Edited by
Harry Whitaker, C.U.M. Smith and Stanley Finger

Brain, Mind
and Medicine

Neuroscience in the




Brain, Mind and Medicine:

Essays in Eighteenth-Century Neuroscience



Brain, Mind and Medicine:

Essays in Eighteenth-Century Neuroscience

Edited by

Harry Whitaker
Northern Michigan University, Marquette, MI, USA

C.U.M. Smith
Aston University, Birmingham, UK

Stanley Finger
Washington University, St. Louis, MO, USA

@ Springer



Harry Whitaker

Department of Psychology
Northern Michigan University
Marquette, MI 49855-5334
USA

C.U.M. Smith
Vision Sciences
Aston University
Aston Triangle
Birmingham B4 7ET
UK

Stanley Finger
Department of Psychology
Washington University
Psychology Building

St. Louis, MO 63130
USA

Library of Congress Control Number: 200792479

ISBN-13: 978-0-387-70966-6
e-ISBN-13: 979-0-387-70967-3

Printed on acid-free paper.

© 2007 Springer Science+Business Media, LLC

All rights reserved. This work may not be translated or copied in whole or in part without the written permission of the publisher
(Springer Science+Business Media, LLC, 233 Spring Street, New York, NY 10013, USA), except for brief excerpts in connection
with reviews or scholarly analysis. Use in connection with any form of information storage and retrieval, electronic adaptation,
computer software, or by similar or dissimilar methodology now known or hereafter developed is forbidden.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not identified as such, is
not to be taken as an expression of opinion as to whether or not they are subject to proprietary rights.

987654321

springer.com



‘There are three principal means of acquiring knowledge....observation of nature, reflection, and
experimentation. Observation collects facts; reflection combines them,; experimentation verifies the

result of that combination’
—Denis Diderot (1753)

‘For is it not reasonable to think that the electrical machine would add greatly to the efficacy of the

materia medica?’
—Morris (1753)

‘People will not look forward to posterity, who never look backward to their ancestors’
—Edmund Burke (1790)
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Introduction



Introduction

Harry Whitaker, C.U.M. Smith, and Stanley Finger

The idea for a volume on eighteenth-century stud-
ies of brain and behavior originated during a joint
International Society for the History of the
Neurosciences (ISHN) and Theoretical and
Experimental Neuropsychology/Neuropsychologie
Expérimentale et Théorique (TENNET) sympo-
sium held in Montreal in June 2004. We believe
that these essays provide unique contemporary
insights into the science and medicine of the nerv-
ous system, hence “neuroscience,” during the
“long” eighteenth century — a century too often
given short shrift in textbooks as well as in histori-
cal reviews of the nervous system.

The long eighteenth century, which in thematic
ways is often perceived as stretching from the
1660s into the opening decades of the 1800s, was
an age of transition in the neurosciences. It saw the
classic and time-honored ideas of neurophysiology
— animal spirits moving in hollow nerve conduits to
and from the ventricles of the brain — being gradu-
ally replaced by ideas more in accord with anatom-
ical reality. It also saw an enormous increase in
interest in the nervous system as the source of
many of the ills of both body and mind, along with
new therapies. It even saw, at least in the upper
strata of polite society, a new and at times even
“neurotic” concern for the health and proper func-
tioning of the nervous system. The chapters in this
book tell these fascinating stories, and more.

The volume is divided into six sections. After
this brief introductory section and chronological
table, the second section deals with the background
against which work on the nervous system took
place. After an overview of the development of
ideas about brain and mind during the “long cen-

tury,” Brian Ford discusses the most revealing of
eighteenth-century instruments — so far as anatomy
is concerned — the microscope. Next, Jonathan
Reinarz reviews the way in which medical educa-
tion developed in association with the voluntary
hospitals movement. Finally, Christopher Gardner-
Thorpe uses the life and work of James Parkinson
as a lens through which to examine medicine and
its milieu during the last quarter of the eighteenth
century.

The next section comprises six chapters that dis-
cuss eighteenth-century investigations of the
anatomy and physiology of the nervous system.
The section starts with an account of the neuro-
science of one of the most important eighteenth-
century anatomists, and anatomical teachers, John
Hunter. James Stone, James Goodrich, and George
Cybulski review Hunter’s many contributions to
neurology and neuroscience and by including
many quotations from his own work allow him, for
the most part, to speak for himself. Next, Larry
Kruger and Larry Swanson discuss the important
but rather little known work of Pourfour du Petit on
the functional anatomy of the brain and nervous
system. After this, Julius Rocca describes the work
of William Cullen and Robert Whytt who helped
establish the preeminence of Edinburgh’s medical
school and were among that epoch’s most influen-
tial investigators of the nervous system. The impor-
tant controversy between Haller and Robert Whytt
on the nature of muscular contraction forms the
subject of the next chapter, contributed by Eugenio
Frixione. The final two chapters examine the origin
and growth of what we now call electrophysiology.
Marco Piccolino provides a detailed review of



eighteenth-century research into electric fish,
whilst Rafaella Simili and Miriam Focaccia pro-
vide a similarly scholarly account of Luigi
Galvani’s career and discoveries.

The fourth section of the book is devoted to
long-standing complex issues of brain and behav-
ior. Nick Wade opens with a fascinating chapter on
the somewhat obscure late eighteenth-century
Scottish physician and anatomist, William
Porterfield, whose investigations ranged from the
anatomy and physiology of the visual system to the
nature of the sensations generated by phantom
limbs. Robert Glassman and Hugh Buckingham
review the influential mid-century physiological
psychology of David Hartley, and Harry Whitaker
and Yves Turgeon examine the work of Charles
Bonnet on memory and hallucinations. In the next
chapter of this section, UIf Norsell shows that
Swedenborg was not merely a religious thinker and
mystic, but also a very perceptive student of the
nervous system who collected evidence for, and
correctly envisioned, cortical localization of func-
tion well before this “nineteenth-century” doctrine
came into vogue.

The fifth and longest section deals with medical
theory and practice arising from eighteenth-century
neuroscience. First, Peter Koehler provides a schol-
arly account of the neuroscience and attendant
medicine of Herman Boerhaave and his most
famous pupil, Albrecht von Haller. Catherine
Storey shows how the concept of apoplexy (stroke)
altered during the eighteenth century. The next
three chapters review the origin and application of
one of the eighteenth century’s greatest enthusi-
asms — electricity — for treating medical conditions.
Stanley Finger discusses the work of perhaps the
greatest “‘electrician” of them all — Benjamin
Franklin — who personally assessed the use of elec-
tric shocks in treating various common disorders,
including stroke-induced paralysis and the seizures
associated with hysteria. In the next chapter,
Hannah Locke and Stanley Finger discuss what
people learned about medical electricity from
Gentleman’s Magazine, the first widely dissemi-

Harry Whitaker, C.U.M. Smith, and Stanley Finger

nated periodical in Great Britain. Paola Bertucci
takes up this theme in the next chapter where she
examines in detail the many attempts to use elec-
tricity in medicine in the latter part of the eigh-
teenth century. John Wesley, in addition to his
better known religious convictions and desire to
save souls, was also involved in medical electricity
as an inexpensive way to heal sick bodies, and
James Donat examines this and his long-standing
interest in nervous disorders in the next chapter.
Next, Douglas and Joseph Lanska discuss
Mesmer’s related, but ultimately fraudulent, pseu-
doscience of animal magnetism and show how it
was ultimately refuted by the careful use of scien-
tific methodology. Finally, Diana Faber takes up
the topic of hysteria and shows how it was trans-
formed from an organic to more of a psychological
disease during the eighteenth century.

