconomy, which was empowered with a certain vital force through which humans 
could live. ‘Thus physiology was the study of the interrelated, systematic, 
harmonious operations that simultaneously manifested and sustained the life of 
bodies that enjoyed vitality’.31

Recent studies have exhibited a range of new perspectives on the issue of 
mechanism and vitalism in the eighteenth century. Jessica Riskin has adopted an 
externalistic approach and looked at eighteenth-century empiricism as embedded in 
contemporary culture. Avoiding the term “vitalism” altogether, Riskin coined the 
term “sentimental empiricism” as denoting a natural knowledge that was based on a 
blend of experience and emotion. The relationship between the sentimental-
empiricists and the mechanists, however, remained to be in opposition to each other: 
while the sentimental-empiricists projected their view of the social world onto the 
natural world, mechanists held ‘an asocial view of nature’.32  Riskin also 
distinguished between rationalists and materialists: between those who perceived the 
body as a passive machine, and reason as part of an immaterial soul, and those who 
saw the body as an active machine, with reason and emotion intrinsic to matter.33 
Charles Wolfe specialised in vitalism and made the important distinction between 
different kinds of vitalism. According to Wolfe, “substantival vitalism” referred to the 
doctrine in which the existence of a substantive, vital force was assumed. This vital 
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force was either studied because it played a crucial role in natural phenomena, or it 
was thought of as an immaterial entity. Different from this metaphysical definition 
was a second kind of vitalism, which was “structural-functional” and mainly 
focussed on the structure of the living body, called the animal oeconomy, which was 
studied according to its functions. The observation of the pulse was an excellent 
example of this vitalist method with a structural,  functional, and positional 
approach. This second kind of vitalism, though relying on an undefined vital force, 
was, in fact, not far removed from materialism and mechanism.34

This dissertation builds on these historiographical debates, yet rather than 
adopting an intellectual or philosophical approach, it approaches the theoretical 
binary between mechanism and vitalism through the lens of medical and chemical 
practices.  Inspired by recent studies on mundane materials, such as ink,  milk, and 
liquors, each chapter is devoted to a particular bodily fluid.35 I analyse how each of 
these bodily fluids was handled and understood by physicians, chemists, and 
occasionally patients –� from the bodily discharges of urine and sweat to the life-
enforcing semen, milk, and blood. This will shed new light on early modern 
physiology and show the hybrid field of vitalist and mechanist physiologies. In 
tandem with this, I place specific focus on a circle of physicians and chemists who 
were associated through their universities, kinship, friendship, intellectual beliefs, or a 
shared admiration of  Herman Boerhaave.

‘The school of  the great Boerhaave’
The notion that Boerhaave’s students formed a school is a motif that permeates this 
dissertation. The concept of a “Boerhaave school” is inspired by contemporary 
references to a medical community around Boerhaave. For example, the second 
volume of Albrecht von Haller’s Commentaries on Boerhaave’s physiology textbook 
was dedicated to his friend and fellow physician António Sanches (1699–1783), 
because he was ‘from the school of the great Boerhaave’.  Volume five was dedicated 
to all disciples of Boerhaave.36 Indeed, many eager students travelled to Leiden to 
study medicine and chemistry with the famous Boerhaave and his disciples. Many 
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others who were unable to come at Leiden to meet the master nevertheless 
appropriated his teachings via the lecture notes and books that enjoyed a wide 
circulation at the time. Not only did all these men form a large group of physicians 
which have hitherto been little studied, their books and practices have also guided 
the selection of sources studied in this dissertation. Boerhaave’ students continued 
his work at other universities in the Dutch Republic and far beyond. The Boerhaave 
school, this dissertation argues, formed a large group of medical men across Europe 
who followed in Boerhaave’s footsteps and helped establish a new physiology based 
on the bodily fluids.

According to the Dictionary of the Dutch Language, the term “school” has 
three meanings: first,  an institution at which instruction is given; second, a group of 
people or animals, like a school of fish; and finally, the mesh or link of a net,  in 
particular fishing nets.37 In compliance with the first meaning of school,  I take the 
institution of Leiden University as central focal point,  yet also show the links to the 
Dutch universities in Utrecht,  Groningen, Franeker, and Harderwijk. Furthermore, I 
will also engage with the other two meanings,  and allude to the phrase “school of 
thought” to define the Boerhaave school as a group of intellectuals sharing ideas and 
methods.

Historians have traditionally discussed “Boerhaave’s influence” from an 
institutional perspective. Gerrit Lindeboom, for example,  has stated that Boerhaave 
‘greatly influenced the study and development of chemistry in Great-Britain’, and 
Erwin Ackerknecht has claimed that Boerhaave made Leiden ‘the medical center of 
the world’.38 Ashworth Underwood has meticulously investigated the life and works 
of Boerhaave’s English-speaking students. Focussing on the students who enrolled at 
Leiden University during Boerhaave’s tenure from 1701 to 1738, Underwood has 
identified 746 English-speaking students. Subsequently looking at the careers of 
theses students, Underwood noted that ‘there was hardly an institution associated 
with medicine [on the British Isles] where Boerhaave’s men were not in positions of 
influence and authority’.39 A new census of all Leiden medical dissertations in the 
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eighteenth century has revealed that Boerhaave promoted a total of 182 (out of 702) 
doctoral students.40  With an average of six dissertations completed each year, 
Boerhaave was the most popular doctoral advisor among his fellow professors, who 
included Johannes Rau (1668–1719) and Jacob le Mort (1650–1718) at the medical 
faculty.41 

These quantitive insights are valuable, as they give a good impression of the 
size and scope of the Boerhaave school. But the large variability in students’ career 
paths places limitations on a purely institutional interpretation of the Boerhaave 
school. The career of the Scotsman James Crauford (aka Crawford, c.  1685–1732) is 
a case in point. When Crauford matriculated at Leiden University on 31 May 1707, 
he had already studied in France. Furthermore, Crauford graduated as early as five 
weeks later, on 6 July.42  Boerhaave’s reputation may have attracted Crauford to 
Leiden, but we can wonder whether Boerhaave’s teaching was a major influence on 
Crauford’s later achievements. And Crawford was only one of many. Indeed, 
Underwood’s prosopographical study showed that the length of study differed 
significantly for the English-speaking students.43 Some stayed for years, while others 
left after a few weeks;  some took degrees, while others did not; some became 
renowned scholars, others worked in obscurity.44  Numbers of graduates and 
doctorates, in other words, offer only a very limited understanding of the eighteenth-
century Boerhaave school.

Moreover, statistics alone cannot not explain Boerhaave’s popularity.  A new 
generation of historians has therefore studied the contents and methods of 
Boerhaave’s teachings in greater detail, to answer the question why so many students 
were drawn to him. Andrew Cunningham examined Boerhaave’s medical system 
and characterised it as ‘irenic’, ‘eclectic’, and based on sense experience and 

INTRODUCTION | 35

40 Earlier publications have recorded 178 doctoral students, such as J.E. Kroon, ‘Boerhaave als 
hoogleeraar-promotor’, Nederlands Tijdschrift voor Geneeskunde 63 (1919), 87–99. This recount is 
based on the work of André Looijenga – for which I thank him – complemented with 
Archieven van Senaat en Faculteiten, 1575–1877, Leiden University Library, UBL 042, MSS 
348, 349, 350.
41 It  should be noted that Boerhaave was “promotor” (doctoral advisor) in place of a colleague 
who was not able to attend for one reason or another on 27 occasions. Boerhaave himself was 
replaced by a fellow professor only 17 times.
42 Underwood, Boerhaave’s Men, 99–101; Jacobus Crauford, Disputatio medica inauguralis de scorbuto  
(Leiden, 1707). More on Crauford see John C. Powers, ‘Leiden Chemistry in Edinburgh: 
Herman Boerhaave, James Crawford and Andrew Plummer’, in Cradle of Chemistry, ed. Robert 
G.W. Anderson (Edinburgh, 2015), 25–58. Powers suggests that Crauford modelled his 
chemistry lectures after Boerhaave’s lecture course.
43 Underwood, Boerhaave’s Men, 57–59.
44  Out of the 468 English-speaking students who ultimately obtained their MD, only 139 
graduated at Leiden. Ibid., 110–111. This may have been largely motivated by financial 
reasons, as graduating at Rheims, for example, was far less expensive than graduating at 
Leiden.



observation.45 He has reconstructed Boerhaave’s intellectual growth over the course 
of his professional life, from applying a method of ‘prideful’ reason to utilising 
experience, from an apparently mechanistic physiology of the body to one that was 
understood in chemical and vitalist terms. Additionally, Knoeff and John Powers 
have shown that Boerhaave’s pedagogy was particularly unique and attractive.46 
Many students, such as Ulricus Wilhelmus Rhode (fl.  1720),  mentioned their 
memories of Boerhaave’s lectures in their dissertations. 47  Powers argued that the 
Leiden professor was not concerned with teaching knowledge that was already 
established,  but was rather invested in restructuring and reshaping various chemical 
practices for pedagogical purposes, and transforming these practices into an 
academic discipline with its own problems, parameters, and methods in the process. 
Boerhaave restructured and reinterpreted a variety of practices from diverse 
chemical traditions – didactic chemistry, transmutational alchemy, chymical 
medicine, and experimental natural philosophy – to develop his own methodology 
for chemical investigations.48  Knoeff has added that,  contrary to other medical 
professors, Boerhaave used a style that was less prescriptive and more pedagogical, 
stimulating students to think, observe and experiment for themselves. Rather than 
presenting ready-made solutions, this style allowed for improvements, and proposing 
new hypotheses. In 1738, for example,  Henry Pemberton (1694–1771), who had 
studied at Leiden in the 1710s and graduated in 1719 with ‘supreme honours’, 
remembered that when he pointed out mistakes in Boerhaave’s ideas on vision, 
Boerhaave praised him and treated him as an equal.49 This was an exceptional and 
revolutionary teacher-student relationship.

But the success and longevity of the Boerhaave school, this thesis argues, has 
as much to do with Boerhaave’s work and pedagogy, as with the consideration of 
students and their appropriation of knowledge.50 Although Boerhaave passed away 
on 23 September 1738, he remained a much-revered physician well into the early 
nineteenth century. Indeed, in the early eighteenth century Boerhaave became a 
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45  Andrew Cunningham, ‘Medicine to Calm the Mind: Boerhaave’s Medical System, and 
Why It Was Adopted in Edinburgh’, in The Medical Enlightenment, ed. Andrew Cunningham 
and Roger French (Cambridge, 1990), 40–66; Harold J. Cook, ‘Boerhaave and the Flight from 
Reason in Medicine’, Bulletin of the History of Medicine 74 (2000), 221–240, at 225; Knoeff, 
Herman Boerhaave, 34.
46  Rina Knoeff, ‘Herman Boerhaave at Leiden: Communis Europae praeceptor’, in Centres of 
Medical Excellence?, ed. Ole Peter Grell, Andrew Cunningham, and Jon Arrizabalaga (Farnham, 
2010), 269–286; Powers, Inventing Chemistry.
47  Ulricus Wilhelmus Rhode, Dissertatio inauguralis chirurgico-medica de nervi punctura   (Leiden, 
1720), 4.
48 Powers, Inventing Chemistry, 37–62.
49  Henry Pemberton, Dissertatio physico-medica inauguralis de facultate oculi, qua ad diversas rerum 
conspectarum distantias se accommodat  (Leiden, 1719); Knoeff, ‘Herman Boerhaave at Leiden’, 
283.
50 Cf. Lissa Roberts, ‘The Circulation of Knowledge in Early Modern Europe: Embodiment, 
Mobility, Learning and Knowing’, History of  Technology 31 (2012), 47–68.



household name in the field of medicine, and after his death he turned into a 
cultural phenomenon. Take, for example, his successor Gaubius,  who not only took 
on Boerhaave’s teachings at Leiden, but also owned a portrait of Boerhaave painted 
by Cornelis Troost (1696–1750), described as ‘the original image of the famous 
Professor’.51  Gaubius’ student Matthias van Geuns (1735–1819), the professor of 
medicine at Harderwijk and Utrecht, went even further in his collecting activities. In 
the course of his career van Geuns collected the portraits of 81 famous physicians, 
anatomists, and botanists.  Twelve portraits,  however, were kept separately, mounted 
in gilt frames of ebony, and hung beside each other. On one side of this arrangement 
Boerhaave’s portrait was surrounded by those of Hippocrates and Sydenham, as well 
as portraits of his colleagues Frederic Hoffmann (1660–1742) and Georg Ernst Stahl 
(1660–1734). On the other side, Boerhaave’s bust was surrounded by portraits of his 
students Johannes de Gorter, Bernhard Siegfried Albinus (1697–1770), van Swieten, 
von Haller, Gaubius, and Johannes Oosterdijk Schacht (1704–1792) – twelve 
artworks altogether.52  Such collages of distinguished physicians memorialised and 
represented the Boerhaave school visually: a school of which van Geuns surely 
envisioned himself a part, even though he had never met its originator. The 
Boerhaave school was both a medical and a cultural phenomenon, which involved 
multiple generations of  physicians.

As this thesis will demonstrate,  a defining characteristic of Boerhaave’s 
disciples was their shared attention to bodily fluids. The physicians and chemists 
mainly considered in this dissertation were those who found their inspiration in 
Boerhaave, appropriated his teachings and research practices, yet also made original 
contributions to the field and, in turn, passed on their knowledge to yet another 
generation of physicians. Most of these disciples had been former students of 
Boerhaave and, after gaining experience as practitioners,  obtained permanent posts 
at universities across the Dutch Republic and beyond. They include, to name but a 
few, Hieronymus Gaubius in Leiden, who succeeded Boerhaave as the lecturer of 
chemistry and started his lectures with a focus on the chemistry of blood, urine, 
milk,  and other bodily fluids; Johannes de Gorter in Harderwijk, who christened his 
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51  ‘Het origineel Afbeeldzel van den alom beroemden Hoogleeraar Hermanus Boerhave; in 
zyn Professorale kleding, Halverlijf; Konstig en kragtig op doek geschilderd’ in Th.H. 
Lunsingh Scheurleer, C. Willemijn Fock, and A.J. van Dissel, Het Rapenburg: Geschiedenis van een 
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Iconographia Boerhaavii  (Leiden, 1963), 7, 23.
52  ‘Bibliotheca Geunsiana, sive, Catalogus librorum quibus usus est vir celeberrimus Matthias 
van Geuns’, (Utrecht, 1818), 326. On the life and works of Matthias van Geuns see J.H. 
Sypkens Smit, Leven en werken van Matthias van Geuns M.D., 1735–1817   (Assen, 1953). On the 
memorial importance of picture-galleries in early modern Europe, see David van der Linden, 
‘Memorializing the Wars of Religion in Early Seventeenth-Century French Picture Galleries: 
Protestants and Catholics Painting the Contested Past’, Renaissance Quarterly 70 (2017), 132–
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third son Herman Boerhaave de Gorter (1732–1800) and researched the 
physiological phenomenon of sweat and insensible perspiration;53  Paulus ’s-
Graeuwen (1715–1779) in Groningen, who gave lectures in chemistry and decorated 
his wallpaper with a depiction of Boerhaave’s memorial monument; Albrecht von 
Haller in Göttingen, who commented and expanded on Boerhaave’s physiology 
lectures; and Gerard van Swieten (1700–1772) in Vienna, who spent thirty years 
(from 1742 to 1772) to finalise all his notes and extensions on Boerhaave’s Aphorisms 

on the knowledge and treatment of diseases, including one on urine and bladder 
stones. All these men, and many more, ensured the continuation and dissemination 
of Boerhaave’s teachings at universities across Europe, and well into the early 
nineteenth century.

But perhaps the most important feature of the Boerhaave school was its non-
dogmatism. In 1775 Gaubius delivered a two-hour speech to commemorate the 
bicentenary of the founding of Leiden University. Reflecting on the history of 
medicine, he observed that ‘people have eventually seen the rise of the Boerhaavian 
school, not a new school, but one very old, based on the Hippocratic one’.54 This 
school of physicians, Gaubius argued, was imbued with the spirit and system of 
Boerhaave, grounded in indisputable discoveries and pure reasoning. He admitted 
that ‘it is far from me, audience, not to recognise that also this Sun had its spots’, 
because the very fact that Boerhaave had his shortcomings was the strength of the 
Boerhaave school: throughout the century it constantly improved.55  And indeed, 
when Sanches only dared to publish his book anonymously because he disagreed 
with Boerhaave, Gaubius interfered and republished the work with Sanches’ name 
on the title page.56

More than once Gaubius took on the role of the respected patriarch, which 
guaranteed the continuation and dissemination of thought from the Boerhaave 
school. Naturally, the common interest in bodily fluids and the shared dedication to 
improve physiology and pathology was of crucial importance. But this enterprise 
would not have been possible without institutional support. In 1753, when the 
curator of the University of Groningen,  Anthony Adriaan van Iddekinge (1711–
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53 Wilhelm Michael von Richter, Geschichte der Medicin in Russland, 3 vols (Moscow, 1813–1817), 
vol. 3, 465. Johannes de Gorter was married to Susanna (1685–1758), and their other sons, 
David (1717–1784) and Theodorus (1720–1786), both also became physicians. Herman 
Boerhaave de Gorter also followed in his godfather’s footsteps, and defended his doctoral 
dissertation on milk and lactation. See his Disputatio medica inauguralis de lacte et lactatione  
(Harderwijk, 1751).
54 Hieronymus David Gaubius, Oratio panegyrica in auspicium seculi terti Academiae Batavae  (Leiden, 
1775), 53; idem, Feestrede van Hieronymus David Gaubius by den heuglyken aanvang der derde eeuwe van 
Hollands Hooge Schoole te Leyden, den agsten van Sprokkelmaand 1775, trans. Pieter van den Bosch 
(Leiden, 1775), 89–93.
55 Ibid., 94–96.
56  Gaubius to Sanches, 2 February 1777 in Sophia W. Hamers-van Duynen, Hieronymus David 
Gaubius (1705–1780): Zijn correspondentie met Antonio Nunes Ribeiro Sanches en andere tijdgenoten  
(Assen and Amsterdam, 1978), 163–166.



1789), sought to appoint a new professor of medicine, he consulted Gaubius. In the 
correspondence that unfolded over the next six months Gaubius first of all 
recommended the appointment of not one but two professors: one in medicine and 
anatomy, the other in chemistry and botany. Second, alongside providing a list of 
potential candidates, Gaubius did not hesitate to point out his most promising 
students;  to offer his apologies on behalf of his own nephew Johannes David Hahn’s 
(1729–1784), who had just accepted a position at Utrecht University; and to cast 
doubt on those who were suspected to follow the Lutheran faith.57 Gaubius’ powers 
of persuasion paid off when the experienced scholar Tiberius Lambergen (1717–
1763) and the 24-year-old Wouter van Doeveren, both Leiden alumni, held their 
inaugural lectures in Groningen in 1754. While this is just a single example for the 
dissemination of the Boerhaave school,  in the course of the eighteenth century all 
Dutch medical faculties – Leiden, Franeker, Groningen, Utrecht, and Harderwijk – 
saw the appointments of  former students of  Boerhaave and Gaubius.

This dissertation’s focus on the Boerhaave school, in sum, builds on previous 
work on Leiden University as an institution and on the teachings of Boerhaave. But 
it also characterises the Boerhaave school as a (trans)national community of medical 
men working in Boerhaave’s footsteps, either directly or indirectly. The Boerhaave 
school was a social phenomenon expressed in visual and material culture, and based 
on its followers’ dedication to a research programme to further knowledge of 
physiology and pathology based on the knowledge of  bodily fluids.

The Boerhaavian Corpus

In addition to its central role as the object under investigation here,  the Boerhaave 
school functions as a guiding principle for this dissertation’s corpus of study. I 
employ an assemblage of textual, visual, and material sources, all of which shed light 
on Boerhaavian physicians’ engagement with bodily fluids. Personal letters and 
unauthorised publications are considered together with printed textbooks and official 
documents. Other written sources include dissertations, journal contributions, Latin 
and vernacular treatises, manuscripts, and students’ lecture notes. Visual and 
material sources, such as engravings and paintings, chemical and medical 
instruments, provide a unique insight into the work of chemists and physicians of the 
Boerhaave school. They also demonstrate technological innovation. Boerhaave, for 
example, transformed the little stove ordinarily used as a foot warmer into a scientific 
instrument by placing a glass flask on top of the stove, making it a highly effective 
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and safe furnace for research in and the teaching of chemistry and botany. This 
instrument came to be called the “Boerhaave furnace” (Boerhaave stoofje in Dutch).58

A large part of this study involves the analysis of university textbooks written 
by Boerhaave, Gaubius, and many other of Boerhaave’s disciples. Textbooks offer 
many advantages for this investigation since, to a large extent, they reveal 
contemporary medical perceptions of bodily fluids. The historian of science 
Thomas Kuhn has argued that textbooks were essential to education, because they 
functioned as pedagogical instruments, establishing a community of scientists in 
agreement with the prevalent paradigm. Textbooks described “exemplars”, not only 
for the purpose of instructing university students in primary methodologies for 
solving problems, but also for setting the standard for what could be considered the 
“normal science” view.59 Many early modern academic books started as a series of 
lectures delivered in front of students. Interestingly, these lectures were then collected 
in a coherent and concise vade mecum,  often at the students’ request. Textbooks, 
therefore, prove most useful for providing insights into rational and learned ideas 
about the physiological functions in which the fluids play an essential role,  e.g.  in 
circulation, digestion, procreation, perspiration, lactation and menstruation. Indeed, 
the textbooks by Boerhaave and Gaubius went through multiple editions and 
translations, suggesting that there was a large demand for this kind of medical 
information. The wide circulation and dissemination of the textbooks may, 
therefore, have struck a chord with their readers. Boerhaave’s and Gaubius’  works 
were arguably among the most widely read and frequently reprinted medical texts in 
the eighteenth century.60  Their textbooks provided an intellectual core for the 
Boerhaave school, for the instruction of its students and its furthering of the 
formation of  a new physiology based on the fluids.

Given my present focus on the Boerhaave school, I consider the publications 
of students at least as important as those of Boerhaave himself. In fact, if it were not 
for the students,  Boerhaave’s chemistry textbook might not have existed at all, since 
it was by the hands of his students and the acquisitiveness of an anonymous 
publisher that an early, unauthorised version was published. In the 1720s, students 
took notes during Boerhaave’s lectures, gathered them together, and consolidated the 
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58  Boerhaavian furnace, V25790, Rijksmuseum Boerhaave, Leiden. Herman Boerhaave, 
Elementa chemiae, quae anniversario labore  docuit in publicis, privatisque scholis, 2 vols (Leiden, 1732), 
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various versions into one manuscript. Boerhaave was far from amused, grumbling 
that ‘I will not rehearse the many false, ridiculous and absurd things there attributed 
to me in every page: a detail too nauseous to entertain the reader with’.  The fact that 
students brought the unofficial textbook to the lectures and compared the professor’s 
spoken words with the text infuriated him even more. Nevertheless, the editors were 
convinced of the textbook’s usefulness, because the ‘illustrious author’ had provided 
a clear structure and demonstrated the benefits of chemistry.61 We may never know 
who masterminded this first publication, but we do know that it found many 
purchasers,  and was often reprinted and translated.62 This thesis, therefore,  does not 
dismiss this source as “spurious” as many scholars have done,  but rather considers it 
a unique representation of students’ initiatives to appropriate Boerhaave’s chemical 
and medical teachings.

To tell the story of new medical perceptions relating to the bodily fluids,  I 
integrate analyses of published sources with ego-documents and the correspondence 
of doctors. These letters reveal much about the medical practice in the eighteenth 
century, because the authors refer to problematic cases, diagnoses of illnesses, and 
the prescription of medicines. Long after graduating from university, local 
practitioners continued to correspond with and requested advice from their former 
university teachers.63 

Dispersed in libraries across Europe and North America today, students’ 
lecture notes form another unique source material for the content of university 
lectures on bodily fluids.64 A comparison of various of these manuscripts shows that 
some unique copies, written in a quick and illegible hand, were produced as a 
professor was lecturing. Most surviving lecture notes,  for example those by the 
Schaffhausen student Georg Michael Wepfer (1692–1774), show a very clear and 
neat hand, and were probably fair copies of hasty, perhaps abbreviated notes taken 
during the lecture.65 Some student lecture notes reveal transfer across countries and 
reuse by others.  Anton Gabriel Meder (b. 1686) from Norden in East Frisia, for 
example, studied in Leiden in 1710 and took notes in Boerhaave’s chemistry lectures 
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for three consecutive years.66  Graduating in 1714, he returned to the north and 
worked as physician. In around 1729 these notes came into the possession of one 
Rudolph Pabus (1712–1769), who studied theology in Groningen, close to East 
Frisia.  Pabus started adding an index of subjects to the manuscript which, however, 
he never finished.  When Pabus reached old age in 1764 he decided to donate his 
personal library, including the lecture notes, to the university, to benefit the 
Groningen students.67 

In short, the Boerhaave school was formed by a fascinating and important 
group of medical men sharing similar ideas on physiology and methods of research 
that demand closer study. At the same time, for the core material of this thesis,  the 
Boerhaave school has guided the assemblage of a coherent collection of sources and 
materials. The allegorical frontispiece to Herman Boerhaave’s medical textbook 
Kortbondige spreuken (1741), a Dutch translation to his Aphorisms (first published in 
1708), beautifully sums up the set-up and argument of this thesis (see Figure 1.1).68 
Commissioned by bookseller Johannes Gysius, the engraving by an unknown artist 
shows the medical professor directing his student to the steps ideally undertaken in 
order to become a physician. Guarded by the female figures of reason and 
experience, the bottoms steps of the stairs are philosophy and botany. The student 
then proceeds along two doctors of medicine, understanding the structure of the 
body through anatomy. At the pinnacle, however, is chemistry, where Asclepius,  the 
god of healing, is sat on a throne to crown the student as medical doctor. The skills 
of observation and practice are symbolised by two gates leading to a botanical 
garden on the left and, of course,  a chemical laboratory on the right. At the turn of 
the eighteenth-century,  in other words, both Boerhaave and his students found a new 
appreciation for the chemistry of the fluids. The use of chemical instruments and 
methods to bodily fluids led to an extraordinary set of changes which established a 
new physiology of  the fluids.

Structure
Each chapter in this dissertation is dedicated to a bodily fluid, in order to follow its 
transformations in the eighteenth-century Boerhaave school, and to discover the 
ways in which the latter contributed to the new physiology of the fluids. Chapter 2, 
‘The Nature of Blood’, analyses the changing perceptions of blood in the Dutch 
Republic, both by Boerhaave’s disciplines and by his rivals. Historically, blood has 
been closely associated with a wide range of cultural ideas,  from family relationships 
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Fig. 1.1: Frontispiece to Herman Boerhaave, Kortbondige spreuken wegens de ziektens, te kennen en 
te geneezen (Amsterdam, 1741). Utrecht, University Library. From bottom to top, one can follow the 
student’s academic journey, from passing a herbal healer  holding what appears to be a mandragora, to eventually 
the heavens, where Apollo resides, the god of  healing, truth and the sun, around whom seven planets revolve.



and loyalties to violence and bloodshed. Blood had, of course, already been one of 
the four cardinal humours that were thought to determine a person’s physical 
qualities and temperament. But this chapter shows how early modern Dutch 
physicians analysed the peculiar properties of blood in the chemical laboratory. This 
led Boerhaave and Gaubius to develop a new understanding of the physiology of the 
body. Their approach also provoked criticism: the The Hague physician Thomas 
Schwencke (1694–1767) grew deeply sceptical about chemistry,  convinced as he was 
that blood in vitro and blood in vivo were drastically different fluids. Schwencke 
preferred measuring the weight and temperature of blood for diagnostic purposes. 
Analysing these competing claims, I argue that the debate went beyond the problem 
of methodology, and was directly linked to the question of the essential yet disputed 
question surrounding blood: was blood alive? As such, Chapter 2 contributes to the 
central argument of this thesis, providing a new perspective on perceptions of blood 
and the living body in the eighteenth century.

Boerhaavian experiments on blood demonstrate the important role of 
chemistry in the reconceptualisation of the fluids and the physiology of the body. 
Chapter 3,  ‘Piss Prophets and Urine Matters’, delves deeper into the role of the 
“philosophy by fire” in this process by demonstrating the shift from “chymistry” to 
chemistry at the turn of the eighteenth century.69  Through my investigation of 
chemical practices with urine I show that physicians in this period repurposed 
chemistry from the general diagnostic tool of uroscopy, to serve the specialised, 
pathological study of urinary diseases. For centuries uroscopists used patients’ urine 
both as a diagnostic and a prognostic tool. By means of distillation some 
practitioners believed to be able to diagnose patients more precisely than ever before. 
But for physicians like Gaubius the chemistry of urine was not so much a diagnostic 
instrument applicable to any disease; rather, it was a means for investigating the 
changing properties of urine in the course of a patient’s condition. These doctors 
explained specific urinary disorders like bladder stones in terms of the chemical 
elements in urine and their cohesive powers. Chapter 3 demonstrates, therefore, that 
the method and practice of urine chemistry, though apparently similar in practice to 
chymical uroscopy, had very different aims and applications, and moved from 
diagnostics to pathology. These new goals and methods would prove to be 
paramount for the development of modern medicine at the turn of the nineteenth 
century.

While the first two chapters on blood and urine mainly focus on the changing 
perceptions of the fluids among academics, Chapter 4, ‘Crying over Spilt Milk’, 
reveals that the renewed interest in and reconsideration of the fluids also occurred 
outside academia. Milk presents one of the most important and praised fluids of the 
body, because breast milk –� both, symbolically and materially – represented the 
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intimate mother-infant relationship. Yet the practice of breastfeeding was never self-
evident or static, because the assistance of wet nurses and hand-feeding was popular 
practice across early modern Europe, for reasons of necessity or convenience. 
Historians have already paid much attention to contemporary debates on the 
drawbacks and benefits of breastfeeding by mothers and nurses, but this chapter 
explores the role of physicians and apothecaries, authors and mothers in this matter. 
Throughout the early modern period physicians published moralising texts to point 
mothers into the direction of maternal breastfeeding. I  argue that in the eighteenth 
century, chemical experiments on milk supplied Dutch physicians with new 
arguments for emphasising the exceptional nutritious qualities of milk in general, 
and the importance of mother’s milk for the health of the infant in particular. 
Boerhaave, for example, perceived the apparently mundane and white fluid as a 
confluence of major physiological functions: secretion, digestion, nutrition, and 
maturation. Furthermore, stimulated by the programmes of learned societies, 
physicians,  surgeons, and apothecaries were increasingly involved in the evaluation 
of galactagogues, the substances stimulating and inducing lactation. While herbal 
drugs continued to be consumed by mothers experiencing problems with 
breastfeeding, mineral drugs were dismissed as spurious,  and galactagogues based on 
animal products, such as cow’s milk and cheese, actively encouraged. Instrument-
makers even introduced lactation technologies such as milk pumps to the market. 
Although it appears that many parents at the time continued to make up their own 
minds about the nursing of their child,  this chapter demonstrates that Dutch medical 
men invented innovative instruments and employed various strategies to promote the 
importance of  milk and breastfeeding.

The bodily fluids of blood, urine, and milk were easily collected and 
subjected to chemical experimentation. Others however, like sweat, posed serious 
challenges for their investigators thanks to their ephemeral and volatile properties. 
And still, these fluids, too, underwent a reconceptualisation into the new physiology, 
as much as their more congealed counterparts.  Chapter 5, ‘Sweat it Out’, focusses 
on the concept of “insensible perspiration” and the sudorific drug of sal ammoniac. 
The existing historiography of insensible perspiration has stressed the longevity of 
the use of Santorio Santori’s famous weighing chair and of the method of 
quantification in medicine. And indeed,  this chapter confirms that the ancient notion 
of insensible perspiration continued to be perceived as essential to the maintenance 
of one’s bodily health in the eighteenth century. Looking at the extensive yet little 
studied Dutch reception of Santorio’s insensible perspiration, this chapter argues 
that the works of Johannes de Gorter reveal a drastic shift in thought about 
insensible perspiration. Despite its emphasis on quantification in medicine, 
Santorio’s work still reflected long-standing views on perspiration which were closely 
aligned to digestion and health as balance of humours. In the eighteenth century, 
however,  physicians of the Boerhaave school paid particular attention to the role of 
microscopic nerves in the body and to the nature of individual and invisible bodily 
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fluids, such as “nervous juice”. De Gorter’s study on perspiration incorporated 
neurological descriptions into its attempt to develop a more detailed theory of the 
internal physiology of perspiration. Furthermore, it allowed him to describe the 
pathology of diseases like catarrh,  and to justify the efficacy of his preferred 
treatment – sal ammoniac – which would make his patients sweat profusely and, 
literally, sweat out the disease. 

While the earlier chapters already touch upon fluids in relation to patients’ 
illnesses and their treatments, the final chapter tackles the concept of disease head-
on. Chapter 6, ‘Semen in Flux’, demonstrates the development of eighteenth-
century physicians’ notions of disease.  It argues that investigations relating to semen 
helped formalise pathology as a separate discipline. Historians have often 
characterised eighteenth-century disease theory by two inventions: first, the 
classification of symptoms into coherent taxonomies, known as nosology; and 
second,  the situation of disease in the solid parts of the body, often referred to as 
pathological or morbid anatomy. But while observations made in nosology and 
morbid anatomy focussed on the effects and end results of disease, they provided no 
indication as to the possible cause of a disease. Chapter 6, then,  analyses Gaubius’ 
Institutiones pathologiae medicinalis (1758) and demonstrates that physicians developed a 
third type of disease theory, namely one based on the chemistry of fluids.  By 
exploring semen and gonorrhoea in relation to pathology, I argue that chemistry 
helped explain the causes of disease, and hence furthered the establishment of a new 
pathology.  This was not one which was quickly forgotten, nor a singularity, but one 
that fostered a new understanding of  disease by dissemination across Europe.

Additional chapters might have continued to discuss further bodily fluids, like 
saliva, menstrual blood, and tears, to name just a few. Indeed, these fluids also 
regularly left the body through its many orifices and were re-conceptualised in the 
new physiology of the eighteenth century. Saliva, the watery liquid secreted in the 
mouth, was generally regarded as essential to digestion. But while Franciscus Sylvius 
had proposed saliva to be of an acidic nature, aiding digestion by bringing about 
effervescence, Gaubius prepared a series of chemical experiments with saliva in 
order to test, and eventually falsify, Sylvius’ acid-alkali theory.70  The menses have 
been a focal point for women, and their worries about fertility and pregnancy 
throughout the ages. But whereas taboos developed around menstruation as 
pollution and impureness in the thirteenth century,  numerous doctoral students in 
the eighteenth century defended the proposition that menstrual blood was anything 
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but harmful or poisonous.71 Finally,  it is well known that weeping was never more 
popular than in the eighteenth century.  Crying therefore also attracted much 
academic and medical attention among physicians of the Boerhaave school, who 
described the anatomical origin of tears, the function of eye moisture in vision, and 
the tearful relation between the body and the soul.72  Clearly, each of these fluids 
would merit a chapter. Yet I have chosen to restrict myself to blood, urine, milk, 
sweat and semen, because these already provide ample source material for 
illustrating how bodily fluids underwent extraordinary changes as part of the drastic 
shift from ancient humoral pathology to the establishment of a new physiology of 
the fluids.

Ultimately, this dissertation’s conclusion highlights what came of the 
redefinition of the nature of bodily fluids and the development of a new medical 
system in the eighteenth century. Granted, laboratory medicine and hospital 
medicine were established at the turn of the nineteenth century, allowing for 
statistical and more detailed quantity-based research. But this thesis argues that 
many of these nineteenth-century advancements in medicine and science could 
never have taken place, if it were not for the important work undertaken in the early 
eighteenth century by members of  the Boerhaave school.
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2
The Nature of  Blood

Blood, that warm, red fluid running through arteries and veins to every part of the 
body, was a subject of considerable debate in the Dutch Republic.1  Although 
William Harvey (1578-1657) had already demonstrated in 1628 that blood circulated 
in the human body,  even a century later, anatomical studies of the circulatory system 
still could not explain the nature and properties of blood itself. In their attempts to 
understand the nature of blood medical men in the Dutch Republic increasingly 
relied on chemistry, but as we shall see, their approach was not universally accepted. 
Medical professors at Leiden University such as Hieronymus Gaubius were confident 
that chemistry could indeed uncover blood’s true nature, arguing that chemical 
investigations would reveal its constituent parts. But others, most notably Thomas 
Schwencke, a city physician from The Hague, argued that there existed a 
fundamental difference between blood in vitro (in glass) and blood in vivo (in the living 
body), and therefore seriously doubted the merits of a chemical approach.  This 
article argues that the disagreement about how to research the nature of blood 
allows us to understand important issues in early eighteenth-century medicine, in 
particular the definition of bodily fluids, the increasingly important role of chemistry 
in medicine, and the apparent rivalry between mechanist and vitalist approaches to 
physiology.2 

The notion of blood as the most important bodily fluid existed for many 
centuries. Yet it was only at the turn of the eighteenth century that the actual nature 
and function of blood in the so-called ‘animal oeconomy’ became the subject of 
extensive chemical and empirical study. Blood raised a multitude of questions that 
were avidly debated by medical men:  what was the relationship between the 

1  A slightly shorter version of this chapter appeared as ‘The Nature of Blood: Debating 
Haematology and Blood Chemistry in the Eighteenth-Century Dutch Republic’, Early Science 
and Medicine 22 (2017), 271–300.
2   On the purported dichotomy between mechanism and vitalism, see Guerrini, ‘James Keill, 
George Cheyne’. On modern misconceptions of vitalism, see Wolfe, ‘From Substantival to 
Functional Vitalism’. Wolfe and Terada encourage scholars to instead focus on animal 
economy or physiology in Wolfe and Terada, ‘The Animal Economy’.



movement of blood and its unique ability to coagulate? What were the differences 
between blood in sick and in healthy bodies? And, most importantly: was blood 
alive? Studying blood thus allowed Dutch physicians to approach some of the 
biggest questions concerning the mechanisms of  life.

The contemplation of blood brought into contact theories of physiology and 
pathology with practices from experimental and observational traditions. Blood 
provides a particularly fruitful case for historians aiming to explore questions of 
methodology in eighteenth-century medicine, specifically the relationship between 
medical theory and experimental practices, since it required medical researchers to 
seek out new ways in their attempt to understand its workings. Gaubius and 
Schwencke observed that blood flowing through the arteries and veins of the living 
body remained firmly fluid and homogeneous, but began to clot once gushing out of 
a ruptured vessel.  Recognising that the anatomical studies of the circulatory system 
could not explain the nature and properties of blood itself, they subjected blood to 
measuring instruments and chemical apparatuses. Schwencke’s and Gaubius’ studies 
of blood serve as a basis for the argument in this present article that their debate on 
the nature of blood, in effect, spurred innovative interactions between medical 
theory and experimental research.

Scholars of the most recent decades have shifted their attention away from 
the circulation of blood towards blood itself,  asking how physicians understood its 
properties throughout history.3 Domenico Bertoloni Meli, for example, has traced 
the problems facing seventeenth-century physicians debating the value of colour 
indications as evidence of the essential properties of blood.4 Andrew Cunningham 
has shown that in England blood did not become a serious subject for research until 
the second half of the seventeenth century.5  Although Harvey never intended to 
research the nature of blood itself he granted it precedence over the heart as the 
source of bodily activity, warmth, and life in his Exercitationes de generatione animalium 
(1651).6 Both Bertoloni Meli and Cunningham demonstrate that increasing attention 
was paid to blood and its physical properties in the seventeenth century, but they do 
not discuss the developments following the turn of the century. By contrast, Noel 
Coley’s work reveals the advances made with the help of new instruments in clinical 
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chemistry and haematology in late eighteenth-century England and France. Coley 
argues that these studies were inspired by the Dutch professor Herman Boerhaave, 
who ‘prepared the ground for the rise of a new form of humoralism, one in which 
the chemical composition of body fluids in health and disease would figure 
prominently’.7 However,  Coley considered Boerhaave in isolation from other Dutch 
medical men, implying that nothing else of importance happened in the Dutch 
Republic at the time.8

This chapter argues that the Dutch Republic was, in fact, crucial for the 
development of innovative blood research. Focussing on the physicians Thomas 
Schwencke and Hieronymus Gaubius, this chapter examines their proposals for 
blood chemistry and haematology respectively. Schwencke’s haematology made 
detailed observations and measured properties of blood with thermometers and 
hydrometers. But since his results from these measurements differed significantly 
from Gaubius’ chemical analyses Schwencke expressed a strong criticism against 
blood chemistry. This chapter concludes with the argument that this debate about 
the methodology of studying blood was linked directly to the ontological question of 
its essential yet disputed quality: was blood alive?

Lifeblood
Early modern physicians believed that blood was the most important bodily fluid, 
embodying notions of life and soul. Blood was seen as the nourishment for the body, 
the sustenance of health,  and the source of all other bodily fluids. Medical professors 
repeated this notion in their lectures and textbooks often: Albrecht von Haller 
commented on Boerhaave’s lectures, ‘the red fluid we call blood [...] contains the 
materials of all the other juices found in every part of the body’.9 In his chemical 
lectures Boerhaave himself hailed blood as the ‘perfect animal juice’  and the ‘utmost 
universal humour’, not just because blood raced to all corners of the human body, 
but also because, in his view, all other bodily fluids were derived from it.10 Schwencke 
and Gaubius – both of whom had studied medicine at Leiden under Boerhaave in 
the 1710s and 1720s –� represented the mainstream thinking on blood when they, 
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too, observed that fluids flow ‘from the general ocean of blood’, which was, as it 
were, ‘the common mother of  them all’.11 

The primacy of blood was further supported by the belief that it directly 
influenced the passions (see Figure 2.1).  Blood played a pivotal role in the interaction 
between body and soul, since mental disturbances were linked to bodily imbalances. 
Schwencke, for example, observed that ‘in anger the pulse becomes large and rapid, 
and as a result the heat increases, as the Thermometer demonstrates; but that there 
is a speedy and small pulse, accompanied with coldness, when one is frightened’.12 
When a woman’s ‘excessive sexual desires’  were out of control,  Gaubius similarly 
advised that bloodletting would ‘weaken’  and ‘cool’  her, so that there would be no 
difficulty to ‘restrain her from her unlawful habits’.13 Specific motions of blood were 
thus a direct manifestation of strong feelings and desires – and through the 
treatment of blood physicians were able to modify certain faculties of the soul 
directly.

These two notions of blood’s primacy, namely as the ‘mother of them all’ and 
as the reflection of emotions, had ancient origins. In humoral theory, health and 
disease were understood to correspond to a balance or imbalance of the four 
essential humours: blood, yellow bile, black bile, and phlegm. In this system, the 
humours corresponded to the four Aristotelian elements (air, water, fire, earth), the 
four qualities (hot, cold, dry, wet) and the four temperaments (sanguine,  phlegmatic, 
choleric, melancholic). Blood literally was the most sanguine of all four humours, 
allowing humans to be characterised by optimism, patience, and thoughtfulness –�as 
opposed to being irritable or melancholic in the case of yellow and black bile.14 But 
the notions of ancient blood and early modern blood were quite different: in the 
early modern period the humours were related to, but not directly identified with 
specific fluids. Humoral theory was, above all, a rational and logical construct, and 
not necessarily grounded in observation and experience.15 In the course of the early 
modern period, however,  physicians shifted their focus from humoral blood to blood 
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Fig. 2.1: Lady Caliste bleeds to death after physician’s fatal mistake. Noach van der  Meer Jr., after Jacobus 
Buys, in C.F. Gellert, Fabelen en vertelsels (Amsterdam, 1777). Rijksmuseum, Amsterdam.



as bodily fluid.
Finally, the primacy of blood appears in early modern physicians’  notions of 

life. When Gaubius showed how blood clotted, he noted that ‘consistency of life and 
health therefore especially depends on an unimpeded transfer of blood, for blood 
can easily cross from a fluid state to a solid state’.16  Schwencke and Abraham 
Westerhoff were equally explicit in the discussion on the ‘juice of life’.17 Schwencke 
argued that, when blood flowed out of a dog’s body during vivisection, the functions 
of the soul – such as the will to move – also seeped away. Blood not only sustained 
life, but ‘it is said that the soul and the life are in the blood’.18 These statements and 
experiments echoed Harvey’s claim that blood was the agent of life,  since if the 
blood stopped flowing to parts of the body, life in the entire body, or the relevant 
parts,  would stop.19 In blending medical and metaphysical notions of blood, then, 
these academic medical texts clearly show how blood was considered to be the 
primary bodily fluid, and to reflect one’s passions, life and health.20

Despite the wide-ranging consensus over the primacy of blood, however, 
eighteenth-century physicians still faced intriguing questions concerning the nature 
and production of blood. What exactly was blood made of ? And where and when 
did food loose its vegetal nature and transform into a liquid of an animal nature? 
The latter question was particularly complex – since Antiquity natural philosophers 
had generally divided the natural world into the vegetable, animal and mineral 
kingdoms, thus problematising the transformation from vegetal nourishment to 
animal body. In the eighteenth century, however, these separate realms were 
increasingly being questioned, as explorers discovered living creatures who exhibited 
characteristics of both animals and plants, such as freshwater polyps and coral.21 
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Consequently, physicians like Gaubius adopted chemistry as a method of 
investigation, hoping that it would help them to resolve the physiological problem of 
the nature of  blood.

At the turn of the eighteenth century, experiments and hands-on observations 
to better understand the nature and production of blood were, indeed, incorporated 
in medical curricula at Dutch universities (see Figure 2.2).  In Leiden, for example, 
medical students learned that blood developed from chyle, the milky fluid draining 
from the lacteals of the small intestine into the lymphatic system. As Boerhaave 
explained, chyle was extracted from vegetables during digestion, and therefore 
vegetal in nature. Yet when this chyle ‘is further prepared in the intestines,  and 
received into the lacteals,  [it] approaches more to the nature of an animal juice, and 
undergoing divers circulations therein, it becomes a perfect animal juice, and is 
called blood’.22 

Chemistry supported the notion that vegetal chyle was transformed into 
animal blood. Boerhaave had demonstrated that, when animal fluids were burnt, the 
ashes were found to be insipid, and the remaining salts volatile, whereas vegetal 
juices left fixed salts in all their ashes. Moreover, none of the animal fluids contained 
acid, whereas vegetal juices did.23 The Irishman John Ellis (c. 1710–1776) applied 
exactly this chemical process when he argued that vegetal-appearing corallines were, 
in fact, animal. He posited that corallines and plants differ in chemical production, 
‘For Sea-Plants ... afford in Distillation little or no Traces of a volatile Salt: Whereas 
all the Corallines afford a considerable Quantity’.24  The chemical process of 
combustion thus provided a new method to properly distinguish between animal and 
vegetal materials. Chemistry also revealed close similarities between different fluids. 
When Gaubius analysed blood and milk in his lectures, he concluded that ‘when we 
compare the serum of the blood with the whey of milk, red blood with the cream, 
and the fibre with the curd, we find many things in common to both’.25 Chemistry, 
in other words, allowed physicians to reveal constituent parts of different bodily 
fluids, and to differentiate more clearly between animal and vegetal bodies.

But not everyone was convinced of the merits of chemistry for furthering 
knowledge on the nature and the origins of blood. One of its fiercest critics was 
Thomas Schwencke. In the preface to his Haematologia (1743) he stated that ‘we have 
also shortly addressed the Chemical examination of the blood, but at the same time 
we reported the reason why a Physician by this way can never understand the 
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natural character or condition of blood’.26  The nature of materials obtained from 
blood by distillation, he argued,  was different from that of the living blood running 
though the veins. The difference of opinion between Schwencke and Gaubius 
manifested perhaps most clearly in their respective publications and lectures. Despite 
their different approaches to studying the nature of blood, Gaubius and Schwencke 
avoided direct confrontation, and did not reference each other directly in their 
arguments. Rather, Schwencke talked about “chemists” in general, or safely referred 
to ‘Boerhaave in his chemical work’ who, by then, had passed away.27  But it was 
clear that their writings were directed as one another. In the 1740s Antonius de 
Haen (1704–1776), who practised medicine in The Hague and like Schwencke was 
member of the local collegium medicum,  complained that he and his fellow 
Boerhaavians (‘Boerhaavii filios’) were often picked on by the older generation of 
physicians.  According to de Haen, Schwencke would at first act pleasant and polite 
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Fig. 2.2: Students mixing and distilling fluids in the Leiden chemical laboratory, in Boerhaave, Institutiones 
et experimenta chemiae (‘Paris’, 1724). Ghent University Library.



in the company of the young physicians. But the moment they had diagnosed and 
prescribed a treatment to a patient, he would intervene, prescribe a different 
medicament, and claim the honours in case of a successful recovery.28 It appears, 
then, that Schwencke not only suspected blood chemistry, but skeptically approached 
Boerhaave and his school in general. Although an overtly hostile language 
characteristic of polemics was carefully avoided, the authors’ difference of opinion is 
nonetheless clearly apparent, as both Schwencke and Gaubius formulate their ideas 
and methodology very precisely.

Blood Chemistry
When Hieronymus Gaubius (see Figure 2.3) started his chemical lectures at Leiden 
University in 1731, as Boerhaave’s successor, he affirmed that ‘blood is the liquid of 
animals, which proceeds from the heart into the arteries’, yet hastened to add that 
‘we cannot give a definition of its [blood’s] own particular nature before we have 
investigated it by chemistry’.29  Blood chemistry evolved in the course of the 
eighteenth century, and with its methods, chemists like Gaubius envisioned blood as 
a complex blend of rudimentary substances and principles.  Chemical textbooks and 
lecture notes from this period all attest to the frequent experiments on blood that 
took place in the Leiden Laboratorium Chymicum, a modest space located in the 
botanical garden of the university (see Figure 2.2).30  These sources reveal that 
professors like Gaubius approached blood with chemical methods, teaching students 
how to experiment on blood, how to handle it,  and how to determine its properties 
using instruments as well as their own senses.31

In the course of his own studies at Leiden between 1723 and 1725, Gaubius 
had learned about the use of chemistry in medicine from Herman Boerhaave, the 
renowned professor of medicine who had delivered regular lectures on the history, 
theory, and practice of chemistry until 1729.  Boerhaave argued that the method of 
chemistry was essential to understanding physiology,  because ‘[n]o-body but a 
chemist could say what kind of liquor the blood is’. Medical students needed to 
extend beyond the anatomical structure of the body and explore the very materials 
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28  Antonius de Haen to Gerard van Swieten, The Hague, 1743–1751, in Antonius de Haen, 
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‘Praelectiones publicae chemicae’, vol. 2, p. 37. Emphasis added.
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purpose of medicine and academic education by Knoeff, Herman Boerhaave; Ursula Klein, 
‘Experimental History and Herman Boerhaave’s Chemistry of Plants’, Studies in History and 
Philosophy of  Biological and Biomedical Sciences 34 (2003), 533–567; Powers, Inventing Chemistry.
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Fig. 2.3: Jacob Houbraken, after Hieronymus van der  Mij, portrait of Hieronymus Gaubius, 1744. Heritage 
Leiden and surroundings.



of which it was made, because blood ‘exerts a force of its own; which chemistry 
explains, by shewing [sic] it possessed of certain active principles, as salts,  spirits, oils, 
&c’. Once these active principles were known, ‘a chemist will nicely understand, and 
advantageously distinguish between the signs of health and sickness’.32 Boerhaave’s 
conception sharply contrasted Georg Ernst Stahl’s opinion on the role of chemistry 
in medicine. While Stahl (1660-1734), a German chemist and physician, contributed 
significantly to the field of chemistry, and his work was widely read,33  he played a 
minor role in the blood chemistry of Boerhaave and Gaubius: his approach to 
medicine favoured the role of anima (“soul”) in health and disease over chemical 
principles of body parts.34 Boerhaave and his medical students in Leiden embraced 
the work of Stahl’s rival, Friedrich Hoffmann (1660–1742), instead, who had not 
only enriched the field of chemistry, but also recognised the service of chemistry to 
medicine.35  Hoffmann’s best-known chemical work concerned the analyses of 
mineral waters, in which he identified aether, water, earthy, and saline components 
within the waters.36  Dutch medical professors and their students turned their 
attention to the body itself, and recognised that in order to explain phenomena in 
the human body one required chemistry, in particular chemistry of  blood.

Gaubius was no exception. He performed many experiments on blood, first 
and foremost to uncover what he called the “constituent parts.” In this 
demonstration, Gaubius warned his students that appearances could be deceiving. 
Although to the naked eye blood seemed homogeneous, chemical experiments 
revealed it was, in fact, made up of different substances.37 Gaubius showed students 
how blood drawn from a healthy person and poured in a bowl was of a ‘uniform 
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32  Quotations are taken from Boerhaave, A New Method, vol. 1, 194. This exposition was 
translated – with poetic licence – from idem, Institutiones et experimenta chemiae, vol. 1, 146–147. 
For his authorised version of the usefulness of chemistry to medicine, see Boerhaave, Elementa 
chemiae, vol. 1, 83–84; idem, Elements of Chemistry: Being the Annual Lectures, trans. Timothy 
Dallowe, 2 vols (London, 1735), vol. 1, 52–53.
33  Both Boerhaave and Gaubius owned a copy of Stahl’s Fundamenta chymiae dogmaticae et 
experimentalis  (Nuremberg, 1723). See the auction catalogues ‘Bibliotheca Boerhaaviana sive 
catalogus librorum instructissimae bibliothecae viri summi D. Hermanni Boerhaave’, (Leiden, 
1739), 56; ‘Bibliotheca Gaubiana sive Catalogus librorum viri celeberrimi Hieronymi Davidis 
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sold, see ‘Bibliotheca Boerhaaviana’, Leeuwarden, Tresoar, s 66 AW.
34  On Stahl countering iatrochemical perspectives, see for example Ku-ming Chang, 
‘Fermentation, Phlogiston and Matter Theory: Chemistry and Natural Philosophy in Georg 
Ernst Stahl’s Zymotechnia Fundamentalis’, Early Science and Medicine 7 (2002), 31–63.
35  Boerhaave, Elementa chemiae, vol. 1, 29; idem, Elements of Chemistry, vol. 1, 18. Here 
Boerhaave specifically suggested his students to read Hoffmann’s Observationum physico-
chymicarum  (Halle, 1722).
36  Victor D. Boantza and Leslie Tomory, ‘The “subtile Aereal Spirit of Fountains”: Mineral 
Waters and the History of Pneumatic Chemistry’, Early Science and Medicine 21 (2016), 303–
331, at 319–322.
37  In 1731, the Leiden Ordines lectionum listed Gaubius’ lectures as ‘naturam Humorum 
corporis humani experimentis Chemicis’ in P.C. Molhuysen, Bronnen tot de geschiedenis der 
Leidsche Universiteit, 7 vols (The Hague, 1913–1924), vol. 5, 39.



dark and red colour, unctuous and glutinous to the touch’. Left to rest, however, it 
would start to coagulate and split into three parts: one ruby-coloured, hard part, 
known as crassamentum (i.e., thickness),  another white and watery part called serum 
(whey),  and finally a fibre ‘of a membraneous texture’. The apparent homogeneous 
fluid of blood was,  thus, in fact, an amalgamation of parts, which could be identified 
according to the process of decomposition. As Gaubius summarised in his medical 
lectures, ‘it is evident that, besides the spirit [i.e., the smell] of the blood, there are 
three different constituent parts, the serum, the red blood, and the fibre’.38

Experimentation did not stop there. In another experiment, Gaubius 
collected a quantity of healthy blood in a clean glass vessel – so that the 
transformation might be clearly observed – and subjected it to distillation at different 
temperatures. This process produced four basic elements: water, bitter oil, volatile 
salt, and black earth.39  Gaubius assigned great significance to this experiment, 
because it not only revealed the hidden elements in blood, but also informed about 
the elements that constitute the body as a whole. He argued that the human body 
consisted of fluids and solids, all constituted by four elements: water, salt, earth 
and� phlogiston – a substance chemists believed to exist in all combustible bodies, 
which was released through burning.40 The proportion of the principle of water in 
relation to the other elements imparted fluidity to bodily liquids and flexibility to 
solid parts.  Similarly, the principle of earth assigned the quality of thickness to the 
fluids, and of firmness to the solids. Bones,  for example, were considered to consist 
almost exclusively of earth, and to be devoid of water. The serum was mostly water, 
the red crassamentum mostly phlogiston, and the fibre mostly earth and salt. Gaubius 
believed, then, that he could understand the general physiology of the human body 
through the analysis of  blood.

Gaubius’ understanding of the chemical make-up of the animal body was 
essentially principlist (as opposed to compositionist). Historian of chemistry Robert 
Siegfried has shown that compositionist explanations of matter were based on the 
presumption of immutable and basic chemical substances. These chemical 
substances could be combined and separated, yet they remained intact in themselves 
and did not change their nature in the process.41 Principlism, on the other hand, was 
a system formed around the concept of principles, namely fundamental substances 
that imparted characteristic properties to other substances. According to Hasok 
Chang, principlism had three defining epistemic activities: first, classifying substances 
according to observable properties; second, explaining the properties of substances 
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38 ‘Unde liquet, dari in sanguine, praeter spiritum, triplicem materiem contrectabilem, serum, 
rubrum & fibram’. Gaubius, Institutiones, 200–312; idem, Institutions, 106.
39 Ibid., 103–106.
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reappraisal of the phlogiston theory, see Hasok Chang, Is Water H2O? Evidence, Realism and 
Pluralism  (Dordrecht, 2012), 1–70.
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by reference to principles; and lastly, effecting transformations of substances by the 
application (or withdrawal) of principles.42  Gaubius’ perception of blood and the 
human body was clearly based on the notion of four principles which actively 
modified bodily fluids and solids. For example,  he referred to phlogiston as ‘the 
inflammable part, the principle of heat and light’,  which gave tenacity to solids and 
fluids.43 The principle of water imparted fluidity to blood, whereas the principle of 
earth lent it solidity. In a unique constellation, then, the principles accounted for 
blood and its properties. Gaubius spoke of blood’s ‘own particular nature’ or propria 

natura.44  The Latin proprius (‘one’s own’ or ‘particular’) provided the root for the 
concept of “property” as an attribute or characteristic of a substance.45  Gaubius 
described the chemical properties typical of blood, such as viscosity: the state of 
having a thick and sticky consistency between solid and fluid. In describing blood, 
Gaubius referenced the principles of water, phlogiston, salt, and earth, which all 
imparted characteristic properties to the red fluid.46

Gaubius’ principlist chemistry proved highly successful in explaining 
pathological phenomena, which he structured in a coherent system. Gaubius was 
convinced that solidity, or the force of cohesion, was intrinsic to the elements of 
water and earth, which was also responsible for the strength of cohesion and the 
scale of fluidity. This force of cohesion differed from one bodily fluid to another,  and 
was influenced by a person’s age, sex,  temperament, and way of life. For example, 
blood was different from milk,  because by circulation and air ‘an acescent [i.e., acid] 
salt is turned into an alcalescent [alkaline], a fermentible [sic] into a putrescible; the 
phlogiston is more evolved, the earth condensed’.47 In some cases, however, the force 
of cohesion could be excessive (causing viscidity and toughness) or deficient 
(producing tenuity and thinness).  If someone had consumed too much glutinous 
food, the level of crassamentum would rise in disproportion to the serum, and even 
cohere to earth elements. The blood would circulate more slowly,  stagnate, obstruct, 
and potentially cause a tumour.  By contrast, if a person drank too much, the 
resulting superfluous water in the serum could lead to haemorrhages.48

The rise of chemistry in eighteenth-century medicine radically transformed 
perceptions of bodily fluids such as blood. Thinking about their constituent parts 
and principles not only allowed Gaubius to investigate blood more closely, but it also 
enabled him to theorise about blood in its varying physiological and pathological 
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states. Thus,  Boerhaave’s and Gaubius’ experiments on blood reflected a growing 
optimism among physicians about the use of new methods in the investigation of the 
human body.49

Haematology
Blood chemistry did not immediately win the hearts and minds of the entire medical 
profession, but was confronted with collegial scepticism and rivalling methods. The 
fact that chemical analyses changed the material appearance of blood led some 
physicians to doubt the validity of the experimental results.  The most outspoken of 
these critics was Thomas Schwencke (see Figure 2.4), who published a systematic 
study of blood titled Haematologia, sive sanguinis historia (1743).50 Schwencke agreed 
that physicians ought to study blood,  because it played a crucial role in the 
assessment of patients’ medical conditions. Schwencke’s haematology was, therefore, 
not only aimed towards the acquisition of new knowledge about blood, but was also 
directly and actively involved in the treatment of blood, including the advantages 
and disadvantages of phlebotomy and the medicines to treat wounds and stop the 
bleeding. Haematology, in other words, was supposed to be applicable in medical 
practice.  In his studies,  Schwencke closely observed the colours and smells during 
coagulation,  using hydrometers and thermometers to measure the density and 
temperature of the blood in different places (arteries and veins) and circumstances. 
But as we shall see, measuring was also crucial to Schwencke’s haematology, because 
it allowed him to question the usefulness of  chemistry for the analysis of  blood.

The reason why Schwencke began to doubt the chemical approach was 
because his medical career had taken him into very different directions from those 
Boerhaave and Gaubius had followed. His was a practical, hands-on career, not the 
kind of ‘armchair medicine’ often pursued by university professors. Born in the city 
of Maastricht, Schwencke had begun his medical studies in surgery and pharmacy 
before he matriculated at Leiden University in 1712. After defending his dissertation 
on saliva in 1715 Schwencke began working as a physician in The Hague. His 
practice in medicine and obstetrics soon earned him a fine reputation, and in 1723 
the town council appointed him professor of anatomy and surgery. His duties 
included the teaching of anatomy to local midwives and surgeons. In 1737 he was 
also installed as court physician to�Prince Karl Christian and Princess Carolina van 
Nassau-Weilburg, brother-in-law to and sister of Stadtholder William V (1745–1808) 
respectively.51  Another of Schwencke’s famous patients was Adrienne Marguerite 
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Fig. 2.4: Hendrik Pothoven, after a painting by Verheyden, portrait of Thomas Schwencke, 1782. Municipal 
Archives, The Hague.



Huguetan, Countess de Nassau La Lecq: in 1752 he paid her thirteen visits and held 
38 consultations, for which he received 84 guilders.52

The contrast between Schwencke and Gaubius could not have been greater. 
Whereas both had studied medicine at Leiden and trained to become physicians, 
Gaubius hated the practice of medicine. After three years of working as physician in 
Deventer and Amsterdam, Gaubius was glad to be appointed at Leiden University in 
1731 because, as he confessed to a colleague, it relieved him of his ‘aversion of the 
very tiresome practice’.53 To his close friend António Sanches he confessed that he 
disliked medical practice and public service, because he felt that it tied him down.54 
Indeed, when he was appointed court physician to William V in 1761, Gaubius 
admitted that ‘I would have liked to be excused at the beginning of old age, to be 
able to only attend to my peaceful profession joined with a practice much less 
bristled with thorns’.55  While Gaubius sought to explain pathological theory to 
students, Schwencke devoted most of his energy to surgical practice. Based on his 
experiences, for example, Schwencke presented six different ways to stem bleeding, 
namely, by fire, alcohol, stitches, various bandages, and the external application of 
agaric,  a tree mushroom.56 Schwencke’s hands-on approach to medicine meant that 
his focus was more directed towards successful treatment than Gaubius’,  who 
preferred developing and teaching theories of  pathology.

Central to Schwencke’s haematology were his detailed descriptions of blood, 
in particular the many weight and density measurements he took. Schwencke closely 
observed how the healthy blood of a strong man, once collected in a bowl, naturally 
separated in two parts serum and one part cruor (i.e., red blood).57  Schwencke also 
compared the respective ratios of density in blood and water,  using a hydrometer 
built by the Amsterdam instrument-maker Daniel Fahrenheit of thermometer fame 
(1686-1736). Fahrenheit’s hydrometer consisted of two glass spheres connected by a 
cylinder (see Figure 2.5). The lower sphere was filled with quicksilver. Schwencke 
then lowered the instrument into a large cylindrical vessel filled with blood and 
observed how deep it sank, repeating the experiment with the individual constituent 
parts of blood. He discovered that water weighed 1110 grains,  serum of blood 1142 
grains (1/34 heavier than water), red blood 1204 grains (1/12 heavier than water), 
and ordinary blood 1173 grains. When he measured the densities again using 
different blood samples,  he discovered that these ratios differed with the donor’s age 
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Fig. 2.5: Thermometer (left) and hydrometer (right) in Thomas Schwencke, Haematologia (The Hague, 
1743). Groningen University Library.



and sex.58

Microscopy also formed an important part of Schwencke’s haematology. He 
incorporated Antoni van Leeuwenhoek’s findings on the microscopic size and shape 
of red blood globules into his Haematologia (see Figure 2.6).  Van Leeuwenhoek had 
found that red blood consisted of heavy, elastic, and round globules of a red, purple, 
or black colour. Schwencke argued that one red globule consisted of a cluster of six 
serum globules, together gaining weight and darkness, but preserving the same size. 
Furthermore, he believed that� every serum globule was composed of six chyle 
globules. One red blood globule therefore consisted of 36 chyle globules, stuck 
together by an inherent, elastic force emanating from each individual globule.59

Finally, Schwencke gained new knowledge about blood and coagulation by 
means of measuring temperature.  His efforts were part of a wider development: 
Hasok Chang has shown how natural philosophers all faced the problem establishing 
fixed points in thermometry, and debated the use and applicability of 
thermometers.60  John Powers has shown that Boerhaave integrated Fahrenheit’s 
thermometer in his chemical lectures, and that other chemistry instructors followed 
suit.61  We know indeed from Gaubius’ post-mortem inventory that he owned a 
number of thermometers, one of which was graduated in Fahrenheit, Wachendorff 
and Réaumur.62  He also used the Fahrenheit thermometer in experiments and 
demonstrations, as student lecture notes attest.63 Gaubius observed, for example, that 
blood serum ‘by the heat of 150 Fahrenheit’s thermometer, is suddenly converted, 
without much dissipation, into a whitish scissile mass, like the white of  an egg’.64

Schwencke, too,  argued that the only way in which degrees of heat could be 
properly measured was with a thermometer. He regarded the quicksilver 
thermometer as the ‘true indicator of the heat’, but he used it in quite a different 
manner.65 In 1731, Schwencke performed a number of experiments on the blood of 
oxen and cows with the thermometer. He took the temperature simultaneously in the 
carotid artery and jugular vein, measuring 97 and 94 degrees Fahrenheit 
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Fig. 2.6: Blood corpuscles observed through a microscope, in Antoni van Leeuwenhoek, Arcana natura 
detecta (Leiden, 1719). Wellcome Library, London.



respectively, and concluded that the body’s heat was dependent upon the movement 
and friction of blood. Excitement caused the pulse to throb more rapidly as the heat 
increased.66 Schwencke established that a healthy person had a temperature of 96 
degrees and he reasoned that a correlation existed between body temperature, 
mental state, and disease.  Future physicians, Schwencke argued, ought to 
systematically measure the temperature of patients in all diseases, which would 
greatly improve diagnostics.67 And indeed, Boerhaavian physician Antonius de Haen 
took up this call.  Having access to hundreds of patients in the Citizen’s Hospital in 
Vienna – where orphans, the pour, and the elderly were accommodated – de Haen 
made the first attempt to test body temperatures in health and disease by 
thermometer. De Haen’s numerous observations and systematic investigations of 
blood temperature in patients falsified some ancient notions of blood. Whereas 
Hippocrates had famously stated that young kids had a higher body temperature 
than adults, and the elderly even colder body temperatures, de Haen provided the 
evidence disproving that claim.68  Introducing the term of haematology, therefore, 
Schwencke squarely placed this study of blood within the context of what has been 
called ‘the quantifying spirit’.69 The extensive measurements of blood density and 
temperature, and microscopic observations of blood globules, exemplify the early 
modern passion to order and systematise, to measure and calculate.

Chemistry Contested
But measurements also led Thomas Schwencke to question the chemical approach 
to the study of blood. As part of his study on the material disposition of blood, 
Schwencke reproduced Gaubius’ chemical experiments. Just like Gaubius had done, 
Schwencke drew six ounces of blood from a healthy person and distilled it in a glass 
alembic, indeed producing water, a bitter oil, a volatile salt, a black and malodorous 
oil, and a black earth.70 Yet when he weighed the various elements, he discovered 
that water made up a staggering 7/8 parts of the blood, instead of the two thirds 
obtained after natural coagulation. Struck by the high degree of variability that 
chemistry had produced in vitro  Schwencke began to doubt the applicability of 
chemistry in vivo.  How did the proportion of two thirds serum and one third cruor by 
hydrometry align with the very different division obtained by distillation? From this 
Schwencke argued that chemical operation by fire not only divided some of the 
blood’s elements, but also produced new elements not found in the living body.  No 
matter how carefully chemists attempted to reassemble these ingredients,  he claimed, 
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they would never be able to recombine them to form human blood, not in colour, 
smell, or any other property.

Schwencke also discredited chemistry by pointing out the innumerable 
differences between chemistry and nature. In procreation, nature can produce all 
body parts of an infant, solely on the basis of blood and mother’s milk.  This process 
was yet to be explained by chemistry.  Furthermore, physicians commonly agreed 
that blood was the mother of all bodily fluids. Yet chemists could produce not one of 
them. Surely, Schwencke argued, the chemist cannot afford to use only fire for 
experimentation, but would require the use of a thousand more processes,  as many 
as there were parts in the body. As he warned his readers, ‘although we have 
presented here the chemical analysis of the blood, no one will believe that we have 
therefore demonstrated and argued the nature and quality of  the same’.71

The debate between advocates for and opponents to blood chemistry can be 
explained with the help of the contrasting contemporary principlist and 
compositionist understandings of matter.  I argue that Schwencke’s opposition to 
blood chemistry stemmed from his preference for compositionism. In Schwencke’s 
view, chemical processes were mere processes of re-grouping basic components –�a 
view also emerging in his understanding of the blood globules. The impossibility to 
reconstruct blood, or any other bodily fluid,  conflicted with the notion of his 
“building block” compositionist understanding of matter. This ideological difference 
between Gaubius and Schwencke was, however, not as clear-cut as it may seem, 
especially because Gaubius’ principlist blood chemistry included (for lack of a better 
word) some compositionist elements. Gaubius’ analysis of blood as a substance 
consisting of constituent parts did not directly explain the notion of principles of 
water, phlogiston, salt, and earth. As Albrecht von Haller later commented, ‘these 
are not the natural but factitious principles of the blood, produced or made by the 
intensity of fire’.72  The debate between principlist and compositionist 
understandings of nature continued throughout the century, ultimately leading to a 
compositionist chemistry at the turn of  the nineteenth century.

Schwencke’s concerns about the essential difference between blood in vitro 
and in vivo also found echoes outside the Dutch Republic. One of the most notable 
critics of blood chemistry was the French physician Théophile de Bordeu (1722–
1776), who opined that blood in alembics bore no relation to living blood. Bordeu 
eventually settled in Paris, where court physician Louis de Lacaze (1703–1765) 
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mobilised his help for the completion of a treatise on the theoretical foundations of 
medicine.73  This work sharply criticised those who obtained knowledge about 
diseases with the help of the dissection of corpses. If readers really wished to 
understand ‘the essential character of a disease’,  they required information about its 
course and tested methods of treatment. In other words, the ‘mechanism of life’ 
could only be understood by the ‘observation of the living body’.74  It was the 
rhythmical throbbing of the arteries that won Bordeu general acclaim. In 1756 he 
published a book on the pulse, which received positive reviews.  The study of the 
many “species” of the pulse was the observation of living blood and recognition of 
the signs of diseases. Looking for ways of diagnosing and treating patients, then, 
both Schwencke and Bordeu focused their attention on the symptoms and 
circumstances of  living blood.75

Bordeu soon recognised that feeling the pulse produced quite different results 
from distilling blood serum. Whereas Dutch chemists had shown that serum 
putrefied under moderate heat –�a phenomenon Boerhaave considered the cause of 
many diseases76  –�Bordeu observed that ‘the blood in the living body never shows 
any signs of putridity or acrimony, and that it is even incapable of any fermentation 
inside it. This completely precludes all notions about the bitterness of liquids 
contained in their vessels, and at the same time eliminates all the applications that 
supposedly can be made of the changes observed in dead liquids on the various 
changes that are consequently believed to�happen in various stages of an illness, and 
on the liquids of the living body’.77 For Bordeu, then, all changes observed in blood 
through chemistry were useless, because they had no relation to the properties of 
living blood, whether diseased or healthy. Some physicians’ practical approach to 
medicine led them to doubt the necessity of chemistry for an understanding of 
bodily fluids in vivo.

In Gaubius’ eyes, however, blood was not either dead or alive. Rather, he 
perceived latent powers inherent in bodily materials like blood. Besides recognising 
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73 Although ascribed to  Bordeu, it appeared as Louis de Lacaze, Idée de l’homme physique et moral, 
pour servir d’introduction à un traité de médecine  (Paris, 1755); Williams, Medical Vitalism; Anne C. 
Vila, Enlightenment and Pathology: Sensibility in the  Literature and Medicine of Eighteenth-Century France  
(Baltimore, 1998).
74  ‘[...] le caractere essentiel de la maladie [...] la méchanique de la vie [...] l’observation du 
corps vivant’ in Lacaze, Idée de l'homme, 9–10.
75 Théophile de Bordeu, Recherches sur le pouls, par rapport aux crises  (Paris, 1756); idem, Inquiries 
Concerning the Varieties of the Pulse: And the Particular Crisis Each More Especially Indicates  (London, 
1764); Vila, Enlightenment and pathology, 59.
76 Boerhaave, A New Method, vol. 2, 211–212.
77 ‘[...] le sang dans le corps vivant ne donne jamais des marques de putridité ni d’acrimonie, 
& même qu’il y est incapable de toute fermentation: ce qui écarte absolument toutes les idées 
d’acrimonie des liqeurs contenues dans leurs vaisseaux, & détruit en même temps toutes les 
applications qu’on a prétendu pourvoir faire des changements observés dans les liqueurs 
mortes, aux divers changements qu’on croit par’là pourvoir arriver dans les divers états de 
maladie, aux liqueurs du corps vivant’. Lacaze, Idée de l'homme, 44.



the existence of an immaterial and eternal soul, Gaubius developed a material 
theory of life in which the constituent parts of the body acted on and explained 
physiological phenomena. The principles of water, phlogiston, salt and earth 
explained how it was possible for blood to cohere, separate, and coagulate,  and 
hence, to nurse and nourish. These principles within blood, in other words, 
explained the life of the body. A similar threefold explanation applied to the relation 
between body and soul: Gaubius envisioned an enormôn in the nerves in order to 
bridge the dichotomy between body and soul, since this principle, or agent of 
arousal, was responsible for movements of the body, as well as for transmitting bodily 
changes via the senses to the mind.78 In short,  Gaubius saw no disjunction between 
blood as a material that underwent changes in various pathological circumstances, 
and blood as a fluid embodying vital functions of the body. In his chemical lectures, 
for example, he told his students that 

you have seen, I hope, that the experiments with blood have taught 
you its parts, properties, nature, mutability, origin, and forces. This was 
the matter of more than forty lectures, and no wonder, for blood is the 
universal liquid of our microcosm; from which Moses has said that in 
it is the living soul, and he forbade the use of  blood.79 

Yet such statements carried no small degree of risk: locating life in the blood 
came dangerously close to materialism and atheism. If the soul was indeed in the 
blood, how could this spiritual part be regarded as immortal? The career of the 
French physician Julien Offray de La Mettrie (1709–1751) aptly illustrates the 
dangers of locating the soul in the blood. La Mettrie visited Leiden in the 1730s and 
1740s, attended lectures by Boerhaave and Gaubius, and disseminated Boerhaave’s 
ideas with the publication and translation of several of his works. Inspired by 
Gaubius’ lecture De regimine mentis (1747), on the harmful and beneficial effects of the 
body on the soul,  La Mettrie published his book L’homme machine (1748), in which he 
described the human body as ‘a clock, but huge and built with so much artifice and 
ability’. Discussing the phenomenon of sleeping, he wrote that ‘if the blood 
circulates too fast, the soul cannot sleep. If the Soul is too agitated, the Blood cannot 
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78  Lelland J. Rather, Mind and Body in Eighteenth-Century Medicine: A Study Based on Jerome Gaub’s 
De regimine mentis  (Berkeley and Los Angeles, 1965), 59–65.
79  ‘Vidistis, spero, experimenta circa sanguinem, ejus partes, proprietates, indolem, 
mutabilitatem, originem, vires docui. Haec fuit materies ultra 40 praelectionum, nec mirum, 
nam sanguis est catholicum illud liquidum nostri microcosmi; unde Moses, cum interdixit 
usum sanguinis, direbat, quia in eo est animalis anima’ in ‘Praelectiones publicae chemicae’, 
vol. 2, p. 273.



calm down; it gallops through the veins with such a sound one can hear’.80 Although 
La Mettrie did not eliminate the soul altogether by reducing life to matter alone, he 
did present it as a secondary quality of the body, largely dependent on physiological 
processes.  In this philosophy the soul still existed, but was no longer a metaphysical 
entity that would survive the body after its death.81  For many, La Mettrie’s 
materialism had gone one step too far, especially since his treatise was written in the 
vernacular and directed at a wide audience.  La Mettrie was duly accused of atheism, 
exiled, and his book banned from the market.

Gaubius struggled with this legacy since, indeed, his own views on the 
interrelation between blood and soul appeared eerily similar to La Mettrie’s. 
Although Gaubius firmly stressed the existence of the eternal soul, he had lectured 
on the disturbances that occurred simultaneously in soul and body,  pointing out that 
the ‘life of the human body indisputably consists of some determined motion of 
liquids through the vessels’.82 Gaubius nonetheless managed to avoid controversy, by 
writing within a strictly medical context and in Latin, which ensured that his ideas 
were only available to an educated audience; by admitting the limits of his 
knowledge; and by keeping La Mettrie at a distance. In 1763, for example, in his 
lecture on the healthy influences of the soul on the body, Gaubius publicly 
condemned La Mettrie: ‘I do indeed regret bitterly that a little Frenchman–a Mimus 
or Momus?–brought forth a repulsive offspring, to wit, his mechanical man’.83 In the 
same address Gaubius expressed his views on the physiological mechanism of the 
interaction between body and soul, this time stressing that, while physical conditions 
had their effects on the mind, the soul could equally have beneficial and harmful 
effects on the body. However, when his colleague Paulus de Wind (1714–1771), a 
physician from Middelburg, asked him in a letter to elaborate further on the 
connections between the soul and the body, Gaubius struggled to provide an 
adequate answer: regarding the ‘phenomena of the human oeconomy, as physician 
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80  Julien Offray de La Mettrie, L’homme machine  (Leiden, 1748), 93, 12. ‘[...] le corps humain 
est une horloge, mais immense, & construite avec tant d’Artifice & d’Habilité’, ‘La circulation 
se fait elle avec trop de vitellese? l’Ame ne peut dormir. L’Ame est-elle trop agitée, le Sang ne 
peut se calmer; il galope dans les veines avec un bruit qu’on entend’. The body as clock and as 
machine has been a much studied metaphor. See for example Jessica Riskin, The Restless Clock: 
A History of  the Centuries-Long Argument over What Makes Living Things Tick  (Chicago, 2015).
81 Charles T. Wolfe, Materialism: A Historico-Philosophical Introduction  (Dordrecht, 2016), 10, 52–
53; Thomson, Bodies of  Thought, 180–189.
82  ‘Vitam nimirura Corporis Humani in determinato quodam humorum per canales motu 
consistere’ in Gaubius, De vana vitae longae, 12.
83  ‘Doleo equidem vehementer, Mimum, an Momum? Gallulum [...] putidum automatis sui 
humani scilicet! partum edidisse’ in Hieronymus David Gaubius, Sermo academicus de regimine 
mentis quod medicorum est  (Leiden, 1763), 2; Rather, Mind and Body, 115.



or medical man I cannot approve,  for I do not know what kind of idea to connect to 
the soul that is in the blood and distinct from spirit and body’.84 

* * *
This chapter has examined the changing medical perceptions of blood and the 
development of rivalling ways to study this bodily fluid in the early eighteenth 
century in the Dutch Republic,  especially the remarkable developments in blood 
chemistry and haematology not previously considered in historiography. Prompted 
by the works of Herman Boerhaave, a school of Dutch physicians conducted 
investigations into the living fluids to answer questions in physiology and pathology.

Understanding the nature of blood was no straightforward enterprise, as new 
research possibilities complicated the answer as to what constituted valid knowledge 
about blood.85  To understand blood and its properties, physicians combined new 
practical skills of observation, measurement, and chemical experimentation with 
theoretical knowledge about the animal oeconomy. Some were convinced that 
medicine necessitated blood chemistry, because hydraulic and hydrostatic 
approaches to the living body could not explain the properties and changes in blood 
and other bodily fluids. While these mechanist views were, therefore, limited, blood 
chemistry held out the promise of  truly understanding the nature of  blood.

Ultimately we can trace an Enlightenment debate on the nature of blood. 
Physicians had first perceived blood to be an ordinary fluid, focussing on its broad 
range of sensible and physical properties, e.g. their visible transformations, like 
coagulation.  At the turn of the eighteenth century, however,  we can see that the 
materiality of blood was understood on different levels of inquiry.86  Some 
characteristics of blood, such as its volume,  weight, and temperature, were observed 
thanks to microscopes, thermometers, and hydrometers. Yet, at another level of 
inquiry, blood was considered to be composed of constituent parts, and its properties 
could be explained in reference to four principles. Thanks to chemistry various 
bodily fluids and their variations became an object of conceptual inquiry, which was 
employed in order to improve existing theories of physiology and pathology. 
Whereas Thomas Schwencke argued that blood in vitro was fundamentally different 
from blood in vivo, Hieronymus Gaubius merely saw differences in state and 
composition while also recognising blood as vital matter.
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84  ‘ter explicatie van de voorkomende phaenomena Oeconomia humana, kan ik mede niet 
approbeeren, als Physicus of Medicus, niet wetende wat voor eene idee vast te maken aan de 
Siele die in het bloed is, onderscheyden van Geest en Lighaam’. Gaubius to Paulus de Wind, 9 
August 1758 in Hamers-van Duynen, Hieronymus David Gaubius, 216.
85  Lorraine Daston and Elizabeth Lunbeck, eds., Histories of Scientific Observation (Chicago, 
2011).
86 Cf. Ursula Klein, ‘Shifting Ontologies, Changing Classifications: Plant Materials from 1700 
to 1830’, Studies in History and Philosophy of  Science 36 (2005), 261–329, at 266–267.



The different approaches advanced here are crucial to our understanding of 
how and why medical researchers began to explore the material and physical 
properties of the human body. Historiography on the Enlightenment commonly 
equates materialism with atheism, with Julien Offray de La Mettrie as the most 
commonly mentioned proponent. But as Charles Wolfe has recently emphasised, 
there existed many different forms of materialism.87 And as this chapter has shown, 
Dutch physicians also located vital properties in the fluid of blood without adhering 
to a radical form of materialism. The false binary of materialism and vitalism thus 
proves rather unhelpful for historiographical attempts to understand blood chemistry 
in the eighteenth century. Dutch physicians were, in fact, part of a long medical 
tradition that considered blood and its perambulations in the body the source of life, 
and a dynamic substance that could be sensed and studied, both in bodies and 
laboratories. 

Moreover, the frequently cited conceptual dichotomy between mechanism 
and vitalism proves to be false. Focussing on a material such as blood has de-
stabilised the conceptual comfort of opposing mechanist and anti-mechanist models 
of the body. This article has shown how physicians presented increasingly complex 
and hybrid forms of mechanism, which included vital properties and active 
matter,� as demonstrated by chemical investigations of blood. Early eighteenth-
century chemistry, then, effectively acted as a go-between by blending mechanist, 
materialist, and vitalist perceptions of the living body within the field of academic 
medicine.
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3
Piss Prophets and Urine Matters

On Tuesday 2 October 1736 Thomas Humphrey (c. 1707–) defended his doctoral 
thesis before the board of medical professors at Leiden University, and argued that 
all elements constituting bladder stones originated from ordinary, healthy urine. 
Calculi frequently tormented early modern individuals, and many physicians 
pondered their formation and growth. Whereas large bladder stones could cause 
excruciating pain and obstruct the secretion of urine, Humphrey argued that they 
consisted of the smallest elements usually found in urine.  He justified these 
statements on the basis of chemistry: he observed how morning urine from a healthy 
person, poured in a cylindrical glass phial, would change from a homogeneous and 
transparent liquid into a turbid mixture with white sediment. When collected and 
dried, this deposit became hard as a rock. He therefore concluded that ‘the elements 
of  stones are in the healthiest men’. 1

Humphrey and his study of bladder stones provide one example for the topic 
examined in this chapter, namely the thriving of urine chemistry in the eighteenth-
century Dutch Republic.  The unfortunate occurrence of bladder stones in patients 
necessitated pathological research. I attribute the widespread use of chemical 
methods to analyse calculi and urine to the Boerhaave school.  Boerhaave attracted 
hundreds of students from across Europe to Leiden, of which many delved into 
chemistry, took lecture notes, and wrote dissertations on urine and urological 
disorders –� a development which continued to thrive when Gaubius succeeded 
Boerhaave in the 1730s. Indeed, Humphrey was far from the only one writing a 
dissertation on lithiasis. In the course of Boerhaave’s professorship another fourteen 
doctoral students researched urine in relation to urological disorders, and this 
interest outlived Boerhaave’s death. With no fewer than thirty-six other students 

1  ‘Elementa calculi sanissimis hominibus insunt’. Thomas Humphrey, Dissertatio medica 
inauguralis de calculi urinosi generatione et incremento  (Leiden, 1736), [Cv]. On 5 December 1735 a 
28-year-old Humphrey had enrolled at Leiden University to study medicine. Although 
Herman Boerhaave had retired from the chair of chemistry already in 1729, he still acted as 
Humphrey’s doctoral advisor.



writing their dissertations on urine and urinary diseases while Gaubius held his 
professorship, the chemical laboratory, where urine was experimented upon by 
professors and students alike, was a busy place. These investigators were convinced 
that the discipline of chemistry and its methods could provide them with 
physiological and pathological insights, and therefore, urine chemistry can be 
considered a productive research programme in eighteenth-century medicine.

Remarkably, historians of science and medicine have largely bypassed this 
flourishing of urine chemistry in the early eighteenth-century Dutch Republic. 
Instead, most scholars, such as Noel Coley and Louis Rosenfeld, have emphasised 
the development and successes of clinical chemistry around the turn of the 
nineteenth century.2 They have argued that figures like Carl Wilhelm Scheele (1742–
1786), Tobern Olaf Bergman (1735–1784), Antoine François de Fourcroy (1755–
1809), and Nicolas Louis Vauquelin (1763–1829) were the first to isolate different 
substances in urine and calculi  by chemical analysis. These chemists detected uric 
acid in 1776, believing that all urinary concretions originated from the fluid of urine. 
At the turn of the nineteenth century, it has been argued, urine chemistry offered 
valuable support to medicine, ultimately leading to clinical chemistry in the 
nineteenth century. These studies perfectly fit the narrative of the “chemical 
revolution” and the invention of the new chemistry by Antoine Lavoisier and his 
contemporaries in the last quarter of the eighteenth century. But as most scholarship 
has endorsed a narrative that characterises urine chemistry as part of nineteenth-
century science, it has not paid sufficient attention to the early modern origins of this 
methodology. In fact,  it has been argued that the chemistry of urine in the preceding 
decades needed no substantial attention, because ‘before Scheele,  work on urinary 
stones was more alchemy than science’.3 How then do we reconcile the flowering of 
Boerhaave’s urine chemistry with some historians dismissal of this period as 
‘stagnation’ of developments, and as a mere ‘interlude’ between Robert Boyle and 
Lavoisier?4

I here argue that scholars have not adequately addressed the eighteenth-
century proliferation of urine chemistry and its uses for medicine to date. Much can 
be learned from the much-neglected yet prolific urine chemistry of the early 
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2  Noel G. Coley, ‘Animal Chemists and Urinary Stone’, Ambix 18 (1971), 69–93; Noel G. 
Coley, ‘Medical Chemists and the Origins of Clinical Chemistry in Britain (circa 1750–1850)’, 
Clinical Chemistry 50 (2004), 961–972; Louis Rosenfeld, Four Centuries of Clinical Chemistry  
(Amsterdam, 1999), 37–39; E.J. Westbury, ‘A Chemist's View of the History of Urinary Stone 
Analysis’, British Journal of Urology 64 (1989), 445–450; the most recent example is chapter 12 
‘Founding Fathers of Stone Chemistry’ in Michael E. Moran, Urolithiasis: A Comprehensive 
History  (New York, NY, 2014), 101–116.
3  Gabriel Richet, ‘The Chemistry of Urinary Stones around 1800: A First in Clinical 
Chemistry’, Kidney International 45 (1995), 876–886, at 877.
4  ‘Stagnation of Chemical Theory: 1675–1750’ in Siegfried, From Elements to Atoms, 56–73; 
‘Interlude: The Crisis of Inter-Revolutionary Chemistry’ in Boantza, Matter and method, 115–
141.



eighteenth century. This chapter follows the story of the fluid of urine in the 
laboratory, through an examination of the works and ideas of Boerhaavian 
physicians and chemists.  By analysing how and why urine chemistry was taught and 
studied at universities,  to the extent and as early as it was, I argue that the turn of 
the eighteenth century saw a shift from chymical uroscopy to urine chemistry. While 
urine chemistry profited from methods developed in the context of chymical 
uroscopy, Boerhaave and his students applied them in the service of very different 
aims and applications. The way in which urine chemistry thrived in the course of 
the eighteenth century was characterised by theoretical and procedural innovations 
in physiology and pathology. We can, therefore, recognise the development and 
proliferation of urine chemistry as a progressive research programme. Furthermore, 
Dutch physicians and chemists provided fertile ground for the well-known and 
“revolutionary” clinical chemistry arising around the turn of  the nineteenth century.

Chymical Uroscopy
This section will demonstrate that, while the sensory and chymical inspection of 
urine was increasingly discredited, chemical experiments on urine provided a strong 
basis for researching physiology and pathology. This development from chymical 
uroscopy to urine chemistry, which took place around the year 1700, has largely 
gone unnoticed in modern scholarship. In his important study on uroscopy – i.e., the 
practise of making diagnostic examinations of urine by sensory inspection – the 
medical historian Michael Stolberg questions the anachronistic perspectives adopted 
by some scholars who consider uroscopy a direct predecessor of modern urinalysis. 
Henry Wellcome, for example,  had traced an ‘evolution’ from ancient and medieval 
uroscopy through to ‘the advent of scientific urine analysis’  in the nineteenth 
century.5  But Stolberg rightly points out certain problems with this approach: 
uroscopy was the diagnostic examination of urine by simple inspection, offering 
unrivalled access to the internal processes of the body, and covering the entire 
spectrum of diseases, and was understood within a Galenic model of the body. 
Modern urinalysis, by contrast, analyses urine by physical, chemical,  and 
microscopic or photometric means,  in order to diagnose particular metabolic 
disorders, or to test for urological and nephrological diseases.  To see uroscopy as the 
predecessor to urinalysis,  Stolberg concludes,  ‘does justice neither to the very 
different theoretical foundations of traditional uroscopy nor to its much more wide-
ranging diagnostic significance’.6  I agree with Stolberg with regard to the 
discontinuity in the way physicians examined urine throughout the ages. But the 
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5 Henry S. Wellcome, The Evolution of Urine Analysis: An Historical Sketch of the Clinical Examination 
of Urine  (London, 1911), 75–92; see also Leonard Paul Wershub, Urology: From Antiquity to the 
20th Century  (St. Louis, MO, 1970).
6  Michael Stolberg, Uroscopy in Early Modern Europe, trans. Logan Kennedy and Leonhard 
Unglaub (Farnham, 2015), 2.



question about the origin and development of urinalysis remain unresolved. Building 
on Stolberg’s work I suggest that a rigid demarcation between uroscopy and 
urinalysis necessarily passes over the chronological overlap between chymical 
uroscopy and urine chemistry at the turn of the eighteenth century. The works and 
teachings on urine by Dutch physicians of the period in particular point towards an 
overlap between chemical practices at this time.

The work of Johan van Dueren (c.�1664–1726) is a case in point.7 Like many 
other Dutch physicians van Dueren took considerable satisfaction in pointing out the 
multiple deficiencies of uroscopy.8  The frontispiece of van Dueren’s voluminous 
work De ontdekking der bedriegeryen van de gemeene pis-bezienders (“The Discovery of the 

Deceptions by Public Uroscopists”, 1688) perfectly illustrated the popularity and 
widespread practice of uroscopy in the early modern period (see Figure 3.1). A 
female messenger (‘pis-brenger’), accompanied by a little boy, delivers a patient’s 
urine to the uroscopist in a wicker basket. The ‘piss-watcher’ (‘pis-besiender’) takes 
out the round-bottomed urinal and holds it up to the sun, in order to scrutinise the 
urine in clear light.  From its colour, smell, taste and its other characteristics the 
uroscopist drew deductions about the state of the body and the stage of the patient’s 
disease.  At first sight, this engraving appears to conform to a popular type in Dutch 
genre painting, depicting uroscopists and alchemists as men who unlock the secrets 
of nature.9 The furnace with chemical vessels, retort, and utensils, and the library, 
support this interpretation. Nevertheless, van Dueren’s frontispiece turns this 
pictorial tradition on its head by adding unsavoury figures at the top. A carefree satyr 
appears to drop divinations one after the other, while a backscratching monkey 
defecates onto the entire scene. Joined by a central head with unmistakable goat’s 
ears, all these figures express the underhand support between messengers and 
uroscopists, and their mischievous actions at the expense of unsuspecting patients –�a 
topical criticism numerously repeated by academic physicians.10 Yet if the inspection 
of urine was not fit for application by learned physicians, the chemical analysis of 
urine was not entirely dismissed. On the contrary, even van Dueren’s polemical essay 
against uroscopists talked in favour of urine examination by chemistry:  ‘One can 
find this unfailing use of uroscopy (based on Reason itself,  and true Experience of 
Chemistry) in the writings of the Gentlemen Bontekoe, Blanckaart, Overkamp, de 
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7 Johan van Dueren, De ontdekking der bedriegeryen van de gemeene pis-bezienders   (Amsterdam, 1688). 
In addition to the dedication, preface, and poems by friends Stephen Blankaart and Franciscus 
Sylvius, this work was 426 pages long.
8 Uroscopy had most famously been criticised by Pieter van Foreest in De incerto, fallaci, urinarum 
iudicio  (Leiden, 1589). This work was translated to German, English, and Dutch vernaculars 
in the early seventeenth century.
9 See ‘The Uroscopist as a Truth-Seeker’ in Stolberg, Uroscopy, 114–117.
10  More on the academic criticisms against uroscopy, see Michael Stolberg, ‘The Decline of 
Uroscopy in Early Modern Learned Medicine (1500–1650)’, Early Science and Medicine 12 
(2007), 313–336.
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Fig. 3.1: Frontispiece by unknown engraver in Johan van Dueren, De ontdekking der bedriegeryen van 
de gemeene pis-bezienders (Amsterdam, 1688). The Hague, Royal Library.



Heyde, Muys,  Daalamns, &c’.11  As this section demonstrates, therefore,  while the 
traditional sensory and chymical inspection of urine was increasingly discredited, 
chemical experiments on urine provided new ground for researching and teaching 
physiology and pathology in the early eighteenth century.

The history of uroscopy extends back to the middle ages. The late sixteenth 
century saw a reinvention of the practice of uroscopy at the hands of the Swiss 
physician Paracelsus. While Paracelsus upheld the general premise that urine 
reflected the condition of the body, his method of examination was rather different 
from that of those that had gone before him. Paracelsus distinguished between an 
“internal urine”, resulting from Nature’s excretory efforts and mirroring the state of 
the body,  and an “external urine”, which resulted from the digestion in the organs. 
The urine flowing from a person’s urethra was, therefore, a mixture of two fluids. 
The fact that Paracelsus aimed at separating these fluids explained his preferred 
method of examination, distillation: this process enabled him to extract and expose 
those morbid parts in the urine which were otherwise too subtle to be recognised 
with the naked eye.12  Many medical men, including the influential German 
physician Leonhard Thurneysser (aka Thurneisser zum Thurn, 1530–1596) adopted 
Paracelsus’ teachings and distilled their patients’ urine. In one treatise Thurneysser 
depicted the correspondence between the distillate and the part of the body where 
the disease in question was believed to be located (see Figure 3.2).  The chymical 
uroscopist gently heated a sample of urine in an alembic, in which the steam would 
rise slowly, and then condensate in different places of the receiving flask. With the 
help of anatomical drawings of both a female and male bodies, distillation charts 
mapped out the individual parts of the body, as well as the ways in which a physician 
would be able to diagnose certain diseases based on the composition of the urine. 
Thurneysser made quite a reputation for himself as a gifted uroscopist, and well-to-
do patients across the Holy Roman Empire sent him their urine with an 
accompanying letter, asking him to analyse the sample in his laboratory.13 

The works of the Thüringian physician Christoph von Hellwig (1663–1721) 
and the Leiden lecturer of chemistry, Jacob le Mort, demonstrate that the chymical 
approach to uroscopy continued to be popular well into the early eighteenth century. 
Von Hellwig studied medicine at the universities of Jena and Erfurt, and he enlarged 
Thurneysser’s gender-specific uroscopy chart with the further details of colour and 
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11  ‘En dit  gebruyk van Pis-besien kan men onfeylbaar vinden in de Schriften (die op de Rede 
selfs, en ware Ervaringe van de Schey-konst steunen) van de Heeren Bontekoe, Blanckaart, 
Overkamp, de Heyde, Muys, Daalamns, &c’ in van Dueren, Pis-bezienders, 329.
12 Paracelsus, De urinarum ac pulsuum judiciis  (Cologne, 1568); Stolberg, Uroscopy, 66.
13  Leonhart Thurneisser zum Thurn, Protokatalēpsis oder Praeoccupatio durch zwölff verscheidenlicher 
Tractaten gemachter Harm Proben  (Frankfurt (Oder), 1571); idem, Bebaiōsis agōnismou: Das ist 
Confirmatio concertationis, oder ein Bestettigung desz jenigen so streittig, häderig, oder zenckisch ist, wie dann 
ausz Unverstandt die neuwe und vor unerhörte Erfindung der aller nützlichesten und menschlichem Geschlecht 
der notturftigesten Kunst desz Harnnprobirens ein Zeitlang gewest ist  (Berlin, 1576). See Cislo, 
Paracelsus’s Theory of  Embodiment, 80–85; Stolberg, Uroscopy, 66–70.



quality.14  In Leiden, le Mort delivered pharmacy lectures in his private laboratory 
from 1672 onwards. Le Mort was appointed to the post of chemistry lecturer at the 
university,  and of praefectus of its laboratory in 1690. Mainly teaching the preparation 
of medicines, he was appointed professor in medicine and chemistry in 1702 and 
would keep that chair until his death in 1718.15 Le Mort defended the practice of 
uroscopy, particularly uroscopy based on chymical methods. Concerned about the 
contemporary criticism of uroscopy and uromancy, le Mort was at pains to 
distinguish himself from frauds and quacks,  and attempted to save the practice from 
falling into disfavour. He stated that uroscopy ‘truly requires an accurate knowledge 
of the art of colouring and chymistry, before a wise doctor can make reasonable 
judgments, and is not required, like quacks, to first ask the state of the sufferers,  from 
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14  Ludwig von Hellwig, Valentin Kräutermanns Curieuser und vernünfftiger Urin-Artzt  (Arnstadt, 
1735); Cislo, Paracelsus’s Theory of  Embodiment, 93.
15 More on le Mort, see Dalila Wallé, Leiden Medical Professors, 1575–1940  (Leiden, 2007), 89–
90; H.A.M. Snelders, De geschiedenis van de scheikunde in Nederland: Van alchemie tot chemie en 
chemische industrie rond 1900  (Delft, 1993), 37.

Fig. 3.2: Chymical uroscopy chart by unknown engraver in Leonard Thurneysser’s Bebaiōsis agōnismou 
(Frankfurt, 1676).



which story he pronounces his opinion of the urine, as an oracle’.16 It appears that le 
Mort continued to perform uroscopy by distillation until his death in 1718. Chymical 
uroscopy, in short, was similar to ordinary uroscopy in that it presupposed urine to 
reflect the state of the entire body. But it was believed that the diagnostic practice 
was improved by the method of distillation, which was supposed to provide a more 
thorough analysis of the urine’s qualities and contents, and hence led to a more 
accurate diagnosis.

Despite the fact that von Hellwig and le Mort were university-trained 
physicians,  many other physicians did not adopt their improvements in chymical 
uroscopy with enthusiasm. Physicians in general were concerned with their authority 
and status, and they were particularly keen not to be associated with Paracelsus’ 
stained reputation.17  At the turn of the eighteenth century beliefs and opinions 
about alchemical practices and ideas were already quite skeptical, and the name and 
fame of Paracelsus in particular had caused a chasm among chemists and 
physicians.18 In this chemistry course Boerhaave explained this to his students: ‘To 
hear the generality of chemists talk, he [Paracelsus] was nothing less than a God [...] 
yet others represent him as one of the most vile, flagitious,  and worthless of the race 
of men’.19 Chymistry – defined as comprising all chemical and alchemical practices 
and theories as they were understood in the seventeenth century – had a bad 
reputation in general, mainly involving claims of universal medicines. 20 Accusations 
of quackery and heresy were not uncommon. Writing about the spicy escapades of 
European diplomats at the Utrecht peace negotiations in 1713, for example, author 
Augustinus Freschot even described how ladies of pleasure gathered ‘like chemists 
who recognise each other without ever having met, because the similarity of their 
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16  ‘[V]erum exacta requiritur Artis Tinctoriae, & Chymiae cognitio, antequam rationaliter, & 
non empyrice de hisce judicium ferre possit Medicus acutus, nec opus illi Agyrtarum more 
inquirere antea de statu aegri, è qua relatione postea, tanquam ex tripode, sententiam sum de 
Urina sit laturus.’ Jacob le Mort, Chymia, rationibus et experimentis auctioribus, iisque demonstrativis 
superstructa, in qua malevolorum calumniae modestè simul diluuntur (Leiden, 1688), 161. See also the 
dissertation of le Mort’s student Henricus Snellen, Disputatio chymico-medica inauguralis de 
urinarum inspectione  (Leiden, 1701). On le Mort and the institutional context of chymistry in 
Leiden in this period, see Gerhard Wiesenfeldt, Leerer Raum in Minervas Haus: Experimentelle 
Naturlehre an der Universität Leiden, 1675–1715  (Amsterdam, 2002), 189–241.
17 On uroscopy as threat to physicians’ authority, see Stolberg, Uroscopy, 128–134.
18 On Paracelsus’ bad reputation see, for example, Godfried Arnold, Historie der kerken en ketteren 
van den beginne des Nieuwen Testaments tot aan het jaar onses Heeren 1688, 3  vols (Amsterdam, 1701–
1729), vol. 2, 585. Here, Paracelsus was presented as ‘the principle founder of heretics’. On 
Paracelsus’ multiple and often contradictory reputations throughout time, see Ole Peter Grell, 
ed. Paracelsus: The Man and His Reputation, His Ideas and Their Transformation (Leiden, 1998).
19 Boerhaave, A New Method, vol. 1, 22. 
20  On “chymistry”, see Newman and Principe, ‘Alchemy vs. Chemistry’; Newman, ‘From 
Alchemy to ‘Chymistry’’; Lawrence M. Principe, ed. Chymists and Chymistry: Studies in the History 
of Alchemy and Early Modern Chemistry (Sagamore Beach, 2007); Lawrence M. Principe, 
‘Alchemy Restored’, Isis 102 (2011), 305–312, at 312.



occupation apparently has something contagious.’21 In the timespan of a few years, 
Boerhaave, Gaubius and Abraham Kaau presented orations and public lectures in 
which they strongly distanced themselves from certain aspects of chymistry, 
specifically the belief in eternal life, panacea, and the practice of chrysopoeia (the 
transmutation of base metals into noble metals,  particularly gold).22  Le Mort was 
considered part of this chymical tradition. Boerhaave’s students, therefore, learned to 
distance themselves from le Mort completely, because le Mort allegedly ‘insists on 
[an] abundance of  operations, which have long since been disused’.23

Besides being concerned with the possible tarnish of a bad reputation, 
physicians were sceptical towards uroscopy of other reasons too. First, they held 
reservations about the method of distillation for this particular use. The physician 
Konrad Barthold Behrens (1660–1736), for example, expressed his doubts about 
Thurneysser’s procedure. While Behrens agreed that distillation allowed for the 
sulphurous and the salty parts of urine to be separated successfully, the procedure 
was nevertheless ‘very uncertain’,  since volatile matter might accumulate in different 
places of the flask, simply depending on the intensity of fire.24  Second, many 
physicians of the Boerhaave school voiced their reservations concerning uroscopy in 
general.25  Certain diseases did not reveal any difference in urine at all; and some 
simple foods could make the urine appear as if produced by a serious disease. 
Albrecht von Haller, for example, reported that a physician would diagnose internal 
gangrene and prognosticate immanent death when presented with black urine –�only 
to find out later that the person in question had simply eaten asparagus or rhubarb 
which, indeed, could render urine very dark.26  The validity of solely basing one’s 
diagnosis on urine was, therefore, seriously questioned. Boerhaave in particular 
warned his students of uromancy or the practice of making predictions exclusively 
on the basis of urine: ‘In the passing judgement of urine, we are to have nice 
[proper] regard of other signs, appearing in diseases; or otherwise this art is very full 
of fallacy and deceit’.27 These warnings were not unwarranted, seeing that three so-
called “piss prophets” were known to be dwelling in Leiden at the time. According to 
von Haller:
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21  Augustinus Freschot, Amoureuze en pikante geschiedenis van het congres en de stad Utrecht: Augustinus 
Freschots verhaal achter de Vrede van Utrecht, ed. Erik Tigelaar, trans. Roland Fagel (Hilversum, 
2013), 79.
22  See Herman Boerhaave, Sermo academicus de chemia suos errores expurgante  (Leiden, 1718); 
Gaubius, De vana vitae longae; Kaau, De gaudiis. Hendriksen, ‘Criticizing Chrysopoeia?.’
23 Boerhaave, A New Method, vol. 1, 40.
24  Konrad Barthold Behrens, Ob das Wasserbeschawen in Krankheiten etwas nuze, und wie weit 
demselben zu trauen  (Hildesheim, 1688), 24–26; Stolberg, Uroscopy, 139.
25  The arguments of the so-called “urosceptics” are discussed in Stolberg, ‘The Decline of 
Uroscopy’, 123–134. 
26 von Haller, Praelectiones, vol. 6, 319; idem, Academical Lectures, vol. 6, 216.
27  Herman Boerhaave, Institutiones medicae in usus annuae exercitationis domesticos digestae, alt. ed. 
(Leiden, 1713); idem, Boerhaave’s Institutions in Physick, trans. Joseph Browne, 2nd ed. (London, 
1715), 277.



One of these prophets is so ignorant and stupid that he hardly knows 
his own name, but has three or four formulas or notes containing 
symptoms common to almost all diseases. These he dictates in every 
disease,  not knowing how to write. But the other prophet is a little 
wiser than the first,  having nine set forms of prognosticating, which 
are always sure to contain something of  truth.28 

Gaubius taught a nuanced view of uroscopy, acknowledging that some 
symptoms could be seen in the urine, but that these had to be considered always in 
conjunction with other symptoms. Making a diagnosis solely on the basis of urine 
was possible,  but carried a high risk of misdiagnosis. And indeed, many of his 
doctoral students at Leiden University repeated this verdict in their dissertations. 
Frederik de la Fosse (c. 1721–c. 1791) from The Hague, for example, argued that 
‘there is nothing more deceptive in the present remedy, than to judge from the sole 
inspection of urine’.29 Another of Gaubius’ doctoral students, Christiaan Swaving 
(1717–1795), was of the opinion that though uroscopy was useful for certain 
diseases, ‘it suits reason nor experience to predict everything from the inspection of 
urine’. 30

In sum, a clear shift from chymical uroscopy to urine chemistry can be 
observed when we take a closer look at the works of von Hellwig and le Mort on the 
one hand, and of Boerhaave and his students on the other. Previously, chymical 
uroscopists took a sample of urine and distilled it in order to diagnose the patient. 
Urine was a reflection of the humours and could be inspected by means of the 
senses and distillation.  But in the eighteenth century learned physicians studied the 
urine of healthy and diseased persons as well as patients, with chemical methods, to 
gain a better understanding of the physiology of secretion and the urinary organs. 
Urine chemistry was more than diagnosis; it became a means to understanding the 
pathology of diseases such as lithiasis, diabetes, ischuria or stranguria, and cystitis 
(inflammation of the bladder), which all were resulting from pathological changes in 
the body. Urine chemistry, in other words, provided new insights into the normal and 
morbid appearances of urine, reflecting only specific parts and systems of the body. 
Many of the chemical techniques that were developed within chymistry continued to 
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28  ‘Eorum unus ne proprium quidem nomen scit, adeo mente stupet, & tres quatuorve 
formulas praesagiendi didicit, quae symptomata continent omnibus fere morbis communia. 
Haec dictat in omni morbo, neque enim literas pingere didicit. Alter paulo plus sapientiae 
possidet, ad novem enim usque formulas habet, quae semper aliquid veri continent’ in von 
Haller, Praelectiones, vol. 6, 319; von Haller, Academical Lectures, vol. 6, 216–217.
29 ‘Nihil in Medicina fallacius, quam ex sola urinae inspectione judicare’. Frederik de la Fosse, 
Specimen medicum inaugurale de aëre vitae et morborum causa  (Leiden, 1743), [D4r]. Proposition 4.
30  ‘Omnia ex urinae inspectione praedicere, rationi & experientiae non convenit: attamen ut 
reliqua in morbis consuli potest’. Christianus Swaving, Dissertatio inauguralis physiologica-medica de 
excrementis secundae coctionis  (Leiden, 1744), [F4r]. Proposition 8.



be practised in the eighteenth century, since chymical uroscopy had advanced the 
study of bodily products with a considerable degree of detail. But urine chemistry 
was not solely aimed at diagnostics. Rather,  it provided a new theoretical foundation 
for a urological physiology and pathology.

Urine Chemistry
In 1753 the dissertation written by Irishman Arthur Magenis (b. c. 1728) opened 
with the statement that ‘among the various fluids that are secreted from the blood 
stream, not one deserves more attention by physicians, than urine’.31 Magenis gave a 
short anatomical description of the urinary organs, explaining that urine was 
isolated from blood by the kidneys, sent via the ureter to the bladder, and then cast 
away through the urethra. But to really understand the nature of urine, Magenis 
argued, ‘it will be necessary to subject the blood as the source of this liquid to 
chemical examination’.32 He performed six experiments on blood and the serum of 
blood before turning to the chemical examination of urine. He observed that various 
processes changed the colour of urine and that distillation left a salty residue. His 
dissertation went on to identify the “spirit of urine”, and described its colour and 
smell.  Above all, Magenis’ activities demonstrate how students performed their own 
experiments,  sensing the constituents and properties of bodily fluids and building 
upon Boerhaave’s and Gaubius’ work in chemistry.

Magenis was one of a number of doctoral students specialising in urine 
chemistry at the time. When Boerhaave and Gaubius held their professorships, i.e. 
between 1709 and 1775, on average 15 medical dissertations were devoted to a 
particular disorder or disease, for example smallpox (22 dissertations), pleurisy (27), 
dropsy (14),  epilepsy (13), dysentery (19), and gout (8).  Together, the theses on urine 
physiology and pathology make an impressive 47 dissertations which incorporated 
chemical knowledge and experiments (see Table 3.1). Reading these dissertations 
simply as a reiteration of textbook knowledge would miss an important point. 
Whereas the length, depth, and quality of medical dissertations differed significantly, 
many contemporaries recognised the fact that they contributed significantly to the 
advancements of the fields of chemistry and medicine.  Dissertations could even 
become topics of scientific debates and controversy.  Gaubius, for example,  often 
send out copies of some of his students’  dissertations to his friends and fellow 
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31 ‘Inter varios qui ex massa sanguinae secernuntur humores, nullus Medici attentionem magis 
meretur, quam Urina’. Arthurus Magenis, Dissertatio medica inauguralis de urina  (Leiden, 1753), 
5. Magenis enrolled at Leiden University on 4 November 1748 and graduated on 2 March 
1753.
32  ‘At priusquam ejus naturam expendamus, sanguinem hujus liquoris scaturiginem chemico 
examini subjicere necesse erit’. Ibid., 6.
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Tablle 3.1. Urine Chemistry Disssertations at Leiden between 1709 and 1775

Disease Students (Year) No.

I Lithiasis
(bladder stones)

Stalpart van der Wiel (1712); de Kedts (1717);
Luiscius (1720); de Roode (1720); Horsman 

(1721); Scheffelius (1721); Kind (1724); 
Farwell (1729); Humphrey (1736); Bourgeois 

(1744); Sevasto (1749); Canisius (1757); 
Everwijn (1758); à Bergen (1765); de 

Thoméze (1773).

15

II Ischuria or 
stranguria

(obstruction of  
urine, pain 

urinating)

de Witte (1717); van Thiel (1727); Middelaar 
(1739); van Hees (1741); Nierop (1744); Bergst 

(1748); Timmers (1757); Mulder (1766); 
Blumenthal (1773).

9

III Diabetes Lankers (1720); Nelson (1736); Ruyte (1741); 
Materni (1743); Massis (1752); Koesen (1767).

6

IV Cystitis
(bladder infection)

den Otter (1731); Davids (1734); Seeger 
(1739); Fleck (1772).

4

V Physiology and 
Chemistry

Power (1729); van Beekhoven (1734); Beudt 
(1744); Swaving (1744); Lyne (1744); Magenis 

(1753); Schlosser (1753); Lotichius (1757); 
Noot (1767).

9

VI Other (incontinence,  
ulcer, nosology, 

diuretica)

Swalmius (1737); Ysermans (1763); Capadose 
(1770); van Heusde (1774).

4

Total 47

Sour

Hag

rce: P.C. Molhuysen,  Bron
gue: Martinus Nijhoff, 1913

nnen tot de geschiedenis der Leidsche Universite
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physicians in appreciation.33  Others, however, could cause him to feel personally 
attacked.  When in June 1763 Samuel Musgrave (1732–1780) finished a provocative 
thesis in which he argued that Boerhaave’s and Stahl’s systems should be replaced by 
empirical methods,� Gaubius tried to control the controversy. He decided not to 
oppose the student too harshly during the defence,  and he completely rewrote the 
preface to his pathology textbook to include a more thorough treatment of medical 
methodology.34 Clearly, these medical dissertations were as formative an element in 
students’ education as they were important to the work of  university professors.

Thus, the works of Boerhaave, Gaubius, and their students demonstrate that 
urine chemistry was not a dogmatic system dictated by university professors, but 
rather a productive method for studying physiology and urinary disorders.  We may 
therefore see the Boerhaave school’s attention to urine chemistry as an early modern 
illustration of Imre Lakatos’  theory of the progressive research programme. 
According to Lakatos, a research programme could be termed “progressive” when it 
incorporated an increasing amount of empirical content, or when its predictions 
were confirmed by new observations; and a research programme can be considered 
“degenerative” with the accumulation of theoretical and empirical problems within 
it.35  And indeed, medical students had many questions to face regarding the 
pathology of profoundly unsettling disorders which demanded further research. 
Why, for example, were some patients suffering from a urine obstruction, and yet 
feeling the strong urge to urinate? How did bladder stones come about? Which 
treatment might best resolve an infection of the bladder and pain during urination? 
It was precisely these sorts of disorders that students researched with the help of 
urine chemistry. By combining the text-based study of a specific disease with 
chemical laboratory experiments on urine, students’ appropriation of chemical skills 
and knowledge played a central role in the development of urine chemistry in the 
eighteenth century.

An education in physiology was a central facet of urine chemistry. Many 
medical students at Leiden University witnessed chemical demonstrations and 
learned about the physiology and pathology of urine before contributing to urine 
chemistry with their own experiments. The active role of students in this context 
provides evidence for the fact that this line of research was progressive. Students took 
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33 See for example Gaubius to  António Sanches, Leiden, 6  September 1743, 21 August 1744, 
and 1 December 1746 in Hamers-van Duynen, Hieronymus David Gaubius, 76–79, 84–87. 
Sanches’ correspondence can be found as ‘Epistolae ad Antonium Ribeiro Sanches’, 1735–
1783, 2 vols, Vienna, ONB, Cod. 12713-12714 Han. On dissertations as educational practice, 
see Jaap Harskamp, ‘Dissertatio  medica inauguralis ... Leyden medical dissertations in the 
British Library, 1593–1746’, (London, 1997).
34 Samuel Musgrave, Dissertatio medica inauguralis sive apologia pro medicina empirica  (Leiden, 1763); 
A.M. Luyendijk-Elshout, ‘Samuel Musgrave’s attack upon Stahl’s and Boerhaave’s doctrines 
in 1763’, Janus 67 (1980), 141–156.
35  Imre Lakatos, ‘Criticism and the Methodology of Scientific Research Programmes’, 
Proceedings of  the Aristotelian Society 69 (1968), 149–186.



notes during chemistry classes while sitting on tiered benches all around the chemical 
laboratory, from whence they could hear the professor and observe his urine 
experiments.36 In the preparation of their doctoral theses, many students conducted 
their own experiments with the help of their professor. As a young chemistry lecturer 
Gaubius was particularly eager to help students master the skills necessary for 
chemical experimentation. During his inaugural lecture in 1731 he argued that 
medicine and natural philosophy were inextricably bound to chemistry, and he 
therefore invited all students to join him in the laboratory and ‘work up a sweat’. He 
promised them to be not only their teacher, but also their guide: ‘I offer you myself 
as supervisor and, if you wish, as counsellor. If I possess any strength, service or 
understanding, then use them as you please. Because to all of you I say: to promote 
your studies, that is especially the high point of my wishes, that is the only purpose of 
my work’.37  As this promise clearly shows, Gaubius wished that professors and 
students worked on one project together, in order to further knowledge of the 
healthy human body and its diseases.