The final section considers the cultural conse-
quences of this developing interest in the nervous
system. Timo Kaitaro examines the consequences
for the mind-brain argument in French thought of
the period, and Marjorie Lorch brings out the way
that Jonathan Swift used eighteenth-century under-
standings of the brain and nervous system in some
of his satirical writings. Finally, George Rousseau
examines the work of a well-known twentieth-cen-
tury psychologist, Jerome Kagan, and shows how
one of his central concepts, that of temperament,
was first defined in the eighteenth century.

The essays in this book provide a wide perspec-
tive on the development of neuroscience and its
application in medicine during the “long” eigh-
teenth century. They also show the impact of this
interest on the general culture of the time not only
on philosophical ideas but also on literature and
social life. The developments in neuroscience dur-
ing the “long” eighteenth century form the basis
upon which the great advances of the nineteenth
and then the twentieth centuries were made. We
hope these essays will be of interest not only to
practicing neuroscientists and neurologists, but
also to others in the many disciplines which study
eighteenth-century life and thought.



Chronology

C.UM. Smith

Vision Sciences, Aston University, Birmingham B4 7ET, UK

In this chronological table of the ‘long’ eighteenth
century I have sought to place scientific publica-
tions in the context of their cultural milieu. I have
purposefully omitted birth and death dates of the
great figures of the eighteenth century in prefer-
ence for the dates when their most significant
publications and/or other contributions appeared.
I have also, rightly or wrongly, sought to keep things
as simple as possible by omitting the coronation
dates of Kings and Queens in favour of the publica-
tion dates of novels and plays, the first performances

Science (Neuroscience in bold)

1660 Foundation of Royal Society

1660 Mariotte discovers eye’s blind spot

1660 Boyle: New experiments physico-mechanical
touching the spring of the air

1661 Malpighi: De pulmonibus observationes
anatomicae

1661 Boyle: Skeptical Chymist

1662/4 Descartes: L’Homme

1664 Willis: Cerebri Anatome

1664 Swammerdam: frog nerve-muscle
preparation

1665 Hooke: Micrographia

1665 Malpighi: De cerebro

1666 Foundation of Académie Royale
des Sciences

1667 Steno: Elementorum myologiae specimen

1671/76 Perrault: Histoire Naturelle

of music or display of painting and sculpture.
My hope is to have caught most of the important
events mentioned in the chapters of this book.
Finally, in the science column I have attempted to
differentiate between primarily neuroscientific
works and those pertaining to the other sciences.
This is sometimes a matter of opinion and I hope
that I shall not have to endure too much censure if
in some cases my opinion does not coincide with
that of the reader.

Cultural context
1660 Restoration of British Monarchy

1662 Spinoza: De Ethica
1663 Ottomans defeated at Vienna

1665 Great plague in London

1666 Moliere: Le Misanthrope

1666 Great fire of London

1667 Milton: Paradise Lost

1668 Dryden named Poet Laureate
1670 Pascal: Pensées

1670 Louis XIV founds Les Invalides



Science (Neuroscience in bold)

1672 Glisson: Tractatus de Natura Substantiae
energetica

1672 Willis: De Anima Brutorum

1674 Van Leeuwenhoek’s microscopical
sections of optic nerve

1676 Sydenham: Observationes Medicae

1677 Glisson: Tractatus de ventriculo et
intestinis

1678 Lorenzini: Observationi intorno alle
topedini

1679 Bonet: Sepulchretum sive Anatomia
Practica

1680/81 Borelli: De Motu Animalium

1682 Newton describes partial decussation
of optic nerves

1683 Van Leeuwenhoek sees bacteria

1686 Ray: Historia plantarum

1687 Newton: Principia Mathematica

1691 Ray: The Wisdom of God manifested in the
Works of Creation

1699 Tyson: Orang-Outang, sive Homo sylvestris

1701 Grew: Cosmologia Sacra: or, A discourse of
the Universe as it is the Creature and Kingdom
of God

1702 Baglivi: Specimen quatuor librorum
de fibra motrice et morbosa

1704 Newton: Opticks

1707 Stahl: Theoria medica vera

1708 Boerhaave: Institutiones medicae

1709 Berkeley: New Theory of Vision

1710 Petit: Lettres d’un Medecin

1714 Boerhaave commences clinical teaching

1726 Establishment of Faculty of Medicine
at Edinburgh

1727 Petit discovers functions of cervical
sympathetics

1731/5 Gray: Electrical experiments
1732 Boerhaave: Elementa Chemiae
1733 Cheyne: The English Malady

C.U.M. Smith

Cultural context

1685 Edict of Nantes revoked

1688 ‘Glorious Revolution’ in England
1690 Locke: An Essay concerning human
understanding

1692 Salem witch trials

1704 Swift: Tale of a Tub
1707 Act of Union between England
and Scotland

1710 Berkeley: Principles of Human Knowledge
1714 Leibniz: Monadology

1718 Watteau: Gilles

1719 Defoe: Robinson Crusoe

1722 Defoe: Moll Flanders

1725 Vico: The New Science

1726 Swift: Gulliver’s Travels

1729 Bach: St. Matthew Passion
1732/4 Pope: Essay on Man

1734 Voltaire: Lettres Pilosophiques



Chronology

Science (Neuroscience in bold)

1735 Linnaeus: Systema Naturae (1st edn)

1737 Porterfield: An essay concerning the
motions of our eyes

1737 Kinneir: A new essay on the nerves . . .

1737/8 Swammerdam (published by Boerhaave):

Bybel der Natuure (Biblia Naturae)
1739 Bayne: A new essay on the nerves

1740/41 Swedenborg: Oeconomia Regni Animalis

1744 Trembley: Mémoires

1745 Whytt: An Enquiry . ..

1745/6 Invention of Leyden jar

1745 Kratzenstein’s medical applications
of electricity

1746 Nollet: Essai sur I’Electricité des Corps

1746 Monro (primus): The Anatomy of Human
Bones and Nerves

1747 Haller: Primae Lineae Physiologiae

1747 La Mettrie: L’Homme Machine

1748 Needham: Observations (spontaneous
generation of life)

1749 Buffon: Histoire Naturelle (vol.1)

1749 Hartley: Observations on Man

1751 Maupertuis: Systeme de la Nature

1751 Whytt: An Essay on the Vital and other
Involuntary Motions of Animals

1751 Franklin: Experiments and Observations
on Electricity

1753 Beccario: Dell’elettricismo artificiale et
naturale

1754 Condillac: Traité de la Lumiere

1754/5 Bonnet: Essai de psychologie

1755 Haller: Dissertation on the Sensible and
Irritable Parts of Animals

1755 Whytt: Observations on Sensibility and
Irritability

1755 Whytt: Physiological Essays

1756 Lovett publishes on medical electricity

1757 Adanson: Histoire Naturelle du Senegal

1757/66 Haller: Elementa Physiologiae Corporis
Humani

1758 Linnaeus: Systema Naturae (10" edn)

1759 Porterfield: A Treatise on the Eye

Cultural context
1735 Hogarth: The Rake’s Progress

1738/9 D. Scarlatti: Keyboard sonatas ( “exercises”)
1739/40 Hume: Treatise of Human Nature