Indeed, numerous students visited the laboratory, and today many libraries 
still house copies of students’ lecture notes taken for the chemistry courses of 
Boerhaave and Gaubius.38  A comparative analysis of their notes reveal fascinating 
variations in content and use. Some very rare examples were written down hastily 
while the professor was delivering his lecture.39 Yet most copies extant today are very 
neatly written,  suggesting that they were composed once the seminar was finished.40 
Georg Michael Wepfer (1692–1774) from Schaffhausen (Switzerland) studied at 
Leiden University from 1708 to 1710, and finished writing down his notes in a tidy 
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36  A short description of the laboratory’s interior can be found in Zacharias Conrad von 
Uffenbach, Merkwürdige Reisen durch Niedersachsen, Holland und Engelland, 3 vols (Frankfurt & 
Leipzig, 1753–1754), vol. 3, 454–455.
37  ‘[A]ccedite, & mecum ad hos desudate’; ‘Vobis ego me offero comitem, &, si placet, 
adhortatorem. Si quid in me est virium, officii, aut consilii, utamini eo pro lubitu; Vobis id 
omne dico: Vestris enim prodesse studiis, ea demum est votorum mihi summa, is laborum finis 
erit unicus’. Gaubius, Chemiam artibus academicis jure esse inserendam, 48. Emphasis added.
38  ‘Hermanni Boerhaave Chemia’, Oxford, Bodleian Library, Rawlinson Collection, MS. 
Rawl. C 535; ‘Hieron. David. Gaubii Med. Doct. Med. & Chemio Professoris in Academia 
Leijdensi Dictata in Chemiam’, Middelburg, Zeeland Library, MS 6270–6271; George 
Paterson, ‘Gaubii Chemia’, Leiden, c. 1755. London, Wellcome Library, MS 2480–2485; and 
‘Annotationes ex praelectionibus chemicis’, Leiden, 1772–1773. Yale, Beinecke Rare Book 
and Manuscript Library, Mellon MS 117.
39  For example, ‘Collegii Chemici ex D.D. Boerhaaven’. Leiden, 1702. Royal College of 
Surgeons of England, London, MS0114/1/1; and Matthias van Geuns, ‘Ex collegio  chemico 
H.D. Gaubii annotata’, Leiden, 1758–1759. Amsterdam, University Library, MSS 1343 I E 
9–10.
40  One manuscript recording Gaubius’ lectures was sold by Leiden bookseller Philip Bonk, 
and titled ‘Dictata in Chemiam’. Leiden, University Library, BPL 1477.



form four years later, in 1714 (see Figure 3.3).41 One leaf from the list of contents, 
which was written on paper of lighter quality and probably added later, provides an 
outline of the chemical processes on urine, indicated by the corresponding symbol 
( �).  The processes on urine taught students like Wepfer that fresh morning urine 
that was discharged twelve hours after a meal, and had hence gone through an entire 
circuit through the body, was neither acid nor alkaline.  Even if this “human water” 
was distilled on a gentle fire, the watery distillate ( ) was neither acid nor alkaline, 
neither saline nor inflammable (see Figure 3.3, processes 76 and 77). Only as a result 
of the process referred to as “digestion” (i.e., the keeping of a fluid at body 
temperature) the urine turned alkaline and changed colour and smell, turning red 
and foetid.42 The role of urine chemistry was to support Boerhaave’s explanations of 
physiological processes of secretion as they occurred in the living body. Wepfer noted 
these insights and copied them, attesting to his aspiration to hold on to this 
knowledge for as long as possible. He returned to Switzerland with his notebook, and 
probably shared it with fellow physicians in Schaffhausen,  among them Bernhard 
Peyer. When Peyer graduated in medicine at Leiden in 1750, he dedicated his 
dissertation to his ‘brothers’ Bernhard and Georgius Michael Wepfer.43

In addition to demonstrating the physiology of bodily secretions, urine 
chemistry was particularly important to the study of urinary diseases. After attending 
Boerhaave’s or Gaubius’ chemistry course,  some medical students studied further 
towards a medical doctorate, specialising on a specific disorder, such as the difficulty 
of producing urine, pain in urination,  the involuntary drop-by-drop emission of 
urine, and incontinence. The most popular topic was bladder stones, or lithiasis. 
Cornelius Stalpart van der Wiel (c.  1687–1742) from The Hague, for example, 
tackled lithiasis by means of textual study of the medical treatises by Jan Baptista 
van Helmont and Boerhaave, and by performing his own chemical examinations.44 
Bladder stones or calculi had been one of the most common illnesses plaguing 
humankind for centuries.45 The condition often started with the secretion of cloudy 
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41  Georg Michael Wepfer, ‘Collegium Chymicum experimentale’, Schaffhausen, 1714. 
Uppsala, University Library, Waller MS cod-00068. Wepfer appears to have started to 
produce fair copies of his lecture notes upon his return to Schaffhausen. Another example of 
neatly written out lecture notes is ‘Descripta quaedam ab Ore Hermanni Boerhaavii inter 
pronunciandum lectiones ejus de Chemia in 2 tomis. Lugd. Bat. Anno 1719’, 2  vols, Leiden, c. 
1719–1730. London, British Library, Sloane MS 3183–3184.
42  ‘Urina digesta alcalina sit saporem, odorem mutat’. Wepfer, ‘Collegium Chymicum 
experimentale’, ff. 241–243.
43 Bernhardus Peyer, Dissertatio medica inauguralis de tussi  (Leiden, 1750), [A2r].
44 Cornelius Stalpart van der Wiel, Dissertatio medica inauguralis de urinae calculo  (Leiden, 1712).
45 On the popular subject of lithiasis and lithotomy, see for example Harry W. Herr, ‘“Cutting 
for the Stone”: The Ancient Art of Lithotomy’, British Journal of Urology 101 (2008), 1214–
1216; Ahmet Tefekli and Fatin Cezayirli, ‘The History of Urinary Stones: In Parallel with 
Civilization’, Scientific World Journal  (2013); Moran, Urolithiasis. The best introduction to the 
history of bladder stones is ‘Learning to Cut for the Stone’ in Harold J. Cook, Trials of an 
Ordinary Doctor: Joannes Groenevelt in Seventeenth-Century London  (Baltimore, 1994), 76–105.



urine with gravel- or sand-like particles and a thick, white, mucous discharge. The 
Amsterdam anatomist Frederik Ruysch (1638–1731) famously recorded case 
examples of,  among others, the deadly obstruction of urine due to a stone in the 
urethra, and an extraordinary large bladder stone in a three-year-old.46 Physicians’ 
unsuccessful efforts to prevent bladder stones dated back to antiquity, so that the 
surgical removal of the stone remained the only effective treatment. The municipal 
physicians’ and surgeons’ guild in Amsterdam recorded all patients who had been 
subjected to a lithotomy, including an exact description of the shape and colour of 
the stones.47  The surgeon and physician Johannes Rau perfected this surgical 
method, making the severe and dangerous procedure more safe and quick. When 
Rau delivered his inaugural lecture in Leiden in 1713, he claimed that he had 
performed the operation on as many as 1547 patients.48  Nevertheless, as one can 
imagine, lithotomy remained to be an extremely painful procedure. And even if the 
stone cutter’s operation was successful, patients were at risk of further complications, 
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46 Cases 15 and 57 in Frederik Ruysch, Alle de ontleed- genees- en heelkundige werken, trans. Ysbrand 
Gysbert Arlebout, 3 vols (Amsterdam, 1744), vol. 1, 60–61, 98–99.
47 ‘Aenteekeninge, uijt ordre en volgens instructie van Haare Edele Grootagtbaare de Heeren 
Burgermeesteren, van die geene, die van den steen syn gesneden, ’t zeedert den 23en April 
1700  tot den eersten Januarij 1801. Gehouden door de stads doctoren en overluijden van het 
Chirurgijns gilde’, Amsterdam, 1700–1801. Amsterdam, University Library, MS 1403.
48 Johannes Jacobus Rau, Oratio inauguralis de methodo anatomen docendi et discendi  (Leiden, 1713), 
37. Rau had worked as ship’s surgeon and private lecturer in anatomy and surgery for many 
years before he started teaching anatomy at Leiden University.

Fig. 3.3: Title page (left)  and page from the list of contents (right) of Georg Michael Wepfer, ‘Collegium 
chymicum experimentale’ (Schaffhausen, 1714). Uppsala, University Library.



including infections, haemorrhages, fistulae, incontinence, sterility, and even death. 
Further, lithotomy was not effective in preventing the formation of  new stones.

Medical chemists therefore sought ways to better understand the reasons for 
the development of bladder stones, and effective means for their prevention. 
Eighteenth-century doctoral students like Stalpart van der Wiel searched for clues in 
the works of earlier physicians and chemists,  of which the most notable was van 
Helmont’s De lithiasis, and in Boerhaave’s chemical lectures.49  Van Helmont had 
proposed that gravel might be generated from the elementary principles in healthy 
urine: ‘The stone formed in our bodies, and the substance which encrusts the bottom 
and sides of chamber pots, are in every respect the same, and both have the same 
essence, cause, and properties’.50 Boerhaave had shared van Helmont’s hypothesis 
that the raw elements of bladder stones could be discovered in the urine, but he 
performed his own chemical experiments. In a cylindrical glass roughly a middle 
finger’s width in diameter and six inches of height, Boerhaave collected the fresh 
morning urine of a healthy man whom he knew never to have suffered from calculi. 
Even in a close examination by microscope no heterogeneity could be detected in the 
yellow and clear liquid. Once the urine had been kept at 72 degrees Fahrenheit for 
about seven minutes, microscopic inspection revealed corpuscles resembling ‘little 
flocks of wool’ swimming in the flask. As time passed, these flocks slowly grew into 
small clouds and descended towards the bottom of the vessel. When parts of these 
clouds were inspected, the microscope revealed ‘extremely minute shining concreted 
little crumbs’. These gradually stuck to the bottom and sides of the glass, darkened 
in colour, and twenty-four hours later were as large as ‘grains of mustard seed’.51 On 
the basis of these observations Boerhaave concluded that the granulation or 
crystallisation of urine formed the stone,  not any other element.  Also, the stone 
could potentially form in any healthy person, because the raw elements of the stone 
were present in regular urine. In Boerhaave’s words,  the physician ‘understands that 
a true stone may be generated from the urine of the most healthy person, only by its 
standing quiet’.52

Boerhaave repeated the experiment several times to determine the effect of 
different temperatures on the results.  He performed the same sequence of 
procedures, but varied the temperature to be 33 degrees Fahrenheit (just above 
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freezing point) and, a hot summer’s heat (probably around 90 degrees). In both cases 
the vessel was left uncovered in the open air,  or merely covered with a sheet of paper 
to prevent dust to fall in. But the varieties in temperature did not result in a different 
outcome,  except that the duration of the experiment necessarily varied: ‘And in 
proportion, as the heat of the air increases,  the more considerable and speedy is this 
alteration, so that in the hottest summer weather, these phenomena appear most 
remarkable’.53 

Medical students built upon Boerhaave’s work, not simply to confirm 
previous findings and summarising the results, but to improve their understanding of 
the pathology of bladder stones. Stalpart van der Wiel performed his own 
experiments on urine, as we can gather from his dissertation. He used Boerhaave’s 
method, and was able to make urine granulate much faster than his master.  He 
compressed the chemical operation from twelve days into only one. 

Overall, eighteenth-century dissertations grew into works through which the 
medical doctor-to-be presented his skills as a physician and researcher. Whereas in 
the seventeenth century Franciscus Sylvius’ collaborations with his students were 
largely presented as Sylvius’ work, Albrecht von Haller granted his students the sole 
authorship for their experimental work.54 Doctoral students including Stalpart van 
der Wiel and Anthonius Ludovicus Luiscius began to define the pathology of 
bladder stones in chemical terms. Luiscius stated that nobody doubted that the 
bladder stone was generated within the body. But to learn more about its 
constitution, he pulverised a bladder stone and provided, by means of distillation, 
more exact measurements of the quantities of “salt”, “earth”, and other constituent 
parts within it.55  What appeared to be a simple series of chemical processes in the 
laboratory thus became the central argument in the pathological understanding of 
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53 Boerhaave, Elementa chemiae, vol. 2, 321; idem, Elements of  Chemistry, vol. 2, 223.
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renum et vesicae  (Leiden, 1720), 18.



lithiasis.56 Other students performed similar studies and experiments in the cases of 
ischury (the retention of urine) and strangury (the constant urge to pass water paired 
with the inability to empty the bladder completely), and in these cases the chemical 
analysis revealed a certain acridity in the urine, causing the feeling of sharp and hot 
pain. And the large amounts of urine discharged by diabetes patients were found to 
be either limpid and aqueous, or a thick, turbid, whitish, and sweet. In the 
progressive research programme of urine chemistry, then, dissertations were no 
longer straightforward rites of passage,  but contributed to the project of better 
understanding urinary diseases.

Urine chemistry also contributed to research on the efficacy of therapies. 
One doctoral student working on bladder stones was the Englishman Samuel 
Horsman (c. 1698–1751) from Middlesex.  Joining many bright young men from the 
British Isles seeking a good education he enrolled at Leiden University in 1719.57 
Horsman, whose dissertation at Leiden concerned kidney and bladder stones, would 
go on to have an impressive career as a physician and Fellow of the Royal College of 
Physicians.58 In his dissertation, he sought to find effective treatments for the stone, 
and considered the merits of various kinds of diuretics or drugs which would 
increase the volume and frequency of passing urine in patients suffering from small 
stones. Furthermore, he made efforts to visualise his laboratory work (see Figure 3.4). 
His title page followed the fashion of the day, showing the black cap of the doctoral 
student at the top and depicting the allegorical figure of Athena in the middle. 
Additionally, Horsman’s frontispiece included a view into the central place of urine 
chemistry: the chemical laboratory with chemical vessels, furnaces with alembics, 
and at a professor and student discussing the experiment they are observing.

The productive research programme of urine chemistry was not only applied 
to physiology and pathology. Some doctoral students invented new chemical 
procedures. One illustrative example dates from 1753, when the medical student 
Johannes Albertus Schlosser (1733–1769) from Utrecht defended his dissertation on 

URINE | 93

56  Other dissertations on bladder stones include Daniel Dolegius de Kedts, Disputatio medica 
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57 Underwood, Boerhaave’s Men.
58  Samuel Horsman, Dissertatio medica inauguralis de calculo renum et vesicae   (Leiden, 1721). 
Boerhaave acted as the doctoral advisor for this dissertation.
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Fig. 3.4: Samuel Horsman, De calculo renum et vesicae (Leiden, 1721). Leiden, University Library.



‘the native salt of human urine’.59  This essential salt was of particular interest, 
because Boerhaave had proposed that this salt was produced in the healthy human 
body though the process of digestion (i.e., at body temperature), and hypothesised 
that it contributed to the development of lithiasis: ‘It should be considered what 
share this salt has in producing the stone of the bladder or kidneys’. Boerhaave had 
distilled fresh urine from a healthy man, stored it to let it thicken and congeal. After 
one year,  a ‘saline,  solid, hard, brown, and somewhat transparent mass will concrete 
to the bottom’ while a ‘thick, black, unctuous liquor [will] float above it’. Having 
decanted the mass and let it cool down, at which point it crystallised, Boerhaave 
argued that he had obtained the essential salt native to the human body.60  But he 
was not the first to have discovered the native salt of urine. In fact, when Schlosser 
delved into the subject, he recalled that the essential salt had already been called “sal 
urinarium” by van Helmont, “sal fausible” by Christianus Marggraf (1626–1687), 
and “sal crystallinum” by Robert Boyle. What marked Boerhaave’s “sal nativum” as 
special, however,  was that Boerhaave was the first who provided an exact description 
of  the preparation of  the essential salt from urine.61

Schlosser’s contribution to the project of urine chemistry was largely one of 
research innovation. He reproduced Boerhaave’s experiments as part of his doctoral 
research and placed a flask of fresh urine in his basement. But when, just one month 
later, he transferred the urine to another vessel, he noticed that salt crystals had 
formed. Furthermore, when he negligently left some urine to distil on the fire for too 
long, he observed crystals forming after just one night. Schlosser reasoned that it was 
unnecessary to wait for a year to produce essential salt. And indeed, he was able to 
heat a large quantity of fresh urine from healthy individuals and cause the entire 
surface to be covered with scum or dirt. After clarifying the liquid he placed it into a 
clean vessel and let it rest. After 24 hours, at the sides and bottom of the vessel, hard 
and slightly transparent crystals formed in a dark red and thick liquor. He repeated 
this process with the remaining liquid to form more salt crystals.62  Schlosser’s 
method, then, had the advantage of being quick as well as providing the possibility 
for repeating the crystallisation process multiple times. Schlosser’s dissertation was, 
therefore, clearly an example of ongoing research and innovation. In researching the 
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nature of urine, Schlosser displayed a critical attitude towards his teachers and he 
innovated chemical processes. Furthermore,  Schlosser’s approach proved particularly 
productive when his fellow students, including Marc-Louis Vullyamoz (1727–1810) 
from Lausanne, Switzerland, applied the same sequence of processes to milk, and 
was able to produce native salt from it.63  Likewise, the student Petrus Nicolaus 
Lotichius (c. 1736–1792) from Nijmegen continued Schlosser’s work on the elements 
of  urine, and managed to isolate phosphor.64 

In short, urine chemistry in the early eighteenth century had many 
advantages for the advancement of medical research,  particularly in the case of 
urinary disorders such as the stone. The most significant differences between 
chymical uroscopy and urine chemistry were their respective aims and applications. 
Uroscopists had applied distillation to diagnosis, for example to identify bladder 
stones in a patient. By contrast,  students of the Boerhaave school used chemistry to 
understand how bladder stones came about in the first place. Not the diagnosis but 
the pathology was the issue at hand. Furthermore, the method of urine chemistry 
proved to be a productive research programme for many Dutch physicians. They 
performed retrials of Boerhaave’s experiments to gain insights into the nature of 
urine, developed new laboratory methods to perform certain chemical processes,  and 
tested pharmaceuticals and their use for the treatment of patients suffering from 
calculi. Eighteenth-century physicians affirmed the basic premise that the chemical 
method could reveal the constituents of bodily fluids and provide clues for the 
internal processes and substances within the living body.

Urinalysis
Many historians have described the “chemical revolution” at the end of the 
eighteenth century as the confluence of pneumatic chemistry and quantitative 
analytical techniques, especially in the works of the English theologian and natural 
philosopher Joseph Priestley (1733–1804), the French chemist Antoine Lavoisier, and 
others.65  In opposition to the rather abstract and internalistic approach to the 
development of modern chemistry, Jonathan Simon has recently shown how the 

96 | FLUID BODIES

63  Marc-Louis Vullyamoz, Dissertatio chemico-medica inauguralis de sale lactis essentiali  (Leiden, 
1756). See also Georges Terrier, ‘Médecine et chimie dans le contexte des Lumières: la Thèse 
de doctorat du médecin lausannois Marc-Louis Vullyamoz’, Gesnerus 60 (2003), 149–169.
64  Petrus Nicolaus Lotichius, Dissertationem physico-medicam inauguralem de phosphoris et phosphoro 
urinae  (Leiden, 1757).
65 Notable books that stressed the enlightened chemistry of Lavoisier include Douglas McKie, 
Antoine Lavoisier: The Father of Modern Chemistry  (London, 1936); Henry M. Leicester, The 
Historical Background of Chemistry  (New York, 1956); J.R. Partington, A History of Chemistry, 3 
vols (London, 1961–1970). For a more complete historiographical overview, see John G. 
McEvoy, The Historiography of the Chemical Revolution: Patters of Interpretation in the History of Science  
(London, 2010). More recent literature on the Chemical Revolution include the works of 
Hasok Chang, Jan Golinski, Bernadette Bensaude-Vincent, Mi Gyung Kim, and Ursula 
Klein.



development of Lavoisian, “philosophical chemistry” cannot be properly understood 
without taking into account the central role of pharmacy and the community of 
French pharmacists at the time.66  Others have similarly argued that many 
nineteenth-century changes in the discipline were rooted in eighteenth-century 
natural philosophy as much as in practices and trades of everyday life, such as 
mining and agriculture.67 Along similar lines,  I here argue that the “revolutionary” 
investigation of urine in the late eighteenth century had already started with the 
Boerhaave school. Scholarship has often presented the Swedish chemist and 
apothecary Carl Wilhelm Scheele�as the man who discovered uric acid, based on the 
publication of his chemical analysis of urine in 1776.  Scholars have shown that, in 
the 1790s, the French chemists Antoine de Fourcroy and Nicolas Vauquelin first 
isolated urea and demonstrated its decomposition with the formation of ammonia. 
But this section will demonstrate that their achievements ought not to be seen as a 
dramatic revolution, but rather as a logical continuation of and an improvement 
upon eighteenth-century urine chemistry. The techniques and premises on which 
their works were based, I argue, had been a shared methodology among the 
physicians and chemists of the Boerhaave school. A comparison of the experiments 
of the Boerhaave school with those of the Swedish and French chemists makes clear 
that the experiments, as well as the conclusions drawn from them, were remarkably 
similar, proving the point that the Swedish and French chemists were, perhaps, not 
quite as revolutionary as has often been claimed: their work had improved in 
accuracy and analytical skills, but not in aim nor application.

First it is necessary to note that urine chemistry in the tradition of Boerhaave 
continued until the late eighteenth century. In the 1760s the physician and medical 
author Gerard van Swieten finally finished writing the fifth and final volume of his 
Commentaries (1742–1772) on Boerhaave’s Aphorisms (first edition 1709) on the topic of 
the stone.68 The first volume of his Commentaries,  which had been published in 1742, 
had awarded van Swieten the reputation of a true Boerhaave disciple, and he was 
offered a position at the imperial court of Maria Theresia (1717–1780) in Vienna. 
There he achieved a complete reform of the medical curriculum, and gathered 
physicians around him who had studied with Boerhaave or his successor,  Gaubius, 
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including Antonius de Haen, Nikolaus Joseph von� Jacquin (1727–1817), and Jan 
Ingenhousz (aka Ingen-Housz, 1730–1799). Van Swieten’s Commentaries had started 
as notes on Boerhaave’s lectures from 1718 onwards, and even after van Swieten was 
promoted to medical doctor in 1725 he continued to attend and record Boerhaave’s 
lectures, including his 1729 lectures on the stone.69  Many of the remarks and 
anecdotes the professor shared with his students found a way into van Swieten’s 
Commentaries. But as the years after Boerhaave’s death passed van Swieten felt 
compelled to include new research results and his own observations and experiments 
in his writing, to keep the text up to date. This also applied to Boerhaave’s urine 
chemistry. In his section on the stone, van Swieten described the chemical 
experiments Boerhaave had performed to gain insights into the formation of bladder 
stones, and mentioned that he himself often repeated the experiments for his 
personal satisfaction of the facts:  ‘I  have frequently examined my own urine, and 
with pleasure observed these first rudiments of the stone very slowly separated, and 
sometimes twenty-four hours and above, before they could coalesce into gravel of a 
larger size’.70  Indeed, from laboratory logs we know that van Swieten at the very 
least spent the entire summer of 1758 experimenting and observing urine.71  His 
elaborate observations on bladder stones finally appeared as the fifth and last 
instalment of his Commentaries in 1772. Van Swieten’s volume on bladder stones was 
soon translated into English (1773, 1776) and German (1775), proving that urine 
chemistry was still of  interest. 

Given that the publication dates of van Swieten’s and Scheele’s works were so 
close to each other, it is not surprising that they were similar in certain important 
respects, especially the assumptions that,  first, chemistry was an academic discipline 
and essential to medicine; and second, that chemistry could isolate substances in 
urine and bladder stones. Van Swieten had noticed that some patients showed signs 
of gravel in their urine but no large stones.  How exactly did bladder stones grow? 
During a chemical experiments, van Swieten added a quill to the urine, causing the 
same to get a crust. He added more urine, and yet another layer formed on top of it, 
from which van Swieten concluded that any solid body present in the bladder could 
function as the nucleus of a future stone. Van Swieten named a kidney stone or 
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nephritic gravel as the most probable ‘occasional cause’. 72 In addition to examining 
urine, van Swieten analysed actual bladder stones to reveal their elementary 
principles.  Distillation in the chemical laboratory revealed that the stones mainly 
consisted of the elements of “pure water” and a dry, fixed “earth”, “salts”, and an 
oleaginous glue. Kidney stones,  by contrast, contained no fixed alkaline salt, nor any 
calcareous earth, but rather a volatile salt.73 Chemistry, in other words, enabled van 
Swieten to analyse urine,  bladder stones and renal stones down to their elementary 
particles.

In a similar vein Carl Scheele gathered bladder stones at the request of his 
friend Peter Jonas Bergius (1730–1790), a Swedish medical doctor and botanist who 
had studied under Carolus Linnaeus (1707–1778) at Uppsala. Linnaeus had 
proficient knowledge of Boerhaave’s works, because he had studied medicine with 
Boerhaave’s disciple Johannes de Gorter at the University of Harderwijk, and had 
become acquainted and corresponded with Boerhaave and many of his students, e.g. 
Johann Bartsch (1712–1738).74  Scheele, however,  had not studied medicine, but 
mainly worked as an apothecary.  He conducted much chemical research and 
befriended chemists at Uppsala University, including Torbern Bergman (1735–
1784), who made use of Scheele’s skills in his chemical experiments. To build on the 
study of the chemical composition of urine Scheele reduced bladder stones to a 
powder and then combined them with various acids and alkalis to observe the effect. 
Making a solution of the powder with vitriolic acid and heating the mixture at body 
temperature –�a process he still called “digestion” –�resulted in a black coal. Muriatic 
acid had no effect. What did show some effects, however, was ‘aquafortis’ (‘strong 
water’, a solution of nitric� acid obtained by distilling saltpetre). Notably, with the 
term ‘nitrious acid’, Scheele began to use the new chemical nomenclature, but also 
continued to use the older terminology. The acid caused an effervescence, dissolved 
the stone, and gave off ‘red vapours’ and a ‘yellow solution’. Finally, Scheele 
dissolved bladder stones in ‘lime-water’, ultimately isolating an acid which later came 
to be known as uric acid.75  Bergman elaborated on Scheele’s findings and noted 
some deviations and improvements based on more extensive investigations.76 
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The French chemists Hilaire Marie Rouelle (1718–1779),  de Fourcroy, and 
Vauquelin can further be considered the direct descendants of early eighteenth-
century urine chemistry.77  In 1773 Hilaire Rouelle, the younger brother of 
Guillaume François Rouelle (1703–1770), published his research comparing human 
urine with that of cows and horses. According to Rouelle, urine contained a 
‘saponaceous extract’. He described this substance as being dark brown in colour 
and ointment-like, exuding a particular unpleasant smell, and dissolvable in 
alcohol.78 Modern chemists agree that this substance can be identified as urea, albeit 
in a rather impure form. However, the chemical procedure followed by Rouelle 
agreed significantly with Boerhaave’s experiment on the “native salt of urine”, which 
I have described in the previous section. Boerhaave and his student Schlosser had 
already prepared one form of urea in the early eighteenth century. Modern chemists 
think that Boerhaave’s urea was, in fact purer than the one described by Rouelle, and 
have awarded Boerhaave the primacy in the discovery of  urea.79 

The point I want to make here is that Rouelle was part of a long tradition of 
urine chemistry, which was first set out by Boerhaave and his students.  Common to 
all was the notion that elementary substances may be identified by chemistry, 
whether for the identification of native salt in the case of bladder stones, of acridity 
in the case of ischury and strangury,  or of limpidity and sweetness in the case of 
diabetes. Rouelle’s most significant contribution may have been his comparative 
study of humans and animals. The Boerhaavian research programme also continued 
in the works of the French chemists de Fourcroy and Vauquelin at the end of the 
century. These gathered an even larger sample of urine and bladder stones for 
further analyses of urine. They first coined the term “urea” (urée) and described it as 
that ‘urinary matter’ which gave urine its properties colour, smell, and taste. De 
Fourcroy and Vauquelin had heated a young man’s urine and had it reduced to a 
thick syrup by means of condensation which crystallised when cooled – which 
essentially was the same process as Boerhaave’s and Schlosser’s isolation of the 
“native salt of urine”. Once again, we may conclude that urine chemistry was a 
productive research programme that was active throughout the entire eighteenth 
century. Thanks to the works of many of his students and disciples, Boerhaave’s new 
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celles de vache & de cheval, comparés ensemble’, Journal de médecine, chirurgie, pharmacie, &c. 40 
(1773), 451–468.
79  Backer, ‘Ureum’; Frederick Kurzer and Phyllis M. Sanderson, ‘Urea in the History of 
Organic Chemistry: Isolation from Natural Sources’, Journal of Chemical Education 33 (1956), 
452.



method of chemistry had a lasting impact. It is no surprise, then, that de Fourcroy 
and Vauquelin paid tribute to him as the ‘illustrious professor of  Leiden’.80

Larger samples of urine and bladder stones would ultimately enable 
nineteenth-century chemists to achieve a greater accuracy and more refined 
measurements – compared with Boerhaave, Schlosser, and van Swieten – in isolating 
urine’s constituent parts. But the perception that chemistry was the best discipline for 
isolating individual substances in urine, bladder stones,  and other animal matter 
remained the same. The works of Scheele and Bergman, Rouelle, de Fourcroy and 
Vauquelin eventually led to the development of modern urology and nephrology by 
Richard Bright (1789–1858). Thanks to the improved equipment and the large 
number of patients treated in Guy’s Hospital, Bright was able to isolate more 
substances in urine than ever before.81 But the basic premise on which these studies 
rested had been introduced much earlier.  Eighteenth-century urine chemistry and 
nineteenth-century urinalysis, then, may be said to have been different in size,  but 
not in kind. New constituent parts continued to be discovered as time progressed, yet 
the shift in chemical analyses of urine around 1800 was less drastic than previously 
presented.

* * *
Historians of medicine and chemistry have commonly argued that only in the 
nineteenth century physicians started to rely on chemical analysis.  But as this chapter 
has shown, physicians in the early eighteenth century already agreed on the basic 
premise that chemistry provided insights essential to physiology and pathology. 
Whereas chymical uroscopists took a urine sample to test it chemically and to 
diagnose a patient’s disorder, eighteenth-century physicians studied urine by 
chemical means aimed at gaining a more specialised and general pathological 
understanding urinary disorders. Especially the works of Boerhaave and his students 
reveal this shift from simple inspection to physiological and pathological research; 
from urine as reflection of the humours towards urine as a means to understand 
disease resulting from pathological changes in the body.
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80 ‘[M]atière particulière, source commune de sa couleur, de son odeur, de sa saveur et de ses 
autres propriétés caractéristiques’, ‘illustre professeur de Leyde’ in Antoine François de 
Fourcroy and Louis Nicolas Vauquelin, ‘Premier mémoire pour servir à l’histoire naturelle, 
chimique et médicale, de l’urine humaine’, Annales de Chimie 31 (1798), 48–71; ‘Second 
mémoire pour servir à l’histoire naturelle, chimique et naturelle de l’urine humaine dans 
lequel on s’occupe spécialement des propriété de la matière particulière qui la caractérise’, 
Annales de Chimie 32 (1799), 80–162.
81  Richard Bright, ‘Tabular View of the Morbid Appearances in 100 Cases Connected with 
Albuminous Urine’, Guy's Hospital Reports 1 (1836), 380–402; G.H. Barlow and George Owen 
Rees, ‘An Account of Observations Made under the Superintendance of Dr Bright on 
Patients Whose Urine Was Albuminous’, Guy's Hospital Reports 2nd Series 1 (1843), 189–316. See 
Steven J. Peitzman, ‘Bright’s Disease and Bright’s Generation: Toward Exact Medicine at 
Guy’s Hospital’, Bulletin of  the History of  Medicine 55 (1981), 307–321.





4
Crying over Spilt Milk

Sir, it seems to me that you laugh and think, what trifles,
What is there to say or to sing about milk?
That common fluid? What could be to the public,
More known in nature and property, than milk?1

These rhyming rhetorical questions open a poem on the merits of milk,  published in 
1768, by the Dutch physician Abraham Tersier (c. 1713–1805) from Dordrecht. 
What indeed could possibly be interesting and important about that mundane and 
ordinary fluid, milk? But in this poem Tersier went beyond merely paying tribute to 
the white fluid flowing from breasts and udders. He endeavoured to moralise those 
who were, according to him, blinded by prejudice,  neither consuming milk 
themselves,  nor feeding it to their babies. In 1739, Tersier had written his doctoral 
thesis in perfect Latin under Gaubius’ supervision.2 Yet for his “moral discourse” on 
milk,  he chose to write in the Dutch vernacular, to reach those ordinary citizens who 
did not acknowledge milk as the natural nourishment for infants.  This was a smart 
move, because poems were a very popular art form in eighteenth-century society. 
Popular health advice often appeared in rhyme. Friends and families wrote 
numerous poems for special occasions, such as graduations, weddings, births and 
burials.  These cordial songs and verses were expressions of praise and affection, 

1  ‘Myn Heer, my dunkt, gy laght, en denkt, wat beuzelingen,/ Wat valt ’er over de MELK te 
zeggen of te zingen,/ Dat algemeene vogt? wat kan er meer bij elk/ In aart en eigenschap 
bekend zyn, dan de MELK?’ in Abraham Tersier, Brief aan den wel edelen heere N.N. behelzende een 
vertoog over de melk (Dordrecht, 1768), 1. Tersier wrote many poems in his life, some of which 
have been preserved in the appendices to his friends’ dissertations.
2  Abraham Tersier, Dissertatio physico-medica inauguralis de vita et morte, quam annuente deo ter optimo 
maximo  (Leiden, 1739). Tersier built a career as physician in Dordrecht, where he married 
Quirina Bosbaan. Their son Bartholomeus (c. 1744–1824) followed in his father’s footsteps, 
studied medicine in Leiden, and promoted on the topic of misuse of remedies. Bartholomeus 
Tersier, Dissertatio inauguralis medica de intempestivo remediorum usu  (Leiden, 1769).



enforcing camaraderie and promoting social cohesion.3 In this poem Tersier argued 
that milk was not only ‘given to us by God’s gentle grace’, but that

Reason, and Nature, and Chemistry clearly prove,
That we rightly commend milk as the best food,
In her essence considered by reason’s light and might,
As the first and foremost foodstuff  for body’s health.4

Tersier’s curious piece on milk raises many questions: why was Tersier, a physician, 
not simply treating the medical conditions of his patients but also trying to inform 
healthy people’s eating and breastfeeding habits? What role did chemistry play in his 
persuading the reader of  the nutritious qualities of  milk?

Breast milk commonly represented and constituted the early mother-infant 
relationship, both materially and spiritually. From the thirteenth century onwards, 
the Madonna Lactans was the most prominent image illustrating the sacredness of the 
nursing mother providing her helpless infant with the necessary and virtuous white 
liquor to sustain his life (see Figure 4.1).5 Yet the practice of breastfeeding was never 
self-evident or static. Apart from differences between individual mothers in their 
ability to give suck or not, medical and cultural norms about mother’s milk were 
constantly reformulated. While early modern medical practitioners were generally in 
favour of feeding mother’s milk, many young mothers did not produce enough milk, 
suffered from sore nipples, or wanted to be liberated from this time-consuming 
activity. Popular practice adopted the assistance of wet nurses and the hand-feeding 
of animal milk or various porridges and paps. Ideas about the benefits and 
drawbacks of breastfeeding to the newborns’ and their mothers’ health were 
therefore also constantly changing. 

As this chapter will demonstrate, Dutch physicians consciously attempted to 
inform breastfeeding practices. Their chemical analyses of milk supplied new 
insights into the physiology of nutrition, demonstrating the salubrious and 
nourishing qualities of milk. This provided Dutch physicians with arguments for 
emphasising the exceptional nutritious qualities of milk in general, and the 
importance of mother’s milk to the health of the infant in particular. They promoted 
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3  J.A. Gruys and Adèle Nieuweboer, ‘Dutch Occasional Poetry, 16th through 18th Centuries: 
A Genre Rediscovered’, (Leiden, 2004).
4 ‘Dit zedelijk vertoog’, ‘Ons door Gods milde gunst geschonken’, and ‘Dus Reden, en Natuur, 
en Scheikonst klaar bewyzen,/ Dat wy de MELK, met regt, als ’t beste voedzel prysen,/ Als de 
eerste en eêlste stof tot lighaams onderhoud,/ Naar redens licht en kragt in haaren aart 
beschouwd’. Tersier, Melk, 2–3, 6. Emphasis added.
5 On the ubiquity of lactation imagery and literary references to breastfeeding in ancient early 
modern visual culture see Jutta Gisela Sperling, ed. Medieval and Renaissance Lactations: Images, 
Rhetorics, Practices (Farnham, 2013); Sabrina Higgins, ‘Divine Mothers: The Influence of Isis on 
the Virgin Mary in Egyptian Lactans-Iconography’, Journal of the Canadian Society for Coptic 
Studies 3/4 (2012), 71–90.
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Fig. 4.1. Albrecht Dürer, Madonna Lactans, 1512. Among the numerous depictions of this iconography, 
Dürer’s not only comes across as anatomically correst, it also appears the most realistic with two fingers 
expressing the milk. It may therefore have had a religious as much as a pedagogical purpose.



maternal breastfeeding by developing innovative breast pumps and new 
galactagogues,  i.e.� pharmaceutical preparations supposed to promote and increase 
lactation. This chapter therefore reveals that physicians, surgeons, apothecaries 
found themselves increasingly on an equal footing in discussions of societal issues.6 
And indeed, breastfeeding was of much concern. On the basis of the chemistry of 
milk,  this chapter will demonstrate that Dutch medical men constructed innovative 
instruments and employed various other strategies to emphasise the importance of 
milk and breastfeeding.

The practice of breastfeeding has been given ample attention in social 
historiography, yet some important questions remain unanswered, predominantly 
why maternal breastfeeding fell in and out of favour in early modern society. Studies 
have shown how European cultures challenged the practice of maternal 
breastfeeding.  Instead, the practice of wet-nursing proliferated,  not just among the 
nobility, but among bourgeois families as well.7  After all,  feeding could be easily 
handed over to wet nurses,  for whom it was a source of income. This also liberated 
wealthy women from breastfeeding, who were then able to fulfil social obligations 
and the sexual needs of their husbands – it was generally thought that sexual activity 
would halt the production of milk. Further, historians have demonstrated that breast 
milk,  either from the mother or a wet nurse, was increasingly replaced by extracts of 
meat and other chemically produced substances for the artificial feeding of infants 
by hand. This was especially the case at the turn of the nineteenth century.8 For the 
seventeenth to the nineteenth centuries, then,  scholars have identified a long-term 
antipathy against mother’s milk. How, then, should we understand eighteenth-
century promotions of maternal breastfeeding? The historian Valerie Fildes has, 
indeed, marked the eighteenth century as a curious exception, and noted that the 
practice of wet nursing was seriously questioned.9 She cites English male midwives, 
among them Henry Bracken (1697–1764), a Lancaster surgeon, who warned that 
the nurse’s diseases and mental peculiarities might be sucked into the infant via the 
wet nurse’s milk; and William Cadogan (1711–1797), a Bristol physician whose Essay 
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6  Cp. Cook, Trials of an Ordinary Doctor. In this book, Cook demonstrates that Joannes 
Groenevelt was both a physician and lithotomist, prescribing both internal medicines and 
treating surgical wounds.
7  George David Sussman, Selling Mother’s Milk: The Wet Nursing Business in France, 1715–1914  
(Urbana, 1982); Valerie A. Fildes, Breasts, Bottles and Babies: A History of Infant Feeding  
(Edinburgh, 1986); idem, Wet Nursing: A History from Antiquity to the Present  (Oxford, 1988); 
Deborah Valenze, Milk: A Local and Global History  (New Haven, 2011), 153–162; Els Kloek, 
Giesela van Oostveen, and Nicole Teeuwen, eds., Moederschap en de min (Utrecht, 1991).
8  Jacqueline H. Wolf, Don’t Kill Your  Baby: Public Health and the Decline of Breastfeeding in the 
Nineteenth and Twentieth Centuries  (Columbus, 2001); Valenze, Milk, 162–177; Barbara Orland, 
‘Motherhood and Scientific Innovation: The story of Natural Versus Artificial Baby Food in 
the 19th Century’, in Gender in Science and Technology, ed. W. Ernst and I. Horwath (Bielefeld, 
2014), 129–146.
9  Fildes, Wet Nursing, 111–114; William Cadogan, An Essay upon Nursing, and the Management of 
Children, from their Birth to Three Years of  Age  (London, 1750).



upon Nursing advised mothers to suckle their own child. This unprecedented 
campaign against wet-nursing also spread in France, albeit apparently with only a 
limited effect.10  Be that as it may, the question why maternal breastfeeding was so 
much appreciated in the eighteenth century remains unanswered.

Also historians of medicine and chemistry have discussed the historical 
antipathy against mother’s milk. Looking at the works of French chemists and 
pharmacists at the turn of the nineteenth century, Barbara Orland argues that the 
societal debate on this topic motivated chemists to compare the milk of women from 
those of animals. In 1785 and 1787 the Royal Medical Society of Edinburgh and 
the Royal Society of Medicine in Paris commissioned chemical analyses of milk, 
which were expected to support the “maternalisation” of breast-feeding and 
strengthen the polemic against wet-nursing.11 Orland concludes, however,  by stating 
that chemistry failed did not deliver these results.  Among Orland’s insightful 
contributions to the development of animal chemistry in the late eighteenth century 
the question of  milk’s rise in stature in the eighteenth century remains unresolved.

This chapter contributes to the current historiography by focussing on 
eighteenth-century debates on the importance of milk. I argue that in the early 
eighteenth century, chemistry proved and emphasised the merits of milk, which 
explains the widespread campaign for material breastfeeding. In the first section I 
demonstrate that experiments on milk in the chemical laboratory contributed to the 
physicians’ emphasis on the nourishing qualities of the white substance, and in 
particular on the importance of milk for the health and growth of infants. It was no 
coincidence that the above-mentioned fervent supporters of breast milk, Bracken 
and Cadogan, were both Leiden alumni and had both studied under Boerhaave. 
Medical professors performed numerous chemical demonstrations with the use of 
blood, urine, and, of course, milk. Boerhaave considered milk to be special; he 
prescribed milk as treatment for various disorders; and he taught that breast milk 
contained all the nutritious parts vital for the development of an infant’s body. 
Boerhaave even advised many of his patients suffering from gout to walk the via lactea 
(“milky way”).12  With Boerhaave’s death in 1738, academic attention to milk far 
from subsided. In fact, from the 1730s onwards, Dutch physicians profusely 
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10  Valérie Lastinger, ‘Re-Defining Motherhood: Breast-Feeding and the French 
Enlightenment’, Women’s Studies 25 (1996), 603–617.
11  Barbara Orland, ‘Enlightenend Milk: Reshaping a Bodily Substance into  a Chemical 
Object’, in Materials and Expertise, ed. Ursula Klein and E.C. Spary (Chicago, 2010), 163–197.
12  Knoeff, Herman Boerhaave, 203. On early modern medicinal uses of breast milk see 
Marylynn Salmon, ‘The Cultural Significance of Breastfeeding and Infant Care in Early 
Modern England and America’, Journal of  Social History 28 (1994), 247–269.



published on the subject of milk and related issues, such as milk’s essential salt and 
milk fever.13 

In the second section,  I demonstrate how the importance of milk and 
breastfeeding was communicated in eighteenth-century society. This chapter 
analyses the diverse strategies employed by Dutch medical men in order to increase 
the practice of breastfeeding by mothers. Prize essay competitions by the Holland 
Society of Sciences in the 1760s, for example, solicited knowledge and expertise for 
practical applications. Although the publication of the winning essays enabled 
dissemination mainly among the educated –�physicians, scholars and philosophers of 
all disciplines, but also the members of the Holland Society of Sciences – this 
readership was, notably, simultaneously  the group in society most likely to hire wet 
nurses.

The third and final section of this chapter continues my exploration of the 
dissemination of the maternal breastfeeding campaign through popular “how-to” 
books and poems. Such treatises provided detailed instructions in the Dutch 
vernacular, on subjects such as child-rearing and the curing of children’s diseases. 
But these “how-to” books taken together also showed great discrepancies:  while male 
physicians passionately argued in favour of maternal breastfeeding, female authors, 
who had the general happiness and wellbeing of both mothers and their children at 
heart, stated that breastfeeding was encouraged, but not essential. In other words, 
this gendered discussion took place between men blaming women for neglecting 
their “maternal duty” and women resisting the notion that good motherhood could 
be reduced to maternal breastfeeding.

The Merits of Milk
A central place where generations of physicians were trained to study and research 
about milk was the university.  At the medical faculty in Leiden at the turn of the 
eighteenth century, chemical knowledge was incorporated into the curriculum and 
students were encouraged to perform their own experiments in the laboratory.14 So 
when the 20-year-old Abraham Tersier matriculated as a medical student in July 
1733, he attended Hieronymus Gaubius’ chemical demonstrations on milk in the 
chemical laboratory, which was located on the north-west side of the botanical 
garden (see Figure 4.2). In the main lecture hall, adjacent to the garden and in front 
of the Rapenburg canal, Tersier listened to Boerhaave’s medical teachings. In these 
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13  Consider the works of, for example, Daniel Sluim, Dissertatio medica inauguralis de lacte  
(Leiden, 1716); Henricus Doorschodt, Dissertatio medica inauguralis de lacte  (Leiden, 1737); 
Joannes Stook, Dissertatio practico-medica inauguralis de febri lactea  (Leiden, 1746); de Gorter, De 
lacte et lactatione; Vullyamoz, De sale lactis essentiali; Jan Egeling, Dissertatio chemico-medica inauguralis 
de lacte  (Utrecht, 1759).
14  Rina Knoeff has argued that Boerhaave stimulated his students to think, observe and 
experiment themselves, rather than to repeat the professor’s words and apply ready-made 
courses of  action to a problem, in Knoeff, ‘Herman Boerhaave at Leiden’.



classes,  both professors declared milk special by arguing that the white fluid had 
certain nutritious qualities. Chemistry, this section will argue, was used to prove and 
emphasise the merits of milk.  And in the context of the university – an exclusively 
male institution – teachers were able to convince their pupils that maternal 
breastfeeding was proper conduct surrounding infants.

As far as Boerhaave was concerned, milk was one of the most important 
fluids of the body, for it played a central role in growth and nutrition. Boerhaave was 
a fervent chemist, experimented on milk in various ways,  and taught his students 
how they could conduct chemical experiments of their own. Furthermore, 
Boerhaave’s lectures taught Tersier and other medical students how chemical inquiry 
into milk could yield insights into the physiology of the body, particularly in cases of 
maturation and nutrition. In one experiment, for example, the professor added an 
acid, such as the spirit of nitre, to a quantity of fresh cow’s milk. He then started 
boiling the mixture on the stove, and although no ebullition appeared, the mixture 
divided into separate thin and thick parts. This process illustrated the formation of 
curd from milk, from which then cheese could be made. Boerhaave used this 
demonstration as a basis for his explanation of physiological functions. He taught his 
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Fig. 4.2. Left, the Leiden academy building where the main lecture hall was located; right, the botanical garden 
(Leiden, 1726). The chemical laboratory was located in the north-western corner of the garden (top-right). 
Rijksmuseum, Amsterdam.



students that the extraction of moisture from the coagulum by means of pressure 
and evaporation would turn it as hard as stone: ‘when applied to the fire it grows 
tough, scorches, fries, and smells perfectly like horn. This is a strange change of so 
fluid a matter as milk! But is it not the origin of  all the solids in the body?’15 Milk, in other 
words,  could form into any body part, including solid bones. Indeed, medical men 
knew from experience that when bones were broken, they would knit together again 
over time. The bodies of animals might, therefore, be slowly wasting, withering and 
breaking,  but thanks to nutrition they might also constantly repair and rebuild. 
‘Animals’,  Boerhaave concluded, ‘must necessarily be composed of what they take in 
as aliment; which, by their vital powers,  is converted into their own substance’.16 
According to Boerhaave, this aliment, in essence, was milk.

Boerhaave reasoned that milk was an apparently mundane but actually very 
special fluid as it was a major confluence of a series of physiological processes: it 
represented the result of digestion and secretion in women; it was the initiator of 
digestion and nutrition in infants. Boerhaave reasoned that all animals fed on 
vegetable matter, either directly if herbivores, or indirectly as carnivores eating 
herbivores.  Humans, in turn, ate those animals; and hence ‘all our nourishment is 
therefore vegetable juices, prepared by the action of one or more stomachs, 
according as they are drawn either immediately from the vegetables themselves, or 
from the broken fibres and vessels of animals’.17  The next step involved analysing 
that fluid, which was in the process of losing its “vegetable nature” and maturing 
into having an “animal nature”. ‘This part must be such a fluid’, Boerhaave 
explained, ‘as proceeding originally from a vegetable, has felt the vital forces of the 
body, mixed with the blood, passed thro’ the arteries and the veins, and been soon 
separated again.  And this can be no other than chyle from vegetables, turned to 
milk,  and separated in the breasts’.18 Most newborns took in solely mother’s milk for 
several months after their birth, from which Boerhaave deduced that the bodies of 
infants – having grown in the meantime –�were nothing other than a composition of 
milk.  ‘Thus, by the vital actions, the milk is made to pass thro’ all the changes of 
blood, serum, lympha, nervous fluid or animal spirits, which seem to be the 
immediate matter of  nutrition to all the solids’.19

Within the context of the university, the importance of milk was eagerly 
absorbed by medical students.  The chemical lectures at Leiden taught medical 
students that the human body was made from milk. They learned that chyle, 
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15  ‘[I]gni admotus, perfecte ut cornu lentescit, ustulatur, comburitur, foetet. Mira mutatio 
materiae liquidissimae Lactis! Sed an non inde omnia solida?’ Boerhaave, Elementa chemiae, vol. 
2, 301; Boerhaave, A New Method of  Chemistry, vol. 2, 188. Emphasis added.
16 Boerhaave, A New Method, vol. 2, 179.
17  ‘His ergo vescimur atque nutrimur, succis vegetabilibus, vel una ventriculi vi, vel iterata, in 
animales succos factis & stillantibus ex diffractis, fibris animalium’ in von Haller, Praelectiones, 
vol. 1, 272; idem, Academical Lectures, vol. 1, 224–225.
18 Boerhaave, A New Method, vol. 2, 180.
19 Ibid., vol. 2, 181.



originating from vegetables, was the basis of milk.  Once vegetable matter was 
chewed and mixed with saliva, the chyle would combine and circulate with the 
bodily fluids as an “emulsion”, to be separated eventually in the breasts as a white, 
oily substance called milk.20  To see how Boerhaave’s physiology of milk was 
appropriated by students, we may look at the doctoral thesis of Henricus Doorschodt 
(b. c. 1712), student from The Hague. Doorschodt performed seven experiments on 
milk which were very similar to the ones executed by Boerhaave and Gaubius. He 
may have been assisted by Jacobus van der Spijk (aka van der Speijck, b.  c. 1706), 
who was an amanuensis to the Leiden chemical laboratory from 1735 to 1745.21 
Amanuenses were appointed to restore broken vessels, to replenish supplies, and to 
assist professors and students alike in conducting their experiments.22  Doorschodt 
put fresh milk in a glass alembic and slowly distilled it,  gathering in the receiver a 
simple water that smelled and tasted like milk. By applying a more ‘violent fire’ to 
this distillate, Doorschodt was able to gain insight into the ‘chemical principles of 
milk’.23 One of these properties or active principles of milk was its watery nature. 
Doorschodt boiled the milk and used a mercury-filled thermometer, for precision, on 
the Fahrenheit scale to keep track of the temperature.24 Although milk twice as thick 
as water, it reached boiling point at around 212 degrees Fahrenheit, i.e.  at the same 
point as water. From this in vitro experiment Doorschodt concluded that milk had a 
watery nature and that in vivo ‘milk in blood will never rise to this degree of heat, nor, 
indeed, in the highest degree of fever’. In this extrapolation from an experiment to 
the living body, we can clearly recognise the resemblance of Doorschodt’s to 
Boerhaave’s and Gaubius’ chemical analyses of blood, which have been discussed 
above in chapter 2. Another central feature that Doorschodt analysed by chemical 
means concerned the vegetable versus animal nature of milk. He observed that, 
through distillation, milk produced the same principles as vegetables. He therefore 
concluded that ‘milk is really a vegetable juice’.25 In other words,  chemistry revealed 
and proved that milk was, literally and figuratively, the cream of  the crop.

Medical students acquired specialist chemical knowledge on the nature of 
milk,  and this knowledge was soon related to breastfeeding and lactation disorders. 
Making the connection between chemistry and therapy was important, because 
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20  Ibid., vol. 2, 181–182. On Boerhaave’s business of chylification see Orland, ‘The Fluid 
Mechanics of  Nutrition’, 357–369.
21 Van der Spijk succeeded Abraham Tijken as the new ‘famulus Laboratorii Chemici’ on 21 
May 1735. See Willem Nicolaas Du Rieu, ed. Album studiosorum Academiae Lugduno-Batavae 
MDLXXV–MDCCCLXXV (The Hague, 1875), 955.
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heerlyckmaeckinge der universiteyt': bestuur, instellingen, personeel en financiën van de Leidse universiteit, 
1575–1812  (Hilversum, 2004), 176–177.
23 ‘Principia chemica lactis’. Doorschodt, De lacte, 16.
24  Boerhaave had integrated Fahrenheit’s thermometer in his chemical lectures, and other 
chemistry instructors followed suit. See Powers, ‘Measuring Fire’.
25 ‘Lac est succus vere vegetabilis’. Doorschodt, De lacte, 16–17.



many women throughout the early modern period, and beyond, would suffer from 
lactation disorders, such as the so-called “milk fever”.  In 1787, for example, when 
Johanna Helena Halfman (1759–1829) gave birth to her son Justus de Vrij,  she 
suffered from milk fever. Milk fevers were generally believed to be caused by a 
shortage or surplus of breast milk ascending inside the body but not properly 
secreting.  As Johanna confided to her friend Christina van Steensel (1758–1801), 
‘but with regards to the milk, it did not come up until the 5th day and it was not 
much,  but I  have had a rise or 3 milk fevers and no milk came anymore. So I have 
had to feed the little Jusje with porridge, for I’m very against a wet nurse’.26

We do not know whether Halfman successfully recovered from her milk fever 
and lactation problems. But we do know that Boerhaave’s students researched the 
disease and particular kinds of food as its potential causes. Doorschodt’s experiments 
on the changing colours of milk is a case in point. He knew that wealthy parents 
could afford to eat meat.  As meat was predominantly alkaline, Doorschodt 
performed an experiment which involved adding an alkaline salt to fresh milk. He 
boiled the mixture, which resulted in a kind of coagulum. He closely examined the 
changes in colour of this coagulated mass as ‘first white, turning yellow; secondly, 
from yellow to green;  thirdly, obscuring more and more, until finally, going across to 
the colour red’.27 This proved that milk, when it circulated through the body with an 
excessive amount of alkaline and not a certain amount of acid, could turn sour and 
putrefy, and hence cause obstructions and fevers. With this experiment Doorschodt 
successfully verified one of Boerhaave’s demonstrations,  in which the latter had 
boiled cow’s milk with the salt of tartar, which also had turned from yellow to an 
intense red.  Boerhaave had used this investigation to explain the contagious disease 
which had caused the milk of Dutch cows to thicken and turn yellow in 1714. When 
animal fluids circulated through animal bodies they did not contain any acid, but 
rather inclined towards an ‘alkaline nature’. When cows suffered from a fever, their 
abnormally high body temperature would coagulate the milk and turn it ‘from its 
genuine whiteness to a yellow’. Boerhaave had taught his students that this in vitro 

experiment could be observed in vivo as well: when a nurse would eat meat only, it 
would be almost impossible for her milk to keep from putrefying, causing the infant 
to suffer from fevers. This ‘is too often the case of the infants of wealthy parents’. By 
contrast, ‘children of the poor, whose mothers are principally sustain’d by food of an 
acid nature,  are much less subject to fevers; but oftener afflicted with those diseases 
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26 ‘Maar wat het sog betreft, is niet gekoomen voor de 5e dag en is niet veel geweest, maar heb 
dog een reys of 3 zog koortsen gehad en is geen zog meer gekoomen. Zoo dat ik de klyne Jusje 
met de pappot moet opbrengen, wyl ik zeer tegen een minne ben’. Johanna Helena Halfman 
to Christina van Steensel, Nijmegen, January 1788 in Anje Dik and Dini Helmers, eds., “Het is 
of ik met mijn lieve sprak”: De briefwisseling tussen Jean Malherbe en Christina van Steensel, 1782–1800 
(Hilversum, 1994), 94.
27  ‘[P]rimo erat albus, mutabatur in flavum; 20. ex flavo in viridem; 30. obscurabatur magis 
magisque, donec tandem per diversos coloris gradus lac transiret in colorem rubrum’. 
Doorschodt, De lacte, 19.



which owe their rise to acids’. A change in diet in both cases was regarded the best 
course of action: the consumption of more vegetables in case of a meat-heavy diet, 
and of more meat in case of a predominantly vegetable diet,  and this diet was to be 
followed until the colour of the milk of mother or nurse had returned to a perfect 
white.28  Doorschodt devised additional medical treatments from his chemical 
investigations on milk. He thought that water could homogeneously combine with 
milk,  without causing any sourness, and so he advised that when ‘the thickness of 
milk is wrong in the nurse, a watery diet is prescribed’.29 Within the context of the 
university,  then, chemical experiments on milk explained its physiology and 
pathologies.