1742 Handel: Messiah

1747 Richardson: Clarissa
1748 Gainsborough: Mr and Mrs Andrews

1750 Rousseau: Discours sur les sciences
et les arts

1751 d’ Alembert: Discours
préliminaire

1751 Diderot: Encyclopédie, vol.l

1755 Lisbon earthquake
1755 Johnson: Dictionary of the English Language
1755 Rousseau: Discourse on Inequality

1756-1763 Seven Years’ War

1759 Voltaire: Candide



Science (Neuroscience in bold)

1760 Wesley: Desideratum, or electricity made
plain and useful

1760 Bonnet: Essai analytique sur les facultés
de Pame

1760 Bonnet describes his eponymous syndrome

1761 Morgagni: De sedibus

1765 Whytt: Observations . . . on Nervous,
Hypochondriac, or Hysteric Disorders

1766 Mesmer: De Planetarum Influxu

1767 Priestley: History and Present State
of Electricity

1768 Sauvage: Nosologia Methodica

1768 William Hunter founds the Great Windmill
Street anatomy school

1769 Bancroft: Natural History of Guiana

1769 Bonnet La Palingénésie Philosophique

1770 Holbach: Systeme de la Nature

1770 Cullen: Lectures on the Institutions of
Medicine

1772 Walsh: Experiments on the Torpedo or
Electric Ray

1772 Priestley: The History and Present State
of Discoveries relating to Vision, Light and
Colours

1773 Walsh: On the electric property of the
torpedo

1773 John Hunter: Anatomical observations on
the Torpedo

1775 Lavater: Physiognomische Fragmente

1775 Mesmer demonstrates ‘animal magnetism’

1775 Hunter: An account of Gymnotus Electricus

1776 Cavendish: An account of some attempts to
imitate the effects of the Torpedo by electricity

1776 Musgrave: Speculations and Conjectures
on the Qualities of the Nerves

1777 Cullen: First lines in the practice of Physic

1778 Mesmer develops group treatment by
animal magnetism

1779 Mesmer: Mémoire sur la découverte du
magnetisme animal

1779 Prochaska: De structura nervorum

1780 d’Eslon: Observations sur le magnétisme
animal

C.U.M. Smith

Cultural context
1760 Sterne: Tristram Shandy

1762 Gluck: Orfeo et Euridice

1762 Rousseau: Du Contract Social

1764 Reid: Inquiry into the Human Mind

1764 Voltaire: Dictionnaire
Philosophique

1765 Lunar Society founded

1767 Fragonard: The Swing

1768 Cook’s first voyage

1769 Arkwright’s Spinning Jenny
1769 James Watt invents steam engine
1770 Cook at Botany Bay

1773 First cast—iron bridge at Ironbridge,
Shropshire
1774 Goethe: Die Leiden des jungen Werther

1776 American Declaration of
Independence

1776 Herder: Sturm und Drang

1776 Smith: Wealth of Nations

1776 Gibbon: Decline and Fall of the
Roman Empire

1777 Goya: El quitasol

1778 Banks elected President of Royal
Society

1779 Lessing: Nathan der Weise

1780 Gordon riots in London



Chronology

Science (Neuroscience in bold)

1780 Spallanzani: Disssertazione di fisica
animale e vegetabile

1781 Fontana’s first microscopical observation
of a nerve fibre

1781 Fontana: Traité sur le Venin de la Vipere

1783 Monro Secundus: Observations on the
Structure and Functions of the Nervous System

1784 Franklin commission on mesmerism

1784 Vicq d’Azyr: Recherches sur la structure
du cerveau

1785 Hutton: Theory of the Earth

1786 John Hunter: Observations on certain
parts of the animal economy

1787 Abernethy establishes a surgical curriculum
at St Bartholomew’s Hospital

1789 Lavoisier: Traité Elémentaire de Chimie

1789 Pinel: Nosographie Philosophique

1790 Goethe: Versuch die Metamophose der
Pflanzen zu erkldiiren

1791 Galvani: De riribas electricitatis in motu
musculari

1792 Volta: Memoria sull’elettricita animale

1792 Wells: An Essay upon Single Vision

1792 Kirkland: A Commentary on Apoplectic
and Paralytic Affections

1793 Young: Observations on Vision

1794-6 Darwin: Zoonomia

1793 Richard Fowler: Experiments and
Observations relative to the influence lately
discovered by M. Galvani and commonly
called animal electricity

1794-1801 Soemmerring: De corporis humani
fabrica

1794 John Hunter: A Treatise on the blood,
inflammation, and gun-shot wounds

1798 Jenner: Inquiry into variolae vaccinae
1800 Volta: On the electricity excited by the mere
contact . . .

1801 Bichat: Anatomie Générale Appliquée a
la Physiologie et a la Médecine

Cultural context

1781 Kant: Kritik der reinen Vernunft
1781 Schiller: Die Rauber

1781 Houdon: Bust of Voltaire

1783 Blake: Poetical Sketches

1783 First human ascent in hot-air balloon

1786 Kant: Metaphysische Anfangsgriinde
der Naturwissenschaft
1786 Mozart: Le Nozze di Figaro

1789 Revolution in France

1790 Burke: Reflections on the Revolution
in France

1791 Paine: The Rights of Man

1791 Mozart: Die Zauberflote

1792 Stewart: Elements of the Philosophy of
the Human Mind

1793 David: Marat Assassinated
1794 Lavoisier guillotined

1797 Schelling: Ideen zur Philosophie
der Natur
1798 Malthus: Essay on Population
1798 Wordsworth/Coleridge: Lyrical Ballads
1798 Haydn: Die Schopfung
1799 Rosetta stone
1799 Napoleon overthrows the Directory
1800 Mozart: Requiem
1800 Schelling: Transcendental Philosophy
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Science (Neuroscience in bold)

1802 Paley: Natural Theology
1802 Young: On the theory of lights and colours

1802-22 Treviranus: Biologie

1803 Darwin: Temple of Nature

1804 Aldini: Essai théorique et expérimentale
sur le galvanisme

1804 Wilkinson: Elements of Galvanism

1807 Trotter: A view of the nervous
temperament . . .

1808 Dalton: New System of Chemical Philosophy

1809 Rolando: Saggio sopra la vera struttura del
cervello dell’'uomo e degl’animali

1809 Lamarck: Philosophie Zoologique

1809-11 Oken: Lehrbuch der Naturphilosophie

1810 Goethe: Zur Farbenlehre

1810-19 Gall and Spurzheim: Anatomie et
physiologie du systeme nerveux. . . . par la
configuration de leur tétes (first two volumes
only with Spurzheim)

1811 Bell: Idea for a New Anatomy of the Brain

1817 Parkinson: Essay on the Shaking Palsy

1820 Cooke: A Treatise of Nervous Diseases
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Cultural context

1802 Coleridge: Dejection: An Ode
1802 Constable: Dedham Vale

1804-8 Beethoven: 5" Symphony

1804 Jacquard invents eponymous loom

1804 Trevithick invents first steam
locomotive

1805 Battle of Trafalgar

1807 Hegel: Phdnomenologie des
Geistes

1807 Abolition of Slave Trade Act
passed in British Parliament

1808 Goethe: Faust part 1

1808 Goya: El Tris Mayo

1809 Davy invents first electric light

1811 Luddite revolts in England

1814 Austen: Mansfield Park

1814 Stevenson’s steam locomotive

1815 Battle of Waterloo; Congress of Vienna
1817 Coleridge: Biographia Literaria

1818 Shelley: Frankenstein

1819 Schubert: Trout quintet
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Introduction

This section consists of four chapters which sketch
in some of the background against which the devel-
opment of Neuroscience in the ‘long eighteenth
century’ took place. The chronological table in the
preceding section shows some of the major events
in the wider world during the ‘long century’. It has
often been called ‘the Age of Enlightenment’ and
the table shows how societies in the Western World
emerged from the fundamentalisms of the seven-
teenth and earlier centuries — the Civil War in
England during the 1640s, the Revocation of the
Edict of Nantes in 1685, the Salem witch trials in
the American colonies in the 1690s — to a more sec-
ular, not to say rational, settlement. Sterne’s
Tristram  Shandy, Diderot’s Encyclopédie,
Gainsborough’s Mr and Mrs Andrews, Fragonard’s
The Swing, Scarlatti’s Keyboard Sonatas, all
breathe a different air from that breathed by the
fanaticisms of the earlier century. It did not last. In
1793 Charlotte Corday came from Normandy to
assassinate Marat in his bath, in 1794 both
Robespierre and Lavoisier were guillotined, in
1799 Napoleon came to power. The clear rational
air of the eighteenth century thickened. In England,
taste for the gothic climaxed in Mary Shelley’s
Frankenstein, in Spain Goya painted El Tris Mayo,
in Germany, Goethe initiated the Sturm und Drang
movement and Hegel published Phdnomenologie
des Geistes.

It is against this background that investigations
of the brain and nervous system were carried out.
This section does not, however, attempt to place
eighteenth-century physicians, anatomists and
physiologists in their wider cultural context but to
focus more closely on their professional interests

and technical abilities. The first chapter, con-
tributed by C.U.M. Smith, sets the scene by
reviewing the development of ideas concerning
mind and brain during the ‘long’ century. He
argues that the century, so far as physiological psy-
chology is concerned, was a century of transition.
The old ideas of spirit-filled cerebral ventricles and
hollow nerves inherited from the medievals were
discredited by anatomical and especially micro-
scopical research. Yet until the very end of the cen-
tury, when investigations of ‘animal electricity’
began to take hold, it was difficult to see with what
the old ideas could be replaced. This dissonance
between what was shown by the anatomist’s
scalpel and the microscopist’s lens and what the
general public believed persisted for a century and
more. Nevertheless, both physicians and polite
society became increasingly interested in the nerv-
ous system and nervous disease. The affect of this
interest on the sophisticated classes can be seen in
the best-selling novels of the time and in the devel-
opment of fashionable spa society. Right at the end
of the period evolutionary ideas began to challenge
the established order and Smith’s chapter ends
with an account of Erasmus Darwin’s evolutionary
psychophysiology.

In the next chapter Brian Ford reviews the
development of microscopy during the eighteenth
century. He starts with the first great pioneers —
Robert Hooke (1635-1703) and Anthony van
Leeuwenhoek (1632-1723). Ford notes that some
of Leeuwenhoek’s first specimens were preparations
of bovine optic nerve (1674) and that he could find
no evidence that they were tubular. Other micro-
scopists examined nerve fibres during the late

13
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seventeenth century but preparative techniques were
not sufficiently well developed to allow a definitive
answer to the question whether the fibres were hol-
low (as had long been believed) or solid, and the
controversy lingered on into the eighteenth century.
Ford next provides a valuable account of the design
of eighteenth-century microscopes and their use by
many of the luminaries of that century — Della Torre,
Fontana, Monro (Primus and Secundus), Prochaska,
etc. — and points out that although the resolution of the
these microscopes was often surprisingly good,
severe limitations were imposed by undeveloped
preparative techniques. The chapter ends with a look
forward into the nineteenth century when microtomes
and the first achromatic compound microscopes
became available, finely tooled from brass, and often
collectors’ items.

The topic of medical education and its associa-
tion with the voluntary hospital movement in
England is the subject of the next chapter by
Jonathan Reinarz. Reinarz starts his account in the
sixteenth century when British physicians received
a university education but surgeons were taught
through an apprenticeship scheme as befitted what
seemed more like a craft. After a discussion of the
famous Italian centres of medical education, espe-
cially Padua, the focus shifts to Leiden. Here grad-
uates from Padua sought to replicate their own
educational experience and initiated clinical teach-
ing at the city’s hospital. From Leiden many med-
ical graduates migrated across Europe, especially
to Scotland where William Cullen, at Edinburgh,
lecturing in English rather than Latin, established a
systematic medical curriculum. The scene then
passes to London where the practice of clinical
teaching at a number of the capital’s hospitals,
especially St Bartholomew’s and Guy’s, had
already been established. Unlike the rather bureau-
cratic hospitals across the channel, London hospi-
tals customarily allowed students much more
freedom to develop their own programmes of
study. With the exception of smallpox, they were
allowed to see the full range of medical and surgi-
cal cases. The most famous London medical
courses were given by physician William Hunter
and his brother, surgeon John Hunter, at Great
Windmill Street. The success of this school soon
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led to the founding of several other teaching estab-
lishments so that, by 1780, no less than 16 anatom-
ical courses were advertised in the London
newspapers. By the end of the century London had
become a major world centre for medical educa-
tion. Jonathan Reinarz traces these developments
into the beginning of the nineteenth century when
clinical teaching in a hospital environment had
begun to spread to the English provinces.

In the final chapter in this section, Christopher
Gardner-Thorpe examines the medical milieu in
the last quarter of the eighteenth century through
the lens provided by the life and work of James
Parkinson (1755-1824). Although Parkinson is
nowadays best known for his 1817 Essay on the
Shaking Palsy, he had led a varied and eventful life
before the Essay was published. Like others in the
eighteenth century (one immediately thinks of
Erasmus Darwin and Benjamin Franklin), his mind
voyaged widely over the world being revealed by
enlightenment thought and discovery. In addition
to his medical interests he involved himself in
politics, where he became a notable (though
anonymous) pamphleteer, the church, where he
was for many years a churchwarden, and geology
and palaeontology where he was not only a founder
member of the Geological Society but also pub-
lished a highly regarded three volume work,
Organic Remains of a Former World. Gardner-
Thorpe shows how country physicians (like many
country vicars) could sustain a wide-ranging inter-
est in the world around them and yet make signifi-
cant contributions to their own chosen profession.
Parkinson was not only a founder member of
London’s Medical and Chirurgical Society but also
much involved in domestic medicine (writing pop-
ular medical compendia for the general public), the
regulation of ‘Mad Houses’, promoting good nutri-
tion, studying gout and many other medical topics.
Gardner-Thorpe’s review provides a valuable
insight into the medical and scientific world of the
late eighteenth century. A world which, to para-
phrase Thomas Wright’s words in his 1750 discus-
sion of astronomy, seemed to open up on all sides,
revealing truths undreamt of in earlier centuries.