Doorschodt’s case history shows that chemical knowledge and laboratory 
expertise was successfully communicated to the next generation of physicians in the 
Low Countries. But Doorschodt was far from the only one to communicate this 
knowledge. Gaubius’  nephew Johannes David Hahn, the professor of medicine, 
botany and chemistry at Utrecht University, supervised many doctoral students in 
their chemical research. When Hahn was appointed to Leiden University to succeed 
Gaubius in 1775, his student Floris Jacobus Voltelen (1754–1795) also moved to 
Leiden and conducted research on milk. Voltelen performed elaborate chemical 
experiments,  examined the milk of mothers and compared it with the milk of asses 
and ewes by applying different salts,  solutions, metals,  and plants to it, in addition to 
distilling the liquids slowly on a Boerhaavian stove. Following this series of 
experiments,  Voltelen concluded that,  of course, mother’s milk was healthier for 
human infants than the milk of animals.30  The bodily fluid expressed by mothers 
and suckled by their babies as nourishment was, therefore, a rich research subject for 
Boerhaave students throughout the eighteenth century. They used chemistry to gain 
physiological knowledge of  women’s bodies as well as of  children’s health.

Promoting Lactation
Chemical knowledge of milk was not confined to the chemical laboratory. In fact, 
once they had graduated and were working as practitioners in their community, 
many of Boerhaave’s students actively tried to translate their knowledge to 
normative medical prescriptions and to dietary advice. Six years prior to the 
publication of his laudatory poem on milk Abraham Tersier published two medical 
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28 Boerhaave, A New Method, vol. 2, 184–185.
29 ‘Ideo si lac crassitie peccat in nutrice, aquosa est praescribenda diaeta’. Doorschodt, De lacte, 
20.
30  Floris Jacobus Voltelen, Observationes chemico-medicae de lacte humano, ejusque cum asinino et ovillo 
comparatione  (Utrecht, 1775). When Voltelen succeeded Hahn as professor of chemistry in 
1784, he mentioned in his inaugural address that Hahn had also performed experiments with 
milk in the summer of 1779. Floris Jacobus Voltelen, Oratio aditialis de chemiae hodiernae pretio rite 
constituendo  (Leiden, 1784). On Hahn and Voltelen, see Snelders, De geschiedenis van de scheikunde, 
62–63; Wallé, Leiden Medical Professors, 120–121, 124–125.



essays, one on a disease that befell cows and the other on the production of breast 
milk. 31 The essays had been entered into prize essay competitions launched by the 
Holland Society of Sciences in Haarlem, requesting the best method for increasing 
the flow of mother’s milk. Tersier’s essay and those of many other medical men who 
participated in the competition were, therefore, clearly part of the societal utilisation 
of knowledge that was encouraged by Dutch academies. As this following section 
will show, while the essays unanimously agreed that mother’s milk was the best 
nutriment for a newborn, they differed in opinion on the kinds of therapies best used 
to treat mothers with lactation problems or related disorders. Some suggested herbal 
medicines, but many others argued for a therapeutic diet of dairy products –� an 
argument based on a chemical understanding of milk. Yet still others proposed a 
mechanical solution.

Founded in 1752, the Holland Society of Sciences was the oldest society in 
the Dutch Republic formed to promote the sciences (Dutch: wetenschappen) and the 
production of useful knowledge (see Figure 4.3).32 The Amsterdam engraver Simon 
Fokke (1712–1784) depicted the Society’s mission in its emblematic logo by 
surrounding the Greek goddess Athena with scientific and artistic objects and 
instruments, such as globes, books, and a pair of compasses, while at the same time 
placing both a shield portraying Stadtholder William V (1748–1806), and a sheet of 
paper or vellum with the words pro patria (“for one’s country”) into her hands. 
Knowledge was not meant to be produced for its own sake, but for solving societal 
problems. To achieve active participation in knowledge production as well as the 
social application of knowledge, the Society’s main instrument was its annual prize 
essay competition, which often spurred much discussion among experts.  And in 
1760, the Society launched a competition on the question.  “how can lactation best 
be increased and decreased?”33  This resulted in the submission of more than a 
dozen essays suggesting all kinds of  milk-inducing medicines.

The topic had not been chosen by chance, for much more was at stake here 
than scientific curiosity. At the time, many young mothers experienced complications 
when breastfeeding. Women from all strata of society and across Europe struggled 
with a shortage of breast milk, thought to be caused by malnutrition, disease, mental 
imbalance, or a combination of some or all of these. Three examples may illustrate 
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31  Abraham Tersier, Responsa ad rogata bina medica, unus de morbo bubulo, &c., alternus de lactis 
conformatione, &c., ab Collegis scientiarum Harlemensi proposita  (Dordrecht, 1762).
32  On the historical context  of Dutch learned societies, see Wijnand Mijnhardt, Tot heil van ’t 
menschdom: culturele genootschappen in Nederland, 1750–1815  (Amsterdam, 1988); Joost Kloek and 
Wijnand Mijnhardt, 1800: Blueprints for  a National Community, trans. Beverley R. Jackson 
(Basingstoke, 2004).
33  J.G. de Bruijn, ed. Inventaris van de prijsvragen uitgeschreven door de Hollandsche Maatschappij der 
Wetenschappen 1753–1917 (Groningen, 1977). The question of lactation fitted in with other 
relevant research questions, such as ‘What are the causes of the general illnesses of our 
seafarers?’ (1758/1759) and ‘How [can we] keep the body of children to live long and 
healthy?’ (1761).
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Fig. 4.3. Simon Fokke, allegorical illustration of the Holland Society of Sciences Haarlem. Below, medal 
designed by Johan George Holtzhey (Amsterdam, 1754). Rijksmuseum, Amsterdam.



the gravity of the issue at the time. In 1736, the patrician couple Maria Jacoba 
Meinertzhagen (1712–1787) and Cornelis Jan van Royen (1711–1774) became the 
parents of a daughter, Anna Catharina (1736–1783).34  Anna was not breastfed by 
her mother, but by a wet nurse.  Maria Meinertzhagen wrote in her diary: ‘as I was 
not able to suckle myself, mother van Royen has lavishly treated our child’s wet nurse 
with clothes and given us much love in many ways’.35 It appears that Maria may 
have had the intention to breastfeed, but was simply unable to do so. Effective 
therapies were in high demand, and perhaps unsurprisingly, the main question of 
the essay competition was how lactation might be managed and controlled. Another 
contemporary mother, now one who tried to be treated for her lactation disorder, 
was Anna Charlotta Bäck (1737–1767). She gave birth in February 1759 but 
experienced troubles breastfeeding. Her husband corresponded with Linnaeus to 
inquire about possible treatments. Linnaeus’  preferred method was to let the mother 
sweat out the obstruction, and consequently he prescribed a sudorific,  i.e. a sweat-
inducing medicine. He reasoned that it was important to remove the obstacles that 
would make the milk stay in the breasts, and sweating was believed to dissolve the 
sourness or obstruction. ‘If the swelling in the breasts does not recede, mix 3 ounce 
Album Graecum [“Greek white”, i.e. the dog dung that had turned white] with Robes 

Sambuci [“Red of Sambucus”,  i.e. concentrated syrup of elderberries] to induce 
sweating; it has always been a sacred anchor to me, for it has never easily failed, 
unless the evil is old’.36  The fact that lactation disorders could be even fatal was 
reported by the surgeon and obstetrician Jacobus de Puyt Jz. (1740–1812), who 
practiced medicine in the city of Middelburg and was an active contributor to the 
journals of the Amsterdam Society for the Advancement of Surgery and the 
Zeeland Society of Sciences in Flushing. De Puyt supervised the pregnancy of one 
Mrs Pagter, who was expecting triplets.  After the delivery, although she at first 
appeared to be fine for a few days, she was soon badly affected by a milk disorder, 
which eventually caused her death.37

The three women discussed above were just a few of many mothers suffering 
from lactation problems. The Holland Society of Sciences therefore issued the prize 
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34  On Maria Meinertzhagen see J.N. van der Meulen, ‘Maria Jacoba Meinertzhagen (1712–
1787), een patriciërsvrouw’, in Utrechtse biografieën (Utrecht, 1998), 107–112; Els Kloek, ed. 
1001 vrouwen uit de Nederlandse geschiedenis (Nijmegen, 2013), 661–662.
35  ‘In October van dat jaar hebben oom en tante Muntz ons besogt en heeft  moeder van 
Royen de minnen van ons kind, vermits ik niet in staat was selfs te suygen, seer rykelyk van 
kleederen versorgt en ons in alderley opsigte veel liefde bewesen’. J.H. Scheffer, ‘Het dagboek 
van eene merkwaardige vrouw’, Algemeen Nederlandsch Familieblad  (1884), at 3.
36 ‘Si tumor in mamma non recedat, 3 j albi graeci mixta cum Robe Sambuci pro sudorifero, 
sacra mihi semper fuit anchora, nec facile fefellit  umquam, nisi malum antiquatum’. Carolus 
Linnaeus to Abraham Bäck, February 1759, The Linnaean Correspondence, linnaeus.c18.net/
Letter/L2490, Letter L2490 (consulted 23 November 2016).
37 ‘Den derden dag de moeder en het eene kindt waren na wensch. Naderhand is deze vrouw 
door toevallen van het zog overleeden’ in Jacobus de Puyt, ‘Observatie van een verlossinge van 
drie kinders’, Middelburg, 1777. Middelburg, Zeeland Library, Handschrift 4940.



essay competition in 1760; and then reissued it in 1761. Among the contributors 
were Hendrik van Someren, a surgeon in Haarlem, and J.M.V. Berkman, a physician 
in Amsterdam, whose impressive Latin essay of 91 pages unfortunately arrived at the 
Holland Society on 14 March 1762, and was therefore too late to be considered. 
Ultimately the jury awarded the first prize, the gold medal,  to the Paris physician 
Jean-Pierre David (fl. 1763), and the silver medal to Lambertus Bicker (1732–1801), 
a Dutch physician in Rotterdam.38  One jury member, Joannes Grashuis (1699–
1772), had been very complimentary about Bicker’s essay, saying that ‘[t]his [essay] 
is very detailed, has great accuracy and clarity, and also a very appropriate division 
and arrangement; and it complies, in my understanding, not only with the question, 
but even gives here something more’.39  Another jury member, however,  added a 
more critical note: ‘Is that treatise not more a fruit of erudition, than of judgement 
and experience?’40

The essay prize winners, David and Bicker, soon shared their essays with the 
general public, as both went on to publish their work on their own accord. The 
Society only accepted unpublished essays,  which, when awarded, were being 
published as part of the Society’s journal. But David had already published his essay 
in France, apparently unaware of the Society’s procedures.41 Bicker also entered into 
negotiations with the academy about the publication of his essay. He was not aware 
of the Society’s intentions to publish the silver medallist’s in addition to the winner’s 
essay, and had therefore already approached the academic publishers Samuel and 
Johannes Luchtmans.42 While asserting control over the publication strategy, Bicker 
held on to the society’s validation of his work by mentioning it was awarded the 
silver medal. In addition, he dedicated his work to professor Gaubius, his former 
teacher at Leiden,  because ‘nobody than Your Noble Highly learned is more able in 
the subjects discussed here, and everything I bring forth is built on the weighty 
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38  The jury consisted of J. Engelman, Hieronymus Gaubius, Joannes Grashuis, Jacobus 
Hovius, P. Sannié, and Thomas Schwencke. See de Bruijn, Inventaris, 35–36. The golden 
medal awarded to  monsieur David was designed and made by Amsterdam goldsmith 
Marchand. Louis Marchand to C.C.H. van der Aa, Amsterdam, 18 June 1762 in Noord-
Hollands Archief (NHA), 444, Hollandsche Maatschappij der Wetenschappen te Haarlem, 
1752–1975, no. 373.
39  ‘Dit is zeer uitgewerkt, heeft groote naauwkeurigheid en klaarheid, benevens een zeer 
gepaste verdeeling en schikking; en voldoet, naar mijn begrip, niet alleen de Vraage, maar 
geeft  hierenboven nog wel eenige overmaate’. Joannes Grashuis to C.C.H. van der Aa, 
Hoorn, 22 May 1761. NHA 444, 373.
40  ‘Is die verhandeling niet  meerder een vrucht van beleezenheid, dan oordeel en 
bevinding?’ [anonymous], NHA 444, 373, n.d.
41  As suggested by Johan Abraham Bierens de Haan, De Hollandsche Maatschappij der 
Wetenschappen, 1752–1952  (Haarlem, 1952), 185. David’s book appeared as Jean-Pierre David, 
Dissertation sur ce qu'il convient faire pour diminuer ou supprimer le lait des femmes  (Paris, 1763).
42 On the history of academic publishers Luchtmans see Sytze van der Veen, Brill: 325 Years of 
Scholarly Publishing  (Leiden, 2008).



lessons, which I  have received from Your Noble Highly learned mouth’.43 Once the 
authors had made their essays available as separate, stand-alone publications,  the 
reading public beyond the Society learned about lactation and milk-promoting 
medicines. Bicker’s Zog der vrouwen (“The Milk of Women”) was advertised in 
newspaper Opregte Haerlemsche Courant on 25 October,  1 and 15 November 1763, and 
it received an overall laudatory review in the journal Vaderlandsche letter-oefeningen 

(“Fatherland’s Literary Exercises”).44 Measuring the impact of Bicker’s and David’s 
work is difficult to ascertain to any certain degree, but both were often cited in 
subsequent studies on milk.45

To answer the question of how a sufficient supply of good-quality breast milk 
could be achieved, David and Bicker evaluated the contemporary use and efficacy of 
galactagogues,  i.e. substances promoting and increasing the flow of mother’s milk. 
While the use of various herbs and minerals proved popular throughout the early 
modern period, eighteenth-century physicians tended to promote milk-based 
products as more effective lactation stimulants. Whereas herbal galactagogues 
remained in use, David and Bicker nevertheless encouraged mothers to use lacteal 
products to augment their breast milk production. 

In the seventeenth century, galactagogues were almost exclusively derived 
from herbal and mineral sources. A Dutch series of household manuals titled Het 

vermakelijck landt-leven (“The Pleasurable Country Life”, 1683) included all kinds of 
advice on gardening and husbandry. The third part is particularly interesting, for it 
contains instructions for distilling waters and oils from flowers and herbs, as well as 
making one’s own medicines for the treatment of various disorders ‘of men and 
beasts’. Among the disorders and diseases mentioned are also breast infections and 
painful nipples.  The very first medicine recorded here for mammiform disorders is 
devoted to the increase of lactation: ‘To increase the Milk in the breasts. Take a half 
loot [1/4 oz.] Aniseed or Fennel seed/ drink it with Cabbage juice when going to 
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43  ‘Niemand dan Uw. Ed. Hooggeleerde is der zaaken, die ik verhandele, beter kundig, en 
alles, wat ik voortbrenge, is gebouwd op de wigtige leeringen, die ik uit Uw Ed. 
Hooggeleerdens mond ontfangen heb’, signed Rotterdam, 8 October 1763. Lambertus Bicker, 
Verhandeling van het zog der vrouwen, ter beantwoordinge op de vraage by de Hollandsche Maatschappye der 
Weetenschappen opgegeeven in de jaaren 1760 en 1761  (Leiden, 1763), [*3].
44 Vaderlandsche letter-oefeningen, 4 (1764), 201–212. This journal was one of the most prominent 
Dutch literary journals.
45  For example, David and Bicker were both referenced in Joannes Guilielmus Thorvarth, 
Dissertatio practico-medica inauguralis de lactis defectu  (Leiden, 1764), 19, 30–31, 33. Readers were 
directed to Bicker for all children’s diseases relating to milk in the Dutch edition of Nils Rosén 
von Rosenstein, Handleiding tot de kennis en geneezing van de ziekten der  kinderen, trans. and ed. by 
Eduard Sandifort (The Hague, 1768), 52.



bed/ Or mix green Fennel and Dill with barley water/ make it sweet with sugar and 
drink it’.46 

The ingredients for these remedies were all herbal in nature: seeds of anise 
and fennel, dill, coriander,  and mint. Although these galactagogues could be made at 
home, from materials from one’s own garden, the list of ingredients does not differ 
greatly from recipes recorded in other pharmacy books and pharmacopoeia. In 
1681, for example, the famous Medicina pharmaceutica by the Flemish physician Robert 
de Farvacques (fl. 1600–1637) was published in Brussels. 47 In this treatise of 1144 
pages an overview was given of the basic raw materials necessary to make remedies, 
together with instructions on their preparation, and details of the instruments 
required for the task. In chapter 13 de Farvacques stated that milk-making medicines 
(lac generantia) ‘are of a nature, which are drawn out of the best nourishment of food 
and drink, as some do such proficient medicines, which are of thin and fine parts, 
and naturally hot, such as fennel, dill,  chick pea, onion’.48 Another pharmacopoeia, 
the Nieuwe Nederduitsche apotheek (“New Netherlands Apothecary”), promoted 
ingredients such as lettuce, oregano,  and sow thistle (sonchus oleraceus, Dutch:  zagte 

zeugdistel), also known as milk thistle because of  its milky sap.49

Recipes for herbal galactagogues continued to be circulated in eighteenth-
century treatises, but they no longer constituted the primary solution for a lack of 
breast milk. Jean-Pierre David’s submission essay to the Holland Society of Sciences 
lists a number of treatments to first support the flow of fluids towards the mother’s 
breasts. The main aim was to increase the ‘fullness of the veins’ through good 
nourishment, an avoidance of heavy physical activities to prevent excessive 
perspiration, armbands to keep the blood in the torso as much as possible, bathing in 
warm water, and many other treatments.50  David ended his elaboration on 
treatments with the suggestion that ‘one can add the use the seeds of anise, fennel, 
caraway, and dill,  of which some authors say it is beneficial in promoting the milk of 
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46 ‘Om ’t Sogh in de borsten te vermeeren. Neemt Anijs of Venkel-zaet een half loot/ geeft dit 
met Kool-sop in/ als men te bedde gaet/ of ziedt groene Venckel en Dille in Gersten-water/ 
maeckt het soet met Suycker en drinckt hier af ’. J. van der Groen, Den Ervaren huys-houder; 
zijnde het III. deel van het Vermakelyck landt-leven  (Amsterdam, 1683), 16.
47  Robert de Farvacques, Medicina pharmaceutica, oft drôgh-bereydende ghenees-konste: met besondere 
aenmerckingen op verscheyde misbruycken, die soo wel in de medecyne als chymie zyn voor-vallende  (Brussels, 
1681).
48  ‘Melk en zaadmakende Medicamenten [...] zyn van eener nature, dewelke getrokken 
worden zo uit het beste voedtsel van eten en drinken, als van zommige Medecynen daar toe 
bekwaam, dewelke zyn van dunne en fyne deelen, en heet van aart, gelykerwys Faeniculum, 
Anethum viridii, Cicer, Bulbi’. Robert de Farvacques, Medicina pharmaceutica, of Groote algemeene 
schatkamer der drôgbereidende geneeskonst, 3 vols (Leiden, 1741), vol. 1, 21.
49  Nieuwe Nederduitsche apotheek: Op eene klaare en verstaanbaare wyze onderwys gevende omtrent de beste 
dagelyks gebruikt wordende geneeskundige bereidingen,   (Leiden, 1753), 26, 29, 34. This work listed 
Boerhaave’s and Gaubius’ chemical preparations, or so the preface argues.
50  Jean-Pierre David, ‘Wat ’er behoore gedaan te worden, om het Zog der Vrouwen te 
vermeerderen, te verminderen, of te doen verdwynen’, Verhandelingen uitgegeeven door de Hollandse 
Maatschappy der Weetenschappen te Haarlem 7 (1763), 2–76, at 24–28.



women’.51  In other words, while David was aware of the well-known herbal 
galactagogues,  they were merely mentioned in passing as alternative treatments to 
the detailed dietary prescriptions and externally applied treatments.

Lambertus Bicker concurred with David that anise, fennel,  and other 
carminative seeds could be consumed for the promotion of lactation, yet he 
preferred those ‘foods rich in chyle’, such as milk, whey and cream. Alternatively, 
one could prepare a porridge by boiling bread, barley, oats, groats, and rice with 
milk,  beer, or water.52  Yet as far as Bicker was concerned, mothers had to strictly 
abstain from galactagogues of a mineral nature, such as the so-called milk of the 
moon (lac lunae). One fervent supporter of moon-milk had been Johann Daniel 
Major (1634–1693), the professor of medicine at the Christian Albrechts University 
in Kiel, where he taught medical theory,  botany and chemistry.  According to Major 
the substance of moon-milk, which was found in silver mines, derived its name from 
its white and shiny appearance: ‘Silver is indeed known as a gift of the Moon, just as 
iron stems from Mars, gold from the Sun and other metals or minerals from planets 
which lend them their names because sympathies persist between certain heavenly 
objects and subterranean substances’.53  Moon-milk was therefore thought to 
originate from the moist effluvium of the moon, and its sticky and pasty texture was 
similar to that of soft cheese made from unskimmed milk and cream, hence moon-
milk. 54  According to Major, moon-milk worked best as a galactagogue when 
harvested at full moon and taken together with the juice of herbs, such as thistle, 
fennel, parsley, anise, or basil. One century later, however, Bicker radically dismissed 
the use of moon-milk as a false galactagogue: ‘Because everything which is here 
prescribed as peculiar milk-making medicines, similar to the notorious milk-stone 
[melksteen, Dutch name for moon-milk] and others, I regard to mere fables and 
superstitions based on a deceptive imagination’.55 Although moon-milk appeared to 
have many of the same outer characteristics and much of the appearance of milk, 
this example of sympathetic medicine was falsified by experience, and moon-milk 
was dismissed as a false galactagogue. Based on eighteenth-century chemical 
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51 ‘On peut cependent encore ajouter à ces moyens, l’usage des semences d’anis, de fonouil, de 
carvi & d’aneth, que quelques Auteurs disent être propres à augmenter le Lait des Femmes’. 
Ibid., 30.
52  ‘Gylryke voedsels: Melk, Wey, Room; Brood, Gerst, Haver, Grutten, Ryst, enz met Melk, 
Bier of Water tot dranken of pappen gekookt, vermengd met windbreekende zaaden (semina 
carminativa), als Komyn- Karwei- Anys- Venkel-zaat’. Bicker, Zog der vrouwen, 108.
53  Johann Daniel Major, Dissertatio medica de lacte lunae  (1667); cited in Bruce T. Moran, ‘Lac 
Lunae and Breast Milk’, Pharmacy in History 41 (1999), 33–34.
54  Today, moon-milk is known to be a white deposit consisting of carbonate materials, e.g. 
calcite, hydro-magnesite, and gypsum. It  is slowly formed in caves of aggregates of very fine 
crystals of  varying composition.
55  ‘Want alles, wat hier voorgegeeven wordt van eigenaartige Zogmaakende Middelen 
(galactophora specifica), gelyk de zoo berugte Melksteen (galactites seu lac lunae), en anderen, houde 
ik voor loutere verdigtselen en bygeloovigheden, op een bedriegelyke inbeelding steunende’. 
Bicker, Zog der vrouwen, 108.



understandings of milk, like those of Boerhaave and Doorschodt, physicians and 
apothecaries promoted chylous galactagogues as aids for a sufficient supply of good-
quality breast milk.

Within the context of making scientific knowledge and expertise useful to 
society, physicians even started experimenting with so-called “breast pumps”, which 
mechanically expressed the milk from the breasts and collected it in a glass receiver. 
In 1773, George Wilhelm Stein (1737–1803), the physician and professor at the 
Collegium Carolinum in Kassel in northern Hesse, collaborated with the instrument 
maker�Johann�Gottlieb Stegmann (1725–1795) to develop the ‘breast or milk pump’, 
which mechanically drew milk from the breasts into a glass receiver.56  Various 
devices to assist the external extraction of milk from the breasts were already in use. 
Nipple cups, for example,  had the shape of thimbles and elongated the nipple, 
making it easier for the baby to suck.57 Breast relievers or glass bowls were used to 
provide suction, but they had very little suction, so they could do not much more 
than collect surplus milk. This led to the development of a tobacco pipe-shaped 
instrument made of glass, called the ‘Milchsauger’ (“milk-suctioner”), by which a 
woman could apply suction to her own breasts (see Figure 4.4). 58 Stein however, was 
not satisfied with this device, for it required the mother to do physical exercise. But 
when observing that his colleague Stegmann was experimenting with English 
vacuum pumps in his workshop, Stein soon had the idea to create a ‘machine that 
sucks’ milk mechanically. Stegmann took an ordinary breast glass, made an opening 
in the top centre,  and screwed on a brass cylinder vacuum pump. After some trials, 
he perfected the design with valves and seals, and the breast pump was born (see 
Figure 4.5).59

According to Stein, this breast pump exceeded all expectations.  It sucked on 
and shaped the nipple, it drew milk from the breasts more effectively and more 
forcefully than earlier models, and it was believed to treat and prevent lactation 
disorders like milk fever,  since the breasts were emptied fully. News about this 
innovative technology soon spread to the Dutch Republic, where Stein’s treatise was 
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56  George Wilhelm Stein, Kurze Beschreibung einer Brust- oder Milchpumpe  (Kassel, 1773); Johann 
Gottlieb Stegmann, Kurze Beschreibung einer  Saug- und Drukpumpe  (Kassel, 1774). On the issue 
whether Stein or Stegmann had first  invented the pump, and on its commodification in 
France, see Margaret  Carlyle, ‘Breastpump Technology and ‘Natural’ Motherly Milk in 
Enlightenment France’, Women’s Studies International Forum 60 (2017), 89–96.
57  A nipple cup or “petit�chaperon” looked like a little thimble and was a well-known device 
among midwives. See François Mauriceau, Traité des maladies des femmes grosses  (Paris, 1682); 
Pierre Dionis, Traite general des accouchemens  (Paris, 1718), 358; Jacques Mesnard, Le guide des 
accoucheurs, ou Le maistre dans l’art d’accoucher les femmes  (Paris, 1743), 357. Ordinary nipple shields 
were often made of tin. More luxurious versions were made of silver, glass, or ivory, such as 
A641255, A606830, and A606829, c. 1800, Wellcome Library, London.
58 Johann Christoph Sturm, Collegium experimentale, sive curiosum  (Nuremberg, 1676), vol. 2, 56. 
See for example A606855 and A606862, Science Museum, London.
59  Eighteenth-century breast pumps are still extant in museum collections today. See for 
example A124874, Science Museum, London, and V05517, Museum Boerhaave, Leiden.



published in translation and, together with the instrument, advertised in 
newspapers.60 The pumps were, however, very expensive:  a simple,  tin breast pump 
was 12 guilders, and a more elaborate and beautiful brass pump even 16 guilders.

Although it is unlikely that many ordinary women made use of this 
instrument,  its invention nevertheless underscores the contemporary physicians’ 
commitment to find solutions for lactation problems. Learned societies played an 
important part in this: they explicitly aimed at generating and encouraging the 
production of knowledge that was of benefit to society at large. This problem-driven 
approach to knowledge allowed groups of professionals who ordinarily worked 
separately from each other to enter a direct conversation. Boerhaavian physicians 
emphasised the benefit of cheese,  butter, beer and other chylous galactagogues over 
that of herbal and mineral medicines for addressing milk flow problems – a claim 
supported by knowledge of the chemical qualities of milk. But besides encouraging 
the production of mother’s milk through the ingestion of dairy products,  its 
expression from the breasts was also promoted via new technologies, such as milk 
pumps.
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60 George Wilhelm Stein, Korte beschryving eener borst- of zog-pomp  (Utrecht, 1775). See also Isaac 
Henri Gallandat, ‘De zogpomp, voorgesteld en aangeprezen’, Verhandelingen van het Zeeuwsch 
Genootschap der Wetenschappen 13 (1786), 538–558.

Fig. 4.4: Milk-suctioner in Johann Sturm, Collegium experimentale (Nuremberg, 1676). SLUB /
Deutsche Fotothek.



Moralising Mothers
In addition to academic works and prize essays, popular poems and “how-to” books 
also fervently debated the importance of milk and maternal breastfeeding. In the 
course of the eighteenth century physicians and surgeons increasingly joined in the 
business of writing short pedagogical treatises in the Dutch vernacular, to provide 
detailed and practical advice about everything from gestation and giving birth,  to 
early complications for mother or infant. While these works differed  from the 
academic publications in approach and style, they show striking similarities in their 
perception of maternal breastfeeding. The efficacy of these works is difficult to 
ascertain, and the motivations for their publication would certainly have included 
financial gain.  Nevertheless, the intention to change the population’s conduct and 
perception of breastfeeding and wet-nursing is easily perceptible in these “how-to” 
books. But even though most mothers would have been aware of these texts, they 
were not merely passive prisoners to normative texts of conduct. Some women wrote 
their own poems and treatises, which might provide conclusions on the issues of 
right and wrong in the same way that medical tracts did,  and yet with very different 
outcomes. This final section of this chapter analyses the textual strategies employed 
by male physicians and female authors to moralise mothers on the issue of 
motherhood and breast milk. 

A number of popular publications clearly demonstrate the link between the 
Boerhaavian chemical discourse and popular literature. Take, for example, Abraham 
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Fig. 4.5: Breast or milk pump in George�Wilhelm Stein, Korte beschryving eener borst- of zog-pomp 
(Utrecht, 1775). Amsterdam University Library.



Tersier’s poem on milk, which incorporated arguments from Boerhaave’s chemical 
research:

Chemistry, not satisfied with external observation,
Wants to uncover all it encounters, from part to part,
And clearly show by plentiful experimentation
The nature and force of  the intimate existence.61

Tersier’s poem went on to versify chemical experiments mixing milk with acids and 
alkalis. To help the reader, Tersier made a direct reference to Boerhaave’s Elementa 

chemiae and concluded that ‘[r]eason, and nature, and chemistry clearly prove,/ That 
we rightly commend milk as the best food.’62

Other than the genre of occasional poetry, books of conduct had been the 
most thriving in the Dutch Republic since the early seventeenth century. These 
works featured, to a more or lesser extent, physiological and chemical discourse. The 
most famous publication was Houwelyck (“Marriage”) by Jacob Cats (1577–1660), 
which became the standard wedding gift and was reissued forty times by the end of 
the century. The many rules of conduct for husbands and wives, fathers and 
mothers,  naturally included breastfeeding etiquette: ‘One who gives birth is partially 
a mother; but who suckles her child is mother altogether’.63 In the late seventeenth 
century the physician Steven Blankaart (1650–1702) published numerous popular 
books and treatises, aimed at both the profession and to the general public. In his 
Verhandelinge van de opvoedinge en ziekten der kinderen (“Treatise on the Education and 
Diseases of Children”, 1684), Blankaart’s first chapter was on the breastfeeding and 
raising of children. He emphasised that the mother was the best to give suck 
because, on the one hand, her nourishment was the best, while on the other, the milk 
of wet nurses could be too “heavy” and transmit illnesses caused by the nurses’ 
misbehaviour. But practically minded as he was, Blankaart provided a list of criteria 
for wet nurses to comply with in case the mother really was unable to breastfeed.64 

In the eighteenth-century, these books were reissued and new titles produced. 
In 1771, Johann Hendrik Schutte (1694–1774) who, following his studies at Utrecht, 
had made his career as the court physician of the Duchy of Cleves in Westphalia, 
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61 ‘De Schei-konst, niet gerust in ’t uiterlyk beschouwen,/ Wil al, wat zy ontmoet, van deel tot 
deel ontvouwen,/ En toont, door veelerlei proef-neeming duid’lyk aan/ Der dingen aart en 
kragt, naar ’t innige Bestaan’. Tersier, Melk, 5.
62  ‘Dus Reden, en Natuur, en Scheikonst klaar bewyzen,/ Dat wy de MELK, met regt, als ’t 
beste voedzel prysen’. Ibid., 6.
63  ‘Een die haer kinders baert, is moeder voor een deel; Maer die haar kinders sooght, is 
moeder in ’t geheel’. Jacob Cats, Houwelyck: Dat is de gansche gelegentheyt des Echten staets, 7  vols 
(Middelburg, 1625), vol. 5, 45.
64  Steven Blankaart, Verhandelinge van de opvoedinge en ziekten der kinderen  (Amsterdam, 1684), 1–
10. A similar example is Johan van Beverwijck, Wercken der genees-konste, bestaende in den Schat der 
gesontheyt, Schat der ongesontheyt, Heel-konste  (Amsterdam, 1680).



published De wel onderwezene vroedvrouw (“The Well-Educated Midwife”).65 Schutte was 
already celebrated for the discovery and chemical analysis of a mineral spring in 
Cleves, and for communicating its health-giving properties.66 Despite the fact that 
many handbooks for midwives were already available, Schutte thought that these 
offered too broad a range of topics, and hence were not very useful for putting their 
advice into practice. Consequently, Schutte himself presented a “how-to” book with 
short articles. His book was cast as a pedagogical work, directly addressing the 
reader as the midwife as well as the pater familias.  Schutte had, therefore,  designed the 
work to be useful for families living in the countryside who did not find themselves in 
the close vicinity of  a physician.

Schutte’s The Well-Educated Midwife succeeded in being a non-academic 
publication, and supposedly more accessible to midwives, but it adopted an explicitly 
moralising tone.  The style of Schutte’s text contrasted sharply with, for example, 
that of Albrecht von Haller’s commentaries on Boerhaave’s medical lectures. On the 
topic of childbirth and breastfeeding, von Haller was descriptive and informative, 
framing his opinion for the reader to make up his or her own conclusions:

Most women of quality imagine they shall preserve their beautiful 
shape by not suckling their own children. But we ought not to presume 
ourselves wiser than nature, who never changes her laws with respect 
to the fabric of the human body. [...] [T]hose who suckle their own 
children have a less discharge of the lochia, and have all the symptoms 
of their lying-in milder without any return of their menses so long as 
they suckle.67

The advice that maternal breastfeeding would save the mother from a certain degree 
of discomfort certainly pointed in a clear direction. Yet the weighing of both the 
benefits and drawbacks of breastfeeding left room for readers to make up their own 
mind. This contrasted sharply with Schutte’s more proscriptive language and 
explicitly prescriptive content. Structured in the form of questions and answers, his 
reply to query 334, ‘Is a mother obliged to suckle her child?’,  obviously was a very 
normative “yes”, because
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65 Johann Hendrik Schutte, De wel onderwezene vroedvrouw, of grondig en beknopt onderwys, van het geen 
een vroedvrouw weeten, en by alle voorkomende natuurlyke en tegennatuurlyke zwaare geboortens door vaardige 
handgreepen, verrichten moet  (The Hague, 1771).
66  Johann Hendrik Schutte, Beschreibung des Clevischen Gesund-brunnens (Cleve, 1742); idem, 
Beschryving van de nieuw uitgevondene Cleefse gezond-bron (Amsterdam, 1742).
67  ‘Pleraeque feminae nobiles sperant se formae elegantiam conservaturas esse, si infantem 
non lactaverint. Verum nos quidem homines natura non sumus sapientiores. Sed natura [...] 
neque dignitas civilis aliquid in corporis fabrica mutat. [...] Quae vero infantes lactant, eae 
lochia minus copiosa patiuntur, & omnia puerperii symptomata mitiora, mensesque omnino 
nullos, quamdiu lactant’ in von Haller, Praelectiones, vol. 5, pt. 2, 439–440; idem, Academical 
Lectures, vol. 5, 210.



Nature gives the mother, after deliverance, to that end, the milk in the 
breasts, so that she would feed her child with it. If she does not, yet 
able to do so, she acts against the intention of the all-wise Creator,  and 
against the laws of nature,  and she robs the child of the nourishment 
which best matches its nature, is the most appropriate, and given by 
the Creator. 2. If she presents her child to a wet-nurse,  [she leads the 
child] towards many hazards,  of the mind, as well as of the body, and 
of  health.68

In other words, mothers who refrained from breastfeeding were committing a sin, 
breaking the law of nature,  and were not having their child’s best interest at heart. 
Subsequent topics in Schutte’s discussion all pointed into the same direction: why is 
mother’s milk the best nutriment for the infant? What negative effects does the milk 
of a wet nurse have on the health and soul of the infant? Only illness would render 
mothers exempt from their “maternal duty”.69  This was a lesson that was taught 
from a very young age. Johan Hendrik Swildens (1745–1809), who became known 
for his pedagogical works and political pamphlets, published Vaderlandsch A-B boek voor 

de Nederlandsche jeugd (“National A-B Book for the Dutch Youth”, 1781), which 
presented young people with an alphabet of virtuous topics.70 The letter “M” stood 
for “mother”, but might as well have been “milk”, for it presented breastfeeding as 
the key feature of any good mother (see Figure 4.6).  Furthermore, the engraving 
facing the text depicted a father directing his son’s gaze towards the desirable sight of 
his mother breastfeeding. In the bottom left corner a little girl practices breastfeeding 
on a doll. This may be seen as the example par excellence of the paternalistic attitude 
towards maternal breastfeeding in the eighteenth century.

Granted, infants continued to die from malnutrition, either through the milk 
of wet nurses or by bottle-feeding. Once again, an example from the van Royen 
family illustrates how families were plagued by such tragedies. On 9 January 1747 
Maria Meinertzhagen gave birth to a daughter,  Justina Maria.  Of Maria’s offspring, 
Justina was the fourth daughter, and the ninth child. But by the time she was born, 
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68  ‘Is een Moeder verpligt haar Kind zelf te zuigen? Ja, want de Natuur geeft de Moeder, na 
de Verlossing, ten dien einde de Melk in de Borsten, op dat zy haar Kind daar mede voeden 
zoude. Zo zy dit niet doet, en instaat is om het te doen, zo handeld zy tegen het Oogmerk van 
den Alwyzen Schepper, en tegen de Wetten der Natuur, en berooft het Kind van het Voedzel, 
dat men zyn Natuur best overeenkomd, en het dienstigste is en hem van den Schepper 
gegeeven is. 2. Steld zy haar Kind by eene Minne, in veelerlei Gevaaren, zo wel des Gemoeds, 
als de Lighaams, en der Gezondheid’. Schutte, De wel onderwezene vroedvrouw, 199.
69 Ibid., 202.
70 Johan Hendrik Swildens, Vaderlandsch A-B boek voor de Nederlandsche jeugd  (Amsterdam, 1781), 
[B2r]. On Swildens, see Barry J. Hake, ‘Between Patriotism and Nationalism: Johann Hendrik 
Swildens and the ‘Pedagogy of the Patriotic Virtues’ in the United Provinces during the 1780s 
and 1790s’, History of  Education 33 (2004), 11–38.
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Fig. 4.6: ‘Mother’ in Johan Hendrik Swildens, Vaderlandsch A-B boek (Amsterdam, 1781). Amsterdam, 
Rijksmuseum.



her siblings Johanna Cornelia, Cornelis Jan,  Bernard Jacob Isaac, and Isaac Pieter 
had already passed away between the ages one and three. Justina, too, would not be 
saved from this fate. In the spring of 1748, Justina became terribly ill after bottle-
feeding. And on ‘15 April at 11.30 in the morning, our beloved little daughter Justina 
Maria van Royen, born 9 January 1747, died because of a languishing disease’.71 
Four days later, Justina’s coffin joined those of her brothers and sisters in the family 
grave in the Buurkerk in Utrecht.

But some took issue with Schutte’s and Swildens’  equation of breastfeeding 
with good motherhood.  In the course of the eighteenth century,  female writers also 
partook in the discussion on women’s well-being and infant health.  The Dutch 
author and poet Elisabeth Bekker (1738–1804), the widow of the reverend Adriaan 
Wolff (1707–1777),  is a famous example.  One of her earliest works,  to which her 
partner Agatha Deken (1741–1804) also contributed,  appeared in 1779 as Proeve over 

de opvoeding, aan de Nederlandsche moeders (“Essay on Childrearing, Addressed to Dutch 
Mothers”).72  Bekker’s marriage with Wolff had remained childless, but she 
nevertheless had much experience with children through looking after the children in 
church and neighbourhood. In her essay she reflected upon motherhood and the 
raising of children, arguing that women ought to take a greater part in childrearing 
than was common at the time. Aristocratic women had many social obligations, 
while middle- and lower-class women often assisted their husbands in their 
professions and had no staff themselves. Nevertheless, Bekker encouraged her 
readers to think differently about the importance of motherhood, both for their own 
happiness, and for the welfare and wellbeing of their children. In that sense, Bekker’s 
essay may be considered as moralising as those of  Schutte and Swildens.

Bekker’s essay did not feature medical or chemical discourse, and argued 
differently on the case of breastfeeding than the treatises of physicians. Giving suck 
was not at all a point of contention. The main aim of motherhood, according to 
Bekker, was a woman’s happiness and that of her children. Women did not have a 
different soul than men, but their nerves were more delicate, which did not make 
them weaker, but of a more tender character.  Mothers were,  therefore, ideal for 
teaching confidence to their boys, and joyfulness to their girls, Bekker argued. 
Mothers should not doubt or worry, for that would have harmful effects both on 
them and on the vital spirits of their children. In addition to her maxim that 
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71 ‘15 April ten half twaalf ure ’s morgens, is ons geliefd dochtertje Justina Maria van Royen, 
geboren 9 January 1747, aen een kwynende siekte overleden, synde nadat zy gespeent is 
siekelyk geworden’. Scheffer, ‘Het dagboek’, vol. 105, 4.
72  Elisabeth Wolff-Bekker, Proeve over de opvoeding, aan de Nederlandsche moeders  (Amsterdam and 
The Hague, 1779). A French translation appeared as Essai sur l’éducation. Dédié aux Mères de 
Famille Hollandoises  (The Hague, 1785). More on Bekker and Deken, see Peter Altena and 
Myriam Everard, eds., Onbreekbare burgerharten: De historie van Betje Wolff en Aagje Deken 
(Nijmegen, 2004). On the context of Dutch literary authors, see Inger Leemans and Gert-Jan 
Johannes, Worm en donder: Geschiedenis van de Nederlandse literatuur  1700–1800. De Republiek  
(Amsterdam, 2013).
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Fig. 4.7: ‘The domestic stage of happiness’ by N. van der Meer, after I.G. Waldrop in E. Wolff-Bekker, 
Proeve over de opvoeding (Amsterdam, 1779).
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Fig. 4.8: ‘The good nurse’ by J. van Meurs, in E. Wolff-Bekker and A. Deken, Economische liedjes (The 
Hague, 1794). The Hague, Royal Library.



mothers should embrace their natural talent to love, care, and educate their children, 
Bekker depicted ‘the theatre of domestic life as it truly is in a peaceful house of 
enthusiasts of virtue’ (see Figure 4.7).73  The engraving shows playing children,  a 
nurse holding a baby, and a mother overseeing the household. Bekker’s argument 
that maternal breastfeeding was far from a necessary condition for a happy mother-
child relationship also appears in other publications. Giving suck could be part of a 
happy and peaceful motherhood, but so could the practice of wet-nursing. In the 
same year as Swildens’ ABC of virtues, Bekker and Deken published a collection of 
poems and songs, which started with an illustration and a verse praising ‘the good 
nurse’ (see Figure 4.8):

Behold, satisfy your appetite,
Oh, was my sweetheart thirsty?
What gives this hand kisses,
So resting on my breast!74

The far-reaching impact of mental stability and happiness on both mother 
and child was particularly clear in cases of an imbalance. Aagje Luijtsen (1756–
1797), who had married Hermanus Kikkert (1749–1806), an officer in the Dutch 
East India Company, was a case in point. Kikkert had left on a mission to China and 
was away for almost two years. His wife Aagje regularly wrote him long letters, 
telling him about life on the island of Texel, sharing her experiences, and pouring 
her heart out to him. On 7 March 1777, Luijtsen gave birth to her son Lammert, but 
her strong sentiments reportedly affected the flow of healthy mother’s milk. She 
missed her husband so much, she wrote, ‘that my flesh is consumed and my dear 
child could not suck no more and had no desire to eat or to drink’. Malnutrition 
caused little Lammert to misbehave. ‘My child is so unruly [...]. But I hope he will be 
a bit sweeter, because he sucks the dismay from me’75

Perhaps the most explicit dismissal of moralising lessons forcing mothers to 
breastfeed came in the form of the French Adèle en Theodoor, a book on raising 
children translated by Elisabeth Bekker. The author was Stéphanie Félicité Ducrest 
de Saint Aubin comtesse de Genlis (1746–1830), better known as Madame de 
Genlis. Genlis had already written several works on education, and was therefore 
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73 ‘Ik heb U het Tooneel des Huisselyken levens zo afgebeeld als het in de vreedzame woning 
der Deugdlievenden waarlyk is’. Wolff-Bekker, Proeve over de opvoeding, 85.
74 ‘Zie daar, voldoe uw lusjes,/ Och, had myn Liefje dorst?/ Wat krygt dit handje kusjes,/ Dus 
leggende op myn borst!’ Elisabeth Wolff-Bekker and Agatha Deken, Economische liedjes  (The 
Hague, 1781), 4.
75 ‘Zoo dat mijn vlees verteerde en mijn lieve kind mijn meest niet kon suijgen en had lust tot 
eeten nog tot drinken’. ‘Maar ik hoop hij zal wel wat soetter worden, want hij suijgt  de 
on[t]steltenis van mijn’. Aagje Luijtsen to Hermanus Kikkert, Den Burg, 20 September 1777 
in Perry Moree, ed. Kikkertje lief: brieven van Aagje Luijtsen, geschreven tussen 1776 en 1780 aan 
Harmanus Kikkert, stuurman in dienst van de VOC (Den Burg, 2003), 91–93.



regarded as an expert on the matter. Genlis argued that a mother who did not suckle 
her own child was by no means a bad mother, but truly loved her child. ‘Nature 
surely seeks from us that we suckle our own children, unless even greater obligations 
prevent us from doing so’. 76 A mother would do better not to suckle her child than to 
do it poorly.  Both mother and child were better off when, in such circumstances, the 
child was left with a caring wet nurse who stayed home all day to take care of the 
infant. Breastfeeding at the cost of the wellbeing of the mother was an issue, for 
example, in the case of Christina van Steensel.  Grandmother Johanna Maria van 
Steensel urged her daughter Christina not to suckle her child any more. ‘Dear 
daughter’,  she wrote, ‘don’t suck your child so much, but wean it during the day; it 
will grow better and you can once again go out and it is now so old that it can eat’.77 
By this time, Christina had been giving suck to Frans for almost six months.  She did 
not listen to her mother, however, as we learn from a letter a month later:  ‘You better 
take your convenience and do not suckle your child during daytime, please do 
yourself some good. I know your character and fear that you do not take care of 
yourself, so provide for yourself in eating and drinking’.78  The concern for 
Christina’s health, in other words, was enough reason for her to stop breastfeeding 
and start accustoming her baby to paps and porridges.

* * *
As this chapter has argued, the eighteenth century witnessed a stream of lacteal 
knowledge all pointing towards maternal breastfeeding. Dissertations, essays,  and 
popular publications contained knowledge on milk and breastfeeding, increasingly 
constituting distinctive normative stands on the issue. We have seen that the 
university provided a safe and untroubled transfer of knowledge and know-how 
between medical professors and their students. Contrary to the historiography that 
suggested that the chemistry of milk flourished at the turn of the nineteenth century, 
this chapter has demonstrated that many of Boerhaave’s students developed 
chemical knowledge on milk throughout the eighteenth century. Chemical analyses 
proved to be a fertile practice for many Boerhaavian physicians, who were able to 
expand on the importance of milk and develop solutions for lactation disorders. 
Besides the widespread critique of wet nurses, this chapter has presented milk 
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76  ‘De Natuur vordert zeker van ons, dat wy onze eige kinderen zogen, tenzy nog groter 
pligten ons dit  beletten’. Félicité de Genlis, Adèle en Theodoor, of Brieven over  de opvoeding trans. 
Elisabeth Wolff-Bekker, 3 vols (The Hague, 1782–1783), vol. 1, 105–108.
77  ‘Lieve dogtter laad ud kint togh niet so vel mer suijge, mar speent het overdagh, het  sal 
beter grooie en ud kan dan nogh ens uijt gan en het is nu so ver dat het eete kaan’. Johanna 
van Steensel to Christina van Steensel, Leeuwestijn, 28 April 1787 in Dik and Helmers, De 
briefwisseling, 88.
78  ‘Gij moest ud gemak mar neme en ud kint niet overdagh late suijge, doet ud sels togh wat 
goet. Ick kan ud aard en ben ban dat gij ud gebruijk niet vor ud sels neme, sorgt dan vor ud 
sels in eete en drinke’. Johanna van Steensel to  Christina van Steensel, Leeuwestijn, 12 May 
1787. Ibid., 91.



chemistry as a critical factor in the explanation of the maternalisation of 
breastfeeding in the eighteenth century.

The foundation of scientific societies, such as the Holland Society of Sciences 
in Haarlem in 1752, stimulated the utilisation of lactational knowledge in society. 
Through regular gatherings and prize essay competitions, men of all kinds of 
professions encountered each other on the topic of milk, each promoting his 
favourite solution to lactation problems. Eighteenth-century men applied their 
medical, chemical, and pharmaceutical knowledge to actively support maternal 
breastfeeding and explicitly warn against the health risks of wet-nursing and hand-
feeding other foods. Mother’s milk, in other words, became explicitly politicised.

Ideas of milk and breastfeeding moved into the domestic sphere of private 
homes, specifically the nurseries of ordinary families. In this space, not only 
physicians,  but also philosophers and authors mapped out their ideas about maternal 
duties and natural fashions. Arguments and treatises took on a wide variety of forms: 
“how-to” books, essays and poems. These all contributed to the corpus of cultural 
ideas about and social norms around breastfeeding. Physicians generally appealed to 
nature – it is natural to breastfeed your child, and hence one ought to do it – to make 
their normative and moralising statements. Their arguments struck a chord, because 
the close, sensuous proximity of lactation to the material of milk signified the 
truthfulness and importance of  their claims. Mother’s milk mattered. 

In this context, as maternal breastfeeding became politicised,  the female 
authors Elizabeth Bekker and Félicité de Genlis provided some resistance.  They 
dismissed the notion that fulfilling one’s “maternal duty” necessarily entailed 
breastfeeding.  Instead they gave prominence to motherhood as the task of caring, 
protecting, and educating a child. But in their argument, when representing women 
as tender and caring, and assigning them social and cultural roles as mothers, they 
made just as normative claims as their male counterparts, and similarly constructed 
gendered identities. 

The question that remains is, of course, whether all these pedagogical 
teachings, moralising essays, popular “how-to” books and poems referencing 
chemical and medical studies,  had any effect on attitudes towards the practices of 
maternal breastfeeding and wet-nursing. Even Christina van Steensel, who herself 
had been breastfeeding her eight children throughout the 1780s and 1790s, reacted 
very surprised when she learned that the young and pregnant Princess Wilhelmina of 
Prussia (1774–1834), wife of Prince William VI (1772–1843), decided to nurse her 
own child.  As Christina confided to her husband: ‘The old [Nicolas] Gautier has 
told mother that our Hereditary Princess will nurse her child herself, which is 
something miraculous for such greats’. Van Steensel was very familiar with the 
customs at court, and hence knew that maternal breastfeeding among queens and 
princesses was highly unusual. Nevertheless, she bore witness to a general, though 
perhaps small,  change in the zeitgeist: ‘But that natural fashion is widespread, so I 
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guess it is true’.79  And indeed, the fact that Princess Wilhelmina nursed her own 
children had such an impact that all biographies which appeared after Wilhelmina’s 
death in 1834 mentioned this political feat as an example of her kind and caring 
character.80 Hiring a wet nurse, especially in wealthy and aristocratic families, would 
continue to remain common practice in the late eighteenth and early nineteenth 
centuries. Maternal breastfeeding, as well as galactagogues and breast pumps, 
continued to be in and out of  fashion at different intervals.

134 | FLUID BODIES

79 ‘Den ouden Gottie [Nicolaas Gautier, d. 1794] heeft aan moeder vertelt dat onse erfprinses 
selfs haar kint  zal minne, dat is iets wonders voor sulke groote. Maar die natuurlyke moode is 
algemeen, soo  dat het wel waar zal weesen’. Christina van Steensel to Jean Malherbe, The 
Hague, 4 September 1792. Ibid., 122.
80 See for example J.C. Voorduin, Proeve eener karakterschets van nu wijlen Hare Majesteit, de Koningin 
der Nederlanden, Frederika Louisa Wilhelmina   (Utrecht, 1837), 35–36; and C.P.E. Robidé van der 
Aa, Frederika Louise Wilhelmina van Pruissen, eerste koningin der Nederlanden: als een voorbeeld ter 
navolging, der Nederlandsche meisjes aangeprezen  (Amsterdam, 1838), 46.



5
Sweat it Out

In the early modern period perspiration played a pivotal role in the preservation of 
health. In the 1730s, when the Dutch Republic was struck by an outbreak of catarrh 
(a defluxion, from the Greek katarrhous, from katarrhein, “flow down”), men and 
women across the country suffered from symptoms including mucus running down 
their noses and phlegm stuck in their throats,  causing trouble breathing and light-
headedness. Confronted with this common yet severe cold, Johannes de Gorter (see 
Figure 5.1), a physician and professor of medicine at the University of Harderwijk, 
championed sal ammoniac as ‘the method which draws out the matter of disease by 
insensible perspiration’.1 De Gorter’s treatment was based on an intricate pathological 
theory in which the obstructed “nervous juice” (liquor nervosus) could not be perspired, 
which then caused the disease. Yet the chemical properties of sal ammoniac, de Gorter 
argued, would dissolve thick and slimy mucus,  open pores, and enable the so-called 
“insensible perspiration” to normalise, thereby allowing the patient to recover.  While 
applauded by some, de Gorter’s work also met with fierce criticism, most notably 
from physician Antonius Stochius (1681–1752) of Enkhuizen. Referencing 
Hippocrates, who had argued that diseases ought to be treated with remedies whose 
efficacy lay in the application of substances with qualities opposing that of the 
disease,  Stochius questioned both the efficacy of the pungent sal ammoniac and de 
Gorter’s pathological theory concerning the obstructed nervous juice and suppressed 
perspiration. Stochius sarcastically observed that ‘if the renowned professor had kept 

this secret to himself and within the walls of Harderwijk, the Republic would not have 

1  ‘[M]ethodum, quae morbi materiem per Insensibilem Perspirationem educit’. Johannes de 
Gorter, Morbi epidemii brevis descriptio et curatio per diaphoresin  (Harderwijk, 1733), [*2v]. Emphasis 
added. De Gorter was a physician in Enkhuizen from 1712 to 1725. Between 1725 and 1754 
he was the professor of medicine at the University of Harderwijk. On the life and works of de 
Gorter, see Aegidius W. Timmerman, ‘Johannes de Gorter: Een schets van zijn leven en werk’, 
Nederlands Tijdschrift voor Geneeskunde 112 (1968), 35–41. On de Gorter’s surgery books and 
education, see Daniel de Moulin, A History of Surgery: With Emphasis on The Netherlands  
(Dordrecht, 1988), 157–163, 172–173.
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Fig. 5.1: Jacob Houbraken after Jan Maurits Quinkhard, portrait of Johannes de Gorter (Leiden, c. 1740). 
Amsterdam, Rijksmuseum.



suffered such damage’.2 He claimed that the condition of one of his patients had 
actually worsened when he had administered sal ammoniac. De Gorter’s physiology of 
insensible perspiration and the criticism he received illuminate the argument of this 
chapter, namely that at the turn of the eighteenth century physicians considered the 
role of the nerves, developing a neurological theory about the physiological process 
of  perspiration.

For much of the seventeenth century the study of insensible perspiration had 
mostly focused on digestion. The Venetian physician Santorio Santori (1561–1636), 
for example,  meticulously measured everything he ate, drank, all his urine, and 
faeces,  and compared these figures with the changes in his body weight throughout 
the day and night. He was convinced that health constituted a harmonious 
equilibrium between ingestion and excretion. Although his practice of quantification 
may appear modern in hindsight, Santorio’s approach to insensible perspiration was 
firmly grounded in ancient humoral theory, which was the basis of the regimental 
tradition known as the “six things non-natural” (sex res non-naturales). Because healthy 
or unhealthy perspiration correlated with these six categories,  Santorio measured the 
secretion of perspiration depending on air, food and drink, sleeping and waking, 
exercise and rest, sexual intercourse, and the passions of  the soul.3

But at the turn of the eighteenth century medical perceptions of insensible 
perspiration experienced a transformation, as physicians began to focus on the role 
of microscopic nerves and arteries, as well as the nature of bodily fluids. De Gorter 
continued to make his measurements with the help of the weighing chair, but 
contrary to Santorio he incorporated neurological descriptions of the internal 
functioning of perspiration into his medical treatises.4  Moreover,  he developed a 
chemico-pathological understanding of the catarrh, based on the concept of 
obstructed perspiration and stagnating particles, which turned sharp. This shift in 
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2  ‘[S]i Cel. Professor hoc arcanum sibi, & intra Harderovici moenia servasset, Rempublicam non 
multum inde detrimenti passam fuisse’. Antonius Stochius, Dissertatio medico-practico de morbo 
epidemico hac hyeme grassato, necdum cessante cum animadvers. in cel. J. Gorteri brevem descriptionem et 
curationem morbi epidemii per diaphoresin  (Enkhuizen, 1733), 18; idem, Geneeskundige  verhandeling over 
eene algemeene volk-ziekte, die deze winter gewoedt heeft en nog niet ophout, trans. Antonius Stochius, jnr 
(Enkhuizen, 1733), 17. Emphasis original.
3  Jerome J. Bylebyl, ‘Nutrition, Quantification and Circulation’, Bulletin of the History of 
Medicine 51 (1977), 369–385, at 377–378. On the six non-naturals, see Lelland J. Rather, ‘The 
“Six Things Non-Natural”: A Note on the Origins and Fate of a Doctrine and a Phrase’, Clio 
Medica 3 (1968), 337–347; Peter H. Niebyl, ‘The Non-Naturals’, Bulletin of the History of 
Medicine 43 (1971), 486–492; Chester R. Burns, ‘The Nonnaturals: A Paradox in the Western 
Concept of Health’, The Journal of Medicine and Philosophy 1  (1976), 202–211; Sandra Cavallo 
and Tessa Storey, eds., Conserving Health in Early Modern Culture: Bodies and Environments in Italy and 
England (Manchester, 2017); Rina Knoeff, ed. Gelukkig Gezond! Histories of Healthy Ageing 
(Groningen, 2017); Ruben E. Verwaal, ‘Retention and Excretion’, in Gelukkig Gezond! Histories of 
Healthy Ageing, ed. Rina Knoeff  (Groningen, 2017), 98–111.
4  The knowledge of nerves, or a treatise on and description of the nerves, was called 
“neurography” or “neurology”. See, for example, Willem Séwel, A Compleat Dictionary English 
and Dutch ed. Egbert Buys, 2 vols (Amsterdam, 1766), vol. 2, 513.



emphasis from balance and digestion on the one hand, to mechanical and chemical 
explanations of the motion of the fluids and the nerves on the other,  had far-
reaching effects as physicians, anatomists, and natural philosophers began to map 
out the physiology of perspiration on the basis of the anatomy of the body in minute 
detail. Likewise, doctoral students at medical faculties across the Dutch Republic 
studied the effects of suppressed perspiration as well as the drugs and treatments to 
relieve it.