The Editors
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Brain and Mind in the ‘Long’

Eighteenth Century

C.U.M. Smith

Introduction

How should the ‘long’ eighteenth century be defined?
January 1, 1700 and December 31, 1799 are quite
arbitrary dates. Why should they be chosen to seg-
ment our history rather than more significant
periods of time, periods which have a coherent
content, or are marked, perhaps, by the working out
of a theme? Students of English literature some-
times take the long eighteenth century to extend
from John Milton (Paradise Lost, 1667) to the
passing of the first generation of Romantics (Keats
(d. 1821), Shelley (d. 1822), Byron (d. 1824),
Coleridge (d. 1834)). Students of British political
history often take it to start with the accession of
Charles II (the Restoration) in 1660 or, alterna-
tively, the so-called Glorious Revolution of 1688
and to end with the great Reform Act of 1832.
Others might choose different book ends. In the
history of science and philosophy the terminus a
quo is sometimes taken as the publication of
Descartes’ scientific philosophy or, in more
Anglophone zones, the 1687 publication of
Newton’s Principia with its vision of a ‘clockwork
universe’. ‘Nature and Nature’s laws’ as Alexander
Pope enthused, ‘lay hid in Night: God said, “Let
Newton be!” and all was light!’.

But in the biological sciences, as the long eigh-
teenth century wore on, the Newtonian illumination
dimmed. After early enthusiasms, mechanistic
interpretations of life-processes proved unfruitful.
The models proposed by Descartes, Borelli and
others began to seem absurdly simplistic. The reac-
tion against ‘clockwork’ models took the form of
Romantic biology and, especially in Germany,

drifted far from the clarity of Descartes and
Newton. Kant published Metaphysical Foundations
of Natural Science in 1786 and Goethe’s
Metamorphosis of Plants came out in 1790. In
early nineteenth-century England, Samuel Taylor
Coleridge, eschewing his fine poetical talent,
sought to develop a science of life based on
Naturphilosophie (Smith, 1999). The terminus ad
quem of this long decline in mechanistic interpreta-
tions of the living process can, perhaps, be seen in the
publication of Lawrence Oken’s turgid Lehrbuch der
Naturphilosophie in 1809-1811 (trans. Tulk:
Elements of Physiophilosophy 1847). Thus, in the life
sciences, we might adapt Squire’s riposte to Pope’s
encomium and write: “Then came the devil, howling
“Ho! let Oken be!” and restored the status quo’.
Neuroscience could not be immune to these
movements of thought. Perhaps the most obvious
date to start is 1664 with the publication of Willis’
Cerebri Anatome. The end point is less clear.
Should it be with Gall and Spurzheim’s phrenology
(1810-1819) or Charles Bell’s Idea for a New
Anatomy of the Brain in 1811, or even later still, in
the 1840s, with Emil du Bois Reymond’s discovery
of the action potential and the action current in
nerve and muscle? What happened during this
long period? It has been called the Age of
Enlightenment. In France, Denis Diderot and Jean-
le-Rond d’Alembert published the Encyclopédie,
often taken to be the Enlightenment’s master work;
Diderot was sufficiently interested in physiology to
write a treatise called Eléments de Physiologie,
although this was never published. Roy Porter, per-
haps the foremost of our recent historians of this
period, saw it as an era when the old spiritual
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certainties, the old theologies, evaporated to be
replaced by an uneasy materialism. Yet this materi-
alism, as we shall see, was very different from the
mechanistic materialism put forward by René
Descartes and his followers in the seventeenth cen-
tury. The thought world of Erasmus Darwin, at the
end of the ‘long’ century, is very different from that
of the Cartesians at the beginning! Nevertheless,
the old ideas about the brain and its physiology
refused to go without a tenacious rearguard action.
Long before the eighteenth century, Vesalius, in the
1543 Fabrica, had strongly denied that the nerves
were hollow: ‘I have never seen a channel, even in
the optic nerve’ (p. 317), and in 1620, the Edinburgh
medical student, John Moir, recorded in his lecture
notes that ‘nerves have no perceptible cavity inter-
nally, as the veins and arteries have’ (French, 1975).
Yet the notion of animal spirit travelling in nerve
tubes was still current in popular culture 150 years
later. For Tristram Shandy, in Laurence Sterne’s
novel of the 1760s, it was simply conventional wis-
dom. The long eighteenth century, for the historian of
neuroscience, is an age of transition but not of revo-
lution. The old framework of ideas, animal spirit,
subtle fluids, spiritual substances and hollow nerves
lived on, in spite of the evidence, because it was dif-
ficult to see until the very end of the period with what
they could be sensibly replaced.

Setting the Scene

At the beginning of the Western tradition 2,500 years
ago, Hippocrates expounded a view of the brain with
which we would hardly be uncomfortable today. In
his work on epilepsy, On the Sacred Disease, he
located all the psychical functions (* — joys, delights,
laughter, . .. sorrow, griefs, despondency, ... the
acquisition of wisdom and knowledge, . . . ethical
understanding, . . . seeing and hearing, . . . bad dreams
and delirium, . . ") in the brain.

At about the same time, on the other side of the
Aegean, Plato’s Pythagorean tract, the Timaeus,
had a very different story to tell. A rational soul is
confined within the skull whilst a mortal soul full
of passion is confined in the torso and beneath
that, separated by the diaphragm, a lower, concu-
piscent soul. The Timaeus is an explicit continua-
tion of the Republic and its tripartite schematic
mirrors the tripartite sociology of Plato’s ideal
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state. Plato’s famous pupil, Aristotle, far more a
biologist than his master, also developed a tripar-
tite psychophysiology. The three divisions of his
animating principle — vegetable, animal and
rational souls — clearly relate to his classification
of the biological world, rather than the social strat-
ification of an ideal state.

It is, however, only with the Alexandrians of the
third century BC that we find the first physiologi-
cal thought based on anatomical dissection. Both
Herophilus and Erasistratus were aware of the cere-
bral ventricles and Erasistratus developed a physi-
ology in which pneuma zotikon was transported by
blood to the brain where it was transformed into
pneuma psychikon to be distributed to the muscles
by hollow nerves (see Smith, 1976). This idea reap-
pears in Galen in the second century AD and vari-
ants (pneuma psychikon being translated as ‘animal
spirit’) persisted for two millennia up until the
Renaissance and beyond.

The origin of that other long-persisting notion,
the ‘cell’ or ‘ventricular’ theory, where the
‘rational’ soul is divided into a number of parts and
located in three cerebral ventricles or ‘cells’, is
more obscure (1). There are hints both in Nemesius
of Emesa (fl. fourth century AD) whose work, On
the Nature of Man, synthesises ancient Hellenistic
and Judaic thought, and in St. Augustine of Hippo
at the beginning of the fifth century. It was only
with the rebirth of anatomy in the sixteenth century
that it was recognised that the medieval cell dia-
grams, valuable though they were as representa-
tions of psychology, bore little or no resemblance
to the anatomy of the brain.

Leonardo’s early sixteenth-century wax cast of the
ox ventricles (unknown until the nineteenth century)
is perhaps the first true representation. Leonardo
writes, ‘My works are the issue of pure and simple
experience, who is the one true mistress’. Renaissance
anatomists began to insist that function — in this
case mental function — should be related to structure
revealed by the scalpel. This brings us, rapidly, to
the beginning of the modern era.

Descartes and Willis

Descartes’ L’Homme was published just 2 years
before the start of our period, in 1662, though it
had been written long before. Descartes’ anatomy
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was, of course, far inferior to that of Willis
(Willis, 1664), although he had much first-hand
experience of dissecting specimens from butch-
ers’ shops in Amsterdam. His psychophysiology
is yet more speculative (see Smith, 1998). Both
Descartes and Willis were, however, clear that
the ‘lower’ souls of the ancients and medievals,
the animal and vegetable souls, were wholly
material.

Descartes, it will be remembered, argued that
the rational soul swayed the pineal gland, thus
directing animal spirit present in the ventricle into
one or other nerve conduit, hence causing appro-
priate behavioural movements. Willis’ theory is in
many respects rather similar. Animal spirit, dis-
tilled from vital spirit in the blood by the grey
matter of the brain, fills ‘the medullar trunk’ and
passes from thence via the nerves to the body ‘and
so imparts to those bodies, in which the nervous
fibres are interwoven, a motive or sensitive feel-
ing of force’ (Willis, 1681, p. 126). But in both
cases an immaterial soul, unique to man, lurked
somewhere beyond the scalpel (see Changeux,
1985, p. 11).

On the other hand neither Descartes nor Willis
denied infra-human animals sensation. Descartes
writes to the Marquess of Newcastle, ‘As for the
movements of our passions . . . itis . .. very clear that
they do not depend on thought, because they often
occur in spite of us. Consequently they can also occur
in animals, even more violently than they do in
human beings ...” and in a letter to Henry More in
1649 he writes, ‘I do not deny life to animals .. .;
and I do not even deny sensation, insofar as it
depends on a bodily organ’ (Cottingham,
Stoothoff, & Murdoch, 1985, p. 366). The fashion-
able notion that Descartes (though not some of his
followers) regarded animals as unfeeling automata
is plainly incorrect.

Willis, for his part, maintains that animals pos-
sess a ‘corporeal soul . .. having extension and
local parts’ (Willis, 1672) which, although thor-
oughly material, nevertheless vivifies the body
and is sensitive to the aches and pains and pleas-
ures of life. It is fashionable to say, with
Coleridge, that Descartes, in exorcising the lower
spirits, transformed the body into an unfeeling
machine. The truth, as ever, is more ambiguous.
This ambiguity lived on to plague the eighteenth
century.

17
Nerves are not Hollow Conduits

The ancient neurophysiology to which both
Descartes and Willis subscribed — that the nerves
are conduits linking the brain with the periphery
along which the animal spirit travelled — was, even
as their works were being published, on the point
of being discredited. In the last decades of the sev-
enteenth century both Jan Swammerdam and
Giovanni Borelli provided experimental evidence
against the idea that animal spirit travelled down
nerve tubes like a wind to inflate the muscles.
Swammerdam had shown by an ingenious and
delicate experiment, as early as 1663, that frog
muscles did not expand on contraction (2). However,
although he demonstrated his experiment widely to
academic audiences (Nordstrom, 1954), he tried to
explain away its implications and his work was not
placed in the public domain until Boerhaave pub-
lished an edited version in the 1737/1738 Bibjel
der Nature (Biblia Naturae) (see Cobb, 2002).
Borelli also contested the old idea of nerves as hol-
low conduits. He believed the nerves were ‘canals
filled with a spongy material, like elder pith ...
moistened with a spirituous juice (succus nerveus)
originating in the brain ... saturated to turges-
cence’. Instead of a flow of ‘spirit’, he argued that
a ‘commotion’, ‘concussion’ or ‘undulation’ was all
that was transmitted (Borelli, 1680/1681; see also
Glynn, 1999). Willis, although satisfied that nerves
contained no cavity visible to the naked eye or sim-
ple microscope, nonetheless believed that they
were like ‘Indian canes’ through which animal
spirit could percolate (Willis, 1681).

The work of the physiologists was supplemented
by that of microscopists (see Ford, this volume). At
the end of the seventeenth century Antony van
Leeuwenhoek used his microscope to examine sec-
tions of bovine optic nerve and concluded that no
cavity could be perceived, although he later
appears to have had second thoughts. During the
next century improved microscopical techniques
suggested ever more strongly that nerves contained
no cavity (3). The old neurophysiology thus
became highly questionable. Yet the old ideas held
on tenaciously. In The English Malady, George
Cheyne devotes many pages to a discussion of ani-
mal spirits, what they might be and how they might
act (Cheyne, 1733, pp. 75-89). Ford (this volume)
refers to an illustration depicting hollow nerves in
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a publication dated as late as 1842! The old neuro-
physiology also lingered in popular culture.
Tristram Shandy in 1760 is well versed in them.
“You have all, I dare say, heard of the animal spirit’
he writes, ‘Nine parts in ten of a man’s sense and
nonsense . . . depend on its motions and activity ...’
(Sterne, 1760, p. 1), and Jonathan Swift, in the
1704 Mechanical Operation of the Spirit, writes
that ‘it is the Opinion of Choice Virtuosi, that the
Brain is only a Crowd of little Animals, but with
Teeth and Claws extremely sharp, and therefore,
cling together in the Contexture we behold, like the
Picture of Hobbes’s Leviathan, or like Bees in per-
pendicular swarm upon a Tree, or like a Carrion
corrupted into Vermin, still preserving the Shape
and Figure of the Mother Animal’. Swift also
famously defines ‘punning’ as ‘the art of harmo-
nious jingling with words, which passing in at the
ears, excites a titillary motion in those parts; and
this being conveyed by the animal spirit into the
muscles of the face, raises the cockles of the heart’.

One important reason for the lingering of the old
neurophysiology was the difficulty of knowing
with what to replace it. The traditional understand-
ing of the human being was at least a consistent
system. Alexandre Koyré says the same of
Aristotelian physics. He remarks that it ‘. .. forms
an admirable and perfectly coherent theory which,
to tell the truth, has only one flaw (besides that of
being false) . . . that it is contradicted by the every-
day practice of throwing’ (Koyré, 1943). The same
could be said of the ancient neurophysiology, sub-
stituting ‘the fact that nerves are not hollow tubes’
for ‘the everyday practice of throwing’. But replacing
the usefully ambiguous psychophysical substance
with straightforwardly physical substance, though
seemingly inescapable, merely made the psy-
chophysical problem more intractable.