Scholarship on sweat and perspiration has not yet addressed this shift. 
Historians of medicine and science including Lois Magner and Fabrizio Bigotti have 
focussed on the emergence of calculation and quantification in medical research. 
They present Santorio as part of a medical revolution that rested on experiments 
and personal observation rather than abstract theory.5 Santorio then fits nicely into 
the narrative of the scientific revolution, which identifies the mechanisation of the 
world as the primary novelty of the time, and a fundamental departure from the 
ancients.  But as Andrew Cunningham has shown, although early modern physicians 
and anatomists like Andreas Vesalius (1514–1564) and Hieronymus Fabricius (1537–
1619) may appear modern from our perspective, they were,  in fact, working within 
an ancient Galenic framework.6  The same was true for Santorio,  who aimed to 
confirm long-standing theories on perspiration. It was only at the turn of the 
eighteenth century that these physiological ideas were gradually called into question, 
making de Gorter’s work more truly “modern” than Santorio’s ever was. Similarly, 
although Lucia Dacome has rightfully drawn attention to the longevity of Santorio’s 
famous weighing chair, she, too, does not discuss the shift in physicians’ perception of 
insensible perspiration, but continues to underline the ancient association between 
ingestion and excretion.7

Thus, by looking at Dutch physicians, and de Gorter in particular,  this 
chapter highlights eighteenth-century Boerhaavian medicine as having formulated 
an alternative view of insensible perspiration. I first discuss the cultivation of 
multiple methodologies that supported the development of theories on an internal 
physiological process of perspiration. These methods included measurements with 
the help of the weighing chair, but also microscopic observations, anatomical studies, 
and chemico-botanical experiments. I then attend to pathology, to demonstrate how, 
in the case of the cold, a link was made between the chemical properties of sweat 

138 | FLUID BODIES

5  Lois N. Magner, A History of Medicine, 2nd ed. (Boca Raton, 2005), 263–266; Nancy G. 
Siraisi, ‘Medicine, 1450–1620, and the History of Science’, Isis 103 (2012), 491–514, at 504–
505; Fabrizio Bigotti, ‘Mathematica Medica: Santorio and the Quest for Certainty in 
Medicine’, Journal of  Healthcare Communications 1 (2016), 39.
6 Andrew Cunningham, The Anatomical Renaissance: The Resurrection of the Anatomical Projects of the 
Ancients  (Aldershot, 1997).
7  Lucia Dacome, ‘Living with the Chair: Private Excreta, Collective Health and Medical 
Authority in the Eighteenth Century’, History of Science 39 (2001), 467–500; idem, ‘Balancing 
Acts: Picturing Perspiration in the Long Eighteenth Century’, Studies in History and Philosophy of 
Biological and Biomedical Sciences 43 (2012), 379–391.



and pharmaceutical drugs. For it was only in de Gorter’s new framework of 
perspiration that it became possible to study the chemical properties of nervous juice 
and sal ammoniac.

Balancing Ingestion and Excretion
For Santorio and many other seventeenth-century physicians,  perspiration was 
primarily of interest because it was deemed crucial to balancing the ingestion of 
food with the excretion of waste matter. To analyse this balance in more detail 
Santorio had designed a chair scale to measure his ingesta and excreta. The scale 
consisted of a large steelyard with an adjustable weight hanging on one side, and a 
chair on the other (see Figure 5.2).  Santorio was able to obtain detailed information 
on the body’s relative mass through systematic measurements made with this chair 
over a long period of time. As the total weight of food and drink far exceeded the 
weight of the visible discharges, he concluded that the discrepancy could only be 
explained by insensible perspiration. Assuming that insensible perspiration could be 
determined by systematic weighing, Santorio argued that it was heavier than all 
other forms of excretion combined, and that it was not constant but varied 
depending on internal factors – like sleeping and digestion – and external conditions, 
such as hot or cold weather.8

Santorio’s aphorisms on insensible perspiration in relation to food and drink 
reflected long-standing views on digestion, held by medieval and early modern 
physicians alike, and inspired by the Greek philosopher Aristotle (384–322 BC). 
When awake,  the stomach was filled with food and drink, but once asleep these 
nutrients were believed to be heated, broken down, and putrefied in the body. 
Thanks to the heat of the body, hot vapours or fumes would arise from the stomach, 
transporting a warm humidity up to the cold brain. As these vapours condensed, the 
moisture descended back into the body,  nourishing the internal organs, or leaving 
the body if superfluous.9  Santorio’s major contribution to this theory were his 
detailed measurements on this process, showing, for instance, that insensible 
perspiration could add up to as much as forty ounces in one night, as opposed to 
merely eighteen ounces when the stomach was empty during sleep. Santorio also 
considered the effect of different foodstuffs on perspiration, and warned against 
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8  Santorio Santori, Ars de statica medicina, sectionibus aphorismorum septem comprehensa  (Venice, 
1614).
9  On premodern notions and medical perceptions of sleeping and digestion, see Sasha 
Handley, Sleep in Early Modern England  (New Haven, 2016); Sandra Cavallo  and Tessa Storey, 
Healthy Living in Late Renaissance Italy  (Oxford, 2013), 113–144; Karl H. Dannenfeldt, ‘Sleep: 
Theory and Practice in the Late Renaissance’, Journal of the History of Medicine and Allied Sciences 
41 (1986), 415–441.
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Figure 5.2: The weighing chair or scale in Heydentryck Overkamp, Verklaring over de doorwazeming 
van Sanctorius (Amsterdam, 1694). The Hague, Royal Library.



foods such as pork, which he believed to obstruct perspiration.10 But while Santorio’s 
measurements of insensible perspiration were revolutionary, and although they 
would be used by physicians for generations to come, they were still firmly rooted in 
ancient humoral physiology. Indeed, as the professor of theoretical medicine 
Santorio was mainly occupied with explaining and commenting on the aphorisms of 
Hippocrates, Galen, and Ib Sina.11  Like other Renaissance physicians, then, 
Santorio’s intention was not to replace old ideas,  but rather to prove the Aristotelian 
notion of digestion and Galen’s concept of perspiration through detailed and exact 
measurements.

Based on these ancient understandings of digestion and insensible 
perspiration, Santorio looked for ways of sustaining health, arguing that this rested 
on a perfect balance between ingestion and excretion.  This equilibrium depended 
less on the quality of ingested food than on its quantity,  which could be precisely 
controlled by using the weighing chair.  Physicians could calculate the correct 
quantity of food for any given person as follows: before a meal, one placed a weight 
corresponding to the quantity of food on the other end of the beam. The moment 
the subject had eaten and drunk sufficiently, the scale would tip over and the chair 
drop down, signalling the end of the meal (notice the food on the table in Figure 
5.2).12  As the well-known encyclopaedist Ephraim Chambers succinctly put it a 
century later, the function of Santorio’s weighing chair was ‘to determine the 
quantity of food taken at a meal; and to warn the feeder when he had eat his 
quantum’.13 This confirmed that Santorio’s weighing chair was aimed less at gaining 
insights into the physiology of perspiration, than at assisting early modern weight-
watchers in avoiding overeating or, conversely, under-perspiring.

Santorio’s work had a long-lasting impact on early modern medicine,  just as 
the association between perspiration and digestion continued to be relevant.14 In the 
Dutch Republic, Santorio’s ground-breaking work De statica medicina was reprinted 
several times by booksellers David Lopez de Haro (Leiden, 1642), Adriaen Vlacq 
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10  Santorio Santori, De statica medicina et de responsione ad staticomasticem  (Leiden, 1642), 55–80; 
idem, De ontdekte doorwaasseming des menschen lichaams, ed. Heydentryck Overkamp (Amsterdam, 
1686), 66–100. The ounces refer to weight, not volume.
11 Santorio Santori, Commentaria in Artem medicinalem Galeni  (Venice, 1612); idem, Commentaria in 
primam fen primi libri Canonis Avicennae  (Venice, 1625); idem, Commentaria in primam sectionem 
Aphorismorum Hippocratis  (Venice, 1629). Santorio also sent copies of these books to his friends. 
See, for example, Santorio Santori to  Senatore Settala, 27 December 1625: ‘I send to His 
Lordship the two books on the Avicenna’s text and I pray His Lordship to read them carefully, 
because He will read new thoughts, yet based on the authorities of Hippocrates and Galen, as 
far as both practice and experience are concerned’. Cited in Bigotti, ‘Mathematica Medica’, 
1.
12 See preface in Santori, De statica medicina; idem, De ontdekte doorwaasseming.
13 Chambers, Cyclopaedia, vol. 2, 359.
14  On Santori’s long-term influence, see Dacome, ‘Living with the Chair’; idem, ‘Balancing 
Acts’;  and outside the realm of medicine, Lucia Dacome, ‘Resurrecting by Numbers in 
Eighteenth-Century England’, Past and Present 193 (2006), 73–110.



(The Hague, 1657, 1664), and Cornelis Boutesteyn (Leiden, 1703, 1711, 1713, 
1728). In 1683 a Dutch translation by Philippe La Grue (b. 1658) appeared,  while 
later editions included commentaries by the Amsterdam physicians Steven Blankaart 
and Heydentryck Overkamp (Amsterdam, 1684, 1686).15 Further, medical students 
at Dutch universities, such as Thomas Secker (1693–1768) and Herman Hulshof (c. 
1715–1742), defended their dissertations on the topic of Santorio’s insensible 
perspiration.16

Although these names and publications hardly constitute an exhaustive 
reception history of Santorio in the Dutch Republic, they clearly reveal the widely 
shared fascination with Santorio’s work among Dutch physicians. They also testify to 
the continued existence of long-standing ideas regarding perspiration, because the 
notion of an invisible vapour continuously leaving the body was widely accepted. In 
a discussion on respiration, Galen had stated that one went via the lungs, but ‘the 
other [respiration], which has no name because it is not commonly known, since it 
escapes observation on account of its tenuousness, is called insensible perspiration 
(adelos diapnoe)’.17 These ideas proved remarkably enduring, and were still evoked in 
the 1740s by Albrecht von Haller, who argued that ‘if an intense cold could be 
suddenly produced in a close chamber full of company, one person would not be 
capable of seeing another through the fog or vapours which exhale from their own 
bodies, almost in the same manner as the poets feign the gods to be hid each in their 
proper cloud’ (see Figure 5.3). 18  The method used to measure the amount of 
perspired mass also remained constant throughout the early modern period. 
Santorio’s weighing chair continued to fascinate physicians across Europe. Physicians 
such as James Keill (1673–1719) in England and de Gorter in Holland performed 
retrials of  Santorio’s weighing experiments.19

In addition to the enduring perception of perspiration as insensible, and the 
continued success of measuring, de Gorter’s approach nevertheless attests to a 
substantial departure in general conception.  Because what set de Gorter’s work on 
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15  Santorio Santori, De ontdekte doorwaasseming of de leidstar der  genees-heeren, trans. Philippe La 
Grue (Amsterdam, 1683); idem, De ontdekte doorwaasseming des menschen lichaams, ed. Steven 
Blankaart, trans. Philippe La Grue, 2nd ed. (Amsterdam, 1684).
16  Thomas Secker, Disputatio medica inauguralis de medicina statica  (Leiden, 1721); Hermannus 
Hulshof, Dissertatio medica inauguralis sistens febrem diariam benignam ex suppressa Sanctoriana 
perspiratione ortam  (Groningen, 1740).
17  As quoted in E.T. Renbourn, ‘The Natural History of Insensible Perspiration: A Forgotten 
Doctrine of  Health and Disease’, Medical History 4 (1960), 135–152, at 135–136.
18  ‘In clauso conclavi, ubi magnus hominum numerus confederunt, si subitum frigus nasci 
posset, prae fumo certe nihil quidquam videremus, & singuli homines, uti de Diis fabulantur 
poetae, intra propriam nubem adsconderentur’ in von Haller, Praelectiones, vol. 3, 576; idem, 
Academical Lectures, vol. 3, 307.
19  See Dacome, ‘Living with the Chair’; idem, ‘Balancing Acts’. For biographical details on 
Santorio  see Mirko D. Grmek, ‘Santorio, Santorio’, in Complete  Dictionary of Scientific Biography, 
ed. Charles Coulston Gillispie, Frederic L. Holmes, and Noretta Koertge (Detroit, 2008), 101–
104.
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Fig. 5.3: The Insensible Perspiration envisioned as a cloud in Ebenezer Sibly, The Medical Mirror 
(London, 1796). Wellcome Library, London.



insensible perspiration apart from that of his contemporaries was his aim to shed 
new light on the internal physiological process of perspiration. As I will demonstrate 
in the next section, de Gorter combined measurements made with the weighing 
chair and hydrometer with new evidence from other fields of medical knowledge, 
thereby shifting the focus from the role of  digestion to the role of  the nerves.

Perspiration and the Nerves
In the eighteenth century perspiration remained closely linked to ingestion and 
excretion, but the functioning of the nerves took an increasingly prominent role in 
explaining the internal physiology of perspiration.  Besides relying on experimental 
observations with the weighing chair, medical researchers of the Boerhaave school, 
in particular de Gorter and Abraham Kaau (also known as Kaau-Boerhaave), began 
to link perspiration to the nerves and the anatomy of the skin, which they argued 
was as important as the process of  digestion.

One of the reasons why physicians began to doubt the close link between 
perspiration and digestion as put forward by Santorio was the development of new 
theories of digestion. In perfect harmony with the Galenic humoral theory, as we 
have seen above, Santorio had promoted a good night’s sleep as beneficial to 
digestion and perspiration. Physicians in the seventeenth century, however, 
increasingly perceived digestion as a chemical and mechanical process. Jan Baptist 
van Helmont and Franciscus de le Boë Sylvius (c. 1614–1672) moved away from the 
notion that digestion started with internal body heat. Instead, they argued that 
digestion was instigated by an active acid in the stomach, causing fermentation that 
separated nutrients from watery and excremental parts. As such, digestion and 
nutrition came to be perceived as a series of chemical reactions in the body’s internal 
organs.20 These chemical theories marked a radical departure from Galenic thermal 
digestion. Most importantly, the intake of food and drink was no longer related to 
the origin of vapours inside the body. Consequently, the physiology of perspiration 
needed to be rethought as well.

This re-evaluation of perspiration was also necessary because of the 
measuring results were often inconsistent. Physicians adopted Santorio’s weighing 
chair, but the information obtained by de Gorter contradicted that of Santorio. 
While still a practicing physician in the port town of Enkhuizen, de Gorter was 
inspired by Santorio’s work, and decided to construct his own weighing chair, known 
as the sella statica,  or “static chair”.21 With the help of friend and fellow physician 
Henricus Ris (1687–1727), de Gorter ran his own trials of Santorio’s experiments: 
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20  For a clear overview of chemical and mechanical explanations of digestion in the 
seventeenth century, see Antonio Clericuzio, ‘Chemical and Mechanical Theories of 
Digestion in Early Modern Medicine’, Studies in History and Philosophy of Biological and Biomedical 
Sciences 43 (2012), 329–337.
21 See ‘Vita auctoris’ in Johannes de Gorter, Praxis medicae systema, ed. David de Gorter, 2nd ed. 
(Harderwijk, 1767), [**4r].



he recorded his body weight during the day, taking note of the different seasons of 
the year, and published his findings in 1725 in De perspiratione insensibili (see Table 
5.1).22  In accordance with the Galenic notion that digestion – and consequently the 
creation of vapours and perspiration – occurred during sleep, Santorio had 
discovered that he perspired considerably more at night than during the day: in the 
timespan of one day, Santorio had measured a total of 50 ounces of insensible 
perspiration, of which an average of 29 ounces was perspired at night. Yet as early 
as in 1718 James Keill published results that deviated from Santorio’s.  Keill was a 
Scottish physician and anatomist who practiced in Northampton, and maintained a 
mathematical and mechanical approach to medicine.  Embracing the view that the 
body was a hydrostatic machine, and with himself as the experimental subject,  he 
performed his own experiments to recreate and question Santorio’s ingestion and 
excretion measurements.23  Keill perspired just 30 ounces during the day,  but 
contrary to Santorio, he found that he perspired more during the day than during 
the night (20 ounces versus 10 ounces). Whereas the colder English climate might 
explain the overall smaller amount of perspiration, the very different ratio between 
day and night was more problematic. De Gorter, following Keill’s experiments, put 
these contradictory values to the test:  his own measurements produced 45 ounces 
perspiration in total, of which an average of 30 ounces during the day, and 15 
ounces at night. Although the total amount was closer to Santorio’s than Keill’s,  de 
Gorter’s proportions confirmed the latter’s breakdown into daily and nocturnal 
perspiration. De Gorter therefore also concluded that the human body perspired 
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22  Johannes de Gorter, De perspiratione insensibili Sanctoriana-Batava tractatus experimentis propriis in 
Hollandia  (Leiden, 1725). In good Boerhaave School-fashion, this work was dedicated to 
Boerhaave, who was praised as the source of all new insights de Gorter may have gained with 
this study. The book also included a laudatory endorsement by the professor. See de Gorter’s 
‘dedicatio’ and Boerhaave’s letter in Ibid., [*2r–*4v], [**r–**2v].
23  Guerrini, ‘James Keill, George Cheyne’; Anita Guerrini, ‘Keill, James (1673–1719),’ in 
Oxford Dictionary of National Biography (Oxford: Oxford University Press, 2004); James Keill, 
Tentamina medico-physica ad quasdam quaestiones quae oeconomiam animalem spectant, accomodata: Quibus 
accessit Medicina statica Britannica  (London, 1718).

Tablle 5.1. Measurements off  Insensible Perspirationn

Time frame Santorio Santori James Keill Johannes de Gorter

I 24 hours 50 oz 30 oz 45 oz

II at night (average) 29 oz 10 oz 15 oz

III in the daytime 20 oz 20 oz 30 oz

Sourrce: Johannes de Gorter, De perspiratione inssensibili (Leiden, 17255).



more during the day than at night, thereby proving Santorio’s theory that profuse 
perspiration was caused by digestion during sleep wrong.24 

These two criticisms, derived from both theory and experiment, demanded 
further research on the presumed impact of food and drink on perspiration. De 
Gorter thus decided to weigh his insensible perspiration before and after lunch. He 
measured his body weight during the day, and subtracted the amount of perspiration 
in the morning, to find out the amount of perspiration after midday. Interestingly, de 
Gorter concluded that the body perspired twice as much in the morning as in the 
afternoon, that is, more before lunch than after.25 Moreover, he stated that highest 
amount of insensible perspiration occurred approximately four hours after eating, 
from which he deduced that insensible perspiration happened when food and drink 
had already been digested, thus independent of nocturnal sleep. Once again, de 
Gorter’s trials with the weighing chair provided measurements that contradicted 
Santorio’s – and were hence at odds with ancient Galenic physiology.

Once he had disproved the relationship between perspiration and digestion, 
de Gorter developed a new medical theory on the internal functioning of 
perspiration. His re-interpretation, presented in De perspiratione insensibili, was based 
on the anatomy and functions of the skin and the nerves. De Gorter based his 
discussion of the mechanics of insensible perspiration on the ground-breaking work 
of Dutch anatomists. Santorio had already hypothesised that insensible perspiration 
evaporated through the pores,  but it was only later in the seventeenth century that 
anatomists, with the help of van Leeuwenhoek’s microscopes, were able to 
investigate the pores in greater detail.  In doing so, they radically transformed 
medical perceptions of the skin.  It was particularly Govard Bidloo (1649–1713), 
Antoni van Leeuwenhoek, and Frederik Ruysch who minutely investigated, 
described, and illustrated this porous tissue.26  In contrast to the macroscopic 
dissections of larger bodily tissues,  which could be observed with the naked eye, de 
Gorter reported, anatomists found that innumerable minute openings and sweat 
glands were situated in the dermis of the skin, and that these pores covered the 
entire surface of the body. Van Leeuwenhoek once calculated as many as 125,000 
pores in a surface area the size of a single grain of sand. In 1685 Bidloo’s grand 
anatomical atlas was published, which contained detailed engravings of the skin’s 
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24 De Gorter, De perspiratione insensibili, 10–11. De Gorter compared his measurements to those 
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25 De Gorter, De perspiratione insensibili, 12–13.
26  Mieneke te Hennepe, ‘Of the Fisherman’s Net and Skin Pores: Reframing Conceptions of 
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pores.27 In one of these illustrations (see Figure 5.4), Bidloo showed that a layer of 
skin consisted of sweat glands and excretory ducts; hairs arising near the pores; and 
papillary glands shaped not unlike pyramids, which were composed of blood veins, 
lymphatic ducts,  and, of course, nerves. The precise structure and function of these 
glands were keenly discussed by anatomists and physiologists alike.28 De Gorter used 
all of these anatomical observations and physiological discussions to construct a new 
internal physiology of insensible perspiration. Given the large amounts of 
perspiration that any human would exude in a day, de Gorter reasoned that the 
secretion of insensible perspiration occurred on all bodily surfaces, both externally 
through the outer skin and internally via the lungs, throat, mouth, and nose. 
Perspiration was secreted wherever the finest blood veins and nerves reached the 
body surface.29 

A similar emphasis on the anatomy of the skin and the physiology of 
perspiration emerged in the works of other physicians of the Boerhaave school. 
Students at Leiden learned about insensible perspiration in lectures on the theory of 
medicine. Insensible Perspiration was still named after Santorio, but it was explained 
on the basis of the newly discovered anatomical structure of the skin.  According to 
Boerhaave’s textbook, via these smaller vessels transpired a very thin and ‘very subtle 
humour from every point of the body, called from its inventor the Sanctorian 
perspiration’.30 Abraham Kaau, who had studied medicine under the tutelage of his 
uncle, Boerhaave, because of a hearing impairment, discussed perspiration at great 
length. To the new physiology of the skin he added a detailed discussion of the 
central role of the nerves.31  In 1738,  Kaau’s book Perspiratio dicta Hippocrati per 

universum corpus (‘Perspiration over the Whole Body, as called by Hippocrates’) was 
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(Leiden and Rotterdam, 1734), 224; von Haller, Academical Lectures, vol. 3, 306.
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Luuc Kooijmans, De geest van Boerhaave: Onderzoek in een kil klimaat  (Amsterdam, 2014).



published. It presented a series of anatomical observations and experiments to 
elucidate the insensible perspiration in all parts of the body, both internally and 
externally, in sickness and in health. Kaau meticulously observed the reticular 
structure of the nerves in the epidermis, and the nipples to the alveoli  – or tiny air 
sacs in the lungs – through which the transudation was believed to occur.32 He also 
confirmed the permeability of the skin and its excreting properties with the help of 
physiological experiments. He injected the stomach and hepatic artery with water, 
and when he observed the sample through a microscope, he noticed the liquid 
oozing out of every small pore in the stomach and liver – it transuded out more 
beautifully, he noted, when gentle pressure was applied.33 Von Haller performed the 
same experiment with fish glue, a substance extracted from fish by heating the skin 
or bones in water.  Von Haller probably used isinglass (from the Dutch huysenblaas,
“sturgeon’s bladder”), a kind of gelatin obtained from sturgeons or other species of 
fish, which was widely used, among other things, as in food production, by artists, 
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Fig. 5.4: Gérard de Lairesse, Microscopic structure of the skin in Govard Bidloo, Anatomia humani 
corporis (1685), Tabula 4. Wellcome Library, London.



and to seal letters.34 Once the fish glue was injected into the skin, the liquid soon 
sweated out from all openings. Von Haller therefore concluded that the epidermis 
was ‘perforated by an infinite number of pores, some larger for the sweat, and others 
smaller for the perspirable vapours’.35

Kaau’s emphasis on the function of the nerves echoed de Gorter’s increased 
attention to the operation of the nerves and the “nervous juice”. De Gorter based 
his ideas on the work of the Oxford physician Thomas Willis (1621–1675), who was 
the first to publish comprehensive books on the structure, activity, and purpose of 
the brain and nervous system. Most notably, Willis proposed the existence of a 
nervous juice,  distilled from blood in the arteries of the brain, in order to explain 
motion and sensation. Movement, for example, was understood as the agitated 
fermentation of nervous juice in the muscles.36  De Gorter, in turn, expanded on 
nervous juice to explain its central role in the internal working of perspiration.  He 
argued that blood vessels discharged a jelly-like sap or “gelatinous liquid” (liquorem 

gelatinosum) into the nervous system. This thin juice or “spirit” flowed inside the 
nerves, lubricating, moistening, and nourishing the nervous fibres as well as the 
outermost membrane enveloping the brain and spinal cord. De Gorter argued that 
the nervous juice would find its way into the body and, once it had fulfilled its 
purpose and was used, had to be discharged. Crucially, in healthy bodies this 
occurred in the form of insensible perspiration. De Gorter’s theory that nervous 
juice was the source of perspiration was supported by his observation that nerves 
permeated the skin in much greater numbers than blood veins – more than seemed 
actually necessary. In addition, the nerves were more concentrated around the sweat 
glands than elsewhere. De Gorter concluded that nervous juice, once it had been 
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used, was likely to evaporate as insensible perspiration at the body’s surface, via the 
glands or directly through the pores.37 

With his emphasis on the properties of nervous juice de Gorter made an 
important contribution to the study of both the nervous system and the physiology 
of perspiration. Boerhaave,  for example, once he had resigned from the chair of 
botany and chemistry in 1729, decided to continue his investigation of the nerves 
and nervous juice, incorporating de Gorter’s work. Boerhaave’s neurology had 
always been part of his physiology,  but from September 1730 to June 1735 
Boerhaave delivered a new series of lectures ‘on the diseases of the nerves’.38  In 
these lectures he paid particular attention to the spirituous particles contained in the 
nervous juice. He carefully defined the spirit’s main properties, and argued that they 
eventually left the body via perspiration: first, spirituous particles were exceedingly 
small, invisible even when using a microscope;  they could only be detected by smell. 
Second, spirits in the nervous juice were extremely volatile. And finally,  spirituous 
particles were endowed with a force (vis) to enable motion and sensation.39  In 
agreement with de Gorter, Boerhaave taught his students that blood exuded this 
peculiar spirit into the nervous juice, but also into other bodily fluids, such as saliva 
and semen. Depending on the location of the body, whether it was the head, ears, 
armpits, between the toes, or the genital area, the spirit eventually left the body as 
perspiration, sweat, or the oily, waxy secretion called sebum or cutaneous fat.40

In sum, de Gorter drastically changed the way in which physicians conceived 
of insensible perspiration, and shifted the focus from its direct relation to digestion to 
the involvement of the nerves. Although he made use of Santorio’s innovative 
weighing chair, de Gorter’s measurements contradicted the Galenic conception of 
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perspiration, i.e. as internal vapours resulting from digestion. On the basis of 
anatomical studies of the skin and the nervous system, de Gorter disproved a direct 
relationship between digestion and perspiration, and developed an internal 
physiology of perspiration, based on the nerves and nervous juice, instead. This 
proved highly fertile productive, because the nerves continued to be an important 
topic of medical research throughout the eighteenth century. Anatomists like 
Abraham Kaau, Albrecht von Haller, and Bernard Siegfried Albinus (1697–1770) 
devoted much time and effort to investigating the structure, use, and function of the 
nerves in the following decades.41  Boerhaave, too, continued his research on the 
nerves, and incorporated the link between the nervous juice and perspiration in his 
lectures. Neurological concepts of the body circulated widely among the Dutch 
medical elite, and as such provided a persuasive explanation for the subtle yet 
significant transformation of  the physiology of  perspiration.

Transpiring Juices, Distilling Spirits
So far this chapter has outlined the shifting medical understandings of perspiration, 
from its close alignment with digestion to the association with the flow of juices in 
the nerves. However, as medical practitioners developed new theories on 
perspiration, one important question remained: what exactly was this nervous juice? 
This section will demonstrate that the prioritisation of nervous juice and its 
spirituous particles in the study of perspiration was only possible thanks to the 
contemporary importance of chemistry for medicine, which was an essential 
component of the Boerhaave school. For although the nervous system and the skin 
were best studied in anatomy and through microscopy,  only chemistry could provide 
insights into the actual properties of the nervous juice and perspiration, both in 
healthy and in morbid perspiration.

The spirits in the nervous juice,  it turned out, were best studied via the 
chemical analysis of plants, because just like the human body, they also transpired a 
watery vapour with a unique odour. Naturally, the collection of individual drops of 
human sweat for chemical investigation was complicated. However,  as the nervous 
juices in plants were considered similar to the nervous juices in human bodies, this 
opened up the possibility for elaborate chemical investigations. The notion that 
vegetal transpiration was similar to perspiration in humans and animals is likely to 
have been based on early modern “comparative anatomy”, namely the notion that 
animals could serve as substitutes for human bodies in the attempt to clarify human 
anatomy.42  Furthermore, the words “perspiration” and “transpiration” were used 
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interchangeably.  In historical English dictionaries, the words “perspire” (from Latin 
perspirare, from per- “through” and spirare “breathe”) and “transpire” (from transpirare, 
from trans- “through” and spirare “breathe”) were synonymous prior to the nineteenth 
century, from which point onwards the former was used for human bodies and the 
latter in botany.43 Moreover, the property of having a smell, which was intrinsic in 
the spirits of plants, would lay at the heart of new notions about the scent of healthy 
and unhealthy human perspiration.

The similarities between vegetable and animal physiology are also obvious in 
Boerhaave’s landmark textbook on chemistry, the Elementa chemiae (1732). As historian 
of science Ursula Klein has suggested, the chemical theory of plants also referred 
and extended to animal bodies.44  Boerhaave explained the anatomy of plants in 
terms of animal physiology. Once a plant absorbed nourishment from the earth 
through its porous roots,  the juice in the stems was considered crude, heterogeneous; 
this was called the ‘chyle of the plant’, because ‘the roots, and the body of the plants 
[...] answer to the stomach, and intestines of an animal’. As this vegetal chyle 
ascended the stem of the plant, it slowly but surely transformed into the plant’s 
proper nature by ‘force of the air’ in ‘the real lungs of the plant’  (i.e., the leaves). The 
analogy between plants and animals continued further:  Boerhaave referred to the 
seed in the fruit as the embryo of the plant; and when, for example, an aloe was 
bruised, it bled a yellow and bitter sap, the ‘blood of plants’.45 In short, Boerhaave, 
just as most botanists and chemists of his day, perceived the physiology of plant 
juices as similar to the movement and properties of  animal fluids.

The connection between animal perspiration and vegetal transpiration was 
quickly made. Boerhaave, who had grown proverbial green fingers following his 
appointment to the chair of botany in 1709, taught his students that the leaves of 
plants gave off a scented water vapour: ‘There are emunctory [i.e., excretory] vessels 
in rosemary, for instance, which is continually diffusing an odorous atmosphere 
around it. And thus, in the summer season, when the air is greatly heated, all 
aromatic and odoriferous plants come to exhale vast quantities of their fine, 
spirituous and volatile parts’.46  Similar to the spirit in nervous juice, which could 
only be detected by smell, the oily and volatile substance from plants had a unique 
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scent, believed to be excited by the force of its “guiding spirit” or spiritus rector. Based 
on comparative physiology, then, the way in which fluids moved through processes of 
absorption, nourishment,  and transpiration in plants ran parallel to that of fluids in 
animals and humans, going through the processes of ingestion, digestion, and 
eventually perspiration.

To analyse the phenomenon of perspiration in even more depth, Boerhaave 
went beyond mere smelling, and subjected plants to numerous chemical 
examinations to extract their spirit. For example, he gathered fresh samples of 
rosemary leaves and placed them in a copper cold-still with a cone-shaped head, 
which he placed on a simple brick furnace (see Figure 5.5). The mild and gentle heat 
created in this furnace matched the heat from the sun, hence this installation was 
perfectly suited to ‘come to know what it is which spontaneously exhales from 
vegetables by the warmth of the summer’s sun’.47  The well-regulated fire slowly 
vaporised the fragrant and most volatile parts from the rosemary leaves. These dewy 
vapours then condensed against the head of the still, and trickled down the sides of 
a conical neck, being transmitted to and collected in a receiver. By means of this 
method, chemists had found a way to capture the scent of plants and preserve it.48 
Ordinarily, Boerhaave elaborated, when people walk in scented gardens they 
breathed the vapours exhaled by rosemary,  basil, jasmine, and many more aromatic 
plants and trees in the form of insensible perspiration. But by means of distillation 
chemists were able to extract and obtain this juice, which was ‘the most volatile, 
fragrant and aromatic part of the plant, wherein its specific virtue resided’.49 The 
unique scent of each plant and animal could be distinguished by this virtue. 
Boerhaave defined this spirituous substance in terms of its chemical properties: ‘By 
spirit we mean any sulphurous, or oily matter, so attenuated and subtilised, as to 
become volatile, by the smallest fire, and miscible with water;  which characters, 
where they concur in the same subject, denominate it a spirit’.50 The spiritus rector,  in 
other words, was perceived as an actual particle or substance that was spirituous, 
subtle yet pervasive, and the cause of  an animal or plant’s unique scent.51

On the basis of the distillation of rosemary and other plants Boerhaave’s 
students learned about the smells particular to living bodies, as well as what 
constituted the exhalations.  What was called spiritus rector in vegetal juices was called 
the effluvia in the nervous juices of animals. As Boerhaave explained: ‘Exhalations or 
effluvia; viz. this same spirit, together with the elementary water which contains it, 

SWEAT | 153

47 Boerhaave, A New Method, vol. 1, 379–380.
48  Ibid., vol. 2, 13. See also Alain Corbin, Le miasme et la jonquille: l’odorat et l’imaginaire social, 
18e-19e siècles  (Paris, 1982);  translated as The Foul and the Fragrant: Odor and the French Social 
Imagination  (Leamington Spa, 1986).
49 Boerhaave, A New Method, vol. 2, 12–13, 18.
50 Ibid., vol. 1, 168.
51 Cultural historians have studied the human experience of smell and stench, such as Corbin, 
The Foul and the Fragrant. But the case of spiritus rector shows how smell was not just a sensation 
in individuals, but rather considered a real, material thing.



which is continually flying off from them, during the day, in the form of an 
insensible perspiration’. 52 In other words,  animal scents were explained in terms of 
the spirits or effluvia, the most subtle parts that were present in the nervous juices and 
perspiration. Their existence and unique character was demonstrated with the help 
of a very visual and evident anecdote. As Boerhaave recalled, ‘I saw a dog at 
Amsterdam having lost his master in a crowd of people, was therefore obliged to run 
about continually after the steps of his master ’till he came to the house in which he 
had taken up his residence’.53 This provided evidence that everyone had their own 
smell in their perspiration.

Supported by these chemical investigations of the airs and scents exuded by 
plants,  physicians increasingly regarded particular scents and smells of plants and 
animals as unhealthy. Although many well-to-do ladies used scented spirits to dress 
their hair and wore perfume from lavender, oranges, cloves and herbs,  physicians 
took a much more sober view. The physician Jan Ingenhousz (or Ingen-Housz, 
1730–1799), for example, warned about the negative properties of the transpiration 
of plants. Born in Breda, Ingenhousz had studied at the universities of Leuven and 
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Fig. 5.5: Image of  a cold-still in Herman Boerhaave,�A�New Method of  Chemistry (1727), Plate I.



Leiden, in 1768, and after working as a physician for a few years, he was appointed 
as a court physician to the Habsburg Empress Maria Theresa (1717–1780). 
Ingenhousz continued the rich tradition of the Boerhaave school in Vienna, which 
had begun when Maria Theresa had convinced Gerard van Swieten to come to the 
Austrian capital in 1745. Together with Antonius de Haen (1704–1776) van Swieten 
reformed the curriculum of the medical faculty. They added a chair in botany and 
chemistry, to which Nikolaus Joseph von� Jacquin (1727–1817) was appointed, a 
Leiden alumnus like de Haen and van Swieten.54  While researching the insensible 
transpiration of plants by means of chemistry, Ingenhousz noted that during the day 
flowers produced a beneficial air, whereas at night they exuded noxious air. He 
therefore warned his patients not to keep flowers near the bedside: ‘I make no doubt 
but a great quantity of plants, kept in a close and small place during a night, or by 
day in the dark, may do some material mischief,  and even occasion death,  to any 
person who should be imprudent enough to remain in such a place’.55 

Ingenhousz’ warning may be considered exemplary of the shifting medical 
perception of the smell of insensible perspiration. In the late medieval and early 
modern periods, physicians such as Gabriele Zerbi (1445–1505) had recommended 
scattering rose blossoms or other sweet-scented flowers across beds to assure a good 
night’s sleep.56  By the eighteenth century, however, the nocturnal transpiration of 
plants was thought to be noxious, if not deadly. Boerhaave provided a long list of 
examples for the dangers of the spirits in plants:  smelling the blossoms of beans, 
roses, oleander,  and the tuberous hyacinth would cause fainting; and a stable servant 
who had slept under a layer of  saffron was known to have died.57 

Since the spirits and effluvia in the insensible perspiration of plants and 
animals were essentially the same phenomenon, the heavy smell of human sweat 
now underwent a shift in perception as to its salubrity as well. According to Galen 
and Santorio, insensible perspiration released superfluous moist and cleansed the 
body of potentially harmful and dangerous matter. Santorio’s measurements of large 
amounts of perspiration confirmed the theory that sweating was beneficial to health, 
and prevented harmful substances from accumulating in the body.58  In fact,  for 
centuries the scent of sweat was regarded positively. The perhaps best-known 
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examples are the pleasant scent of the skin of Alexander the Great, whose natural 
bodily odour apparently required no added decoration of ointments, and sweat and 
oil scraped from the skin of Greek and Roman athletes with strigils. This mixture 
was sometimes bottled and sold as a medical treatment, called gloios, to relieve pains 
and sprains.59  In ancient times, therefore, sweat and its scent enjoyed both the 
positive connotation of physical ability related to athleticism, and the thought of 
containing great medicinal value.

 However, supported by chemico-botanical analyses of the nervous juice in 
the early modern period,  the spirits were gradually demystified, and the smell of 
human sweat came to be a sign of disease. One of the physicians who had 
specialised in the smell of sweat as a diagnostic tool was Henricus Buisen (c. 1678–c. 
1724), who claimed that the intensity of smell in patients’ sweat indicated how sick 
they were. Born in Coevorden, Buisen studied medicine at the University of 
Groningen before practicing medicine in Haarlem. In 1706 he published a treatise 
on human secretions and excretions, which was reprinted several times in the course 
of the eighteenth century.  According to Buisen, a heavy smell in someone’s sweat 
was a sign that it contained ‘degenerate and some already corrupted particles’.60 
This was caused either by the retention of perspiration, or by the presence of 
putrefied blood and other circulating fluids in the body. Although each individual 
exhibited a unique body odour, those who were ill were believed to exude “heavy” 
smells.  Buisen was convinced that melancholic individuals in particular suffered from 
bilious juices and a ‘bad and heavy smell’ in their sweat.61 

Other eighteenth-century Dutch physicians also took the foul smell of sweat 
both as a sign of and as sensory evidence for disease. In their lectures on symptoms 
and signs of illness Boerhaave and von Haller taught that the healthy body did not 
generally stink.  When an odour arose from the body, this was caused by extreme heat 
or excessive physical exercise, which caused the oily and saline parts of the fluids to 
dilute and evaporate.62  This was potentially harmful to the nervous system of the 
affected individual, and even that of others. The spirits of a mother, for example, 
could negatively affect the nervous system of her infant in a remarkable way, 
Boerhaave argued. When her spirits were excessively inflamed by heat and motion, 
and exuded by panting and sweating while the infant was sleeping under the same 
sheets, this could incite various nervous diseases in the child, including epilepsy, 
paralysis, and mental impairment.63
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menschelyke lighaams, bestaande in pis, afgang, zweet, kwyl; en braaking  (Rotterdam, 1731), 115–116.
61 ‘[E]en nare en zware Reuk’. Ibid.
62 Von Haller, Academical Lectures, vol. 6, 111.
63 Boerhaave, ‘De morbis nervorum’, 12 May 1732 in Schulte, De morbis nervorum, 162–163.



Buisen and de Gorter even went as far as to provide a classification of the 
smell and properties of sweat, so that physicians might diagnose their patients’ 
diseases. The location of sweat on the body, for example, often indicated the seat of 
the disease.  Heat and excessive sweating in the course of a fever indicated a 
prolonged illness,  which in the case of small pox, for example,  could be deadly. 
Malodorous sweat was clearly visible on someone’s shirt, which would become stiff 
and smell.  ‘I have seen many times’, Buisen wrote, ‘that when such a sweat persisted 
for long, it drowned out the sufferer’s strength, causing death’.64 But not all sweat 
was unwholesome. According to de Gorter, warm and odourless or slightly fragrant 
sweat was a sign of health if not continuously flowing. And when a patient was 
suffering from an inflammation or was salivating, the patient’s sweating could 
indicate the expulsion of superfluous and malignant parts, and the dwindling of the 
disease.65

Eighteenth-century physicians,  in short, studied perspiration with some 
understanding of comparative physiology and the practice of chemistry. Via 
rosemary and other plants, chemists of the Boerhaave school further developed the 
concept of spiritus rector and effluvia in vegetal and animal bodies to explain the 
unique character of each species as expressed in a unique smell. 66 Early botanists, 
natural historians, and physicians had always been aware of the smells in nature,  but 
they generally regarded them as safe and healthy. This drastically shifted with 
Boerhaave’s and Ingenhousz’ chemical studies on the juices. The nocturnal 
transpirations of flowers were now considered dangerous to health.  Likewise,  the 
heavy smells exuded by humans via insensible perspiration could be harmful and 
cause nervous diseases.

Diagnosis by smelling and inspecting sweat is unlikely to ever have been as 
common as diagnosis by uroscopy –�as has been poined out by Michael Stolberg.67 
Other than the properties of good and light sweat versus the bad and heavy, 
physicians did not distinguish between many other qualities of perspiration. 
Descriptions of urine, by contrast, proved more diverse,  with colours,  taste,  and 
smells ranging from heavy and sharp to sour and fetid Moreover, the availability and 
transportability of urine, and the anonymity of urine collection and inspection, 
made it far easier to analyse than sweat.68 Nevertheless, the odour of sweat was part 
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64  ‘Ik heb wel meenigmaal gesien, dat zult een Sweet lange aanhoudende, de kragten des 
Lyders zoodanig wegsleepte, dat’er de dood op volgde’. Buisen, Uitwerpingen, 115–116.
65 De Gorter, Praxis medicae systema, 171–172.
66 In the late eighteenth century, Joseph Franz von Jacquin, who inherited his father’s position 
as professor of botany and chemistry at the University� of� Vienna in� 1797, still referred to 
Boerhaave’s concept in his discussion of the volatile, ethereal oil transpiring from plants. ‘The 
newer chemists regard it as a simple substance and they call this smell, aroma. Boerhaave called 
it the spirit of plants, spiritus rector’. Joseph Franz von Jacquin, Leerboek der algemeene en 
artsenijkundige scheikunde, trans. Gerardus Plaat, 2 vols (Leiden, 1794), vol. 2, 3.
67 Stolberg, ‘Sweat’, 510–511.
68 On the benefits of  uroscopy, see Stolberg, Uroscopy.



of a physicians’ diagnostic toolbox. De Gorter, Buisen, and other Dutch physicians 
“had a nose” for smelling disease in their patients’ sweat. More importantly, their 
research on the spirits of plants prompted the clear departure of medical 
understanding of the smell of perspiration from the Galenic conception, as sweat 
came largely to be viewed as unhealthy.

Sweating it Out
In the early decades of the eighteenth century, de Gorter was confronted with an 
epidemic outbreak of catarrh. Not unlike today’s common cold,  catarrh caused 
trouble breathing, coughing, chest pains, light-headedness, and lapses into sleep. 
Sometimes these symptoms coincided with an increased body temperature. Patients 
soon started spitting up phlegm. And as long as the mucilage was stuck in the 
windpipe and in the larynx under the epiglottis, it continued to irritate these parts, 
causing patients to cough uncontrollably in an attempt to spit out the mucus.69 
Dutch newspapers even reported on European royalty suffering from catarrh. In the 
night of 2 February 1706 Frederick I, King in Prussia (1657–1713), was ‘struck by a 
dangerous catarrh’. Although his conditions had improved four days later, he 
continued to suffer from a ‘heavy cold’.70 For the development of the medical theory 
of the time, the disease of catarrh is important because it is another example for a 
shift towards a neurological understanding of perspiration. A professor and medical 
practitioner, de Gorter did not limit himself to the development of physiological 
theories on the internal functioning of the body. On the contrary, he also aimed at 
applying his knowledge to actual patients. Searching for a treatment to the outbreak 
of catarrh, de Gorter explained its aetiology with the extreme suppression and 
retention of perspiration, which brought about a morbid sharpness in the nervous 
juice.  The primary treatment for this severe and unpleasant illness was the 
administration of sudorific and diaphoretic drugs, in order to, literally, sweat out the 
disease.  As this section will demonstrate, de Gorter based his investigations upon the 
use of measuring instruments. However, it was only within the context of the 
chemistry of the nervous juice that he could really develop and define the theoretical 
underpinnings of the efficacy of pharmaceuticals. At the same time, the application 
of a neurological understanding of perspiration to actual diseases and drugs also 
made de Gorter more vulnerable to failure and criticism. Published pamphlets 
arguing against his proposed therapy and theory demonstrate that new physiological 
ideas were not immediately or universally adopted at the time.
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69 De Gorter, Morbi epidemii, 5–7; idem, Korte beschryving van een algemene doorgaande ziekten, in deze 
tĳd nog woedende, en desselfs genezing door sweetinge, trans. Amos Lambrechts (Amsterdam, 1733), 
10–14.
70 ‘Den Konig van Pruyssen den 2 dezes des nagts van een gevaarlyke Zinking overvallen, was 
den 6e dezes beter, dog nog zwaar verkoud’ in Opregte Leydse courant, 15 February 1706.



As de Gorter investigated the catarrh epidemic, he soon realised that patients 
from various social and geographical backgrounds all suffered from the same illness 
during the same season, even though they had very different habits and diets. The 
only common denominator, de Gorter reasoned, was the chilly air blowing on their 
faces and the cold rains on their bare skin. Indeed, it was in this period that Europe 
experienced some of its coldest winters in history, also known as the “Little Ice Age”. 
The winters in the first half of the eighteenth century were so cold that the 
Zuiderzee froze over, and Dutchmen were able to sleigh from Enkhuizen to 
Stavoren, from one side of the sea to the other.71  De Gorter hypothesised that the 
wintry weather conditions were to blame for the epidemic, and used Santorio’s 
weighing chair to measure the fluctuation in perspiration in relation to variations in 
temperature and humidity.

With his weighing chair, de Gorter discovered that the body emitted less 
insensible perspiration in cold and moist than in hot and dry air. He reached this 
conclusion by adding a thermometer and a hygroscope to his experiments, which 
indicated temperature and humidity respectively. Designed by de Gorter’s student 
Petrus Belkmeer (1703–1763) from Medemblik, this particular kind of hygroscope 
had a cone-shaped body with a spiralling groove to fit a long wire.  Belkmeer had 
matriculated from the University of Harderwijk in 1732, and for his dissertation, 
which he defended in 1735, he researched motion as the cause and general 
treatment of all diseases.72 For the second edition of De perspiratione insensibili (1736), 
de Gorter had Belkmeer’s instrument engraved for inclusion in his book (see Figure 
5.6). A sponge and a weight were hung on either end. As the moisture in the air 
increased, the soft,  porous body of the sponge would  absorb the moisture,  and its 
weight increase.  Because of the conically shaped pulley,  the slightest change in 
weight caused it to turn.73  As de Gorter measured less perspiration when he 
increased the humidity, he deduced that cold and moist air caused the smaller vessels 
in the body to contract, which would congeal the fluids,  and the pores to close, 
thereby suppressing perspiration.74

Based on these experiments and his ideas on nervous juices, de Gorter was 
able to explain the cause of catarrh. When in cold and moist conditions the 
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71  A news item reported that a group of horse-drawn sleighs crossed the frozen sea (‘gisteren 
tusschen de 30 en 40 Paerden met Sleden van Stavoren tot Enckhuysen zijn overgekomen’) in 
Oprechte Haerlemsche Courant, 9 February 1709. See also Gebeurtenissen, voorgevallen in de maanden 
January en February, anno 1740 in, en veroorzaakt door de nooit meer gehoorde vehemente en strenge winter,   
(Enkhuizen, 1740).
72  Petrus Belkmeer, Disputatio inauguralis physiologico medica de motu ut causa et curatione generali 
omnium morborum  (Harderwijk, 1735). After his graduation Belkmeer became a physician and 
teacher at the Baptist church in Enschede.
73  Johannes de Gorter, De perspiratione insensibili, 2nd ed. (Leiden, 1736), 339–342. A multitude 
of hygrometer designs circulated, all based on the principle of absorption levels of various 
materials. See Joachim d’Alencé, Verhandelingen over de barometers, thermometers, en notiometers of 
hygrometers  (The Hague, 1730).
74 De Gorter, De perspiratione insensibili, 109.
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Fig. 5.6: Jacobus van der Spijk, hygrometer designed by Petrus Belkmeer, in de Gorter, De perspiratione 
insensibili (1736). Amsterdam University Library.



retention of insensible perspiration persisted, an excess of the “thin fluid” (tenuis 

humor) of the nervous juice was kept inside the body, and encouraged the growth of 
internal sores: since it was unable to exit the body, the redundant fluid would flow to 
other parts within it. It agitated and became lodged in the lungs, trachea, and 
mucous membranes due to its increasing “sharpness” (acer),  ultimately generating the 
inflammation typical for catarrh, with its characteristic dripping mucus and 
coughed-up slime. This identification of coldness and dampness as the root cause of 
catarrh was supported by the observation that particular regions in the body were 
especially affected by the cold air: ‘the lung and other breathing parts that lay bare in 
the air’, such as the skin, throat, and nose, ‘and [the areas] where it predominantly 
does its harm, are the most affected by this disease’.75  

Fellow-physicians of the Boerhaave school agreed with de Gorter on the 
accumulation of nervous juice as the cause of disease, and even death. Referring to 
the autopsies carried out by the Swiss physician Théophile Bonet (1620–1689), 
Boerhaave recalled cases of obstructed and overflowing nervous juice in patients 
who had suffered from catarrh: 

Someone died because of a suffocating catarrh. There was an 
enormous supply of fluid in between the dura and pia mater. The 
surface of the windings appeared gelatinous, and when punctured 
water spewed out. [...] The cold, cough, full-headed catarrh; the head 
of  the dead [patient] was overflowing with water.76 

Boerhaave ascribed these and other instances in which fluids aggregated, to nervous 
diseases. Gaubius,  too, agreed with de Gorter’s conclusion that bitterly cold and 
moist air could prevent the body’s natural secretion of perspiration. He argued that, 
in a freezing and damp atmosphere,  ‘smaller vessels are contracted, the humours 
inspissated, the pores shut, the perspiration suppressed’.77 

Catarrh was not only explained as an excessive accumulation of nervous 
juice; it was, also,  especially in combination with the property of sharpness that the 
symptoms manifested themselves. De Gorter developed an external and internal 
theory to explain the presence of sharpness in the nervous juice. External sharpness 
entered the body by way of harsh and acidic elements such as salt, vinegar, poisons, 
or – in the case of catarrh – some discrete and malignant particle in the air and 
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75  ‘[P]ulmo enim in omnibus, partesque reliquae spirabiles ab hoc morbo maxime affectae 
fuere, quas attingit aer nudus, & in quas praeprimis suas exercet operationes’ in de Gorter, 
Morbi epidemii, 3; idem, Doorgaande ziekten, 5.
76 ‘Moritur catarrho suffocativo. Copia ingens seri inter d. et p. matrem. Supficies anfractuum 
apparet gelatinosa, puncta ejicit aquam [...] Coryza, tussis, catarrhus, capiplenium; mortuae 
cerebrum pfusum aqua.’ Boerhaave, ‘De morbis nervorum’, 19 January 1731 in Schulte, De 
morbis nervorum, 88–89; Boerhaave, De morbis nervorum, 74.
77  ‘[C]ontrahi vascula, spissari humores, occludi poros, supprimi perspirationem’ in Gaubius, 
Institutiones, 208; idem, Institutions, 139.



wind, which were introduced to the body via the pores. Since much remained 
unknown about this miasmic sharpness,  de Gorter hypothesised that any harmful 
substance would need to be ‘thin and fine, and of such a nature that for its treatment 
it requires either an improvement or an excretion’.78  More likely than this was, 
however,  the internal emergence of sharpness in the course of the generation of the 
nervous juice, which was either not well-prepared in the first place, or retained in the 
body for too long, having become sharp due to having experienced numerous 
circulations through the nerves. When the weakened body was unable to excrete 
these sharp particles they caused serious damage. De Gorter located the sharp 
material mostly where insensible perspiration ordinarily took place, namely in 
between the nerves and their enclosing membranes and fibres, and in the ganglia (a 
network of  nerves).79

Fortunately for de Gorter’s patients, a possible treatment for catarrh was just 
around the corner.  De Gorter aimed to find a workable solution for his patients, and 
reasoned that drugs could dissolve the thick and slimy mucus, whether caused by 
internal or external causes.80 Patients simply had to take sudorific and diaphoretic 
medicines, which lifted their obstructed perspiration, started a profuse sweat, and 
thus expelled the sharpness from their nervous systems. Early modern pharmacists 
generally distinguished sudorifics from diaphoretics: whereas the former promoted 
the expulsion of sweat, the latter diminished the resistance of the exhaling vessels in 
the skin and promoted insensible perspiration. In practice, however,  these remedies 
were often the same, and differed only in their degree of action. According to de 
Gorter, ‘sudorifics do not differ much from diaphoretics,  except that they are a little 
more powerful, and therefore they weaken more, and excite several evils, which are 
not expected from the use of gentle diaphoretics’.81 Indeed, in the recipes de Gorter 
provided in his Formulae medicinales the sudorific drugs overlap with the diaphoretic 
drugs.82  The sudorific drug that caused sweating most effectively, according to de 
Gorter, was sal ammoniac.

The selection of sudorific and diaphoretic drugs was extensive, but de Gorter 
specifically chose sal ammoniac, because it agreed with his neurological interpretation 
of perspiration. Within Galenic medicine all simplicia (simple ingredients) exhibiting 
hot and dry qualities were thought to contain the capacity to dissolve. They were, 
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78  ‘[T]enuis est & subtilis, atque sui generis, quae ad curationem suam requirit  vel 
emendationem vel expulsionem’ in de Gorter, Morbi epidemii, 4; idem, Doorgaande ziekten, 7–8.
79 De Gorter, De perspiratione insensibili, 26–35.
80 De Gorter, Morbi epidemii, 7; idem, Doorgaande ziekten, 15.
81  ‘Non multum Sudorifera distant a Diaphoreticis (T.92), nisi quod paulo sint potentiora, & 
propterea magis debilitent, & nonnulla mala excitent, quae ex blando diaphoreticorum usu 
non erant expectanda’. Johannes de Gorter, Medicinae compendium in usum exercitationis domesticae 
digestum, 2 vols (Leiden, 1731–1737), vol. 2, 218.
82  See s.v. ‘diaphoretica’ and ‘sudorifera’ in the ‘Index formularum medicinalium generalis’. 
Johannes de Gorter, Formulae medicinales cum indice virium quo ad inventas indicationes inveniuntur 
medicamina  (Harderwijk, 1750), [H2v], [X4v].



therefore, believed to open the pores, in particular syrup made from blessed thistle 
(cardus Benedictus),  devil’s bit (scabiosa), and aromatic angels’ root (angelica).83  Yet 
chemical processes of distillation and sublimation introduced medicines made from 
the most potent essences of plants, animals, and minerals.  Chemically produced 
sweat-inducing drugs included the silvery-white antimony (antimonium diaphoreticum), 
sometimes taken with opium, and the spirits of wine stone, deer horn, and bezoar.84 
De Gorter published over a hundred recipes for decoctions,  pastes from powders, 
plasters, pills, drops, drinks, infusions, soaps, potions, spirits, and scents,  all believed 
to induce perspiration.85 But despite the existence of this rich assortment of sudorific 
drugs, de Gorter preferred to prescribe sal ammoniac as the most effective treatment 
for catarrh. He argued that the ingested sal ammoniac would be absorbed in the blood 
vessels of the oesophagus and stomach. Once in circulation, it would be discharged 
as part of the nervous juice and reach the infected skin, lungs, and mucous 
membrane. It was there that the “spirit of sal ammoniac” (spiritus salis ammoniacus) – 
combined with steam baths and poultices (a soft, moist mask consisting of bran, 
flour, and herbs, and applied to the body to relieve soreness and inflammation) – 
dissolved the mucus. Furthermore,  as sal ammoniac carried the chemical property of 
sublimation, and turned into vapour upon being heated, it promoted insensible 
perspiration. It freed patients from their symptoms by purging their bodies from all 
corrupt “sharp and thin fluid” (humor tenuis et acris), and sweating out the “slimy 
rawness” of the superfluous nervous juice.86 Hence, de Gorter’s reason for preferring 
sal ammoniac over numerous other sudorific drugs was not based on simple trial and 
error. Rather, his neurological approach to perspiration lay at its basis.