There were a number of attempts to incorporate
neurophysiology into the Aristotelian system’s
successor: Newtonian mechanism. Boerhaave pro-
posed that nerve fluid consisted of the finest of all
particles, far smaller than the large corpuscles mak-
ing up other body fluids, and that these strung end
to end communicated impetus along a nerve fibre
much as a line of billiard balls in a tube. Because
of Boerhaave’s immense reputation, this idea
helped prolong hydraulic neurophysiology well
into the eighteenth century. David Hartley, taking a
hint from Newton’s Optics, proposed a rather
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different idea (see Buckingham, this volume). He
argued that the nervous system operated by way of
vibrations and vibratiuncles (in many ways this
reminds us of Borelli’s ‘undulations’) (Hartley,
1749). Like most of his eighteenth-century con-
temporaries he felt the pull of Newton’s genius and
wished to develop ‘an experimental physics of the
mind’ (see Smith, 1987). However, although his
associationist psychology was very influential, his
neurophysiology did not find favour. Anatomists
like Alexander Monro primus were quick to point
out the anatomical infelicities of his theory: *. .. the
nerves are unfit for vibrations because their
extremities . . . are quite soft and pappy’ (4). The
beginnings of our modern understanding awaited
the second part of the nineteenth century, first with
the work of Emil du Bois Reymond and then
with that of Helmholtz, Bernstein and others, and
was not fully completed until the work of Hodgkin,
Huxley and Katz in the mid-twentieth century.
Indeed, it might even be said that complete under-
standing awaited the Nobel Prize researches of
Robert MacKinnon and colleagues at the beginning
of the twenty-first century (MacKinnon, 2003;
Smith, 2002b).

The Mind Escapes the Cells

The puzzle posed by transmission down ‘solid’
nerves was not the only puzzle facing eighteenth-
century anatomists. Another, and equally acute,
puzzle was that posed by the neural correlatives of
mind. What and where were they? The new
anatomy gave no hint. The ancient ‘cell” or ‘ven-
tricular’ psychology had long been recognised as
having no anatomical basis. Descartes and many
others insisted instead that the ‘mind’ had no phys-
ical dimension and thus, as Henry More remarked,
was strictly speaking, ‘nowhere’. This seemed to
point directly to atheism, a conclusion which did
not escape the Holy Office. In 1663, it put
Descartes” physio-philosophy on its Index
Librorum Prohibitorum.

Interest in this problem was not confined to
philosophers, theologians and anatomists. Laurence
Sterne, for instance, has much to say about it in his
novels. Tristram Shandy’s opinionated father
philosophises over this very question in intensely
humorous passages, eventually insisting that the
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neural correlatives of mind were to be found in the
fine material of the cerebellum. Accordingly he
instructed his man-midwife, Dr Slop, to take great
care to ensure that the back of Tristram’s head was
well protected at birth.

More seriously, Samuel Johnson, that epitome of
clarity of thought and expression, writes in many
places, not least in his Dictionary, that the union of
psyche and soma is incomprehensible: ‘Man is
compounded of two very different ingredients,
spirit and matter, but how two such unallied and
disproportioned substances should act upon each
other, no man’s learning could yet tell him’
(Johnson, 1755, quoting Collier). He was bitingly
dismissive of those who would identify mind with
brain: a ‘quagmire’, he remarked, whose ‘clammy
consistency’ could have nothing to do with the
‘motion of thought’ (Porter, 2003, p. 169).

Johnson was burdened with many of the ‘ills the
flesh is heir to’, half blind in one eye, half deaf in
one ear, corpulent, subject to all sorts of tics and
compulsions. Yet he was gifted with an astonishing
memory and articulacy. It must have seemed obvi-
ous to him that mind and body had little to do with
each other. Humans, for him, were, as they were
for Plato, essentially embodied souls. He lived his
life in ever-present fear of the hereafter, seldom far
from thoughts of his end, more than once descend-
ing into black melancholia, striving always to act
so as to be able, as he says, ‘to render up my soul
to God unclouded’ (quoted in Porter, 2003, p. 188).
He is said to have refused opiates at the end, wishing
to pass over with a clear mind. His hero, Herman
Boerhaave, thought much the same. Johnson
points out in the biography he wrote for the
Gentleman’s Magazine (Johnson, 1739, p. 174)
that ‘he (Boerhaave) had never doubted of the spir-
itual and immaterial Nature of the Soul, but
declared that he had lately had a kind of experi-
mental Certainty of the distinction between
Corporeal and Thinking Substances, which mere
Reason and Philosophy cannot afford, and
Opportunities of contemplating the wonderful and
inexplicable Union of Soul and Body, which noth-
ing but long Sickness can give. This he illustrated
by a Description of the Effects which the
Infirmities of his Body had upon his Faculties,
which yet they did not so oppress or vanquish, but
his Soul was always Master of itself, and always
resigned to the Pleasure of its Maker.’

19

Animal Spirit Escapes
the Nervous System

Not only did the ‘mind’ escape its traditional con-
finement in the cerebral cells, but the ‘animal
spirit” of the ancients also began to escape, this
time from the nervous system itself. Towards the
end of the seventeenth century, the first micro-
scopes allowed Leeuwenhoek, Hooke (Willis’
pupil), Swammerdam and others to discover the
world of microbes and protista. Leibniz at the
beginning of the eighteenth century, impressed by
the work of Jan Swammerdam and Antony van
Leeuwenhoek, saw continuity all the way from
monad to man. He believed, furthermore, that there
was no discontinuity between the plant and animal
kingdoms. In a letter to Louis Bourget in 1715 he
writes that ‘Mr Swammerdam has supplied obser-
vations which show that insects are close to plants
with respect to their organs and that there is a def-
inite order of descent from animals to plants. But
perhaps there are other beings between these two’
(Loemaker, 1956, vol. 2, p. 1079) and in another
place he writes that the existence of zoophytes is
‘wholly in keeping with the order of nature’ and
‘the principle of continuity’ (5).

Notions of a so-called ‘great chain of being’ had,
of course, been around for centuries but, as
Lovejoy remarks, they achieved great prominence
in the eighteenth century (Lovejoy, 1930).
Alexander Pope’s lines are only the best known of
a multitude of similar expressions:

Vast chain of being, which from God began,
Natures aethereal, human, angel, man,
Beast, bird, fish, insect! what no eye can see
No glass can reach! from Infinite to thee,
From thee to Nothing! . . .
Essay on Man, 237-241

Leibniz’ prediction that zoophytes (links, as he sup-
posed, between the animal and plant worlds) must
exist was confirmed in 1739 when Abraham Trembley
discovered the fresh water hydrozoa. Trembley went
on to show that fresh water polyps could be subdi-
vided indefinitely and that from each fragment a
new polyp would regenerate (Trembley, 1744). This
had an important implication, for it was taken to
show that ‘soul’, the principle of life, was distrib-
uted throughout the body. Rieppel (1988) shows
how strong an affect Leibniz’ ideas had on the
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development of Bonnet’s holistic thought. Bonnet
concluded that it implied that body and soul could
not be two distinct and separate substances but that
animate beings constituted what he called an ‘étre
mixte’ (6). Julien Offray de La Mettrie also seized
on this implication in his mid-century works,
I’Homme Machine (1747) and Traité de I’dme (1751)
(see Smith, 2002a). He concluded, like Bonnet, that
the division of creation into two parts — body and
soul — was absurd. Both, he writes, were created
together, at the same instant, as if ‘by a single brush
stroke’ (de La Mettrie, 1745, p. 2). To think other-
wise was nothing more than a casuistry designed to
throw dust into the eyes of the watching theologians
(6). But this sort of panpsychism has, of course,
tricky implications. Does all matter have this ‘dual
aspect’? Leibniz, at least, recognised this implica-
tion and was content to allow his fundamental
units — the monads — to possess both attributes.