Many physicians agreed that sal ammoniac had a dissolving and opening effect 
on the human body. Purified salts like sal ammoniac, Boerhaave’s students were told, 
were a ‘powerful, stimulating, aperient, diuretic, sudorific, and resolving medicine; 
capable also of promoting insensible perspiration, and of entring [sic] into the lungs, 
nostrils, and cavities of the head and mouth,  in the form of invisible effluvia’.87 To 
make sal ammoniac, chemists such as Boerhaave and de Gorter mixed one part of an 
ordinary salt with five parts of urine in a vessel, and gained by sublimation a white, 
friable substance.88 Dissolved in water,  sufferers simply held a bottle with sal ammoniac 
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83 De Farvacques, Medicina pharmaceutica, vol. 1, 18. This book was originally published in 1681 
but reprinted on Gaubius’ recommendation.
84  For numerous other drugs, see Buisen, Uitwerpingen, 184–185; Noël Chomel, Huishoudelyk 
woordboek: Vervattende vele middelen om zyn goed te vermeerderen, en zyne gezondheid te behouden, Met 
verscheiden wisse en beproefde middelen, trans. Jan Lodewyk Schuer and A.H. Westerhof, 2 vols 
(Leiden and Amsterdam, 1743), 1455.
85  De Gorter, Formulae medicinales. Under diaphoretica, it mentioned apozema, bolus, cataplasma, 
electuarium, emplastrum, epithema, fotus, guttulae, haustus, infusio, lavamentum, mixtura, pilulae, potio, 
pulveres interni, spiritus, and suffitus.
86 De Gorter, Morbi epidemii, 20–22; idem, Doorgaande ziekten, 71–77.
87 Boerhaave, A New Method, vol. 2, 224. Emphasis added.
88  Chambers, Cyclopaedia, vol. 1, 140. See also s.v. ‘Ammoniacum, Sal’, in the ‘Index 
medicamentorum’ in de Gorter, Formulae medicinales.



up to their noses and drank ten to twenty drops of the sudorific with some beer 
every morning and evening.89  De Gorter claimed to have successfully cured his 
patients from the widespread disease, and made this public in a short treatise, Morbi 

epidemii brevis descriptio et curatio per diaphoresin (‘Brief Description of an Epidemic 
Disease and the Treatment by Sweating’, 1733).90 

* * *
In the early eighteenth century physicians of the Boerhaave school re-conceptualised 
the physiology of perspiration, and debated the important role of the nerves. 
Although the ancient notion of insensible perspiration continued to be seen as 
essential to bodily health, the way in which physicians thought about the internal 
physiological process of perspiration underwent profound changes. First,  new 
weighing measurements and anatomical observations moved physiologists away from 
Galenic concepts of perspiration,  which were bound up with those of digestion and 
sleeping, and instead drew them towards a neurological theory.  Second,  the growing 
emphasis on the role of nervous juice and the presence of spirits or effluvia in 
perspiration was largely indebted to the chemical and botanical investigations of 
plants.  Finally, the catarrh epidemic around 1730 offered a unique opportunity to 
apply the new physiological theory of perspiration to a pathological case study. Sal 

ammoniac proved a most effective drug to sweat out the disease
It should be noted, however, that this historical account of the changes that 

took place in perceptions of perspiration and the nerves was far from a 
straightforward advancement in eighteenth-century medicine. During the catarrh 
epidemics in the 1730s the theory of obstructed insensible perspiration and the 
efficacy of sal ammoniac were a topic of vigorous debate.91 In May 1733 Antonius 
Stochius expressed his disappointment about the ineffectiveness of sal ammoniac, 
claiming that his patient’s condition had, in fact worsened, after the sudorific had 
been administered.  Stochius favoured multiple bloodlettings to treat catarrh 
instead.92  His criticism hit a nerve, for it also raised doubts about de Gorter’s 
neurological interpretation of perspiration. Stochius noted that the dissection of a 
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89  As suggested in Henricus Buisen, Practyk der medicine, ofte Oeffenende geneeskunde, 4th ed. 
(Rotterdam, 1743), 1–11.
90 De Gorter, Morbi epidemii; de Gorter, Doorgaande ziekten, 22.
91  The de Gorter-Stochius debate prompted the publication of six pamphlets within a year. 
These are, in chronological order: Stochius, De morbo epidemico; de Gorter, Doorgaande ziekten; 
Stochius, Algemeene volk-ziekte; Henricus Vosch van Avesaet, Lapis lydius animadversionum 
expertissimi domini A. Stochii … J. Gorteri … brevem ejus descriptionem et curationem morbi epidemii per 
diaphoresin  (Harderwijk, 1734); Cornelius Belkmeer, De streelende speel-pop van Dr. Antoni Stochius 
naakt uytgekleet en ten toon gestelt in de beschouwing rakende syne sogenaamde geneeskundige verhandeling en 
aanmerkingen over eene algemeene volk-ziekte  (Enkhuizen, 1734); Anthonius Stochius, jnr, De streelende 
speel-pop van Dr. Cornelis Belkmeer, door hem eerst naakt uitgekleed, en onder den gewaanden naam van Be-
Minnaar der Waarheid, door zynen kwalyk geslepen bril beschouwt, dog nu volkomen ontleed in haare 
mismaaktheid ten toon gesteld, en den poppemaker weder t’huis gezonden  (Enkhuizen, 1734).
92 Stochius, De morbo epidemico; idem, Algemeene volk-ziekte.



human body barely produced three drops of nervous juice, so how could just a few 
drops ever weigh as much as 45 ounces? De Gorter had argued that, when a nerve of 
a living animal was cut, a large volume of juice would pour out, but Stochius 
claimed that this fluid was not nervous juice at all, but rather drainage from the 
lymphatic vessels. He also responded to de Gorter’s observation that, when the 
nerves were laid bare,  they felt moist and wet. Stochius wryly observed that ‘the 
renowned author seems not to remember that all the viscera, vessels, and internal 
parts of the body are always moist externally’.  He did not propose an alternative 
physiology to explain insensible perspiration, but concluded that de Gorter’s 
presentation of nervous juice as the source of perspiration was based on mere 
assumption.  ‘Truly, a Professor on his Chair may blazon such things in his lecture 
hall to his disciplines’, he wrote, ‘but wanting to impose such absurd things on the 
learned world does not pass’.93

Despite this fierce criticism, de Gorter refused to compromise on his 
neurological theory of perspiration, and he did not change his practice of 
prescribing sudorific drugs either. Quite to the contrary, he solidified his theory by 
continuing to lecture on nervous juice and insensible perspiration, and by publishing 
on the topic. He thus revised and improved his De perspiratione insensibili for a second 
edition which appeared in 1736.94 In 1737 he also published the second volume of 
his Medicinae compendium,  a popular textbook on general diseases and therapies, in 
which he devoted a separate chapter to insensible perspiration. In that chapter, de 
Gorter proudly stated that 

as is described in my book De Perspiratione Insensibili, the augmenting 
medicines, which produce the most excellent and in all respects the 
least weakening evacuation, both from the arterial extremities as from 
the nerves, are today called diaphoretics by all the Physicians.95 

Thanks to chemistry, perspiration played a pivotal role in preserving health. But as 
the next chapter will show, chemistry was about to play an even bigger role in the 
understanding of  disease.
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93 Stochius, De morbo epidemico, 23–27; idem, Algemeene volk-ziekte, 21–26.
94  According to de Gorter, his publisher requested a reprint, but he first wanted to improve 
and elaborate on the text; de Gorter, De perspiratione insensibili, [***].
95  ‘Praestantissimam & omnium minime debilitantem evacuationem, tam ex extremitatibus 
arteriarum, quam nervorum, factam, in Libro  nostro De Perspiratione Insensibili descriptam, 
augentia medicamenta, διαφορητικὰ [diaphoretica], hodie ab omnibus Medicis apellantur’. de 
Gorter, Medicinae compendium, vol. 2, 215.





6
Semen in Flux

In the early modern period venereal disease was notorious,  both among sufferers and 
physicians.  As Herman Boerhaave noted, numerous men experienced an involuntary 
flux or dripping of seed from their penis without an erection or arousal.1  The 
proliferation of novel microscopic observations of semen by Antoni van 
Leeuwenhoek and Nicolaas Hartsoeker revealed animalcules (“little animals”, or 
spermatozoa) in semen.2  Yet this discovery did little to resolve the mystery of 
infertility or the morbid discharges from the urethra known as “gonorrhoea” (“flux 
of semen”). Because what exactly caused venereal disease?3 Ever since its outbreak in 
the fifteenth century, physicians were puzzled by its rapid spread, and its severe 
symptoms, and they struggled to consolidate the disease with contemporary medical 
theory. Diseases like gonorrhoea and syphilis were challenging traditional humoral 
theory, for they defied a clear explanation as an imbalance of the humours, and they 
further did not respond to the customary treatments of bloodletting and purgation. 
And as these diseases were generally tainted with issues of immorality,  physicians 

1  Herman Boerhaave, ‘Tractatus medicus de lue venerea praefixus Aphrodisiaco’, in 
Aphrodisiacus (Leiden, 1728); idem, A Treatise on the Venereal Disease and its Cure in all its Stages and 
Circumstances, trans. John Barker (London, 1729).
2  Much has been written about the discovery of sperm and the debates about its role in 
procreation. See for example Clara Pinto-Correia, The Ovary of Eve: Egg and Sperm and 
Preformation  (Chicago, 1997); Matthew Cobb, The Egg and Sperm Race: The Seventeenth-Century 
Scientists Who Unravelled the Secrets of Sex, Life and Growth   (London, 2006); Shirley A. Roe, Matter, 
Life, and Generation: Eighteenth-Century Embryology and the Haller-Wolff  Debate  (Cambridge, 1981).
3  In the early modern period, physicians considered venereal disease and gonorrhoea as the 
same disease. The fundamental distinction was made in the nineteenth century. On the 
conflation of gonorrhoea and syphilis as merely different degrees of the same disease, see 
Kenneth M. Flegel, ‘Changing Concepts of the Nosology of Gonorrhea and Syphilis’, Bulletin 
of the History of Medicine 48 (1974), 571–588; Ludwik Fleck, Genesis and Development of a Scientific 
Fact, ed. Thaddeus J. Trenn and Robert K. Merton, trans. Fred Bradley (Chicago, 1979).



often left their treatment and study to surgeons.4  This changed at the turn of the 
eighteenth century. Hieronymus Gaubius asked his students: ‘does the genital liquor, 
not by the animalculae, but by some very singular quality, besides the common 
affections, contract a peculiar acrimony, by which it induces salacity?’ Was perhaps 
an inertness of semen the cause of sterility?5 Gaubius, in other words, suggested that 
physicians ought to investigate the changeable properties of bodily fluids like semen 
to explain venereal diseases.

This chapter demonstrates that the growing appreciation of chemistry in 
eighteenth-century medicine motivated physicians to investigate the cause and 
development of disease in terms of the changeable chemical properties of the fluids. 
Gaubius in particular advocated a better understanding of the bodily fluids in 
chemical terms in the search for an explanation for disorder and disease.  The 
combination of systematic reasoning and his experimental investigations in the 
chemical laboratory redefined bodily fluids as active,  heterogeneous, and open to 
change. Morbid semen, as I will explain in more detail, was perceived to be 
characterised by blandness or sharpness. Gaubius attempted to understand genital 
disorders and the nature of disease in general by ascribing properties to bodily solids 
and fluids.

The emphasis on (chemical) causes of diseases led to a new appreciation of 
pathology,  not just as the counterpart of the much more important discipline of 
physiology, but as a discipline in its own right, with its own textbooks and extensive 
lecture series. At the turn of the eighteenth century disease was either understood as 
a collection of symptoms that could be perceived by the practitioner, or as lesions in 
organs that might be observed in post-mortem examinations. The chemical 
laboratory then stimulated a third way of understanding pathology. Experiments 
enhanced the chemical understanding of bodily fluids like blood,  urine,  and milk, 
both in practice and in theory. Based on experiments, chemists identified basic 
constituent elements,  each with their own properties, which together were thought to 
make up the entire body. Gaubius went a step further:  he understood the chemical 
properties of fluids as causes for bodily disorders,  thus allowing for a new coherent 
and systematic theory of disease, or pathology.6 In the course of the eighteenth 
century pathology became a rational system. It was no longer a series of descriptions 
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4  Jon Arrizabalaga, John Henderson, and Roger French, The Great Pox: The French Disease in 
Renaissance Europe   (New Haven, 1997), 56–87. Some surgeons accused physicians of 
negligence because they refused to research and treat gonorrhoea. See for example Abraham 
Titsingh, Cypria tot schrik van haar bondgenooten, en redding der gestruikelden ter eere van de heelkonst en tot 
dienst der heelmeesteren geschreven, 2 vols (Amsterdam, 1742).
5  Gaubius, Institutiones, 175. ‘Liquor genitalis, sin moleculis animatis, at virtute perquam 
singularis, an, praeter communes affectiones, privam sibi contrahit acrimoniam, qua 
salacitatem inducat?’ Idem, Institutions, 116.
6  The word pathology derives from the Greek pathos: “suffering, disease” and the Latin logia: 
“study”.



of particular diseases, but a set of basic principles through which physicians could 
study and explain the causes and effects of  disease.

Medical practitioners had debated the origins and symptoms of disease since 
antiquity,  but the eighteenth century witnessed an intensification of disease theory in 
two fields of study:  nosology and morbid anatomy. The empirical approach to 
disease based on symptoms was called nosology.7 Well known is the system from 
English physician Thomas Sydenham (c.  1624–1689), which arranged diseases in the 
order of their symptoms. Sydenham argued that the causes of diseases could with no 
certainty be known, so physicians should restrict themselves to the investigation of 
symptoms. Medical practitioners,  Sydenham argued,  ought to perceive only the 
superficies of bodies, not the minute processes in nature’s ‘abyss of cause’,  because 
that would only lead to ‘curious and irrelevant speculations’.8 In a similar vein,  the 
French physician and professor of medicine in Montpellier François Boissier de 
Sauvages (1706–1767) undertook an ambitious project to classify all diseases on the 
basis of their symptoms. His aim was to reveal the essential character of every 
disease,  and to place the corresponding and identifying symptom in a classificatory 
scheme, to assist practicing physicians in diagnosis and treatment.9 But these pursuits 
in nosology did not stop contemporaries from asking the more basic questions of why 
and how diseases occurred. It was aetiology, the question of cause, that occupied 
Gaubius.

A second field of disease theory that developed in the eighteenth century was 
the anatomy of the diseased body, known as “morbid anatomy”.10 Largely spurred 
by the work of famous Italian professor Giovanni Battista Morgagni (1682–1771), 
post-mortem examination focussed on the so-called “seats of disease” (sedibus 

morborum) by revealing which bodily organs ordinarily accommodate a certain 
disease.  Numerous corpses were dissected to discern any morbid changes in their 
organs. Thanks to Morgagni, the opening of bodies and the study of patients’ 
anatomy became immediately relevant to medical theory.  The normal and abnormal 
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8  Thomas Sydenham, The Whole Works of That Excellent Practical Physician Dr. Thomas Sydenham 
Wherein Not Only the History and Cures of Acute Diseases Are Treated of, after  a New and Accurate Method: 
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Enlightenment in Montpellier’, in The Medical Enlightenment, ed. Andrew Cunningham and 
Roger French (Cambridge, 1990), 111–137.
10  In the late eighteenth century, the terms “pathological anatomy” and “morbid anatomy” 
were synonymous. See for example Eduard Sandifort, Observationes anatomico-pathologicae, 4 vols 
(Leiden, 1777–1781); idem, Museum anatomicum academiae Lugduno-Batavae descriptum, 2 vols 
(Leiden, 1796). Part 2 was titled ‘Tabulae anatomico pathologicae’.



appearance of organs came to define health and disease.11 Scholars have paid much 
attention to the rise of morbid anatomy,  for it visually showcased how medical 
research became truly “objective”.12  The borders between morbid anatomy and 
surgery were ultimately blurred.13  Furthermore, newly founded hospitals supplied 
early nineteenth-century researchers with masses of raw material, allowing diseases 
to be approached in great numbers rather than on the basis of individual 
autopsies.14  Cunningham has argued that, thanks to the systematic investigation of 
many corpses,  pathology developed as a sub-discipline of anatomy.15 Yet an analysis 
of Gaubius’  pathology asks for a qualification of that claim. Gaubius ultimately 
realised that morbid anatomy could not demonstrate all diseases for two reasons. 
One, quite a few diseases such as the cold involved fluids that cannot be investigated 
anatomically. And two, morbid anatomy cannot clarify the cause of  disease.

While I recognise the development and importance of nosology and morbid 
anatomy, I  argue that we can distinguish a third branch of disease theory in 
eighteenth-century medicine; one which was inspired by a chemical understanding 
of the fluids. Examining the works and lectures of Gaubius, and with genital fluxes 
as a case study, this chapter contributes an additional angle to our common 
perception of eighteenth-century medical theory as based on symptoms and 
dissections. It is therefore relevant beyond the case of semen, demonstrating the 
reconceptualisation of disease as it was disseminated in eighteenth-century medical 
literature. The possibility of investigating the changing properties of fluids suggested 
that the nature of a disease could be formulated in terms of chemical elements and 
be traced back to its cause. In short, the understanding of bodily fluids and seminal 
fluxes in terms of chemical elements produced a pathology not simply as the 
knowledge of a particular illness, but as a new kind of disease theory. Whereas the 
word pathology (from the Greek pathos “suffering”) was first used in the early 
seventeenth century,  this chapter demonstrates how Gaubius redefined the term to 
refer to a general and rational theory or system of  the causes and effects of  disease.
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Europe  (Cambridge, 1999), 86–87; Jürgen Konert and Holger G. Dietrich, ‘Giovanni Battista 
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Pathology in the Early Nineteenth Century  (Cambridge, 1987).
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Gonorrhoea
Knowledge of successful treatments of venereal disease was much sought after in the 
early modern period. Many men suffered from gonorrhoea virulenta or venereal 
running, and some experienced excessive pain while urinating. Anxiety about genital 
health and fertility was widespread, as can be inferred from the innumerable 
advertisements in Dutch newspapers promoting pills,  balms, and other medicaments 
to cure venereal disease. In 1748, for example,  Andries Leppink from Amsterdam 
and C. van Zanten from The Hague advertised that ‘by a many-year trial, a 
physician and naturalist invented an agent, certain and infallible against the 
Weakening and Infertility, both in Men and Women; either arising by Onania or self-
pollution [i.e., masturbation], or by old and badly treated Venereal inconveniences 
and other illnesses’. Those who wanted to consult the practitioner and were 
interested in buying this product had to send a letter with money worth ƒ1.20.16

Gonorrhoea attracted much attention because it was widespread in early 
modern Europe and beyond. Ship’s surgeons working for the Dutch East India 
company frequently noted cases of gonorrhoea among the crewmen in their diaries. 
In 1699, Abraham�Bogaert (1663–1727) listed the medicines he prescribed to four 
crewmen suffering from inflammatory discharges. Also, the surgeon Christoffel 
Schabagger noted a case of nine infected crewmen whom he cured within five 
weeks.17 In the eighteenth century physicians started to recognise different stages and 
degrees of this devastating disease.18 According to Boerhaave, the disease could,  after 
initial contagion, cause the excretion of pus, and spread to other parts of the body. 
He distinguished five different stages of gonorrhoea, each extending deeper into the 
male genitalia: the disease could emanate from the glands of the penis in the first 
stage, to the prostate gland in the last.19 The dripping of purulent matter from the 
urethra could be accompanied by a painless genital ulcer, a chancre (“creeping ulcer”). 
This could ultimately lead to the last stage of the disease, known as “the pox” or 
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16  Advertisements in ’s Gravenhaegse Courant, 16 December 1748 and Leydse Courant, 18 
December 1748. Others advertised “Arcane pills” and “bottle of balsam” against  gonorrhoea 
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Unmanly Vice: Self-Pollution, Anxiety, and the Body in the Eighteenth Century’, Social History 
of Medicine 13 (2000), 1–21; idem, ‘Self-Pollution, Moral Reform, and the Venereal Trade: 
Notes on the Sources and Historical Context of Onania (1716)’, Journal of the History of Sexuality 
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Groninger en Ommelander Courant, 1743–1800’, Focaal 21 (1993), 90–130.
17  See A.E. Leuftink, Harde heelmeesters: Zeelieden en hun dokters in de 18e eeuw, 2nd ed. (Zutphen, 
2008), 121–128.
18  See for example Philip K. Wilson, ‘Exposing the “Secret Disease”: Recognising and 
Treating Syphilis’ in his Surgery, Skin and Syphilis: Daniel Turner's London (1667–1741)  
(Amsterdam and Atlanta, 1999), 149–189.
19 Boerhaave, ‘Lue venerea’; idem, Venereal Disease.



“lues”, today generally identified as syphilis. By identifying these stages,  Boerhaave 
hinted at distinguishing gonorrhoea from syphilis as different diseases,  yet this 
distinction was not followed up. In fact, the notion that gonorrhoea was a symptom 
or early stage of syphilis was confirmed by the Scottish surgeon and anatomist John 
Hunter (1728–1793),  who allegedly infected himself with a patient’s pus so as to 
closely observe the development of  gonorrhoea over an extended period of  time.20 

Besides those who wrote studies on the symptoms and causes, other 
physicians were occupied with the history and treatment of syphilis. For centuries 
the pox was considered as foreign, coming in from the Americas. But when the 
history and dissemination of the disease were researched by Portuguese-born 
physician António Sanches,  he argued that syphilis was native to Europe.21 Working 
as a court physician in St. Petersburg, Sanches learned about the value of a corrosive 
sublimate in combination with steam baths as a remedy against syphilis from a 
German surgeon who had practised in Tobolsk, Siberia.  When Sanches 
communicated this secret to his friend and fellow-disciple of Boerhaave, van 
Swieten, the latter pushed him to write a book on the subject. Sanches started 
writing in 1746, published in 1750, and would continue publishing on the subject for 
the rest of his life.22 Other physicians developing a treatments for syphilis included 
the Amsterdam doctor Johannes Schlichting� (1703–1765), who, in 1755, expanded 
his study on the subject with an analysis of the mineral waters of Vianen. By 
chemical experiment these waters were proven to contain salts and minerals that 
were deemed therapeutically beneficial.23

Clearly gonorrhoea was a much-researched disease by professors, 
practitioners and surgeons alike, and the topic of many dedicated treatises. In what 
follows I explore eigheenth-century medical reflections on diseases in general, 
comparing three branches of disease theory: nosology, morbid anatomy, and 
pathology.
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A ‘Rational Pathology’
In July 1758 Gaubius wrote to his best friend Sanches in Paris that ‘finally, I  am 
pleased to send you my Pathology so much completed’.24  Gaubius’ textbook 
Institutiones pathologiae medicinalis (1758) testifies to his long-term preoccupation with 
the nature of disease in chemical terms over a long period of time. As the professor 
of medicine and chemistry at Leiden University he had indeed spent many years on 
drafting this book. From the outset Gaubius intended his students to be the audience 
of his Institutiones. When Boerhaave passed away in 1738, the professor of botany, 
Adriaan van Royen (1704–1779), was initially appointed to take over his lectures on 
the theory and practice of medicine. This included the teaching of pathology. 
However, it was rumoured that van Royen’s first class caused the English students to 
flee the lecture hall and implore Gaubius to teach instead.25 Gaubius took over and 
his lectures were indeed widely appreciated. The 22-year-old student Johann 
Heinrich de Brunn (1732–1759) from Schaffhausen enthusiastically wrote that 
‘Gaubius’ lectures are so outstanding, that to be here solely for the sake of this great 
man, I would never regret it’.26 

Notably there was something new to appreciate in Gaubius. Sources on 
Gaubius’ teachings reveal a shift in emphasis from physiology to pathology. Extant 
students’ lecture notes demonstrate that Gaubius started out by following 
Boerhaave’s Institutiones religiously, reading out specific paragraphs and then 
explaining and commenting on them (see Figure 6.1).27  But a shift can be clearly 
discerned as time went on. While Boerhaave’s compact yet all-encompassing 
textbook discussed physiology, and in its shadow also the topics of pathology, 
semiotics, hygiene, as well as therapeutics, Gaubius’ lectures were almost exclusively 
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24 ‘Enfin j’ai le plaisir de Vous envoyer ma Pathologie tellement quellement achevée’. Gaubius 
to Sanches, Leiden, 21 July 1758, in Hamers-van Duynen, Hieronymus David Gaubius, 107.
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Fig. 6.1: Title page of Gaubius’ pathology lecture dictates based on Herman Boerhaave’s Institutiones 
(Leiden, 1751). Leiden University Library, BPL 1475.



devoted to pathology.28 To compare, the last edition of Boerhaave’s Institutiones, that 
appeared during his lifetime (in 1734) included 347 pages on physiology and 62 on 
pathology.  By contrast, Gaubius’ lecture notes from 1751 show that he only devoted 
157 folios to physiology versus 273 folios to pathology, and an additional 389 to 
aetiology.29  Another manuscript confirms this shift in focus, for it summarises and 
comments on all of  Gaubius’ pathology lectures, except the section on physiology.30

On top of this striking difference of pages dedicated to the different branches 
of medicine, further far-reaching, and contentious, developments occurred in 
physicians’ concept of disease. In the 1750s Gaubius decided to no longer follow his 
predecessor’s Institutiones,  and wrote his own textbook instead. This attests to a 
transition from general knowledge of medicine towards a more specialised 
knowledge of disease theory, which he called ‘rational Pathology’.31  As Gaubius 
wrote in 1754 to Boerhaave’s nephew, the professor of anatomy in St. Petersburg, 
Abraham Kaau-Boerhaave (1715–1758), ‘I am still busy creating a System of Pathology 
for my home lessons, because I  am overwhelmed by the variety of subjects that I 
have to discuss and that are increasing every year’.32 Notions of systems of medicine, 
or “physic”, were very common in the eighteenth century. These consisted mainly of 
systematically structured lectures on the human body as a whole,  which professors 
read out to their students and then publish as textbooks. But flaws in old systems and 
the discovery of new observations necessitated new systems: the goal of every system 
was to incorporate all known facts and doctrines in a single and comprehensive 
structure with explanatory power. For example, William Cullen’s (1710–1790) own 
textbook First Lines of the Practice of  Physic (1784) presents the Scottish professor’s 
reflections on past systems: ‘an Humoral Pathology still continued to make a great 
part of every system. In these circumstances, it was soon perceived, that chemistry 
promised a much better explanation than the Galenic or Aristotelian philosophy had 
done [;] there appeared in the writings of Stahl, of Hoffman, and of Boerhaave 
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tous les ans’. Gaubius to Kaau, Leiden, 14 August 1754 in Hamers-van Duynen, Hieronymus 
David Gaubius, 219–222. Emphasis added.



three new, and considerably different, Systems of Physic’.33  The development of 
chemistry as a tool for medicine had, therefore, spurred the development of new 
systems of physiology and pathology in the eighteenth century. Cullen highly praised 
Boerhaave’s efforts,  because Boerhaave’s system included both modern and ancient 
writings, producing a system ‘superior to any that had ever before appeared’.34 And 
yet,  advancements and new insights revealed flaws in Boerhaave’s system, ultimately 
leading to new systems by Gaubius and Cullen alike.

Like other systematic thinkers, Gaubius wrote his book first and foremost for 
his students, as is evident from a number of sources. In November 1755 Jakob 
Christoph Ramspeck (1722–1797) reported that ‘at two o’clock I again listen to 
Gaubius teaching Pathology according to his own dictates, which now they sweat to 
get under the press,  and of which the first part already circulates in the hands of 
students’.35  In the preface the professor addressed his students directly: ‘It is right, 
gentlemen, that I offer you, and that I also dedicate these Institutions of Pathology to 
you,  which I have endeavoured to compose for your use, and which I finally finished 
after three years of delay in printing’.36  That the project was undertaken at the 
request of the students did not mean that it was any easier for Gaubius to write in 
comparison to writing a treatise with colleagues in mind.  Quite the opposite, in fact. 
Gaubius confided his struggles to Sanches, saying that writing such a treatise is a 
difficult job: ‘One finds many thorns and rough stones on the road, especially, if one 
is not writing for masters but for pupils’. Worse even, ‘if I had not started it, I would 
not finish it’.37 Although developing a new Institutiones (see Figure 6.2) had cost him 
blood, sweat and tears, Gaubius’ book successfully fulfilled didactic and pedagogic 
purposes in teaching pathology in a systematic manner.

For Gaubius, his new pathology was essential to rescue medicine from 
‘doubtful and fallacious’  speculations and bad practice. This was a serious problem 
at the time, because incomplete or inaccurate theories could, by virtue of eloquence, 
still be convincingly communicated as trustworthy knowledge. Yet the consequences 
could be grave:  ‘How often health is ruined by an improper regimen, diseases 
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525.
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Hamers-van Duynen, Hieronymus David Gaubius, 102.



protracted by a preposterous method of cure, and finally, how many untimely deaths 
are thus occasioned;  it is not without concern,  I must say, that I am in doubt whether 
mankind benefits more than it is hurt by the medical art’, Gaubius sighed.38 If he 
was to devise a new pathology, it had to follow a rigorous methodology. Gaubius 
argued that ‘only such theorems be proposed, concerning the truth of which there is 
the clearest evidence, from faithful observation and sound reasoning, the only sure 
foundation of medicine instituted upon rational principles’.39  For Gaubius and his 
students this meant that only thorough and systematic observation – as opposed to 
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Dogmaticae fundamenta, liquido constet’. Gaubius, Institutiones, 2nd ed., [*3r]; idem, 
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also argued for observation in combination with ‘rigorous and disciplined reasoning’. Cited in 
Lester S. King, ‘Rationalism in Early Eighteenth Century Medicine’, Journal of the History of 
Medicine and Allied Sciences 18 (1963), 257–271, at 257.

Fig. 6.2: Title page of Hieronymus Gaubius, Institutiones pathologiae medicinalis (Leiden, 1758). 
Amsterdam University Library.



observation undertaken in a casual and cursory way – could test and falsify 
hypotheses.40  And only studious attention to nature, as opposed to creative 
inventions and preconceived ideas, Gaubius argued,  could lead to a perfect history of 
diseases. In other words, it was obly through rigorous observation and reasoning that 
medical students would be armed against fanciful hypotheses, and would learn to 
distinguish falsehood from truth.  According to Gaubius’ discussion on methodology 
and verisimilitude, rational pathology would be truly useful to teaching the practice 
of  medicine.41

So what exactly did this ‘rational pathology’ entail? In Gaubius’ eyes, 
pathology as disease theory went beyond the detailed description of the most 
common symptoms, beyond the visual depiction of morbid phenomena, and beyond 
the narration of interesting case studies. Instead, Gaubius investigated the causes of 
disorders and placed them in a systematic order. He launched an account of latent 
forces or “noxious powers” (potentiis nocentibus),  and predisposing causes or “seeds of 
disease” (seminiis morborum).42 Together they could bring about morbid conditions of 
the body, and were hence responsible for the outbreak of illness. The noxious powers 
were inspired by the Galenic res non-naturam, or things non-natural, which supported 
health when used correctly, but could also be abused and cause disorder.43 Food and 
drink, airs and places, and sleeping and waking were examples of these non-naturals. 
In Gaubius’ new system, noxious powers either flowed from internal sources, such as 
strong emotions or the inordinate excretion of bodily fluids, or were caused by 
external factors, for example, the climate or the abuse of medicines. Gaubius’ seeds 
of disease, by contrast, were inspired by all things natural (res naturam), such as age, 
sex, or state of bodily solids and fluids, and those things against nature (res preter-

naturam), such as hereditary medical conditions or the vitiation of  fluids.
Gaubius’ rational pathology was especially innovative because of his inclusion 

of chemical elements and their properties in his explanation of how illnesses came 
about. Based on an organisation of the bodily solids and fluids as a permutation of 
four chemical elements (water, phlogiston, salt, and earth) Gaubius suggested that 
properties inherent to these elements made the body liable to a specific vitiation or 
pathological condition.  For example, an excess of water taken in or retained could 
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40  On how the method of observation changed in the early modern period, see Gianna 
Pomata, ‘Sharing Cases: The Observationes in Early Modern Medicine’, Early Science and 
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2011), 45–80.
41 Roger French has argued how the genre of Institutes was necessarily a rationalist account to 
be useful in education in Roger French, Medicine before Science: The Rational and Learned Doctor 
from the Middle Ages to the Enlightenment  (Cambridge, 2003), 225–229.
42  Gaubius discussed the noxious powers in Institutiones, 200–312. The seeds of disease were 
discussed at 312–320. See also Thomas H. Broman, ‘The Medical Sciences’, in The Cambridge 
History of  Science, ed. Roy Porter (Cambridge, 2003), 463–484, at 478.
43 Rather, ‘Six Things Non-Natural’; Niebyl, ‘The Non-Naturals’; Cavallo and Storey, Healthy 
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give rise to an increased tenuity to the fluids. In combination with an acrimony or 
other noxious power, the bitter and thin fluid could easily penetrate and corrode 
other body parts, potentially causing all kinds of harm, such as haemorrhage and 
diarrhoea. 

Gaubius considered blood the mother of all fluids, including semen. In the 
chemical laboratory, through the process of distillation,  Gaubius had discovered that 
healthy blood consisted of water, bitter oil, volatile salt, and black earth.44 Gaubius 
extended these results to the entire body, arguing that the bones,  muscles,  organs, 
and fluids were all essentially combinations of these four principles. The substance of 
water formed the greatest part of the liquids, and had the inherent chemical 
properties of fluidity and easy dissipation when subjected to heat. The element of 
phlogiston or “the principle of heat” was the inflammable part of the body, believed 
to exist in all combustible bodies and to be released in the process of combustion. 
Water and phlogiston were both connected to the third, saline part, because salt was 
supposedly covered by phlogiston and was diluted in water.45 Finally, earth formed 
the basis of the body as a whole, because it lent the solids and liquids their required 
cohesion and firmness.46 In the case of semen, the main constituents were phlogiston 
and salt and only little water. Indeed, Boerhaave’  translator Ephraim Chambers 
recorded that ‘by chemical analysis, [semen] is found to consist almost intirely [sic] of 
oil, and volatile salts, blended together by the mediation of a little phlegm’.47  In 
Gaubius’ system, therefore, semen also was understood as a combination of these 
constituent parts.

It is clear that the chemical configuration of the body was essentially 
principlist. Whereas compositionist explanations of matter were based on the 
presumption of immutable and basic chemical substances, which could be combined 
and separated while remaining intact and unchangeable in nature,� the principlist 
understanding was based on the concept of the changeability of properties.48 This 
chemical analysis of the body in terms of basic principles was crucial to the 
explanation of pathological phenomena. The simplest diseases, for example, were 
described in terms of the four principles and their varying degrees of cohesion, a 
property of the element. If earth or water were out of proportion, a vitiated force of 
cohesion (vis cohaerendi) could cause stiffness or frailty in the solids, and dilution or a 
glutinous consistency in the fluids. For example, the excessive force of cohesion was 
considered a natural seed of disease which, in combination with a noxious power 
such as a cold atmosphere or the consumption of too much glutinous food, might 
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result in stagnation and obstruction, infarction, an impediment of the secretions,  and 
tumours.

Gaubius’ pathology was also apt to explaining venereal diseases. Some male 
genital disorders included priapism (a persistent and painful erection) and satyriasis 
(excessive sexual desire). In the new rational pathology, the source for these disorders 
was traced back to the chemical composition of semen. Gaubius maintained that far 
from being a static arrangement of elements, the constituent principles of semen 
were subject to change.  Although semen could retain a recognisable identity in 
different circumstances, an imbalance in the elements could nevertheless cause it to 
acquire morbid properties.  Gaubius explained that bodily fluids such as semen could 
turn from bland to sharp, adopting an ‘acrid, inciding, and corrosive quality, [which] 
is able to dissolve the cohesion of the solids, to affect with pain the parts endowed 
with sensation, and to stimulate to contraction those that are animated with the vital 
power’. Hence, priapism and satyriasis were caused by a particular sharpness of 
semen, or in Gaubius’ words, by the ‘redundance, acritude, and virulency of the 
seminal liquor’.49  In general,  bodily fluids would by merit of their chemical 
properties sustain health. Yet a change in their constituent elements could make 
them predisposed to disease.

In short, Gaubius aimed at understanding diseases through a coherent and 
systematic disease theory or pathology, explaining the causes of disease, or the 
aetiology, in terms of the chemical properties of bodily solids and fluids. Pathology, 
in other words,  went beyond the study of individual cases and symptoms,�and was 
rather concerned with understanding the nature of disease. Building on Boerhaave’s 
medical and chemical lectures, this focus showcases Gaubius’ appreciation of 
chemistry within medicine, not only in the practical analysis of bodies, but also in 
theoretical and rational thinking. This was the defining characteristic of the 
discipline of pathology, which set it apart from the practices of identifying symptoms 
or observing the changes in injured tissue.

Classifying Symptoms
Gaubius’ pathology was not only innovative because of its incorporation of 
chemistry, his emphasis on the causes of disease was also contrary to other 
physicians’ inclinations to focus solely on symptoms. Indeed, in the early modern 
period, competing medical systems had caused many physicians to doubt the 
necessity of finding the cause of disease.  Whereas the ancients had propagated a 
humoral system of four bodily humours, chymists such as Paracelsus instead 
propagated a so-called “tria prima” of sulphur, mercury, and salt. Amidst the 
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confusion about the causes of disease, physicians of the turn of the eighteenth 
century decided to shift their attention to symptoms. The evaluation of symptoms 
and signs was that they were,  first of all, detectable and observable by the senses –�
not speculations of the mind. Second, they were useful for evaluating a patient’s 
condition, making a prognosis, and deciding upon a treatment. The medical authors 
considered in this section had, therefore, taken the initiative to collect and compare 
all known symptoms and signs of diseases in order to construct a classification by 
symptoms –� a field called nosology. But, as I  will show, it was this approach that 
Gaubius later rejected:  he argued that one would never come to truly understand the 
nature of  disease by solely studying symptoms.

One of these reform-minded physicians was Thomas Sydenham, who 
revolutionised the way physicians looked at disease.50 Sydenham had collected many 
case histories during epidemic outbreaks, but instead of reproducing the single case 
studies he produced a generalised history of the symptoms and courses of individual 
diseases, without speculating about their causes.51  Sydenham had described the 
symptoms of gonorrhoea, for example, as ‘an uncommon pain in the parts of 
generation and a kind of rotation of the testicles’. In those men who were 
circumcised, however, ‘a spot not unlike the measles appears on the glans [sic]’. This 
was followed by the morbid discharge flowing from the urethra and ‘resembling 
semen’.  When the disease turned virulent, ‘this matter becomes green,  and is mixed 
with a watery humour streak’d with blood’.52  Sydenham then listed a number of 
treatments without indulging in explanations about the workings or effectiveness of 
these medicaments. Various pills,  purging potions, balms, courses of bloodletting, 
liniments, and ointments could be prescribed to treat gonorrhoea or relieve the pain. 
The practical-minded Sydenham therefore gathered established practices and 
methods of  curing, collected via numerous careful observations of  each disease.

Similar ambitions formed the foundation of the work of several other 
university professors in the course of the eighteenth century. François Boissier de 
Sauvages, physician in Paris and later professor of medicine at Montpellier, wanted 
to expand beyond the symptoms of a single disease, and aimed for a comprehensive 
system that would include all symptoms. Sauvages’ ambitious nosological project 
received some high-profile endorsement: ‘I praise the excellent plan to arrange the 
diseases into classes’,  Boerhaave wrote in a letter that was reproduced as a preface to 
Sauvages’ book. ‘It seems to me that the work will be of a very high level, when you 
will be capable to finish it as happily as you have made a well-balanced design to 
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it’.53 By keeping elaborate notes of his clinical observations in Montpellier hospitals, 
Sauvages’ aim was to determine which observable sign revealed the essential 
character of a disease, and to place all these signs into an encyclopaedic, 
classificatory scheme, intended to assist physicians in diagnosis and treatment.54 The 
fruits of his first endeavour appeared in 1731,  and arranged diseases in classes, 
genera, and species.55  After thirty further years of clinical observation, Sauvages 
published his definitive work, Nosologia methodica sistens morborum classes, genera et species 

(‘Methodological Nosology, in which Diseases are Arranged by Classes, Genera, and 
Species’). Taking into account the various circumstances in which symptoms might 
appear, Sauvages ultimately distinguished an astounding 2,400 species, divided into 
295 genera, 44 orders, and 10 classes.56

In this system, gonorrhoea was classified in the ninth class on fluxes, in the 
third order on serous or watery fluxes, and was defined as a genus divided into six 
species. If a patient with some venereal distemper approached a physician for 
treatment, the diagnosis could be performed according to Sauvages’ checklist of the 
characteristic signs. The first two species,  namely gonorrhoea pura and gonorrhoea 

libidinosa, involved the flux of a humour from the urethra either with or without 
sexual inclination. If a cloudy fluid was discharged during libidinous dreams, this 
was regarded as an “involuntary pollution”, and hence classified as the third species. 
Gonorrhoea virulenta or gonorrhoea syphilitica constituted an impure copulation of a 
purulent matter,  and often presented with dysuria,  i.e.,  excessive pain during peeing. 
When there was no pain, it was commonly known as a “gleet”, or a 
“dripper” (druipert in Dutch). The last two species were excretions of pus or leaks of 
urine due to an infection of the foreskin or ulceration of the glands. Sauvages 
classified these not as actual gonorrhoea but as spurious, since the flux was not 
actually discharge from the urethra.57  In Sauvages’ eyes, then,  the observation of 
visible signs was sufficient to recognise the genera of disease, and to determine a 
classification into species: ‘Symptoms are easier to know than the causes, as they 
affect the senses, so they are infinitely more correct, especially if they are constant, in 
allowing us to know the true character of the diseases, and to distinguish them’. 
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Sauvages warned his students against medical dogma and the most fanciful 
hypotheses about the cause of disease. Instead, physicians ought to rely on 
experience, ‘confirmed by novel experiments [to] produce some physical certainty’.58 
In the field of nosology, then,  only the observation and experience of symptoms 
allowed for the definition of  diseases and the distinction between different diseases.

Whereas Sauvages was thoroughly enmeshed in his endeavour to describe 
and differentiate thousands of species of disease, Gaubius was occupied with 
teaching to his students a clear and coherent system of pathology. He was intimately 
familiar with Sauvages’  work, as he owned copies of Pathologia methodica (1752) and 
Nosologia methodica (1763).59  But instead of attending to detailed descriptions of 
individual symptoms, Gaubius preferred a joint assessment of the various kinds of 
effects,  in a systematic way and related to the causes of disease. After all, Gaubius 
stated, a physician needs to understand the causes and seats of disease to assess the 
symptoms clearly, and to make a right diagnosis.60  He divided all symptoms into 
three general categories. The first were the “alienated sensible qualities”, or those 
qualities observed by the physician in the patient’s body which did not necessarily 
cause any inconvenience. These qualities may therefore be considered signs,  not 
symptoms, because signs were generally understood to be indications of a disease in 
a patient’s complexion without causing the patient any physical or mental 
discomfort.  Examples included the colour of the skin, smell and heat of the body, 
and hardness in body parts.  The other two categories of symptoms included the 
“vitiations of the excretions” and “impeded actions”.61 Gaubius’ tripartite division of 
symptoms may perhaps appear to be yet another, more abstract nosology, yet in 
contrast to Sauvages’ system, the symptoms were here linked to the causes of  disease.

The way Gaubius perceived semen in various disorders is illustrative of his 
system of pathology. Faulty fluids were categorised in two groups: first, all those cases 
in which the body discharged fluids which, in normal circumstances, would be 
retained; second, all those cases in which the body retained fluids which ought to be 
secreted. And indeed, the inordinate secretion and retention of semen was thought 
to explain a wide variety of symptoms.  Too much sexual intercourse – and hence too 
much ejaculation – would drain one’s vital strength or energy, for the copious loss of 
semen meant that bodily fluids had to be drawn from other parts of the body. ‘From 
too much venery’, Gaubius argued, came ‘lassitude, debility,  immobility, feebleness of 
the loins, pains of the encephalos [i.e., brain], heats, convulsions, hebetude of all the 
senses, especially the sight, blindness,  fatuity, a febrile circulation, exsiccation [i.e., 
dehydration], leanness, pulmonic and dorsal tabefaction [i.e.,  deterioration], 
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effemination’.62 The actual occurrence of these symptoms depended on the proper 
“seeds of disease”, such as difference in age, temperament, habit, and vital power.63 
This explained exceptional cases when some men grew ‘languid even with moderate 
venery, other[s] scarce to be exhausted by the greatest excess’.64  Abstinence from 
intercourse and the retention of one’s precious semen rarely proved hurtful, the 
professor observed. Yet the combination of sexual intercourse with the avoidance of 
seminal emission was not recommended: ‘A restrained ejection of the seminal liquor 
at the termination of excitement, induces spermatocele,  cirsocele, scirrhosity and 
cancer of  the testicles’.65

Fellow physicians of the Boerhaave School agreed with Gaubius that 
excessive evacuations of semen lead to a general weakness. Johannes de Gorter, for 
example, wrote extensively on the retention and evacuation of bodily fluids, 
reasoning that ejaculation equated energy loss. Whenever a man discharged too 
much semen, or lose his testicles (like eunuchs), ‘the vigour of the whole body 
perishes’.66  Albrecht von Haller likewise stated that ‘semen is discharged with a 
considerable loss of strength throughout the whole body’.67 Excessive sexual activity 
would, indeed, lead to much disturbance,  because the vigour of the body was too 
much exhausted, van Swieten argued. He reminded his readers that the insensible 
perspiration would be diminished by immoderate venery,  causing ‘concoctive 
faculties’ to weaken and the worst kind of fevers to arise. In some cases, ‘a great 
quantity of liquid semen itself is also discharged when he [the patient] goes to urine 
and stool, nor does he retain the semen in his sleep, but loses it whether he sleeps 
with his wife or not’.68

Gaubius’ third and final group of symptoms were the so-called impeded 
actions. The morbid secretion of semen was an essential part of male genital 
disorders. One such symptom concerned erectile dysfunction, or, ‘when the male 
[member] is languid or incapable for an erection’. As we may expect from Gaubius’ 
rational pathology, he linked this symptom of a limp penis directly to its causes, 
which he found primarily in the solid parts of the phallus. The muscular motion and 
postures of the penis were numbed and sluggish because of inactivity. He also 
mentioned semen as a potential cause of erectile dysfunction: the ‘paucity, or vapid 
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inertness of the seed’ caused the patients to suffer from an inability to maintain an 
erection. Both the insufficient quantity of genital liquor and its properties of 
blandness, wateriness, and chemically inactivity would fail to provide the necessary 
stimulus.  Furthermore, another side effect of insufficient and faulty semen was the 
‘impotency to emit the seed’.69  As this example illustrates, Gaubius proposed a 
threefold division of symptoms, giving examples for each category,  and discussing 
them in direct relation to their potential causes –�as opposed to simply scrutinising 
the symptoms as Sydenham and Sauvages did.

The reason why Gaubius was opposed to an exclusive focus on symptoms was 
that these could be easily confused with the disease itself. Although a symptom could 
be detected by the senses, this observation did not reveal its origin. Some symptoms 
were, indeed, brought about by the disease, and therefore were directly related to it, 
but other symptoms could be the result of bodily peculiarities that were present prior 
to or independently from the outbreak of the disease. For example,  convulsions, 
fevers,  regurgitations, diarrhoea, sweats, and many other disorders could be 
symptoms of particular diseases, but they could also be brought about by ingesting 
the wrong kind of food, excessive physical exercise, or other causes. Also, the 
relationship between the different body parts, and between the body and the soul, 
might result in a phenomenon which Gaubius called the “symptom of a symptom”. 
A multitude of morbid effects might, therefore,  successively occur in a patient, but 
not help the physician determine the true nature of a particular disease. Fever, 
vomiting, diarrhoea, and sweat, for example, often accompanied each other in 
various diseases, but were ‘by no means to be reckoned the constant effect flowing 
from the cause’. The opposite was also true: the natural powers in the body might 
suppress or even remove certain symptoms, which would otherwise be seen as 
characteristic of disease, and restore health. Gaubius established a hierarchy, 
distinguishing essential or primary symptoms from secondary or non-necessary 
symptoms.70 The direct or indirect relation between symptoms and the nature and 
cause of disease, in other words, must both be studied. In Gaubius’ view, then, 
sensing and studying symptoms alone would simply not suffice.

Morbid Anatomy
The nosology debate continued throughout the eighteenth century,  mainly because 
many authors considered symptoms too ambiguous to serve as a reliable explanation 
for disease. Andrew Cunningham has argued that, in response, anatomists 
increasingly delved into morbid anatomy, thereby changing the nature of pathology 
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‘from a largely non-anatomical to an exclusively anatomical study’.71 Indeed, many 
prominent physicians such as Steven Blankaart, John Hunter, and Frederik Ruysch 
dissected bodies and observed hundreds of curious cases.72 Yet Gaubius contested 
the validity of an anatomical approach just as much as he did that of nosology. 
Pimples, warts, and wounds were perhaps easily observed in an autopsy, but the 
varieties of morbid secretions – such as gonorrhoea – were barely discernible in a 
corpse. In this section, therefore, I wish to nuance Cunningham’s claim that 
pathology formed a sub-discipline of  anatomy.

One of the figureheads of morbid anatomy was the Italian Giovanni Battista 
Morgagni. On his dissection table, disease was cut open to the bone, as he argued 
that disease was associated with perceivable structural changes. Over his sixty-year-
long career Morgagni combined his position as a university professor at Padua with 
the performance of public dissections of patients who had died in the public 
hospitals of Bologna and Padua. Morgagni was well known in the medical 
community for his Adversaria anatomica, first published in 1706. Volumes 4 to 6 of the 
Adversaria, as well as his Epistolae anatomicae, appeared in Leiden in 1723 and 1728 
thanks to the mediation of Boerhaave.73  Morgagni used his experience with 
dissecting in his promotion of an approach to disease that was quintessentially 
anatomical, as is evident from his magnum opus, De sedibus et causis morborum per 

anatomen indagatis (‘On the Seats and Causes of Diseases Investigated by Anatomy’, 
1761).74  Modern physicians and scientists sometimes make the anachronistic claim 
that Morgagni was the pioneer of nineteenth-century experimental pathology.75 Yet 
Morgagni himself considered his work the continuation of the predecessors’  work. 
Not once did he use the term “pathology” to describe his work, but exclusively spoke 
of  morbid anatomy.76

Morgagni investigated more than 700 corpses to uncover their “seats of 
disease” by distinguishing the variations in the appearance of organs. He did not 
simply attempt to locate diseases in various parts of the body, in which case he would 
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76 An “old” versus “new” pathology can be considered to run parallel to  the “old” and “new” 
physiology, as argued by Cunningham, ‘Old physiology–the pen’.



have been able to use the terms “place” (locus) or “position” (situs). Rather,  he 
intentionally used the term “seat” (sedes) to denote the particular location or usual 
place of residence of a disease. Furthermore, Morgagni merged the concept of the 
“seat” with that of the cause of disease. Lesions discovered post-mortem in an 
organ, in other words, were the source of the disease,  its progress and symptoms.77 
This anatomical approach to disease enabled Morgagni to differentiate between 
levels of pathological decomposition, and to make generalisations about different 
species of disease. The dissection of a thirty-year-old man who appeared to have 
had three testicles,  for example, revealed only two testes and a hernia as the cause of 
epiplocele and enterocele, meaning that a part of the omentum that normally 
surrounded the abdominal organs had prolapsed and descended into his scrotum.78 
Morbid anatomy, in short, seemed to provide a new and solid basis for nosology, 
since the analysis was not based on external appearances, but on internal and 
perceptible bodily structures.

Yet not all seats and causes of disease were as easily situated. Morgagni’s very 
first statement on gonorrhoea already highlighted the main drawback to observation: 
‘I  never, or scarcely ever, saw those evident marks of disease’.79  Morgagni’s 
anatomical approach to finding the seat of gonorrhoea involved the dissection of 
numerous corpses, which he dissected literally from head to toe.  One case history he 
recounted was that of a carpenter,  who turned out to have had an enlarged prostate 
gland in proportion to the penis. Yet there were ‘no peculiar appearances’ of the 
disease,  ‘except that the internal surface of the urethra seem’d to be somewhat 
moister, and more red, than usual’. The other genital organs such as the Cowper’s 
gland appeared normal. The case of a 25-year-old man who had suffered from 
virulent gonorrhoea did not reveal much either. Besides Morgagni’s observation of a 
whitish line in the urethra, there were ‘very few things differing from the natural 
structure’.80 Morbid anatomy, in short, disappointed in the search for a satisfactory 
observation and location of  seminal flux in the solid parts of  the body.

This was precisely why Gaubius –�who was familiar with Morgagni’s work –�
propagated the chemical method, which enabled him to closely examine variations 
in bodily fluids, and hence gain more insight into the cause of abnormal discharges 
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77  Fabio Zampieri, Alberto Zanatta, and Gaetano Thiene, ‘An Etymological “Autopsy” of 
Morgagni’s Title: De sedibus et causis morborum per anatomen indagatis (1761)’, Human Pathology 45 
(2014), 12–16.
78 Morgagni, De sedibus, 180; idem, The Seats and Causes of Diseases Investigated by Anatomy, trans. 
Benjamin Alexander, 3 vols (London, 1769), vol. 2, 545–546.
79  ‘[I]lla ego  vitia tam luculenta vix unquam, aut ne vix quidem conspexerim’. Morgagni, De 
sedibus, vol. 2, 194; idem, The Seats, vol. 2, 592.
80  ‘Sed ne canaliculi quidem nostri peculiare quidquam ostenderunt, nisi quod urethrae 
interior facies aliquanto humidior apparuit, & rubicundior quam soleat’, ‘quod perpauca 
habuit ab naturali constitutione discrepantia’. Morgagni, De sedibus, vol. 2, 196; Morgagni, The 
Seats, vol. 2, 597–598.



of blood and other fluids.81  In the Institutiones, Gaubius argued that a fluid’s 
properties were contingent and could therefore move from the healthy to the 
morbid.  In the case of gonorrhoea, the continuous and inconvenient discharge 
moved between several chemical properties, from being mild and tenuous,  to 
abounding and turgescent, and even acrid and virulent.  This chemical sharpness was 
not supposed to be envisioned as a particle with a predetermined figure,  size or 
shape – as would have been the case in a corpuscular or Cartesian understanding of 
sharpness.  Rather, chemical experiments in the laboratory had clearly indicated a 
property of sharpness in fluids. When, for example, medical students mixed fresh 
urine with quicklime or chalk in a glass vessel, and distilled it above a great fire,  they 
learned that there ensued a clear liquor ‘of an exceeding fiery and pungent taste and 
odour’.  This salt from the human body had a ‘violent degree of acrimony, or 
corrosiveness’.82 Unfortunately, there is no evidence that this experiment was often 
conducted with semen or gonorrhoeal discharge –�possibly because it was considered 
improper to do so. Nevertheless,  all fluids were considered to have an inherent 
rigidity and sharpness. Chemical acrimony, according to Gaubius, neither could nor 
needed to be envisioned as a sharp particle, a tiny solid of a certain configuration. 
Instead, he regarded it as a stingingly bitter property inherent to all bodily fluids.83 
This understanding could be translated to gonorrhoea, when a sharp discharge 
combined with morbid states of the male anatomy, such as ‘irritability of the 
genitals, and too great laxity of the ducts’,  resulted in copious flows.84  In short, 
defining bodily fluids in chemical terms allowed for a coherent theory of pathology 
that emphasised dynamic and contingent properties.

Important differences between Gaubius’ and Morgagni’s approaches can now 
be clearly discerned. Morgagni’s morbid anatomy was based on the dissection of 
bodies who had ceased living as a result of disease,  and on individual cases, and was 
constructed according to the seats of diseases in different parts of the body. Gaubius, 
on the other hand, built a systematic pathology, which did not rely on individual case 
histories, but instead drew conclusions about the nature and cause of disease, 
explaining variations in the chemical condition of both bodily solids and fluids. Just 
like Boerhaave taught his students the first principles of physiology, on the basis of 
which his students could draw their own conclusions and devise their own 
experiments,  so Gaubius formulated the first principles of pathology,  which could be 
used for the explanation of  many different kinds of  diseases.
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81  Gaubius owned Giovanni Battista Morgagni, Adversaria anatomica omnia, 6 vols (Leiden, 
1723); and Epistolae anatomicae duae novas observationes, et animadversiones complectentes  (Leiden, 
1728). See ‘Anatomici’ in ‘Bibliotheca Gaubiana’, 54.
82 Boerhaave, A New Method, vol. 2, 191.
83 Gaubius, Institutiones, 137; idem, Institutions, 90–91.
84  ‘[G]enitalium major irritabilitas, nimiaque ductuum laxitas.’ Gaubius, Institutiones, 453; 
idem, Institutions, 315.



Chemistry and anatomy were not mutually exclusive, however. In fact, when 
Gaubius’ colleague Johannes de Gorter discussed the disease of gonorrhoea in 1761, 
he combined the anatomy of male genitalia with Gaubius’ chemical notion of 
sharpness.  In the same year in which Gaubius published his Institutiones, de Gorter 
resigned from his appointment as court physician to Elisabeth, Empress of Russia 
(1709–1762). Upon his return to the Dutch Republic,  publisher Isaak Tirion 
requested another print of the sold-out Gezuiverde geneeskonst (‘Medicine Purified’, 
1744; second edition 1750). For the third edition,  de Gorter added new chapters, 
including one one venereal disease, which mostly dealt with gonorrhoea.85  De 
Gorter defined a dripper as the ‘unnatural, continuous, and excessive discharge of 
Mucilaginous or Seminal substances, good or putrefied, through the urethra, without 
any erection of the penis nor lustfulness’.86  Anatomy of the genitalia enabled a 
classification of and distinction between genuine and deceptive flux. The genuine 
seminal flux was a leak of fluid prepared in the testicles; deceptive flux was not 
semen at all, but a fluid originating from the prostate, Cowper’s gland, or lubricating 
glands in the penis. The malignant form of gonorrhoea started, de Gorter explained, 
with an ‘impure mixing of a thin sharp liquid leaking from the urethra with a not 
unpleasant irritation’.87  Slowly this fluid would develop a high viscosity, growing 
thicker and stickier, eventually causing twinges and heat in the urethra. After 
emitting a stench and swelling considerably –� or promoted by a treatment with 
mercury – the affected area would ultimately discharge the seminal substance in a 
large quantity, and the genitalia would be restored to health. Like Gaubius, then, de 
Gorter used the chemical properties of semen in his description of the morbid 
alterations in the fluid.

The conception of bodily fluids in terms of their chemical properties enabled 
physicians to emphasise the critical role of variable circumstances, such as nutrition 
and life style. In the case of seminal flux, Gaubius believed that the properties of 
fluids were contingent depending on circumstance.  The evil of gonorrhoea could not 
only be induced by sexual overindulgence and a venereal virus, but also by ‘the abuse 
of things promoting venery and diuretics’, i.e., aphrodisiacs and drugs causing an 
increased urination. Furthermore, different kinds of food could influence the 
balance between blandness and sharpness in the body. Everyday foods such as fruit, 
corn,  and fish were particularly appropriate for the human body because of their 
mild and bland nature. But Gaubius warned that luxury foods would ‘introduce 
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85  Johannes de Gorter, Gezuiverde geneeskonst, of kort onderwys der meeste inwendige ziekten, 3rd ed. 
(Amsterdam, 1761), [*2v].
86  ‘Een DRUIPERT wordt genoemd een tegennatuurlyke gestadige en overmatige lozing van 
Slym- of Zaad-stoffe, goed of bedurven zynde, door de Pisbuis, zonder opspanning der Roede 
of  wellust’. Ibid., 85.
87  ‘Een kwaadaartige Druipert volgt, wanneer eenige dagen na een onzuivere vermenging 
eenige dunne scherpe vogt lekt uit de Pisbuis met eenige niet onaangenaame prikkeling’. Ibid., 
85–86. Emphasis added.



acrid, aromatic, spiritous [sic],  saline,  pungent, and heating things, as being grateful 
to the palate, [but] which are fraught with innumerable evils’.88

In short, the case of gonorrhoea illustrates how eighteenth-century 
Boerhaavian pathology was rooted in chemistry. Understanding body parts in terms 
of chemical elements and their inherent chemical properties made them active and 
susceptible to react with internal and external circumstances, for better or for worse. 
The fact that the body and the causes of disease could be understood in chemical 
terms provided physicians with the predisposing and occasional causes to explain 
disease: semen could be sharp or bland, but external circumstances, such as excessive 
sexual activity, the venereal virus, and acrid foods could also influence the varying 
degrees of sharpness in semen, and hence could lead to disorders such as 
gonorrhoea. This exercise not only put the practice of chemistry centre stage, it also 
reshaped medical perceptions of disease, and enabled a reinvention of the field of 
pathology.

Disseminating the New Pathology
Gaubius’ pathology textbook represented a new approach to disease theory, which 
was fundamentally different from other eighteenth-century enterprises in nosology 
and morbid anatomy. Yet analysing the contents of his book tells us very little about 
the reception and dissemination of this knowledge. Was this publication solely used 
in Leiden,  or did professors at other universities also teach Gaubius’ pathology? Did 
the Institutiones solely fulfil the educational role of a textbook, or did it spur further 
research in this field? Whereas most modern medical historians do not acknowledge 
Gaubius’ contribution to medicine, the famous nineteenth-century German 
pathologist and so-called “Pope of Medicine” Rudolf Virchow (1821–1902) certainly 
thought otherwise.  Looking back at the history of his discipline of pathology, he 
pointed out that ‘the Institutiones Pathologiae Medicinales of Hieronymus Davides 
Gaubius was the first textbook of general pathology which the world had seen; it 
remained the standard until far into our own century’. In fact, when the young 
Virchow was a student at the Friedrich Wilhelm Institute in Berlin in 1839, Gaubius’ 
work was still part of the students’ reading list.89  To understand how and why 
Gaubius’ pathology was appreciated across the eighteenth and nineteenth centuries, 
we need to explore the dissemination of  the book through its readers and users.

When the Institutiones was first published in 1758, Gaubius sent some copies to 
his friends.  Writing to António Sanches, for example, he asked that his friend read 
‘this small work’ – of almost 500 pages nonetheless – and ‘judge it and let me have 
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88  ‘[A]busus aphrodisiacorum, diureticorum’ and ‘Luxus demum acria, aromatica, spirituosa, 
salina, amara, rodentia, &c. in culinas ac cellas convexit, gulae irritamenta malis innumeris 
famosa’. Gaubius, Institutiones, 453, 138; idem, Institutions, 315, 91.
89 Rudolf Virchow, Hundert Jahre allgemeiner Pathologie  (Berlin, 1895); idem, Disease, Life and Man: 
Selected Essays, trans. and ed. by Lelland J. Rather (Stanford, CA, 1958), 174, 193.



your sincere remarks in due time the way I know you:  as a fair and capable judge, 
and a friend who does not flatter’.90 Gaubius repeated his request a few years later 
when a second edition was planned.91 The Leiden booksellers Samuel and Johannes 
Luchtmans published this edition in 1763, which was not much different from the 
first, except for the new, much longer preface. If reprints are any indication of 
popularity, the book did very well: numerous editions appeared in Leiden, Leipzig, 
Edinburgh, and Venice between 1759 and 1787, and translations into French, 
Dutch, English,  German, and Russian were published, respectively,  in Paris, Leiden, 
Edinburgh, Zurich and Berlin, and St Petersburg.92

In the second half of the eighteenth century professors of medicine across 
Europe recognised the merits of the Institutiones for teaching pathology. When 
Groningen physician Matthias van Geuns was appointed professor of medicine at 
the University of Harderwijk in 1776, he used the book in his lectures.93 In line with 
Gaubius’ systematic reasoning,  van Geuns’ pathology lecture started with a 
schematic outline of all the branches of pathology (see Figure 6.3).94  Van Geuns 
separated the “study of man” (anthropologia), which entailed physiology and 
pathology,  from the “study of remedies” (iamatologia), which included therapy and 
dietetics –�the latter extending beyond advice on healthy nutrition to include rules or 
regimen for healthy living. Pathology was subsequently divided into the fields of 
nosology, aetiology, and symptomatology –� in other words, the kinds, causes, and 
effects of disease. Van Geuns continued to teach the main classification of diseases 
and their causes as he saw fit, but consistently with reference to Gaubius’ Institutiones. 
Van Geuns’ successor Jan Bleuland (1756–1838) equally recommended that his 
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90 ‘Lisés, jugés et faites moi avoir en son tems Vos remarques sinceres, comme je Vous connois 
et juge juste et capable, et ami non flatteur’. Gaubius to Sanches, Leiden, 21 July 1758 in 
Hamers-van Duynen, Hieronymus David Gaubius, 107.
91 Gaubius to Sanches, Leiden, 23 September 1761 in Ibid., 124.
92  The translations were: Hieronymus David Gaubius, Pathologie de M. Gaubius, trans. Pierre 
Seu (Paris, 1770); idem, Pathologie de M. Gaubius, trans. Pierre Seu, rev. ed. (Paris, 1788); 
Alexander Balthazaar, Pathologia chirurgicalis of heelkundige ziektekunde  (Leiden, 1772–1776); 
idem, Pathologia chirurgicalis of heelkundige ziektekunde, 2 vols (Leiden, 1777). Gaubius, Institutions. 
Idem, Anfangsgründe der Krankheitenlehre des Menschen, trans. Daniel Andreas Diebold (Zurich, 
1781); idem, Anfangsgründe der Medicinischen Krankheitslehre, trans. Christian Gottfried Gruner 
(Berlin, 1784). A revised and expanded edition of Gruner’s translation appeared in 1797. 
Finally, a Russian translation appeared by Petr Martynovich Gofman as idem, Начальныя 
основанiя врачебныя пафологiи, то есть науки о свойствѣ, причинахъ, припадкахъ и различiяхъ 
болѣзней, въ человѣческомъ тѣлѣ случающихся, trans. Petr Martynovich Gofman (St Petersburg, 
1792).
93  Sypkens Smit, Leven en werken van Matthias van Geuns, 27. As a student van Geuns had 
followed Gaubius’ lectures on pathology and kept notes. See Matthias van Geuns, ‘Ad Gaubii 
Instit. patholog’. Leiden, 1759. Amsterdam, University Library, MS 1377 I F 66.
94  Matthias van Geuns, ‘Schema institutionem pathologiae medicinalis Cl. Gaubii’. 
Harderwijk, c. 1775. Amsterdam, University Library, MS 1382 I E 61, ff. 1r–16v.



students study the works of Gaubius.  In his inaugural lecture, Bleuland stressed how 
honourable it would be to follow such an example through emulation.95

Outside the Dutch Republic the Institutiones also enjoyed much popularity as a 
student textbook. At the University of Altdorf near Nuremberg, the professor of 
chemistry and medicine Johann Christian Gottlieb Ackermann (1756–1801) adopted 
it as a textbook for his courses. At the request of bookseller E.C. Grattenauer, 
Ackermann prepared a Nuremberg edition that contained minor additions.96  But 
the new pathology was perhaps most eagerly appropriated in Scotland. When in 
1766 William Cullen succeeded to the chair of theory of medicine,  which had 
previously been filled by his colleague Robert Whytt (1714–1766), he became 
responsible for teaching the institutes of medicine. After lecturing on physiology and 
health, Cullen’s 1767 spring lectures on pathology consisted of readings from and a 
commentary on Gaubius’ textbook.97 This was a continuation of Whytt’s practice, 
who had already adopted Boerhaave’s Institutiones, and later Gaubius’ pathology 
textbook for his teachings. 98 When students complained that Cullen was spending 
too much time commenting on Gaubius, Cullen stressed the usefulness of the book 
to the practice of medicine. He replied that once they were treating patients, they 
ought to ‘consult especially Dr Gaubius.  He is infinitely the best writer upon the 
subject; he is more full and comprehensive, discovers a greater erudition, and a 
greater knowledge of  medical opinions and facts, than any other pathologist’.99 

In 1778 an English translation by surgeon Charles Erskine, sewn in wrappers 
and in octavo format, was sold in Edinburgh for 4 shillings.100 When reviewed in The 

Critical Review, the new pathology received high praise: 

Of all the branches of medical enquiry, pathological disquisitions afford 
the understanding the greatest pleasure; for while they depend on 
theoretical principles deducible from the laws of the animal oeconomy, 
they likewise serve to lay the surest and most satisfactory foundation 
for rational practice. 
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95  Jan Bleuland, Oratio, qua memoria Hieronymi Davidis Gaubii cum omnibus, tum praesertim medicinae 
studiosis commendatur  (Harderwijk, 1792), 7. On Bleuland, see Ruben E. Verwaal and Reina de 
Raat, ‘Verzameldrift: De anatomische collectie van professor Jan Bleuland’, Geschiedenis der 
geneeskunde 14 (2010), 138–145.
96  Hieronymus David Gaubius, Institutiones pathologiae medicinalis, ed. Johann Christian Gottlieb 
Ackermann, 3rd ed. (Nuremberg, 1787). By this time, Gaubius’ textbook had already been 
reprinted twice in Leipzig in 1759 and 1781. Ackermann’s edition included his commentaries 
and Hahn’s short biography of  Gaubius.
97 Charles Blagden, ‘Cullen’s Comment on Gaubius’ Pathology’. Edinburgh, 1767. Wellcome 
Library, London, MS 1927.
98 Roger French, Robert Whytt, the Soul, and Medicine  (London, 1969), 9.
99  Cited in John Thomson, An Account of the Life, Lectures and Writings of William Cullen, M.D., 2 
vols (Edinburgh, 1832–1859), vol. 1, 325–326.
100  A reprint of the Latin textbook had already appeared as Hieronymus David Gaubius, 
Institutiones pathologiae medicinalis, 2nd ed. (Edinburg, 1762).



Praising Gaubius as one of ‘the most eminent professors in the modern schools of 
physic’, the reviewer was of the opinion that the author ‘has judiciously avoided all 
speculative disquisitions that tend not to the solid improvement of science. The 
original work is unquestionably one of the most valuable productions in this 
department of medical knowledge’.101  One could not wish for a more laudatory 
review.

Gaubius’ new pathology was not only adopted across Europe, but some 
medical authors even attempted to emulate his system of pathology. In the early 
1770s Irish surgeon and accoucheur David MacBride (1726–1778) published A 

Methodical Introduction to the Theory and Practice of Physic, a book which shared many 
similarities with Gaubius’ Institutiones.102 MacBride had been appointed secretary to 
the Medico-Philosophical Society in Dublin, and started teaching a course of 
medical lectures in his home in the winter of 1766–67. His book based on these 
lectures, was clearly inspired by Gaubius’ pathology, for it often referred to and 
summarised parts of the Institutiones. On the topic of the morbid sharpness of fluids, 
for example, MacBride gave ‘a short sketch of it [a necessary part of the pathology], 
as laid down by Gaubius, who is one of the latest, and supposed to be the best writer 
on this branch’. MacBride distinguished his work from Gaubius’  by also considering 
the practice of medicine. He remarked, for instance, that while ‘all this is perfectly 
systematical, and does very well to read; but when we come to look for these 
different species of acrimony in our patients, we shall not often be able either to find 
out or distinguish them’.103 

The Scottish physician James Makittrick (aka Makittrick Adair, 1728–1801) 
was of the same mind as MacBride.  Makittrick was in the process of making 
commentaries on Gaubius’ textbook in preparation for his teaching responsibilities 
in Dublin, when MacBride had gone ahead of him. Makittrick nevertheless decided 
to publish his work, for he thought of it as ‘of considerable use to young gentlemen 
who study physic regularly, as it may facilitate the attainment of those principles, by 
which their practice, as rational physicians, must be regulated’.104  Makittrick’s book 
adopted its own unique structure, but the general assumptions about the branch of 
pathology were exactly the same as Gaubius’: Makittrick recognised the essential role 
of chemistry in medicine,  opened with a discussion of the constituent principles of 
the body, and classified diseases according to their predisposing,  preternatural,  and 
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101  Tobias George Smollett, ‘The Institutions of Medicinal Pathology by H.D. Gaubius’, The 
Critical Review: Or, Annals of  Literature 47 (1779), 183–186.
102 David MacBride, A Methodical Introduction to the Theory and Practice of Physic  (London, 1772). 
A Latin translation appeared as Introductio methodica in theoriam et praxin medicinae, trans. Johannes 
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103 MacBride, Physic, 85–87.
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Emphasis in original.



proximate causes. In the case of semen, for example, similarities with Gaubius’ work 
can easily be discerned: ‘semen makes considerable changes in the body’. In case of 
disease,  the seminal liquor ‘may be either too thin and aqueous; or they may be acrid 
[by which] their secretion or excretion may be impeded, or preternaturally 
increased’.105

These examples of the readership, use, and emulation of Gaubius’  work 
provide sufficient evidence for the wide dissemination of the new pathology across 
Europe. Many universities adopted the Institutiones for educational purposes, while 
the works of MacBride and Makittrick testify to the continuing enterprise of 
matching, perhaps even surpassing Gaubius’ endeavour in pathology.

* * *
This chapter has demonstrated that the eighteenth century saw the development of 
a new field of disease theory. This branch of medicine was not primarily based on 
the body’s organs, such as morbid anatomy, nor on the classification of external 
characteristics of patients’ bodies,  such as nosology, but on a chemical analysis of the 
bodily fluids. On the basis of Gaubius’ Institutiones pathologiae medicinales this chapter 
has thus argued against the notion of pathology as a sub-discipline, but presented it 
as a field in its own right.  Pathology developed into a discipline for which chemistry 
was a guiding principle, because it allowed for an examination of changes in bodily 
fluids in living patients, and hence providing a deeper examination of varying states 
of  the living body.

How, then, were these approaches to disease understood to relate to each 
other? On the one hand, seeing how medical experts were coming to grips with 
venereal disease, these systems worked alongside each other rather than against one 
another.106  Different branches of disease theory were extensively explored through 
bedside observation, anatomical dissection, and chemical experiment. Whereas 
medical writers drew from a pool of shared assumptions and ideas about observation 
and experience, hypothesis and theory, they all sought to improve and reform 
medical theory, academic education, and bedside practice. Notably, however, the 
eighteenth-century discipline of pathology was the overarching disease theory, which 
included nosology and morbid anatomy, because it aimed for a knowledge of the 
nature, cause, and effect of disease. The branches of nosology, aetiology, and 
therapeutics were seen as different pars of the general study of pathology, a domain 
in which Gaubius specialised. In the words of Sauvages,  for example, ‘[p]athology, as 
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105 Ibid., 75, 233.
106 Broman, ‘The Medical Sciences’, 481.



we hear from the Arabs, is that theoretical part of Medicine, which treat of things 
contrary to nature, that is, of  disease, the causes and symptoms of  disease’.107

Throughout the eighteenth century, medical professors debated gonorrhoea 
and the ontological question of disease in general.  Through this process, disease was 
increasingly perceived as an identifiable phenomenon on its own, ultimately reaching 
ontological status in the nineteenth century.108  And as such, disease was susceptible 
to re-examination and redefinition within the discipline of  pathology.
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Pathologia methodica, seu de cognoscendis morbis  (Amsterdam, 1752), 1. Emphasis in original. With 
‘Arabs’, Sauvages mainly referred to Ibn Sina.
108 French, Medicine before Science, 231.





7
Conclusion

The oldest house surviving in Groningen today – the Hinckaertshuis, located just a 
stone’s throw away from the University – is still decorated with lavishly ornamented 
wallpaper dating back to the late eighteenth century. Among the painted flowers and 
ribbons sits a white marble vase on a black cloth with a white fringe (see Figure 7.1). 
This motif is not as ordinary as it may seem: the vase is a representation of Herman 
Boerhaave’s memorial statue in the Peter’s Church in Leiden.1  The wallpaper 
decorator probably used Abraham Delfos’ engraving of the monument (see Figure 
7.2) as model.2  At first glance, this wallpaper may appear to be an intriguing 
decoration from a bygone age, but on closer inspection it also poignantly 
demonstrates the importance and longevity of the medical research developed by the 
Boerhaave school.

Indeed, the vase and wallpaper perfectly illustrate that the community of 
medical researchers following in Boerhaave’s footsteps was widespread and 
continued to thrive until the end of the eighteenth century.  As this dissertation has 
shown, Boerhaave’s fame was continuously spread by his students, who played an 
important role in the transmission of his ideas long after his passing. The wallpaper 
was commissioned by Paulus ’s-Graeuwen (1715–1779), who had been part of the 
last cohort of students attending Boerhaave’s lectures in Leiden in 1736 and 1737.3 
Following a career as medical practitioner in Zutphen, ’s-Graeuwen succeeded 
Johannes de Gorter as the new professor of medicine and chemistry at Harderwijk 
in 1755. Thanks to the intervention of Hieronymus Gaubius – who played a pivotal 
role in the appointment of medical professors at Dutch universities, and thereby 

1  R.H. Alma et al., Het Hinckaertshuis: Zeven eeuwen bouwhistorie en bewoners, ed. T.J. Hoekstra, et 
al. (Groningen, 2012), 176.
2  Abraham Delfos, Sepulchre of Herman Boerhaave in the Pieterskerk, Leiden, 1766. A 
wooden scale model of  the monument is kept as 3589, Museum de Lakenhal, Leiden.
3 Paulus ’s-Graeuwen studied at  Leiden between 1736 and 1740. He graduated on the topic of 
antacids. Paulus ’s-Graeuwen, Specimen academicum inaugurale medicum de antacidis terrestribus  
(Leiden, 1740). Gaubius acted as ’s-Graeuwen’s promotor.
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Fig. 7.1: Boerhaave vase, Groningen, c. 1775. Foto by Sandro�Kortekaas, Stichting Hinckaertshuis.
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Fig. 7.2: Abraham Delfos, Boerhaave monument, 1766. Amsterdam, Rijksmuseum. This image was included 
as frontispiece in editions of Gerard van Swieten, Commentaria in Hermanni Boerhaave Aphorismos 
de cognoscendis et curandis morbis.



secured Boerhaave’s legacy – ’s-Graeuwen was subsequently appointed to the 
position of professor of medicine and chemistry in Groningen in 1771.4  He also 
aligned himself  with Boerhaave in his inaugural lecture:

Is he not the man who verified, by his own experience in gathering, 
deciding, and arranging the works and observations, not only of the 
ancients,  but also of the moderns, the most expert and happy Herman 
Boerhaave, whose great name is praised in any eulogy? I was his 
student, and I remember I was his most dearest admirer, and I  shall 
preserve his memory.5

Other students also actively sought to continue the Boerhaave school. By 
keeping Boerhaave’s image alive they consolidated their own public image and 
simultaneously established the central place of chemistry in medicine. Gerard van 
Swieten, for example, used Delfos’ engraving of the Boerhaave monument as the 
frontispiece to his magnum opus (see Figure 7.2).6  This made the book in itself a 
monument to the master,  and at the same time, it aimed to establish van Swieten as 
his intellectual successor –� a title which,  arguably, might just as well apply to 
Gaubius, Albrecht von Haller, and many others. Van Swieten institutionalised the 
Boerhaave school by completely reorganising the medical faculty in Vienna. He 
established a botanical garden, built a chemical laboratory, and expanded the 
anatomical theatre. The basis for the theory and practice of medicine were, of 
course, Boerhaave’s textbooks: the Institutiones medicae for physiology, van Swieten’s 
commentaries on Boerhaave’s Aphorismi for medical practice, Boerhaave’s Materia 

medica for pharmacy, and finally, Boerhaave’s Elementa chemiae for chemistry. It was not 
until 1785 that Pascal Joseph von Ferro (1753–1809) observed that Boerhaave’s 
textbooks were no longer considered the best for use in medical education.7  By 
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4  Cornelis Hendricus Velse (1719–1808) to Paulus ’s-Graeuwen, The Hague, 16 October 
1770. Zeeland Library, Middelburg, Handschrift 1940, f. 1r: ‘Onder alle voorwerpen, welke 
de Hr prof: Gaubius met mij over die derde tak, tot vermeerdering van gemelde luister, als de 
bekwaamste hebben kunnen uitdenken, hebben wij gemeent UHooggeleerde als de Eerste te 
moeten stellen, en daarom voor te draagen’. ’s-Graeuwen extended the chemistry courses by 
his predecessor Wouter van Doeveren from three days to four days a week. See Series Lectionum, 
University of  Groningen, 1771–1779.
5  ‘Nonne id propria sua experientia comprobavit Vir, in colligendis, diiudicandis, ac 
disponendis cum Veterum, tum Recentiorum monumentis et observatis solertissimus, 
felicissimus, cujus excitasse nomen omni encomio majus est, H. Boerhaavius: Ejus et 
discipulum me fuisse, et admiratorem gratissima recordor, ac servabo, memoria’ in Paulus ’s-
Graeuwen, Oratio inauguralis de anatomiae pathologicae utilitate ac necessitate  (Groningen, 1771), 12.
6  Delfos’ engraving was included in the fourth edition of van Swieten’s Commentaria in 1766. 
Copies of several earlier editions extant today have the frontispiece tipped in, e.g. the second 
edition of  the first volume in my own collection.
7  Pascal Joseph von Ferro, Einrichtung der medizinischen Fakultät zu Wien  (Vienna, 1785); Max 
Neuburger, ‘Boerhaave’s Einfluß auf die Entwicklung der Medizin in Oesterreich’, Janus 23 
(1918), 215–222.



analysing the works of de Gorter, Gaubius, von Haller, van Swieten, and many other 
Boerhaave disciples, this dissertation has shown that Boerhaave’s disciples played a 
central role in the conceptualisation and formalisation of physiology and pathology 
in the eighteenth century.

In identifying the Boerhaave school as an important community of 
researchers who established an eclectic medical theory based on the analysis of the 
bodily fluids, this dissertation overturns some longstanding assumptions about 
revolutionary break-throughs in medicine and chemistry at the turn of the 
nineteenth century. In recent years scholars have started to move away from the 
dominant focus on the chemical revolution around 1800, arguing that earlier 
developments in the fields of agriculture,  pharmacy, and mineralogy were of crucial 
importance to chemistry.8 This dissertation strengthens this line of argument, and 
additionally details the importance of Boerhaavian chemistry in eighteenth-century 
medicine, arguing that it preceded and formed the basis of many of the 
“revolutionary” developments of  the early nineteenth century. 

The traditional perception of revolutionary changes taking place in the 
nineteenth century has long been the dominant view, and one to which many 
nineteenth-century scientists themselves contributed.9 For example,  in a paper read 
at the monthly meeting of the Medical Society of Victoria in Melbourne,  Thomas 
Shearman Ralph (1813–1891) stated:  ‘Up to a recent date, it has been remarked, 
that the history of the life of the red corpuscle of the blood had yet to be written; to 
this I add, that the organic,  chemical, physiological, and pathological history of the 
blood as a whole,  has yet to be furnished to the medical student’.10  While Ralph 
certainly made valuable observations, medical students had been applying 
microscopes and chemical experiments to the analysis of blood for more than a 
century at that stage. But it is on the basis of such observations that scholars have 
previously characterised the chemistry of the early eighteenth century as a discipline 
suffering from theoretical stagnation and fallaciousness, and this theory was 
supposed to be proven by the mis-guided acceptance of the existence of phlogiston 
as an element. It was only from the nineteenth century onwards, they have argued, 
that scientists came to realise the value of chemical methods to medical practice and 
diagnosis. “Animal chemistry” or “clinical chemistry”, as it was called, explored 
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8  See, for example, Lawrence M. Principe, ed. New Narratives in Eighteenth-Century Chemistry 
(Dordrecht, 2007); Eddy, Mauskopf, and Newman, Chemical Knowledge; Fors, The Limits of 
Matter; John Stewart, “Chemical Affinity in Eighteenth-Century Scottish Physiology and 
Agriculture” (Doctoral Thesis, The University of Oklahoma, 2013); van Driel, “The Filthy 
and the Fat.”
9  Revolution-based narratives of the birth of the clinic and the “chemical revolution” are 
indebted to Michel Foucault, Naissance de la clinique: une archéologie du regard médical  (Paris, 1963); 
Kuhn, The structure of  scientific revolutions.
10  Thomas Shearman Ralph, ‘Observations and Experiments with the Microscope on the 
Effects of Various Chemical Agents on the Blood’, Australian Medical Journal 11 (1866), 230–
241, at 230.



physiological processes as chemical reactions, and it was�predominantly executed by 
chemists who were not physicians.11 

But having traced blood, urine, and other bodily fluids in the laboratory, this 
dissertation has emphasised the wide-spread recognition among eighteenth-century 
medical men –�physicians, professors, and students alike – of chemistry as a pillar of 
medicine.12  The Boerhaave school established and disseminated theoretical 
innovation in physiology and pathology by means of innovative scientific 
instruments and chemical experiments.  As time progressed, the level of abstraction 
and quantification improved thanks to the investigation of larger research samples 
and the application of more accurate measurements. Researchers isolated the 
elementary substances and chemical properties of bodily fluids, and they made their 
findings relevant to public health concerns. In other words, the Boerhaave school 
established chemistry as an academic discipline with an influence beyond the 
confines of  the chemical laboratory, from the early eighteenth century onwards. 

These findings certainly raise one question: why has the historiography of 
science and medicine hitherto neglected the eighteenth-century Boerhaave school? 
Although Boerhaave himself has received a fair amount of scholarly attention, 
Boerhaave has been mainly considered as a pioneer of mechanist medical thinking, 
applying mathematics and corpuscularianism to the field of medicine,  and has thus 
been placed at the end of the seventeenth-century Scientific Revolution, rather than 
at the beginning of a chemical revolution in medicine. And whenever medicine and 
chemistry in the eighteenth century have been explored, the focus has largely been 
on French, German, and Anglo-Saxon contexts, but not the rich tradition of the 
Dutch Republic.

By analysing Boerhaave as the beginning of a new and international research 
programme, this dissertation opens up new avenues for research on medicine and 
natural philosophy in this period. Boerhaave’s students may be traced in other fields 
of expertise, most notably in botany and natural history, as is the case for Martinus 
Houttuyn (1720–1798) and Johannes le Francq van Berkhey (1729–1812).13 Also, the 
role of chemistry for the appreciation of mineral waters or the study of tropical 
diseases in the Dutch West and East Indies may be re-evaluated by taking the 
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11  The main publication is Justus von Liebig, Animal Chemistry or Organic Chemistry in Its 
Application to Physiology and Pathology, trans. William Gregory (Cambridge, 1842). See for 
example Louis Rosenfeld, ‘Justus Liebig and Animal Chemistry’, Clinical Chemistry 49 (2003), 
1696–1707.
12  Scholars tend to picture eighteenth-century chemistry as subordinate to medicine. For 
example, chemistry is presented as a ‘handmaid’ to medicine in F.R. Jevons, ‘Boerhaave’s 
Biochemistry’, Medical History 6 (1962), 343–362, at 346. 
13  Martinus Houttuyn, Natuurlyke historie of uitvoerige beschryving der dieren, planten en mineraalen, 
volgens het samenstel van den heer Linnaeus, 37 vols (Amsterdam, 1761–1785); Johannes le Francq 
van Berkhey, Natuurlyke historie van Holland, 4 vols (Amsterdam, 1769–1778).



Boerhaavians into account.14  Finally, more case studies on bodily fluids could be 
examined to gain insights into the production of physiological and pathological 
knowledge rooted in chemical analysis. The study of morbid secretions and 
excretions, such as pus, phlegm, vomit,  and diarrhoea would offer different insights 
into material properties, chemical analyses, and pathological understandings in 
premodern times.15 If we consider Boerhaave’s death in 1738 not the end of an era, 
but rather a new beginning, the study of erudite individuals and academic 
institutions,  of chemical practices and the production of medical knowledge in the 
Dutch Republic and far beyond  may gather new momentum.
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14  On mineral water see, for example, Philippus Ludovicus de Presseux, Dissertatio medica 
inauguralis de aquis Spadanis  (Leiden, 1736); and Jean Philippe de Limbourg, Dissertatio physico-
medica inauguralis de hominis principiis, morbisque a causis internis animatis in genere et verminosis in specie  
(Leiden, 1746). On the use of Boerhaave’s work by practitioners in the tropical colonies see 
Mark Harrison, Medicine in an Age of Commerce and Empire: Britain and its Tropical Colonies, 1660–
1830  (Oxford, 2010), 47–63.
15 See for example Joannes Grashuis, Dissertatio de generatione puris: Verhandeling van de etter-wording  
(Amsterdam, 1747).





Samenvatting

Dit proefschrift beargumenteert dat aan het begin van de achttiende eeuw nieuwe 
onderzoeksmethoden en wetenschappelijke instrumenten de perceptie van de 
lichaamsvloeistoffen ingrijpend veranderden, wat bijdroeg aan een nieuwe 
geneeskunde. De zeventiende eeuw kende nog een breed scala aan rivaliserende 
medische theorieën. Ten eerste de humeurenleer, die zijn oorsprong had in de 
antieke geschriften van Hippocrates (ca.  460–377 v. Chr.) en Galenus (129–c. 210 n. 
Chr.), en in de middeleeuwen verder was ontwikkeld door artsen zoals Ibn Sina 
(Avicenna, 980–1037). Volgens de humeurenleer bestaan er vier lichaamshumeuren 
– te weten bloed, slijm,  zwarte en gele gal – die met elkaar in evenwicht moeten zijn 
voor een goede gezondheid. Om het humoraal evenwicht te behouden,  bloedde 
men regelmatig via neusbloedingen, aambeien, menstruatie, of chirurgisch door 
middel van aderlaten Een kritische reactie op deze theorie kwam op in de zestiende 
eeuw met de chemische geneeskunde (ook wel bekend als iatrochemie) van 
Paracelsus (1493–1541). Paracelsus protesteerde tegen de autoriteit van de 
Galenische geneeskunde en presenteerde een model van drie primaire stoffen – zout, 
zwavel en kwik – waarbij  hij ziekte niet meer beschouwde als een interne onbalans 
tussen de humeuren, maar stelde dat deze werd veroorzaakt door externe factoren. 
Voorts presenteerde hij een nieuwe reeks drastischer geneesmiddelen,  waaronder 
kwik, antimoon en arseen. In de zeventiende eeuw kreeg de Galenische geneeskunde 
opnieuw kritiek, ditmaal van René Descartes (1596–1650),  die de lichamelijke 
processen herleidde tot anatomie, beweging en mechanische handelingen. Kortom, 
in de vroegmoderne periode ontwikkelde men rivaliserende theorieën over het 
functioneren van het gezonde, levende lichaam. 

Maar terwijl de Paracelsiaanse en Cartesiaanse theorieën de humeurenleer 
hadden afgewezen, ontwikkelden de Nederlandse hoogleraar Herman Boerhaave 
(1668–1738) en zijn leerlingen juist een nieuwe waardering voor de 
lichaamsvloeistoffen. Terwijl anatomische ontdekkingen de structuur van het 
lichaam blootlegden, boden die geen verklaringen voor de werking  van het lichaam. 
Voor een beter begrip van de fysiologie –� voortplanting, spijsvertering, 
bloedsomloop, transpireren, urineren, etc. –� waren de vloeistoffen nodig.  Dankzij 
nieuwe instrumenten zoals thermometers en hydrometers, chemische laboratoria om 
te mengen, en chemische processen als distillatie en fermentatie,  kregen artsen 
nieuwe inzichten in de aard en veranderlijkheid van de lichaamssappen – en 
daarmee een beter begrip van de fysiologie. Kortom, aan het begin van de 



achttiende eeuw leidde de toepassing van nieuwe instrumenten en methoden op 
lichaamsvloeistoffen tot buitengewone veranderingen: men vond de theorie van de 
geneeskunde opnieuw uit,  nam belangrijke bijdragen mee uit de iatrochemie en 
mechanische geneeskunde, en vestigde zo een nieuwe, irenische fysiologie van de 
vloeistoffen. Aan de hand van vijf case studies laat dit proefschrift zien hoe deze 
nieuwe geneeskunde tot stand kwam.

Hoofdstuk 2, ‘De Aard van het Bloed’, analyseert de veranderende percepties 
van bloed in de Republiek, zowel door Boerhaave’s leerlingen als door zijn rivalen. 
Historisch gezien kent bloed een breed scala aan culturele connotaties: van 
familiebanden en loyaliteiten tot geweld en bloedvergieten. Bloed was bovendien één 
van de vier kardinale humeuren die de fysieke karakteristieken en temperamenten 
mensen zouden bepalen. Dit hoofdstuk laat echter zien hoe vroegmoderne 
Nederlandse artsen de merkwaardige eigenschappen van bloed analyseerden in het 
chemisch laboratorium. Het resultaat van deze onderzoeken was dat Boerhaave en 
zijn opvolger Hieronymus Gaubius (1705–1780) een nieuwe visie ontwikkelden op 
de fysiologie van het lichaam. Hun aanpak leverde ook kritiek op: de Haagse arts 
Thomas Schwencke (1694–1767) was zeer sceptisch over scheikunde, omdat hij 
ervan overtuigd was dat bloed in vitro  (‘in het glas’) en bloed in vivo (‘in het levende 
lichaam’) wezenlijk verschillende vloeistoffen waren. Schwencke gaf de voorkeur aan 
het meten van het gewicht en de temperatuur van bloed voor diagnostische 
doeleinden. In de analyse van deze concurrerende beweringen stel ik dat het debat 
verder ging dan het probleem van methodologie. Het hield rechtstreeks verband met 
de essentiële en omstreden vraag over het bloed zelf: was het bloed levend?

De bloedexperimenten tonen de belangrijke rol aan van scheikunde in de 
veranderende perceptie van de vloeistoffen en fysiologie van het lichaam. Hoofdstuk 
3, ‘Piskijkers en Urinezaken’, gaat dieper in op de rol van de zogenaamde 
‘vuurfilosofie’ en toont de wisseling aan van ‘chymie’ naar chemie aan het begin van 
de achttiende eeuw. Mijn onderzoek naar de chemische praktijken met urine laat 
zien dat artsen in deze periode chemie anders gingen toepassen: waar chemie 
voorheen werd gebruikt voor het algemene, diagnostische doel van uroscopie,  ging 
het nu de meer gespecialiseerde en pathologische studie van urologische 
aandoeningen dienen. Eeuwenlang gebruikten uroscopisten of piskijkers de urine 
van patiënten als hulpmiddel om diagnoses en prognoses te maken. Sommige 
beoefenaars dachten door middel van destillatie patiënten nauwkeuriger te kunnen 
diagnosticeren dan ooit tevoren. Maar voor artsen als Gaubius was de chemie van 
urine niet zozeer een diagnostisch instrument dat van toepassing was op elke ziekte; 
het was eerder een middel om de veranderende eigenschappen van urine te 
onderzoeken in de loop van de conditie van een patiënt. Deze artsen legden 
specifieke aandoeningen zoals blaasstenen uit in termen van de chemische 
componenten in urine en hun aantrekkingskrachten (cohesie). Hoofdstuk 3 toont dan 
ook aan dat de methode en praktijk van urine-chemie, hoewel vergelijkbaar met 
chymische uroscopie, zeer verschillende doelen en toepassingen had, en overging van 
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diagnostiek naar pathologie. Deze nieuwe doelen en methoden zouden aan het einde 
van de negentiende eeuw van groot belang blijken te zijn voor de ontwikkeling van 
de moderne geneeskunde.

Terwijl de hoofdstukken over bloed en urine vooral ingaan op de 
veranderende percepties van vloeistoffen onder academici, blijkt uit hoofdstuk 4, 
‘Weinig in de Melk te Brokkelen Hebben’, dat de hernieuwde belangstelling voor en 
heroverweging van de vloeistoffen ook buiten de academische wereld plaatsvond. 
Melk is een van de belangrijkste en geprezen vloeistoffen van het lichaam, omdat 
moedermelk – zowel symbolisch als materieel – de intieme moeder-kindrelatie 
vertegenwoordigt.  De praktijk van borstvoeding was echter nooit vanzelfsprekend of 
onveranderlijk, omdat de hulp van minnen en het geven van de fles in heel 
vroegmodern Europa populair was,  uit noodzaak of gemak. Historici hebben al veel 
aandacht besteed aan hedendaagse debatten over de voor- en nadelen van 
borstvoeding door moeders en minnen, maar dit hoofdstuk gaat in op de rol van 
artsen en apothekers,  schrijvers en moeders in deze kwestie.  Tijdens de 
vroegmoderne periode publiceerden artsen moraliserende teksten om moeders van 
het nut van borstvoeding te overtuigen. Ik beargumenteer dat in de achttiende eeuw 
Nederlandse artsen door chemische experimenten met melk nieuwe argumenten in 
handen kregen om de uitzonderlijke voedingswaarde van melk in het algemeen – en 
het belang van moedermelk voor de gezondheid van de zuigeling in het bijzonder – 
te benadrukken. Boerhaave zag bijvoorbeeld het witte en schijnbaar alledaagse sap 
als een samenvloeiing van de belangrijkste fysiologische functies: uitscheiding 
(secretie), spijsvertering,  voeding en groei. Bovendien stimuleerden geleerde 
genootschappen artsen, chirurgen en apothekers om steeds meer galactagogen – de 
middeltjes die lactatie stimuleren –� te onderzoeken. Terwijl moeders nog steeds 
kruidenmiddeltjes zoals dille,  venkelzaad, anijs, komijn en karwij consumeerden, 
omdat ze problemen ervoeren met borstvoeding, keurden artsen mineraal-
geneesmiddelen af als onecht en moedigden ze galactagogen aan op basis van 
dierlijke producten, zoals koemelk, kaas en room. Instrumentmakers introduceerden 
zelfs lactatietechnieken zoals melkpompen. Hoewel het ernaar uitziet dat veel ouders 
destijds hun eigen mening bleven vormen over de verzorging van hun kind, laat dit 
hoofdstuk zien dat Nederlandse artsen innovatieve instrumenten uitvonden en 
verschillende strategieën toepasten om het belang van melk en borstvoeding te 
onderstrepen.

De lichaamssappen bloed, urine en melk werden gemakkelijk opgevangen en 
onderworpen aan chemische experimenten. Andere vloeistoffen,  zoals zweet, stelden 
onderzoekers echter voor grote uitdagingen vanwege hun efemere en vluchtige 
eigenschappen. Toch ondergingen ook deze vloeistoffen een transformatie in de 
nieuwe fysiologie. Hoofdstuk 5, ‘Zweet het uit’, richt zich op het concept van de 
zogenaamde ‘ongevoelige doorwaaseming’ en het zweetdrijvende middel van 
salammoniak. De bestaande geschiedschrijving over de ongevoelig doorwaaseming 
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bedrukt de lange levensduur van het gebruik van Santorio Santori’s (1561–1636) 
beroemde weegstoel en kwantificering in de geneeskunde. Dit hoofdstuk bevestigt 
inderdaad dat de oude notie van ongevoelige doorwaaseming tot in de achttiende 
eeuw werd gezien als essentieel voor het behoud van iemands lichamelijke 
gezondheid. Echter, de uitgebreide, maar weinig bestudeerde Nederlandse receptie 
van Santorio’s ongevoelige doorwaaseming in de werken van de Harderwijker 
professor Johannes de Gorter (1689–1762) laten een drastische verschuiving zien in 
het denken over zweet. Ondanks de nadruk op kwantificering in de geneeskunde, 
weerspiegelde Santorio’s werk nog steeds de antieke opvattingen over transpiratie die 
nauw verbonden waren met spijsvertering en gezondheid als balans van de 
humeuren. Maar in de achttiende eeuw gingen artsen van de Boerhaave school 
echter bijzonder veel aandacht besteden aan de rol van microscopisch kleine 
zenuwen in het lichaam en aan de aard van individuele en onzichtbare 
lichaamsvloeistoffen, zoals het ‘zenuwsap’.  De Gorter’s onderzoek naar transpiratie 
verwerkte neurologische beschrijvingen in een poging om een meer gedetailleerde 
theorie van de interne fysiologie van transpiratie te ontwikkelen. Bovendien kon hij 
de pathologie van ziekten zoals katarrh beschrijven en de doeltreffendheid 
rechtvaardigen van zijn voorkeursbehandeling – salammoniak – waardoor zijn 
patiënten de ziekte letterlijk zouden uitzweten. 

Waar eerdere hoofdstukken al ingaan op vloeistoffen in relatie tot ziektes en 
behandelingen, behandelt het laatste hoofdstuk het medische begrip van ziekte. 
Hoofdstuk 6, ‘Zaad in Flux’, laat de ontwikkeling en verscheidenheid van 
achttiende-eeuwse ziektebegrippen bij artsen zien. Ik betoog dat hun onderzoeken 
naar zaad hebben bijgedragen tot de formalisering van de pathologie als een 
afzonderlijke discipline. Historici hebben de achttiende-eeuwse ziektetheorie vaak 
getypeerd door twee uitvindingen: enerzijds nosologie, de classificatie van 
symptomen in coherente taxonomieën, en anderzijds de plaats van de ziekte in de 
vaste delen van het lichaam, vaak aangeduid als pathologische of morbide anatomie. 
Maar terwijl nosologie en morbide anatomie zich concentreerden op de gevolgen en 
eindresultaten van ziekte, verstrekten zij geen aanwijzingen voor de mogelijke 
oorzaak van een ziekte.  Hoofdstuk 6 analyseert Gaubius’ tekstboek Institutiones 

pathologiae medicinalis (1758) en toont aan dat artsen een derde type van ziektetheorie 
ontwikkelden, die was gebaseerd op de chemie van vloeistoffen. Door onderzoek te 
doen naar zaad en gonorroe in relatie tot pathologie stel ik dat scheikunde leidde tot 
een beter begrip van de oorzaken van ziekte. Het bevorderde  daarmee de invoering 
van een nieuwe pathologie die zich in de achttiende eeuw door heel Europe 
verspreidde.

Dit proefschrift over de fysiologie van de vloeistoffen toont eveneens aan hoe 
belangrijk Boerhaave en zijn school waren. Over het algemeen hebben historici een 
weinig rooskleurig beeld geschetst van de Nederlandse universiteiten in de achttiende 
eeuw. Studentenaantallen liepen terug en nieuwe doorbraken leken uit te blijven. 
Een crisis kan echter ook de aanleiding zijn tot het inslaan van nieuwe wegen. Dit 
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proefschrift toont de rijke en wijdverbreide gemeenschap van de zogenaamde 
Boerhaave school aan. Vernoemd naar de beroemde arts en scheikundige Herman 
Boerhaave kunnen we spreken van een gemeenschap van artsen en onderzoekers die 
zich zowel inhoudelijk als sociaal-cultureel associeerden met de Leidse hoogleraar. 
Van Utrecht tot Groningen en van Harderwijk to Sint-Petersburg kunnen we 
Nederlandse artsen vinden die in de voetstappen van Boerhaave traden en zijn 
gedachtegoed verder uitwerkten.

Ten slotte werpt dit proefschrift nieuwe vragen op ten aanzien van de 
medisch-historische literatuur die revolutionaire omwentelingen beschrijft rond 
1800. De nieuwe medische wetenschap die toen opkwam wordt doorgaans  
getypeerd als ‘laboratorium-geneeskunde’  en ‘ziekenhuisgeneeskunde’, omdat ze 
werd gekenmerkt door statistiek en gedetailleerd, kwantitatief onderzoek in het 
laboratorium. Dit proefschrift ontkent niet dat veel van deze negentiende-eeuwse 
ontwikkelingen baanbrekend waren, maar het stelt dat veel van deze vooruitgang al 
zijn oorsprong had in de achttiende-eeuwse geneeskunde van de Boerhaave school.
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Appendices

1. The Boerhaave School at Dutch Universities

Leiden University

1718–1729 Herman Boerhaave  Prof  of  Medicine, Botany & Chemistry
1730–1775 Hieronymus D. Gaubius  Lector; Prof  of  Medicine & Chemistry 
      (1734)
1775–1784 Johannes David Hahn  Prof  of  Medicine & Chemistry
1784–1795 Florentius J. Voltelen  Extra-ordinary prof

University of  Groningen

1724–1753 Jacobus Henricus Croeser Prof  of  Medicine, Botany & Chemistry
1754–1763 Tiberius Lambergen  Prof  of  Medicine, Botany & Chemistry
1763–1771 Wouter van Doeveren Prof  of  Medicine, Chemistry, 
      Physiology, Pathology & Obstetrics
1771–1779 Paulus ’s-Graeuwen  Prof  of  Medicine & Chemistry
1780–1793 Wolther Forsten Verschuir Prof  of  Medicine

Utrecht University

1726–1758 Evert Jacob Wachendorff Lector; Prof  of  Medicine, Botany & 
      Chemistry (1743)
1759–1775 Johannes David Hahn Prof  Medicine, Botany & Chemistry
1775–1791 Alexander Petrus Nahuys Prof  of  Medicine, Botany, Chemistry & 
      Physiology
1794–1794 Steven Johan van Geuns Prof  of  Medicine, Botany, Physiology & 
      Chemistry

University of  Franeker

1720–1744 Wijer Willem Muys  Prof  of  Medicine, Chemistry & Botany
1744–1748 Frederik Winter  Prof  of  Medicine, Chemistry & Botany
1749–1754 Tiberius Lambergen  Prof  of  Medicine
1749/53–1755 Willem Ouwens  Prof  of  Medicine, Chemistry & Botany
1755–1772 Feyo Udo Winter  Lector; Prof  of  Medicine
1774–1787 Georgius Coopmans  Prof  of  Medicine & Chemistry
1787–1795 Adolphus Ypey  Prof  of  Medicine & Chemistry



University of  Harderwijk

1725–1754 Johannes de Gorter  Prof  of  Medicine, Chemistry & Botany
1756–1771 Paulus ’s-Graeuwen  Prof  of  Anatomy, Chemistry & Botany
1771–1775 Alexander P. Nahuys  Prof  of  Medicine, Chemistry & 
      Physiology
1770–1775 Nicolaas G. Oosterdijk  Prof  of  Medicine, Materia medica,  
      Chemistry
1776–1790 Matthias van Geuns  Prof  of  Medicine, Chemistry & 
      Physiology
1791–1807 Rudolf  Forsten  Prof  of  Medicine
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2. Hieronymus Gaubius’ Institutiones

(1758), Institutiones pathologiae medicinalis (Leiden: Samuel and Joannes Luchtmans).
(1759), Institutiones pathologiae medicinalis (Leipzig: Kraus and Breitkopf).
(1762), Institutiones pathologiae medicinalis (2nd edn.;  Edinburg: A. Donaldson and J. 

Reid).
(1763), Institutiones pathologiae medicinalis (rev. edn.; Leiden: Luchtmans).

[2nd and revised Leiden edition]
(1766), Institutiones pathologiae medicinalis (Venice).

[reprint of  the 1763 Leiden edition].
(1770), Pathologie de M. Gaubius trans. Petrus Seu (Paris: Vincent).

[French translation]
Balthazaar, Alex. (1772–76), Pathologia chirurgicalis of Heelkundige ziektekunde 

(Leiden: Cornelis de Pecker).
[Dutch translation, though not presented as such]

(1774), Institutiones pathologiae medicinalis (rev. edn.; Venice: J.B. Pasquali).
(1775), Institutiones pathologiae medicinalis (rev. edn.; Leiden: Luchtmans).

[reprint of  the 1763 edition]
Balthazaar, Alex. (1777), Pathologia chirurgicalis of Heelkundige ziektekunde (Leiden: 

Jacob Meerburg and Joseph Thyssens).
[reprint of  the 1772–1776 edition]

(1778), The institutions of medicinal pathology, trans. Charles Erskine (Edinburgh:  C. 
Elliot and T. Cadell).
[English translation of  the 1763 Leiden edition]

(1781), Institutiones pathologiae medicinalis (rev. and 3rd edn.; Leiden: Luchtmans).
[Includes short biography by Johannes David Hahn]

(1781), Institutiones pathologiae medicinalis (2nd edn.; Leipzig).
(1781), Anfangsgründe der Krankheitenlehre des Menschen  trans. Daniel Andreas 

Diebold (Zürich: Orell).
[First German translation]

Balthazaar, Alex. (1783), Pathologia chirurgicalis of Heelkundige ziektekunde 

(Amsterdam).
[Reprint of  1772–1776 edition]

(1784), Anfangsgründe der medicinischen Krankheitslehre trans. Christiaan Gottfried 
Gruner (Berlin: S.F. Hesse).
[Second German translation]
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(1785), Anfangsgründe der medicinischen Krankheitslehre trans. C.G. Gruner (Linz: 
Trattner).
[Second German translation, with a brief  biography]

(1787), Institutiones pathologiae medicinalis (Nuremberg: E.C. Grattenauerum).
[Publication of the 1781 edition; with commentaries by Johann Christian 
Gottlieb Ackermann and with a preface by Johannes David Hahn]

(1787), Institutiones pathologiae medicinalis (2nd edn.; Venice).
[Reprint of  1766 edition]

(1788), Pathologie trans. Petrus Seu (rev. edn.; Paris: Théophile Barrois).
[New French translation based on the 3rd enlarged Latin edition 1781 by 
Johannes David Hahn and the 1787 Nuremberg edition by Ackermann.]

(1791), Anfangsgründe der medicinischen Krankheitslehre (2nd. edn.; Berlin: Hesse).
[Reprint of  1784]

(1792), Начальныя основанiя врачебныя пафологiи, то есть науки о свойствѣ, 
причинахъ, припадкахъ и различiяхъ болѣзней, въ человѣческомъ 
тѣлѣ случающихся (St Petersburg: Nauk).
[Russian translation by Petr Martynovich Gofman].

Ferdinand Dejean, ed. (1792–1794), Commentaria in institutiones pathologiae 

medicinalis 3 vols (Vienna: Rud. Graeffer).
[Commentaries on Gaubius’ aphorisms]

Ferdinand Dejean, ed. (1794–1796), Erläuterungen über Gaub's Anfangsgründe der 

medicinischen Krankheitslehre. 3 vols. (Berlin: Voss).
[Translation by Christian Gottfried Gruner]

(1797), Anfangsgründe der medicinischen Krankheitslehre (3rd. edn.; Berlin: Hesse).
[Third and revised edition, new translation, with commentaries and 
biography of  Gaub, and register]
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Manuscripts and Objects

Amsterdam, University Library

MS 1343 I E 9–10 Matthias van Geuns, ‘Ex collegio chemico H.D. Gaubii 
annotata’, Leiden, 1758–1759.

MS 1377 I F 66 Matthias van Geuns, ‘Ad Gaubii Instit. patholog’. Leiden, 
1759.

MS 1382 I E 61 Matthias van Geuns, ‘Schema institutionem pathologiae 
medicinalis Cl. Gaubii’. Harderwijk, c. 1775.

MS 1403 P IC 38 ‘Aenteekeninge, uijt ordre en volgens instructie van Haare 
Edele Grootagtbaare de Heeren Burgermeesteren, van die 
geene, die van den steen syn gesneden, ’t zeedert den 23en 
April 1700 tot den eersten Januarij 1801. Gehouden door 
de stads doctoren en overluijden van het Chirurgijns 
gilde’, Amsterdam, 1700–1801.

Bordeaux, University Library of  Arts, University Michel de Montaigne

Bdx.U3.Ms.4 ‘Cl. Hier. Gaubii, in Academia Lugduno-Batava 
professoris extraordinarii et lectoris chemiae, 
PRAELECTIONES PUBLICAE CHEMICAE annorum 1731, 
1732�et 1733, sive examen chemicum humorum corporis 
humani, habitum in auditorio chemico’, 2 vols, 1731–
1733.

Copenhagen, Royal Library

Thott 691, 692 kvart  ‘Dictata Gaubii in Pathologiam Boerhavii’, 2 vols, 1745.

Groningen, University Library

HS 98 Anton Gabriel Meder, ‘Tractatus collegii chymici’, Leiden, 
1710–1713. [nog verwerken in Boerhaave School stuk]

Haarlem, Noord-Hollands Archief

NHA 444, 373 Hollandsche Maatschappij der Wetenschappen te 
Haarlem, 1752–1975. Prijsvraag 8, Zog, 1760–1761.



Leeuwarden, Tresoar

s 66 AW ‘Bibliotheca Boerhaaviana, sive Catalogus librorum ... 
Hermanni Boerhaave’, Leiden, 1739.

Leiden, Rijksmuseum Boerhaave

V25790 Little Boerhaave stove, 1800–1900.
V05517 Breast pump made of  tin and glass, G. Hoepe, Berlin, 

1800–1850.

Leiden, Museum de Lakenhal

3589	 Model of  Sepulchre of  Herman Boerhaave in the 
Pieterskerk, Leiden, late 18th century.

Leiden, University Library

BPL 850 ‘H.D. Gaubius, Institutiones pathologicae’, 4 vols, c. 1750.
BPL 1475 ‘Viri Celeberrimi H.D.Gaubii M.D. Medicinae, Chemiae, 

& Collegii Practico-Medici in Academia Batava, qua 
Leidae est, Professoris Ordinarii. PRAELECTIONUM 
THEORETICARUM Secundum Institutiones Medicas H. 
Boerhaave’, 6 vols, Leiden: Philip Bonk, 1751.

BPL 1476 ‘Compendium Praelectionum H.D. Gaubii Med. Prof. in 
Pathologiam Nosologiam & Aetiologiam’, Leiden, c. 1750, 
1768.

BPL 1477  ‘Viri Clarissimi Hieronymi Davidis Gaubii Med. Doctoris, 
Ejusdem ac Chemiae et Collegii Practico-Medici in 
Academia Batavia, quae Leidae est, Professoris Ordinarii, 
DICTATA IN CHEMIAM’, 3 vols, Leiden: Philip Bonk, c. 
1750.

BPL 1478 Gerhardus Vermeer, ‘Comentaria ex ore Clarissimi Viri J. 
De Gorter excerpta’, Harderwijk, c. 1740.

F 699 Herman Boerhaave, ‘Praelectiones publice habitae de 
morbis nervorum’, Leiden, 1730–1735. Microfiche copy 
of  MS XIII 11.

UBL 042, 348–350 Archieven van Senaat en Faculteiten, 1575–1877; 
Universiteit Leiden (ASF); D. Studenten.

London, British Library

Sloane MS 3183–3184 ‘Descripta quaedam ab Ore Hermanni Boerhaavii inter 
pronunciandum lectiones ejus de Chemia in 2 tomis. 
Lugd. Bat. Anno 1719’, 2 vols, Leiden, c. 1719–1730.
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London, Royal College of  Surgeons of  England

MS0114/1/1 ‘Collegii Chemici ex D.D. Boerhaaven’. Leiden, 1702.

London, Science Museum

A124874 Breast pump of  brass and glass, Europe, 1771–1830.
A606855 Breast reliever for self  use, made of  glass, c. 1850–1880.
A606862	 Breast reliever for self  use, made of  glass, place and date 

unknown.

London, Wellcome Library

A641255 Nipple shield of  sterling silver with the maker’s initials and 
George III’s head, 1786–1821.

A606830	 Nipple shield of  glass, c. 1800
A606829	 Nipple shield of  ivory, c. 1800.
MS 1927  Charles Blagden, ‘Cullen’s Comment on Gaubius’ 

Pathology’. Edinburgh, 1767.
MS 2480–2485 George Paterson, ‘Gaubii Chemia’, Leiden, c. 1755.

Lyon, Inter-University Library, Diderot

Mss et R 63 ‘Dictata cl. Gaubii in Ætiologiam, seu Commentarium a 
§o 737 et sequentes usque ad § 800 Institutionum 
Medicarum Boerhaave’, Leiden, 1745.

Mss et R 64 ‘Dictata clariss. Gaubii in Symptomatologiam 
Pathologiae’, Leiden, 1745.

Middelburg, Zeeland Library

Handschrift 1940 Letter from Cornelis Hendricus Velse to Paulus ’s-
Graeuwen, The Hague, 16 October 1770.

Handschrift 4940 Jacobus de Puyt, ‘Observatie van een verlossinge van drie 
kinders’, Middelburg, 1777.

Handschrift 6270–6271 ‘Hieron. David. Gaubii Med. Doct. Med. & Chemio 
Professoris in Academia Leijdensi DICTATA IN CHEMIAM’, 
2 vols, ..

Montpellier, Inter-University Library, section Medicine

H 166 ‘Hieronymi Gaubii prælectiones publicæ chemicæ, annis 
1731-32-33 sive Examen Chemicum humorum Corporis 
humani habitum in auditorio chemico’, 1731–1733.

Oxford, Bodleian Library

MS. Rawl. C 535 ‘Hermanni Boerhaave Chemia’, Rawlinson Collection 
Mss. 12382.
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St Petersburg, S.M. Kirov Military Medical Academy

MS XIII 11 Herman Boerhaave, ‘Praelectiones publice habitae de 
morbis nervorum’, Leiden, 1730–1735.

The Hague, Royal Library

424 B 2, nr. 14	 Hieronymus Gaubius to Anthony Adriaan van Iddekinge, 
Leiden, 8 February, 15 May, 24 August, 2 September 
1753.

Uppsala, University Library

Waller MS cod-00068 Georg Michael Wepfer, ‘Collegium Chymicum 
experimentale’, Schaffhausen, 1714.

Vienna, ONB

Cod. 12713-12714 Han ‘Epistolae ad Antonium Ribeiro Sanches’, 2 vols, 1735–
1783.

Yale, Beinecke Rare Book and Manuscript Library

Mellon MS 117 ‘Annotationes ex praelectionibus chemicis’, Leiden, 1772–
1773.  
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Gräffer, 1785.
van Foreest, Pieter. De incerto, fallaci, urinarum iudicio.  Leiden: Plantin, 1589.
de Fourcroy, Antoine François,  and Louis Nicolas Vauquelin. ‘Premier mémoire pour 

servir à l’histoire naturelle,  chimique et médicale, de l’urine humaine’. 
Annales de Chimie 31 (1798): 48–71.



———. ‘Second mémoire pour servir à l’histoire naturelle, chimique et naturelle de 
l’urine humaine dans lequel on s’occupe spécialement des propriété de la 
matière particulière qui la caractérise’. Annales de Chimie 32 (1799): 80–162.

le Francq van Berkhey, Johannes. Natuurlyke historie van Holland. 4 vols Amsterdam: 
Yntema and Tieboel, 1769–1778.

Gallandat, Isaac Henri. ‘De zogpomp, voorgesteld en aangeprezen’.  Verhandelingen van 

het Zeeuwsch Genootschap der Wetenschappen 13 (1786): 538–558.
Gaubius, Hieronymus David. Oratio inauguralis qua ostenditur chemiam artibus academicis 

jure esse inserendam.  Leiden: Coenraad Wishoff, 1731.
———. Oratio de vana vitae longae, a chemicis promissae, exspectatione.  Leiden: Isaac 

Severinus, 1734.
———. Sermo academicus de regimine mentis quod medicorum est.   Leiden: Boudewijn 

Janssoon van der Aa, 1747.
———. Institutiones pathologiae medicinalis.   Leiden: Samuel and Johannes Luchtmans, 

1758.
———. On the Passions: or a Philosophical Discourse Concerning the Duty and Office of 

Physicians in the Management and Cure of the Disorders of the Mind. Translated by 
J. Taprell.  London: W. Flexney, 1760?

———. Institutiones pathologiae medicinalis.  2nd ed.  Edinburg: A. Donaldson and J. 
Reid, 1762.

———. Institutiones pathologiae medicinalis.  2nd ed.   Leiden: Samuel and Joannes 
Luchtmans, 1763.

———. Sermo academicus de regimine mentis quod medicorum est.   Leiden: Samuel and 
Johannes Luchtmans, 1763.

———. Pathologie de M. Gaubius. Translated by Pierre Seu.  Paris: Vincent, 1770.
———. Oratio panegyrica in auspicium seculi terti Academiae Batavae.  Leiden:  Samuel and 

Johannes Luchtmans, 1775.
———. Feestrede van Hieronymus David Gaubius by den heuglyken aanvang der derde eeuwe van 

Hollands Hooge Schoole te Leyden, den agsten van Sprokkelmaand 1775. Translated 
by Pieter van den Bosch.  Leiden: Samuel and Johannes Luchtmans, 1775.

———. The Institutions of Medicinal Pathology. Translated by Charles Erskine.  
Edinburgh: C. Elliot and T. Cadell, 1778.

———. Anfangsgründe der Krankheitenlehre des Menschen.  Translated by Daniel Andreas 
Diebold.  Zurich: Orell, Gessner, Füsslin and Comp, 1781.

———. Anfangsgründe der Medicinischen Krankheitslehre. Translated by Christian 
Gottfried Gruner.  Berlin: Sigismund Friedrich Hesse, 1784.

———. Institutiones pathologiae medicinalis. Edited by Johann Christian Gottlieb 
Ackermann. 3rd ed.  Nuremberg: E.C. Grattenauer, 1787.

———. Pathologie de M. Gaubius. Translated by Pierre Seu. rev. ed.  Paris: Théophile 
Barrois, 1788.

LIST OF FIGURES | 223



———. Начальныя основанiя врачебныя пафологiи, то есть науки о свойствѣ, 

причинахъ, припадкахъ и различiяхъ болѣзней, въ человѣческомъ тѣлѣ 

случающихся.  Translated by Petr Martynovich Gofman.  St Petersburg: 
Nauk, 1792.

Gebeurtenissen, voorgevallen in de maanden January en February, anno 1740 in, en veroorzaakt 

door de nooit meer gehoorde vehemente en strenge winter.  Enkhuizen: Hendrik 
Callenbach, 1740.

de Genlis, Félicité. Adèle en Theodoor, of  Brieven over de opvoeding Translated by Elisabeth 
Wolff-Bekker. 3 vols The Hague: Isaac van Cleef, 1782–1783.

de Gorter, Herman Boerhaave. Disputatio medica inauguralis de lacte et lactatione.  
Harderwijk: Johannes Moojen, 1751.

de Gorter, Johannes. De perspiratione insensibili Sanctoriana-Batava tractatus experimentis 

propriis in Hollandia.  Leiden: Janssoon van der Aa, 1725.
———. Medicinae compendium in usum exercitationis domesticae digestum.  2 vols Leiden: 

Pieter and Boudewijn Janssoon van der Aa, 1731–1737.
———. Korte beschryving van een algemene doorgaande ziekten, in deze tĳd nog woedende, en 

desselfs genezing door sweetinge. Translated by Amos Lambrechts.  Amsterdam: 
Gerrit Bouman, 1733.

———. Morbi epidemii brevis descriptio et curatio per diaphoresin.  Harderwijk: Willem 
Brinkink, 1733.

———. De perspiratione insensibili. 2nd ed.  Leiden: Janssoon van der Aa, 1736.
———. Formulae medicinales cum indice virium quo ad inventas indicationes inveniuntur 

medicamina.  Harderwijk: Johannes Wigmans, 1750.
———. Gezuiverde geneeskonst, of kort onderwys der meeste inwendige ziekten. 3rd ed.  

Amsterdam: Isaak Tirion, 1761.
———. Praxis medicae systema. Edited by David de Gorter. 2nd ed.  Harderwijk: 

Johannes Moojen, 1767.
Grashuis,  Joannes.  Dissertatio de generatione puris: Verhandeling van de etter-wording.  

Amsterdam: Isaac Tirion, 1747.
Groen, J. van der. Den Ervaren huys-houder; zijnde het III. deel van het Vermakelyck landt-

leven.  Amsterdam: Marcus Doornick, 1683.
de Haen, Antonius. Ratio medendi in nosocomio practico.  Vienna: Johann Thomas 

Trattner, 1756–1773.
———. Opuscula quaedam inedita. Edited by Joseph Eyerel.  2 vols Vienna: Joseph 

Camesma, 1795.
von Haller, Albrecht, ed. Praelectiones academicae in proprias institutiones rei medicae. 6 vols. 

Göttingen: Abram Vandenhoeck, 1739–1744.
———, ed. Dr. Boerhaave’s Academical Lectures on the Theory of Physic: Being a Genuine 

Translation of his Institutes and Explanatory Comment. 6 vols. London: W. Innys, 
1742–1746.

———. Primae lineae physiologiae. 2nd ed.  Göttingen: Abram Vandenhoeck, 1751.



———. Physiology: Being a Course of Lectures upon the Visceral Anatomy and Vital Oeconomy 

of  Human Bodies. Translated by Samuel Mihles. 2 vols London: W. Innys and 
J. Richardson, 1754.

———, ed. Epistolarum ab eruditis viris ad Alb. Hallerum scriptarum.  6 vols. Bern: Societas 
typographica, 1773–1775.

Harvey, William. Exercitationes de generatione animalium.   Amsterdam: Johannes 
Janssonius, 1651.

———. Anatomical Exercitations Concerning the Generation of  Living Creatures.  London: 
Octavian Pulleyn, 1653.

von Hellwig, Ludwig. Valentin Kräutermanns Curieuser und vernünfftiger Urin-Artzt.  
Arnstadt: Johann Jacob Beumelburg, 1735.

van Helmont, Jan Baptist. Ortus medicinae: id est, initia physicae inaudita. Progressus 

medicinae novus, in morborum ultionem ad vitam longam. Edited by Franciscus 
Mercurius van Helmont.  Amsterdam: Lowijs Elzevier, 1652.

Hoffmann, Friedrich. Observationum physico-chymicarum.  Halle: Rengeriana, 1722.
Horsman, Samuel. Dissertatio medica inauguralis de calculo renum et vesicae.  Leiden: C. 

Boutesteyn & Fil., 1721.
Houttuyn, Martinus. Natuurlyke historie of uitvoerige beschryving der dieren, planten en 

mineraalen, volgens het samenstel van den heer Linnaeus. 37 vols Amsterdam: Frans 
Houttuyn, 1761–1785.

Hulshof, Hermannus. Dissertatio medica inauguralis sistens febrem diariam benignam ex 

suppressa Sanctoriana perspiratione ortam.  Groningen: Hajo Spandaw, 1740.
Humphrey, Thomas. Dissertatio medica inauguralis de calculi urinosi generatione et incremento.  

Leiden: Johannus Arnoldus Langerak, 1736.
Hunter, John. A Treatise on the Venereal Disease.  London: sold at No. 13, Castle-Street, 

Leicester-Square, 1786.
———. A Treatise on the Blood, Inflammation and Gun-Shot Wounds.   London: Sherwood, 

Gilbert and Piper, 1794.
Ingenhousz, Jan. Experiments upon Vegetables.  London: Peter Elmsly and H. Payne, 

1779.
von Jacquin, Joseph Franz. Leerboek der algemeene en artsenijkundige scheikunde.  Translated 

by Gerardus Plaat. 2 vols Leiden: Abraham and Jan Honkoop, 1794.
Kaau, Abraham. Perspiratio dicta Hippocrati per universum corpus anatomice illustrata.  

Leiden: Samuel Luchtmans, 1738.
de Kedts, Daniel Dolegius. Disputatio medica inauguralis de calculo in genere, sed praesertim 

renum et vesicae.  Leiden: Coenraad Wishoff, 1717.
Keill, James. Tentamina medico-physica ad quasdam quaestiones quae oeconomiam animalem 

spectant, accomodata: Quibus accessit Medicina statica Britannica.  London: George 
Strahan, William and John Innys, 1718.

Kind, Joannes Petrus. Dissertatio medica physico-pathologica inauguralis de remediis calculum 

in renibus diffringentibus.  Leiden: Johannes van Kerckhem, 1724.

LIST OF FIGURES | 225



de la Fosse, Frederik. Specimen medicum inaugurale de aëre vitae et morborum causa.  Leiden: 
Jean Luzac, 1743.

de La Mettrie, Julien Offray. L’homme machine.  Leiden: Elie Luzac, 1748.
Lacaze, Louis de. Idée de l’homme physique et moral, pour servir d’introduction à un traité de 

médecine.  Paris: Guérin and Delatour, 1755.
Lennartson, Anders. The Chemical Works of Carl Wilhelm Scheele. SpringerBriefs in 

History of  Chemistry.  Dordrecht: Springer, 2017.
von Liebig, Justus. Animal Chemistry or Organic Chemistry in Its Application to Physiology and 

Pathology. Translated by William Gregory.  Cambridge: John Owen, 1842.
de Limbourg, Jean Philippe.  Dissertatio physico-medica inauguralis de hominis principiis, 

morbisque a causis internis animatis in genere et verminosis in specie.  Leiden: 
Cornelis Haak, 1746.

Lotichius, Petrus Nicolaus. Dissertationem physico-medicam inauguralem de phosphoris et 

phosphoro urinae.  Leiden: Gerard Potvliet, 1757.
Luiscius, Anthonius Ludovicus. Disputatio medica inauguralis anatomico chemico practica de 

calculo renum et vesicae.  Leiden: Coenraad Wishoff, 1720.
MacBride, David.  A Methodical Introduction to the Theory and Practice of Physic.   London: 

W. Strahan, T. Cadell, A. Kincaid, W. Creech and J. Balfour, 1772.
———. Introductio methodica in theoriam et praxin medicinae. Translated by Johannes 

Fredericus Clossius. 2 vols Utrecht: Johannes Schoonhoven, 1774.
Magenis, Arthurus. Dissertatio medica inauguralis de urina.  Leiden: Gerard Potvliet, 

1753.
Major, Johann Daniel. Dissertatio medica de lacte lunae. 1667.
Makittrick, James. Commentaries on the Principles and Practice of Physic.  London: T. 

Becket and J. Balfour, 1772.
Mauriceau, François. Traité des maladies des femmes grosses.  Paris1682.
Mesnard, Jacques. Le guide des accoucheurs, ou Le maistre dans l’art d’accoucher les femmes.  

Paris: De Bure, Le Breton, Durand, 1743.
Molhuysen, P.C. Bronnen tot de geschiedenis der Leidsche Universiteit. Rijks geschiedkundige 

publicatiën. 7 vols The Hague: Martinus Nijhoff, 1913–1924.
Morgagni, Giovanni Battista. Adversaria anatomica omnia. 6 vols Leiden: Johan Arnold 

Langerak, 1723.
———. Epistolae anatomicae duae novas observationes, et animadversiones complectentes.  

Leiden: Johannes van Kerckhem, 1728.
———. De sedibus et causis morborum per anatomen indagatis.  Venice: Remondini, 1761.
———. The Seats and Causes of Diseases Investigated by Anatomy. Translated by Benjamin 

Alexander. 3 vols London: A. Millar and T. Cadell, Johnson and Payne, 
1769.

le Mort, Jacob.  Chymia, rationibus et experimentis auctioribus, iisque demonstrativis superstructa, 

in qua malevolorum calumniae modestè simul diluuntur Leiden: Pieter van der Aa, 
1688.



‘Musei Gaubiani pars sive Catalogus partis supellectilis,  qua usus est vir celeberrimus 
H. D. Gaubius’. Leiden: Samuel and Johannes Luchtmans, 1783.

Musgrave, Samuel. Dissertatio medica inauguralis sive apologia pro medicina empirica.  
Leiden: Samuel and Johannes Luchtmans, 1763.

Nieuwe Nederduitsche apotheek: Op eene klaare en verstaanbaare wyze onderwys gevende omtrent de 

beste dagelyks gebruikt wordende geneeskundige bereidingen.  Leiden: Pieter van der 
Eyk, 1753.

Paracelsus. De urinarum ac pulsuum judiciis.  Cologne: Arnold Birckmann, 1568.
Pemberton, Henry. Dissertatio physico-medica inauguralis de facultate oculi, qua ad diversas 

rerum conspectarum distantias se accommodat.  Leiden: Pieter van der Aa, 1719.
Peyer, Bernhardus. Dissertatio medica inauguralis de tussi.  Leiden: Coenraad Wishoff, 

1750.
de Presseux, Philippus Ludovicus.  Dissertatio medica inauguralis de aquis Spadanis.  

Leiden: Jean Luzac, 1736.
Quaet, Isaacus Mobachius. Dissertatio medica inauguralis de catameniis, eorumque usu.  

Leiden: Abraham Kallewier, 1749.
Ralph, Thomas Shearman. ‘Observations and Experiments with the Microscope on 

the Effects of Various Chemical Agents on the Blood’. Australian Medical 

Journal 11 (1866): 230–241.
Rhode, Ulricus Wilhelmus.  Dissertatio inauguralis chirurgico-medica de nervi punctura.  

Leiden: Coenraad Wishoff, 1720.
von Richter, Wilhelm Michael. Geschichte der Medicin in Russland. 3 vols Moscow: N.S. 

Wsewolojsky, 1813–1817.
Robidé van der Aa, C.P.E. Frederika Louise Wilhelmina van Pruissen, eerste koningin der 

Nederlanden: als een voorbeeld ter navolging, der Nederlandsche meisjes aangeprezen.  
Amsterdam: G.J.A. Beijerinck, 1838.

de Roode, Matthaeus. Disputatio medica inauguralis de lithiasi.  Leiden: Pieter van de Aa, 
1720.

Rosén von Rosenstein, Nils.  Handleiding  tot de kennis en geneezing van de ziekten der kinderen. 
Translated and edited by Eduard Sandifort.  The Hague: Pieter van Cleef, 
1768.

Rouelle, Hiliare Marie. ‘Observations sur l’urine humaine, & sur celles de vache & 
de cheval, comparés ensemble’. Journal de médecine, chirurgie, pharmacie, &c. 40 
(1773): 451–468.

Ruysch, Frederik. Alle de ontleed- genees- en heelkundige werken. Translated by Ysbrand 
Gysbert Arlebout. 3 vols Amsterdam: Janssoons van Waesberge, 1744.

’s-Graeuwen, Paulus.  Specimen academicum inaugurale medicum de antacidis terrestribus.  
Leiden: Gerard Potvliet, 1740.

———. Oratio inauguralis de anatomiae pathologicae utilitate ac necessitate.  Groningen: Hajo 
Spandaw, 1771.

LIST OF FIGURES | 227



Sanches, António Nunes Ribeiro. Dissertation sur l’origine de la maladie vénérienne.   Paris: 
Durand and Pissot, 1750.

———. Examen historique sur l’apparition de la maladie vénérienne en Europe.   Lisbon [Paris]: 
[s.n.], 1774.

———. Dissertation sur l’origine de la maladie vénérienne, pour prouver que ce mal n’est pas venu 

d’Amérique, mais qu’il a commencé eu Europe par une epidémie. Suivie de l’examen 

historique sur l’apparition de la maladie vénérienne en Europe. new ed.  Leiden: 
Andries Koster, 1777.

———. Observations sur les maladies vénériennes.  Paris: Théophile Barrois jr., 1785.
Sandifort, Eduard. Natuur- en genees-kundige bibliotheek. 11 vols The Hague: Pieter van 

Cleef, 1765–1775.
———. Observationes anatomico-pathologicae. 4 vols Leiden: Pieter van der Eyk and 

Daniël Vygh, 1777–1781.
———. Museum anatomicum academiae Lugduno-Batavae descriptum. 2 vols Leiden: 

Samuel and Johannes Luchtmans, 1796.
Santori, Santorio. Commentaria in Artem medicinalem Galeni.  Venice: Giacomo Antonio 

Somasco, 1612.
———. Ars de statica medicina, sectionibus aphorismorum septem comprehensa.  Venice: 

Nicolaum Polum, 1614.
———. Commentaria in primam fen primi libri Canonis Avicennae.  Venice: Giacomo 

Sarcina, 1625.
———. Commentaria in primam sectionem Aphorismorum Hippocratis.  Venice:  Marco 

Antonio Brogiolo, 1629.
———. De statica medicina et de responsione ad staticomasticem.  Leiden: David Lopez de 

Haro, 1642.
———. De ontdekte doorwaasseming of de leidstar der genees-heeren.  Translated by Philippe 

La Grue.  Amsterdam: Jan Rieuwertsz, 1683.
———. De ontdekte doorwaasseming des menschen lichaams. Translated by Philippe La 

Grue. Edited by Steven Blankaart. 2nd ed.  Amsterdam: Jacob van Royen 
and Abraham Uittenbogaart, 1684.

———. De ontdekte doorwaasseming des menschen lichaams. Edited by Heydentryck 
Overkamp.  Amsterdam: Timotheus ten Hoorn, 1686.

Scheele, Carl Wilhelm. ‘Undersökning om Blåse-stenen’. Kongliga Vetenskaps Academiens 

Handlingar 37 (1776): 327–332.
———. ‘Analysis of the Calculus Vesicae’. Translated by Thomas Beddoes. In The 

Chemical Essays.  145–156. London: J.  Murray, W. Gordon and C. Elliot, 
1786.

Scheffelius, Christianus Stephanus. Dissertatio medico-practica inauguralis de lithiasi fellea 

sive calculo vesiculae biliariae, cujus occasione traditur simul brevis historia lapidis 

porcini Malacensis et fellis bovis Leiden: Coenraad Wishoff, 1721.



Schlichting, Johannes Daniel. Syphilidos mnemosynon criticon of  vrye en oneenzydige gedachten 

over ongemakken, door ’t gebruyk der teeldeelen.  3rd ed.  Amsterdam: Jan Morterre, 
1755.

Schlosser, Johannes Albertus.  Specimen chemico medicum inaugurale de sale urinae humanae 

nativo.  Leiden: Georgius Wishoff  and Quirinus Visser, 1753.
Schutte, Johann Hendrik. De wel onderwezene vroedvrouw, of grondig en beknopt onderwys, 

van het geen een vroedvrouw weeten, en by alle voorkomende natuurlyke en tegennatuurlyke 

zwaare geboortens door vaardige handgreepen, verrichten moet.  The Hague: Hendrik 
Bakhuysen, 1771.

Schwencke, Thomas. Haematologia, sive Sanguinis historia, experimentis passim superstructa.  
The Hague: Johannes Martinus Husson, 1743.

———. Haematologia, ofte Verhandeling van het bloed. Translated by Abraham Westerhoff.  
The Hague: Johannes Martinus Husson, 1744.

———. Schets van de heelmiddelen en haar uytwerkingen op het lichaam.  The Hague: 
Johannes Martinus Husson, 1745.

———. ‘Aanmerkingen over verscheide manieren van bloedstelpen, en de 
voornaamste bloedstelpende middelen in de heelkunde’. Verhandelingen van de 

Hollandse Maatschappy der Weetenschappen 2 (1755): 225–250.
Secker, Thomas. Disputatio medica inauguralis de medicina statica.   Leiden: Hendrik 

Mulhovius, 1721.
Séwel, Willem. A Compleat Dictionary English and Dutch Edited by Egbert Buys. 2 vols 

Amsterdam: Kornelis de Veer, 1766.
Sluim, Daniel. Dissertatio medica inauguralis de lacte.  Leiden: Coenraad Wishoff, 1716.
Smollett, Tobias George. ‘The Institutions of Medicinal Pathology by H.D. 

Gaubius’. The Critical Review: Or, Annals of  Literature 47 (1779): 183–186.
Snellen,  Henricus. Disputatio chymico-medica inauguralis de urinarum inspectione.   Leiden: 

Abraham Elzevier, 1701.
Stahl, Georg Ernst. Fundamenta chymiae dogmaticae et experimentalis.  Nuremberg: 

Wolfgang Moritz Endter, 1723.
Stalpart van der Wiel, Cornelius. Dissertatio medica inauguralis de urinae calculo.   Leiden: 

Abraham Elzevier, 1712.
Stegmann, Johann Gottlieb. Kurze Beschreibung einer Saug- und Drukpumpe.  Kassel: 

Waisenhaus-Buchdrukkerey, 1774.
Stein,  George Wilhelm. Kurze Beschreibung einer Brust- oder Milchpumpe.  Kassel:  Henrich 

Schmiedt, 1773.
———. Korte beschryving eener borst- of zog-pomp.   Utrecht: Joannes van Schoonhoven, 

1775.
Stochius, Anthonius, jnr. De streelende speel-pop van Dr. Cornelis Belkmeer, door hem eerst 

naakt uitgekleed, en onder den gewaanden naam van Be-Minnaar der Waarheid, door 

zynen kwalyk geslepen bril beschouwt, dog nu volkomen ontleed in haare mismaaktheid 

LIST OF FIGURES | 229



ten toon gesteld, en den poppemaker weder t’huis gezonden.  Enkhuizen:  Hendrik 
Callenbach, 1734.

Stochius, Antonius.  Geneeskundige verhandeling over eene algemeene volk-ziekte, die deze winter 

gewoedt heeft en nog niet ophout. Translated by Antonius Stochius,  jnr.  
Enkhuizen: Hendrik Callenbach, 1733.

———. Dissertatio medico-practico de morbo epidemico hac hyeme grassato, necdum cessante cum 

animadvers. in cel. J. Gorteri brevem descriptionem et curationem morbi epidemii per 

diaphoresin.  Enkhuizen: Hendrik Callenbach, 1733.
Stook, Joannes. Dissertatio practico-medica inauguralis de febri lactea.  Leiden: Jean Luzac, 

1746.
Sturm, Johann Christoph. Collegium experimentale, sive curiosum.  Nuremberg: Wolfgang 

Moritz Endter, 1676.
Swaving, Christianus. Dissertatio inauguralis physiologica-medica de excrementis secundae 

coctionis.  Leiden: Johannes van Abkoude, 1744.
van Swieten, Gerard,  ed. Commentaria in Hermanni Boerhaave Aphorismos de cognoscendis et 

curandis morbis. 5 vols. Leiden: Johannes and Herman Verbeek, 1742–1772.
———, ed. The Commentaries upon the Aphorisms of dr. Herman Boerhaave.  18 vols. 

London: Robert Horsfield and Thomas Longman, 1744–1773.
Swildens, Johan Hendrik. Vaderlandsch A-B boek voor de Nederlandsche jeugd.  Amsterdam: 

Willem Holtrop, 1781.
Sydenham, Thomas. The Whole Works of That Excellent Practical Physician Dr. Thomas 

Sydenham Wherein Not Only the History and Cures of Acute Diseases Are Treated of, 

after a New and Accurate Method: But Also the Shortest and Safest Way of Curing 

Most Chronical Diseases. Translated by John Pechy.  London:  Richard 
Wellington, 1701.

———. The Entire Works of  Dr Thomas Sydenham, Newly Made English from the Originals. 
Edited by John Swan.  London: Edward Cave, 1742.

Tersier, Abraham. Dissertatio physico-medica inauguralis de vita et morte, quam annuente deo ter 

optimo maximo.  Leiden: Georgius Wishoff, 1739.
———. Responsa ad rogata bina medica, unus de morbo bubulo, &c., alternus de lactis 

conformatione, &c., ab Collegis scientiarum Harlemensi proposita.   Dordrecht: 
Adriaan Walpot, 1762.

———. Brief aan den wel edelen heere N.N. behelzende een vertoog over de melk Dordrecht: 
Adriaan Walpot, 1768.

Tersier, Bartholomeus. Dissertatio inauguralis medica de intempestivo remediorum usu.  
Leiden: Johannes Bos, 1769.

de Thoméze, Leonardus Henricus. Dissertatio medica inauguralis de calculo biliari.  
Leiden: Pieter van der Eyk and Daniel Vijgh, 1773.

Thorvarth, Joannes Guilielmus. Dissertatio practico-medica inauguralis de lactis defectu.  
Leiden: Dirk Haak, 1764.



Thurneisser zum Thurn, Leonhart.  Protokatalēpsis oder Praeoccupatio durch zwölff 

verscheidenlicher Tractaten gemachter Harm Proben.  Frankfurt (Oder): Johann 
Eichorn, 1571.

———. Bebaiōsis agōnismou: Das ist Confirmatio concertationis, oder ein Bestettigung desz 

jenigen so streittig, häderig, oder zenckisch ist, wie dann ausz Unverstandt die neuwe und 

vor unerhörte Erfindung der aller nützlichesten und menschlichem Geschlecht der 

notturftigesten Kunst desz Harnnprobirens ein Zeitlang gewest ist.   Berlin: Im 
Grauwen Closter, 1576.

Titsingh,  Abraham. Cypria tot schrik van haar bondgenooten, en redding der gestruikelden ter eere 

van de heelkonst en tot dienst der heelmeesteren geschreven.  2 vols Amsterdam: 
Johannes Gysius, 1742.

von Uffenbach,  Zacharias Conrad. Merkwürdige Reisen durch Niedersachsen, Holland und 

Engelland. 3 vols Frankfurt & Leipzig: [s.n.], 1753–1754.
Voltelen, Floris Jacobus. Observationes chemico-medicae de lacte humano, ejusque cum asinino et 

ovillo comparatione.  Utrecht: Abraham van Paddenburg, 1775.
———. Oratio aditialis de chemiae hodiernae pretio rite constituendo.   Leiden: Samuel and 

Johannes Luchtmans, 1784.
Voorduin, J.C. Proeve eener karakterschets van nu wijlen Hare Majesteit, de Koningin der 

Nederlanden, Frederika Louisa Wilhelmina.  Utrecht: Robert Natan, 1837.
Vosch van Avesaet, Henricus. Lapis lydius animadversionum expertissimi domini A. Stochii … 

J. Gorteri … brevem ejus descriptionem et curationem morbi epidemii per diaphoresin.  
Harderwijk: Willem Brinkink, 1734.

Vullyamoz, Marc-Louis. Dissertatio chemico-medica inauguralis de sale lactis essentiali.  
Leiden: Dirk Haak, 1756.

Willis, Thomas. Cerebri anatome: Cui accessit nervorum descriptio et usus.  Amsterdam: 
Gerbrandt Schagen, 1664.

Wolff-Bekker, Elisabeth. Proeve over de opvoeding, aan de Nederlandsche moeders.  
Amsterdam and The Hague: Johannes Allart and Isaac van Cleef, 1779.

———. Essai sur l’éducation. Dédié aux Mères de Famille Hollandoises.   The Hague: Isaac 
van Cleef, 1785.

Wolff-Bekker, Elisabeth, and Agatha Deken. Economische liedjes.  The Hague: Isaac 
van Cleef, 1781.

Zehenphenningh, Henricus Petrus Sigismundus. Dissertatio medico therapeutica 

inauguralis sistens quaedam therapiae specialis notamina circa abusus remediorum 

vomitoriorum, laxantium et sudoriferorum.  Leiden: Cornelis de Pecker, 1750.

LIST OF FIGURES | 231



Secondary Sources
Ackerknecht, Erwin H. A Short History of Medicine. rev. ed.   Baltimore, London:  Johns 

Hopkins University Press, 1982.
Ahnert, Petra. Creatief met bijenwas. Translated by Leon Doedens. Edited by Ruben E. 

Verwaal, et al.  Groningen: Apis Publishing, 2017.
Alma, R.H., L.W. Barneveld, G.L.G.A. Kortekaas, J. Pietersma, C. Rogge, B.G.N. 

Schuilenga, and T. Tel. Het Hinckaertshuis: Zeven eeuwen bouwhistorie en bewoners. 
Edited by T.J. Hoekstra, et al.  Groningen: Stiching Het Hinckaertshuis, 
2012.

Altena, Peter, and Myriam Everard,  eds. Onbreekbare burgerharten: De historie van Betje 

Wolff  en Aagje Deken. Nijmegen: Vantilt, 2004.
Anderson, Robert G.W., ed. Cradle of Chemistry: The Early Years of Chemistry at the 

University of  Edinburgh. Edinburgh: John Donald, 2015.
Arikha, Noga. Passions and Tempers: A History of  the Humours.  New York: Ecco, 2007.
Arrizabalaga, Jon, John Henderson, and Roger French. The Great Pox: The French 

Disease in Renaissance Europe.  New Haven: Yale University Press, 1997.
Backer, H.J.  ‘Boerhaave’s ontdekking van het ureum’. Nederlands Tijdschrift voor 

Geneeskunde 87 (1943): 1274–1278.
van Berkel, Klaas. Universiteit van het noorden: Vier eeuwen academisch leven in Groningen. 

Studies over de geschiedenis van de Groningse universiteit.  2 vols 
Hilversum: Verloren, 2014–2017.

Bertoloni Meli, Domenico. ‘The Color of Blood: Between Sensory Experience and 
Epistemic Significance’. In Histories of Scientific Observation, edited by 
Lorraine Daston and Elizabeth Lunbeck. 117–134. Chicago: The 
University of  Chicago Press, 2011.

Beukers,  Harm. ‘Acid Spirits and Alkaline Salts: The Iatrochemistry of Franciscus 
dele Boë, Sylvius’. Sartoniana 12 (1999): 39–59.

Bhushan, Nalini. ‘What is a Chemical Property?’. Synthese 155 (2007): 293–305.
van Biema, Eduard. Les Huguetan de Mercier et de Vrijhoeven: histoire d’une famille de 

financiers huguenots de la fin du XVIIe jusqu’a ̀ la moitie ́ du XVIII siècle.  The 
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le statut des intellectuels.  Amsterdam: Holland University Press, 1981.
Gibson, Susannah.  Animal, Vegetable, Mineral? How Eighteenth-Century Science Disrupted the 

Natural Order.  Oxford: Oxford University Press, 2015.
Goodfield, G.J. The Growth of  Scientific Physiology: Physiological Method and the Mechanist-

Vitalist Controversy, Illustrated by the Problems of Respiration and Animal Heat.  
London: Hutchinson, 1960.

Grell, Ole Peter, ed. Paracelsus: The Man and His Reputation, His Ideas and Their 

Transformation, Studies in the History of Christian Thought. Leiden: Brill, 
1998.



Grmek, Mirko D. ‘Santorio, Santorio’. In Complete Dictionary of Scientific Biography, 
edited by Charles Coulston Gillispie,  Frederic L. Holmes and Noretta 
Koertge. 101–104. Detroit: Charles Scribner's Sons, 2008.

Gruys, J.A., and Adèle Nieuweboer. ‘Dutch Occasional Poetry, 16th through 18th 
Centuries: A Genre Rediscovered’. Leiden: IDC, 2004.

Guerrini, Anita. ‘James Keill, George Cheyne, and Newtonian Physiology, 1690–
1740’. Journal of  the History of  Biology 18 (1985): 247–266.

———. Experimenting with Humans and Animals: From Galen to Animal Rights. Johns 
Hopkins Introductory Studies in the History of Science.  Baltimore: The 
Johns Hopkins University Press, 2003.

———. ‘Keill, James (1673–1719)’. In Oxford Dictionary of National Biography.  Oxford: 
Oxford University Press, 2004.

———. The Courtiers’ Anatomists: Animals and Humans in Louis XIV’s Paris.  Chicago: 
The University of  Chicago Press, 2015.

Hake, Barry J. ‘Between Patriotism and Nationalism: Johann Hendrik Swildens and 
the ‘Pedagogy of the Patriotic Virtues’ in the United Provinces during the 
1780s and 1790s’. History of  Education 33 (2004): 11–38.

Hall,  Thomas S. Ideas of  Life and Matter: Studies in the History of General Physiology, 600 

B.C.–1900 A.D. 2 vols Chicago: The University of  Chicago Press, 1969.
Hamers-van Duynen, Sophia W. Hieronymus David Gaubius (1705–1780): Zijn 

correspondentie met Antonio Nunes Ribeiro Sanches en andere tijdgenoten.  Assen and 
Amsterdam: Van Gorcum, 1978.

Handley, Sasha. Sleep in Early Modern England.  New Haven: Yale University Press, 
2016.

Harrison, Mark.  Medicine in an Age of Commerce and Empire: Britain and its Tropical 

Colonies, 1660–1830.  Oxford: Oxford University Press, 2010.
Harskamp, Jaap. ‘Dissertatio medica inauguralis ... Leyden medical dissertations in 

the British Library, 1593–1746’. London: The Wellcome Institute for the 
History of  Medicine, 1997.

Hedesan, Georgiana D. An Alchemical Quest for Universal Knowledge: The ‘Christian 

Philosophy’ of Jan Baptist Van Helmont (1579–1644). Universal Reform.  
London: Routledge, 2016.

Hendriksen, Marieke M.A. Elegant Anatomy: The Eighteenth-Century Leiden Anatomical 

Collections. History of  Science and Medicine Library.  Leiden: Brill, 2015.
———. ‘Met Boerhaave naar de bouwmarkt: Over een chemisch oventje en het nut 

van historische reconstructies’. In ‘Dingen die ergens toe dienen’: Verhalen over 

materiële cultuur van wetenschap,  edited by Esther van Gelder, et al., 90–93. 
Amsterdam: Huygens ING, 2017.

———. ‘Criticizing Chrysopoeia? Alchemy, Chemistry, Academics and Satire in the 
Northern Netherlands, 1650–1750’. 2018.

LIST OF FIGURES | 237



te Hennepe, Mieneke. ‘Of the Fisherman’s Net and Skin Pores: Reframing 
Conceptions of the Skin in Medicine 1572–1714’. In Blood, Sweat and Tears, 
edited by Manfred Horstmanshoff,  Helen King and Claus Zittel. 523–548. 
Leiden: Brill, 2012.

Herr, Harry W. ‘“Cutting for the Stone”: The Ancient Art of Lithotomy’. British 

Journal of  Urology 101 (2008): 1214–1216.
Hess, Volker, and J. Andrew Mendelsohn. ‘Sauvages’ Paperwork: How Disease 

Classification Arose from Scholarly Note-Taking’. Early Science and Medicine 

19 (2014): 471–503.
Higgins, Sabrina. ‘Divine Mothers: The Influence of Isis on the Virgin Mary in 

Egyptian Lactans-Iconography’. Journal of the Canadian Society for Coptic Studies 

3/4 (2012): 71–90.
Hill, Christopher. ‘William Harvey and the Idea of Monarchy’. Past and Present 27 

(1964): 54–72.
Hillen, Harry F.P. ‘De eerste Nederlandse hematoloog:  Thomas Schwencke (1694–

1767)’. Nederlands Tijdschrift voor Hematologie 7 (2010): 17–20.
Holmes, Frederic L.  Eighteenth-Century Chemistry as an Investigative Enterprise. Berkeley 

Papers in History of Science.  Berkeley: Office for History of Science and 
Technology, University of  California at Berkeley, 1989.

Hughes, J.T. Thomas Willis, 1621–1675: His Life and Work.  London:  Royal Society of 
Medicine Services, 1991.

Huisman, Frank. ‘Gezondheid te koop: Zelfmedicatie en medische advertenties in de 
Groninger en Ommelander Courant, 1743–1800’. Focaal 21 (1993): 90–
130.

———. ‘Medicine and Health Care in the Netherlands, 1500–1800’. In The History 

of  Science in the Netherlands, edited by Klaas van Berkel, Albert van Helden 
and Lodewijk Palm. 239–278. Leiden: Brill, 1999.

Instituut voor Nederlandse Lexicologie. ‘De Geïntegreerde Taal-Bank: Historische 
woordenboeken op internet’. Leiden: Instituut voor Nederlandse 
Lexicologie, 2007–2010.

Jevons, F.R. ‘Boerhaave’s Biochemistry’. Medical History 6 (1962): 343–362.
Kaau, Abraham. Declamatio academia de gaudiis alchemistarum.  Leiden: Samuel 

Luchtmans, 1737.
King, Lester S. ‘Rationalism in Early Eighteenth Century Medicine’. Journal of the 

History of  Medicine and Allied Sciences 18 (1963): 257–271.
Klein, Ursula. ‘Experimental History and Herman Boerhaave’s Chemistry of 

Plants’. Studies in History and Philosophy of  Biological and Biomedical Sciences 34 
(2003): 533–567.

———. ‘Shifting Ontologies, Changing Classifications: Plant Materials from 1700 to 
1830’. Studies in History and Philosophy of  Science 36 (2005): 261–329.

Klein, Ursula,  and W. Lefèvre. Materials in Eighteenth-Century Science: A Historical 

Ontology. Transformations.  Cambridge, MA: MIT Press, 2007.



Klein, Ursula,  and E.C. Spary, eds.  Materials and Expertise in Early Modern Europe: 

Between Market and Laboratory. Chicago: University of  Chicago Press, 2010.
Kloek, Els, ed. 1001 vrouwen uit de Nederlandse geschiedenis. Nijmegen: Vantilt, 2013.
Kloek, Els, Giesela van Oostveen, and Nicole Teeuwen, eds. Moederschap en de min. 

Vol. 8, Volkscultuur. Utrecht: Stichting Informatiecentrum Volkscultuur, 
1991.

Kloek, Joost,  and Wijnand Mijnhardt. 1800: Blueprints for a National Community. 
Translated by Beverley R. Jackson. Dutch Culture in a European 
Perspective.  Basingstoke: Palgrave Macmillan, 2004.

Knoeff, Rina. Herman Boerhaave (1668–1738): Calvinist Chemist and Physician. History of 
Science and Scholarship in the Netherlands.  Amsterdam: Edita, 2002.

———. ‘Chemistry, Mechanics and the Making of Anatomical Knowledge: 
Boerhaave Vs.  Ruysch on the Nature of the Glands’. Ambix 53 (2006):  201–
219.

———. ‘Moral Lessons of Perfection: A Comparison of Mennonite and Calvinist 
Motives in the Anatomical Atlases of Bidloo and Albinus’. In Medicine and 

Religion, edited by Ole Peter Grell and Andrew Cunningham. 121–143. 
Aldershot: Ashgate, 2007.

———. ‘Herman Boerhaave at Leiden: Communis Europae praeceptor’.  In Centres of 

Medical Excellence?, edited by Ole Peter Grell, Andrew Cunningham and Jon 
Arrizabalaga. 269–286. Farnham: Ashgate, 2010.

———. ‘Herman Boerhaave’s Neurology and the Unchanging Nature of 
Physiology’. In Blood, Sweat and Tears, edited by Manfred Horstmanshoff, 
Helen King and Claus Zittel. 195–216. Leiden: Brill, 2012.

———, ed. Gelukkig Gezond! Histories of  Healthy Ageing. Groningen: Barkhuis, 2017.
Koerner, Lisbet. Linnaeus: Nature and Nation.  Cambridge, MA: Harvard University 

Press, 1999.
Konert, Jürgen,  and Holger G. Dietrich. ‘Giovanni Battista Morgagni und der 

Beginn der Pathologischen Anatomie’. In Anatomie,  edited by Jürgen Helm 
and Karin Stukenbrock. 127–138. Stuttgart: Franz Steiner, 2003.

Kooijmans,  Luuc. De geest van Boerhaave: Onderzoek in een kil klimaat.   Amsterdam: 
Prometheus Bert Bakker, 2014.

van der Korst, J.K. Een dokter van formaat: Gerard van Swieten, lijfarts van keizerin Maria 

Theresia.  Amsterdam: Bakker, 2003.
Kroon, J.E. ‘Boerhaave als hoogleeraar-promotor’. Nederlands Tijdschrift voor 

Geneeskunde 63 (1919): 87–99.
Kuhn, Thomas S. The Structure of Scientific Revolutions. International Encyclopedia of 

Unified Science. 2nd ed.   Chicago: The University of Chicago Press, 1974. 
First published 1962.

LIST OF FIGURES | 239



Kurzer, Frederick, and Phyllis M. Sanderson. ‘Urea in the History of Organic 
Chemistry: Isolation from Natural Sources’. Journal of Chemical Education 33 
(1956): 452.

Lakatos, Imre. ‘Criticism and the Methodology of Scientific Research Programmes’. 
Proceedings of  the Aristotelian Society 69 (1968): 149–186.

Lastinger, Valérie. ‘Re-Defining Motherhood: Breast-Feeding and the French 
Enlightenment’. Women’s Studies 25 (1996): 603–617.

Leemans, Inger, and Gert-Jan Johannes. Worm en donder: Geschiedenis van de Nederlandse 

literatuur 1700–1800. De Republiek. Geschiedenis van de Nederlandse 
literatuur.  Amsterdam: Bert Bakker / Prometheus, 2013.

Leicester, Henry M. The Historical Background of  Chemistry.  New York: Wiley, 1956.
Leuftink, A.E. Harde heelmeesters: Zeelieden en hun dokters in de 18e eeuw. 2nd ed.  

Zutphen: Walburg Pers, 2008.
Lindeboom, G.A. Bibliographia Boerhaaviana: List of Publications Written or Provided by H. 

Boerhaave or Based upon his Works and Teaching.  Analecta Boerhaaviana.  
Leiden: E.J. Brill, 1959.

———, ed. Boerhaave's Correspondence. 3 vols, Analecta Boerhaaviana. Leiden: E.J. 
Brill, 1962–1979.

———, ed. Boerhaave’s Correspondence. 3 vols, Analecta Boerhaaviana. Leiden: E.J. 
Brill, 1962–1979.

———. Iconographia Boerhaavii. Analecta Boerhaaviana.  Leiden: Brill, 1963.
———. ‘Boerhaave’s Concept of the Basic Structure of the Body’. Clio Medica 5 

(1970): 203–208.
———. Boerhaave and Great Britain: Three Lectures on Boerhaave with Particular Reference to 

His Relations with Great Britain. Analecta Boerhaaviana.  Leiden: E.J. Brill, 
1974.

Lindemann, Mary. Medicine and Society in Early Modern Europe.  New Approaches to 
European History.  Cambridge: Cambridge University Press, 1999.

van der Linden, David. ‘Memorializing the Wars of Religion in Early Seventeenth-
Century French Picture Galleries:  Protestants and Catholics Painting the 
Contested Past’. Renaissance Quarterly 70 (2017): 132–178.

Lunsingh Scheurleer, Th.H., C. Willemijn Fock, and A.J. van Dissel. Het Rapenburg: 

Geschiedenis van een Leidse gracht. 6 vols Leiden: Rijksuniversiteit Leiden, 1986–
1992.

Luyendijk-Elshout,  A.M. ‘Samuel Musgrave’s attack upon Stahl’s and Boerhaave’s 
doctrines in 1763’. Janus 67 (1980): 141–156.

———. ‘Mechanicisme contra vitalisme: de school van Herman Boerhaave en de 
beginselen van het leven’. TGGNWT 5 (1982): 16–26.

Magiels, Geerdt.  From Sunlight to Insight: Jan IngenHousz, the Discovery of Photosynthesis & 

Science in the Light of  Ecology.  Brussels: VUBPress, 2010.
Magner, Lois N. A History of  Medicine. 2nd ed.  Boca Raton: Taylor & Francis, 2005.



Martin, Julian. ‘Sauvages’s Nosology: Medical Enlightenment in Montpellier’. In The 

Medical Enlightenment, edited by Andrew Cunningham and Roger French. 
111–137. Cambridge: Cambridge University Press, 1990.

Maulitz, Russell C. Morbid Appearances: The Anatomy of Pathology in the Early Nineteenth 

Century. Cambridge History of Medicine.  Cambridge:  Cambridge 
University Press, 1987.

Mauskopf, Seymour. ‘Reflections: “A Likely Story”’. In New Narratives,  edited by 
Lawrence M. Principe. 177–193. Dordrecht: Springer, 2007.

McClive, Cathy. Menstruation and Procreation in Early Modern France.  Women and 
Gender in the Early Modern World.  Farnham: Ashgate, 2015.

McEvoy, John G. The Historiography of the Chemical Revolution: Patters of Interpretation in 

the History of  Science.  London: Pickering and Chatto, 2010.
McKie, Douglas. Antoine Lavoisier: The Father of Modern Chemistry.   London: Gollancz, 

1936.
van der Meulen, J.N. ‘Maria Jacoba Meinertzhagen (1712–1787), een 

patriciërsvrouw’. In Utrechtse biografieën. 107–112. Utrecht: SPOU, 1998.
Mijnhardt, Wijnand. Tot heil van ’t menschdom: culturele genootschappen in Nederland, 1750–

1815. Nieuwe Nederlandse bijdragen tot de geschiedenis der geneeskunde 
en der natuurwetenschappen.  Amsterdam: Rodopi, 1988.

Moran, Bruce T. ‘Lac Lunae and Breast Milk’. Pharmacy in History 41 (1999): 33–34.
Moran, Michael E. Urolithiasis: A Comprehensive History.  New York, NY: Springer, 

2014.
Moree, Perry, ed. Kikkertje lief: brieven van Aagje Luijtsen, geschreven tussen 1776 en 1780 aan 

Harmanus Kikkert, stuurman in dienst van de VOC. Den Burg: Het Open Boek 
Texel, 2003.

de Moulin, Daniel. A History of Surgery: With Emphasis on The Netherlands.  Dordrecht: 
Martinus Nijhoff, 1988.

Neuburger,  Max. ‘Boerhaave’s Einfluß auf die Entwicklung der Medizin in 
Oesterreich’. Janus 23 (1918): 215–222.

Newman, William R. ‘From Alchemy to ‘Chymistry’’.  In The Cambridge History of 

Science, edited by Katharine Park and Lorraine Daston. Cambridge: 
Cambridge University Press, 2006.

Newman, William R., and Lawrence M. Principe. ‘Alchemy vs. Chemistry: The 
Etymological Origins of a Historiographic Mistake’. Early Science and 

Medicine 3 (1998): 32–65.
Niebyl, Peter H. ‘The Non-Naturals’. Bulletin of the History of Medicine 43 (1971): 486–

492.
van Nijf, Onno. ‘Exercise and Rest’. In Gelukkig Gezond! Histories of Healthy Ageing, 

edited by Rina Knoeff. 60–79. Groningen: Barkhuis, 2017.

LIST OF FIGURES | 241



Orland, Barbara. ‘Enlightenend Milk:  Reshaping a Bodily Substance into a 
Chemical Object’. In Materials and Expertise, edited by Ursula Klein and 
E.C. Spary. 163–197. Chicago: University of  Chicago Press, 2010.

———. ‘The Fluid Mechanics of Nutrition: Herman Boerhaave’s Synthesis of 
Seventeenth–Century Circulation Physiology’. Studies in History and 

Philosophy of  Biological and Biomedical Sciences 43 (2012): 357–369.
———. ‘Motherhood and Scientific Innovation: The story of Natural Versus 

Artificial Baby Food in the 19th Century’.  In Gender in Science and Technology, 
edited by W. Ernst and I. Horwath. 129–146. Bielefeld: Transcript, 2014.

Pagel, Walter.  Paracelsus: An Introduction to Philosophical Medicine in the Era of the 

Renaissance. 2nd ed.  Basel: S. Karger, 1982.
Paoli, François. Jean-Baptiste Morgagni, ou, La naissance de la médecine moderne.  Paris: 

Glyphe, 2013.
Partington, J.R. A History of  Chemistry. 3 vols London: Macmillan, 1961–1970.
Peitzman, Steven J. ‘Bright’s Disease and Bright’s Generation: Toward Exact 

Medicine at Guy’s Hospital’. Bulletin of  the History of  Medicine 55 (1981): 
307–321.

Pinto-Correia,  Clara. The Ovary of Eve: Egg and Sperm and Preformation.  Chicago: 
University of  Chicago Press, 1997.

Pomata, Gianna. ‘Sharing Cases: The Observationes in Early Modern Medicine’. Early 

Science and Medicine 15 (2010): 193–236.
———. ‘Observation Rising: Birth of an Epistemic Genre, 1500–1650’. In Histories 

of  Scientific Observation, edited by Lorraine Daston and Elizabeth Lunbeck. 
45–80. Chicago: Chicago University Press, 2011.

Porter, Roy. The Greatest Benefit of Mankind: A Medical History of Humanity.  New York: 
W.W. Norton, 1999.

Powers, John C. ‘Scrutinizing the Alchemists: Herman Boerhaave and the Testing of 
Chymistry’. In Chymists and chymistry, edited by Lawrence M. Principe.  227–
238. Sagamore Beach: Science History Publications, 2007.

———. Inventing Chemistry: Herman Boerhaave and the Reform of the Chemical Arts. 
Synthesis.  Chicago: University of  Chicago Press, 2012.

———. ‘Measuring Fire: Herman Boerhaave and the Introduction of 
Thermometry into Chemistry’. Osiris 29 (2014): 158–177.

———. ‘Leiden Chemistry in Edinburgh: Herman Boerhaave,  James Crawford and 
Andrew Plummer’. In Cradle of Chemistry, edited by Robert G.W. Anderson. 
25–58. Edinburgh: John Donald, 2015.

Praet, Raf. ‘From Rome to Constantinople:  Antiquarian Echoes of Cultural Trauma 
in the Sixth Century’. Doctoral Thesis,  Ghent University and University of 
Groningen, 2018.

Praet, Raf, and Ruben E. Verwaal. ‘Living to Infinity? Jerome Gaub’s Lecture on the 

Vain Expectation of  a Prolonged Life as Promised by Chemists (1734)’. 2088.



Principe, Lawrence M., ed. New Narratives in Eighteenth-Century Chemistry, Archimedes. 
Dordrecht: Springer, 2007.

———. ‘A Revolution Nobody Noticed? Changes in Early Eighteenth-Century 
Chymistry’. In New Narratives, edited by Lawrence M. Principe. 1–22. 
Dordrecht: Springer, 2007.

———, ed. Chymists and Chymistry: Studies in the History of Alchemy and Early Modern 

Chemistry. Sagamore Beach: Science History Publications, 2007.
———. ‘Alchemy Restored’. Isis 102 (2011): 305–312.
Punt, Hendrik. Bernard Siegfried Albinus (1697–1770) on “Human Nature”: Anatomical and 

Physiological Ideas in Eighteenth Century Leiden.  Amsterdam: B.M. Israël, 1983.
Qvist,  George. ‘John Hunter’s Alleged Syphilis’. Annals of the Royal College of Surgeons 

of  England 59 (1977): 205–209.
Ragland, Evan R. ‘Experimenting with Chymical Bodies: Reinier De Graaf ’s 

Investigations of  the Pancreas’. Early Science and Medicine 13 (2008): 615–664.
———. ‘Chymistry and Taste in the Seventeenth Century: Franciscus Dele Boë 

Sylvius as a Chymical Physician between Galenism and Cartesianism’. 
Ambix 59 (2012): 1–21.

———. ‘Experimenting with Chemical Bodies:  Science, Medicine, and Philosophy 
in the Long History of Reinier de Graaf's Experiments on Digestion, from 
Harvey and Descartes to Claude Bernard’. Doctoral thesis, University of 
Alabama, 2012.

Rather, Lelland J. Mind and Body in Eighteenth-Century Medicine: A Study Based on Jerome 

Gaub’s De regimine mentis.  Berkeley and Los Angeles: University of California 
Press, 1965.

———. ‘The “Six Things Non-Natural”:  A Note on the Origins and Fate of a 
Doctrine and a Phrase’. Clio Medica 3 (1968): 337–347.

Rau, Johannes Jacobus. Oratio inauguralis de methodo anatomen docendi et discendi.  Leiden: 
Samuel Luchtmans, 1713.

Renbourn, E.T. ‘The Natural History of Insensible Perspiration: A Forgotten 
Doctrine of  Health and Disease’. Medical History 4 (1960): 135–152.

Rey, Rosalyne. Naissance et développement du vitalisme en France de la deuxième moitié du 18e 

siècle à la fin du Premier Empire. Studies on Voltaire and the eighteenth century.  
Oxford: Voltaire Foundation, 2000.

Richet,  Gabriel. ‘The Chemistry of Urinary Stones around 1800: A First in Clinical 
Chemistry’. Kidney International 45 (1995): 876–886.

Riskin,  Jessica. Science in the Age of Sensibility: The Sentimental Empiricists of the French 

Enlightenment.  Chicago: University of  Chicago Press, 2002.
———. ‘Medical Knowledge: The Adventures of Mr. Machine, with Morals’. In A 

Cultural History of the Human Body in the Enlightenment, edited by Carole 
Reeves. 73–91. Oxford: Berg, 2010.

LIST OF FIGURES | 243



———. The Restless Clock: A History of  the Centuries-Long Argument over What Makes Living 

Things Tick.  Chicago: University of  Chicago Press, 2015.
———. The Restless Clock: A History of  the Centuries-Long Argument over What Makes Living 

Things Tick.  Chicago: University of  Chicago Press, 2016.
Roberts, Lissa.  ‘The Circulation of Knowledge in Early Modern Europe: 

Embodiment, Mobility, Learning and Knowing’. History of Technology 31 
(2012): 47–68.

Roe, Shirley A. Matter, Life, and Generation: Eighteenth-Century Embryology and the Haller-

Wolff  Debate.  Cambridge: Cambridge University Press, 1981.
Rosenfeld,  Louis. Four Centuries of  Clinical Chemistry.  Amsterdam: Gordon & Breach 

Science, 1999.
———. ‘Justus Liebig and Animal Chemistry’. Clinical Chemistry 49 (2003): 1696–1707.
Rothschuh, Karl Eduard. History of Physiology.  Translated by Guenter B. Risse.  

Huntington, NY1973.
Salmon, Marylynn. ‘The Cultural Significance of Breastfeeding and Infant Care in 

Early Modern England and America’.  Journal of  Social History 28 (1994): 
247–269.

Santing, Catrien. ‘Sleeping and Waking’. In Gelukkig  Gezond! Histories of Healthy Ageing, 
edited by Rina Knoeff. 80–97. Groningen: Barkhuis, 2017.

Scarborough, John. ‘Fish Glue (Gr. ΙΧΘΥΟΚΟΛΛΑ) in Hellenistic and Roman 
Medicine and Pharmacology’. Classical Philology 110 (2015): 54–65.

Scheffer, J.H. ‘Het dagboek van eene merkwaardige vrouw’. Algemeen Nederlandsch 

Familieblad  (1884).
Schulte, B.P.M. Hermanni Boerhaave Praelectiones de morbis nervorum, 1730–1735: Een 

medisch-historische studie van Boerhaave’s manuscript over zenuwziekten. Analecta 
Boerhaaviana.  Leiden: E.J. Brill, 1959.

Siegfried, Robert. From Elements to Atoms: A History of  Chemical Composition.  
Philadelphia: American Philosophical Society, 2002.

Simon, Jonathan. Chemistry, Pharmacy and Revolution in France, 1777–1809. Science 
Technology and Culture, 1700–1945.  Aldershot: Ashgate, 2005.

———. ‘Pharmacy and Chemistry in the Eighteenth Century: What Lessons for the 
History of  Science?’. Osiris 29 (2014): 283–297.

Siraisi,  Nancy G. ‘Medicine, 1450–1620, and the History of Science’. Isis 103 
(2012): 491–514.

Sjtsjedrova, Irina. ‘Abraham Kaau-Boerhaave: Bladzijden uit de biografie van een 
academicus’. In Noord- en Zuid-Nederlanders in Rusland, edited by E. 
Waegemans, J.S.A.M. Koningsbrugge and Nadja Louwerse. Baltic Studies, 
293–312. Groningen: INOS, 2004.

Sluijter, Ronald. 'Tot ciraet, vermeerderinge ende heerlyckmaeckinge der universiteyt': bestuur, 
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Martinitoren

Omringd doorheen de eeuwen
met broze houtbarakken,
betonverstokte braaksels,
verkrampte tijdelijkheid,

van mindere generaties
wier schreeuwerige gedachten
tezamen met hun bouwsels
terstond zullen vergaan,

kunt Gij, Martinitoren,
U immer weer vermeien
in eloquente waarheid
die Gij in stilte toont:

drie trappen voor de Vader,
de Zoon en Heilige Geest,
twaalf  bogen aan vier zijden
voor Jezus’ twaalf  Volgers,



ook twaalf  sterrenbeelden,
een jaar van twaalf  maanden,
dat vier seizoenen telt
in alle vier windstreken,

vier kardinale deugden
die elk dient na te streven
elk van de vierentwintig
of  tweemaal twaalf  uren,

na vierentwintig uren
van onze aardse dag
herrijst op niveau drie�
de acht: oneindigheid.

Martinitoren, Gij,
voor eeuwig soeverein,
ontstijgt ons in uw Waarheid�
en schone eeuwigheid.�

RGLMP
17 April 2017



Tussen zaad, zweet en zeik: Een tragedie

1. BEN JIJ NIET JE VADERS ZAAD?

Mijn pa had meer kracht moeten
zetten op het juiste moment,
maar ma stelde moeilijke vragen
over klokkijken en zijn zaad
zwom langzamer haar lijf  binnen;
het zwakke resultaat
staat hier voor u,
zo gaan die dingen als je haast hebt.

2. BEN JIJ NIET JE MOEDERS MELK?

Mijn moeders melk was moreel mismaakt.
Haar zog voedde mijn zorgen
en baarde mij ziektes,
haar lacteren liet mij slechts
de tragedie onteren,
haar zeuren verdween in mijn mond,
op dat zij weer baren kon,
ik ben en blijf  mismaakt door moedermelk.

3. BEN JIJ NIET DAT WAT JE LIJF VERLAAT?

Pisprofeten zagen het somber in
daar waar zij geelglazen keken,
ze roerden, likten, proefden,
slikten, roken en schrokken
beraadden beslaagden achter
donkere ramen en besloten
“Uw leven is naar de kloten.”
Zo zat mijn leven weer niet mee,
want wat bleek:
ik had diabetes, type twee.



4. BEN JIJ NIET DAT WAT DOOR JE ADERS GAAT?

De chirurgijn met zijn vlijm
hielp mij aderlaten trok
mijn lijk bleek door zware dagen,
hij spoot mijn bloed met bogen
uit gesneden gaten opdat ik
dit lijf, dit leed, beter dan verdragen.
Maar de messenmeester sneed helaas
een keer mis, dus daarom
ben ik nu slechts dat wat was,
en niet meer dat wat is.

5. BEN JIJ NIET DE TRANEN DIE OM JE ZIJN GELATEN?

Ik hoop dat jullie betreuren
dat dit mij heeft moeten gebeuren.
Want onheil schuilt in vocht, zo is dat
besproken, besloten en onderzocht.
Dus laat een hete traan, durf  om mij te wenen,
laat je oogvocht huilen worden
tot de laatste snik:
dit verhaal kent slechts een verliezer,
en de verliezer, dat ben ik.

6. BIJ DIT NEDERIG GESTEENTE, 
BEWENEN WIJ ZIJN GEBEENTE.

Richard Nobbe

Winnend gedicht 
Science Slam ‘Research meets Poetry’

Universiteitsbibliotheek Groningen
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