Irritability

Towards the middle of the eighteenth century
another concept, that of ‘irritability’, began to make
headway. The concept is, of course, of great antiq-
uity. Francis Glisson had developed the notion and
coined the term in the seventeenth century, but
Albrecht von Haller made the idea very much his
own (7). Indeed, in Tissot’s 1755 preface to
Haller’s Dissertation on the Sensible and Irritable
Parts of Animals, he apostrophises him as having
made ‘the great discovery of the present age’ (von
Haller, 1755, p. 3).

Haller writes of making a multitude of experi-
ments designed to discover which parts of an animal
are irritable. His stimuli included blowing, heat,
spirit of wine, lapis infinalis, oil of vitriol, butter of
antinomy, touching, cutting, burning, etc. He con-
cludes that ‘it (irritability) does not depend on the
nerves, but on the original fabrication of the parts
which are susceptible of it’ (p. 32). And, a little fur-
ther on, he homes in on muscle fibres, ... there is
nothing irritable in the animal’, he writes, ‘but the
muscular fibre and the faculty of endeavouring to
shorten itself when we touch it is proper to this
fibre’ (p. 37). This they do when quite isolated
from the nervous system.

What is it about muscle fibres which give them
this property? In the first half of the eighteenth
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century this had to remain a mystery. Haller would
have nothing to do with Stahl’s mysterious ani-
mism and writes that muscle fibres are composed
of nothing more than gluten and earth. The power
of contraction could hardly be inherent in earth;
ergo it must be a property of gluten. ‘Hence’, he
concludes, ‘the physical cause must depend upon
the arrangement of the ultimate particles (of which
gluten is composed), though the experiments we
can make are too gross to investigate them’. It is
interesting to note that Erasmus Darwin, later in the
century, could not restrain his powerful speculative
energy, and developed an interesting hypothesis to
account for this contractile power (see below and
Smith, 2005). But, as with the physical basis of the
nerve impulse, a further two and half centuries
were to elapse before experimental techniques had
developed sufficient delicacy to provide an answer
to Haller’s question.

Sensibility

Sensibility is quite different. Haller writes that *. . .
the sensible parts of the body are the nerves them-
selves, and those to which they are distributed in
the greatest abundance; for by intercepting the
communication between a part and its nerve, either
by compression, by tying, or cutting, it is thereby
deprived of sensation ... Wherefore the nerves
alone are sensible of themselves ...’ (von Haller,
1755, p. 31). Far from all, eighteenth-century phys-
iologists agreed with Haller’s distinction. William
Cullen, in particular, believed that the fine endings
of nerve fibres transformed into muscle fibres in the
interior of muscles (Cullen, 1827; see Rocca, this
volume). This somewhat bitter dispute seems to
have been more about words and personalities than
about the observations. Both Haller and Cullen
agreed that the muscle fibres contained an inherent
power of ‘contractility’, a vis insita, and this
implied that the animate principle was diffused
throughout the neuromuscular system, not confined
to the brain. Similarly, both agreed that the web-
work of nerves was endowed with ‘feeling’. Robert
Whytt, a colleague of Cullen’s at Edinburgh, writes
that ‘we know certainly that the nerves are
endowed with feeling’ and the notable eighteenth-
century English physician, George Cheyne, also
educated at Edinburgh, agreed, writing that ‘Feeling
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(physical sensibility) is nothing but the Impulse,
Motion or Action of Bodies, gently or violently
impressing the Extremities or Sides of the
Nerves ...” (Cheyne, 1733, p. 49).

This recognition that the nerves were not merely
inanimate conduits for an animating principle orig-
inating in the brain influenced medical practice.
Thomas Trotter writes in 1807, p. 17, that

the last century has been remarkable for the increase in a
class of diseases little known in former times, and which
had but lightly engaged the study of physicians prior to
that period . . . Sydenham at the conclusion of the seven-
teenth century computed fevers to constitute two thirds
of the diseases of mankind. But at the beginning of the
nineteenth century we do not hesitate to affirm that nerv-
ous disorders have now taken the place of fevers and may
be justly reckoned two thirds of the whole, with which
civilised society is afflicted.

Trotter also notes that nervous disorders ‘are to
be found in abundance in large towns, or wherever
luxurious habits have displaced simplicity’ (p. 200).
It has been remarked that these luxurious habits led
to the growth of the fashionable ‘spa society’ so
well captured in the novels of Jane Austen,
Brinsley Sheridan and Tobias Smollet.

This new understanding of the nerves influenced
late eighteenth-century English literature in other
ways. In Samuel Richardson’s best seller of the
1780s, Clarissa, the heroine dies because of her
nervous sensibility (Stephanson, 1988). ‘The origin
of your disorder’, the doctor tells Clarissa, is that
‘you were born with weak Nerves . .. and then the
Nerves have been wasted and relaxed by your
sedentary life and thinking attentively’. Robert
Whytt writes in 1765 that ‘In some, the feelings,
perceptions and passions are naturally dull, slow
and difficult to be aroused . . . in others the opposite
is the case on account of a greater delicacy and sen-
sibility of the brain and nerves’ (Whytt, 1765).
George Cheyne agreed. ‘Persons of slender and
weak Nerves are generally of the first Class: the
Activity, Mobility and Delicacy of their intellectual
Organs make them so’, he writes, and he goes on to
say that nervous debility only attacks persons of
this upper class, ‘the brightest and most spiritual,
and whose Genius is most keen and penetrating’
(Cheyne, 1733, p. 105). The lower, plodding,
labouring classes are spared these agonies. It was
comforting for those living a cosseted life to be told
by their medical advisors that their ailments were
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not due to character or spiritual weaknesses but to
real physical causes (see Porter, 2001).

Yet the old understanding of what it is to be a
human being refused to go quietly. It may be that the
age-old language of ‘animal spirit’ was becoming as
metaphorical as the late-medieval cell theory, but the
concept still pervaded popular culture. People felt
differently about themselves in the eighteenth cen-
tury than we do today in our computer-obsessed
time. As John Sutton remarks, the language of spirit
spills easily across the divide ‘from fibres and pores
to passions and feelings and conscious and uncon-
scious motivations’ (Sutton, 1998).

Electricity

Animal spirit refused to go quietly largely because
there was, at the beginning of the long eighteenth
century, no obvious successor and clearly some
influence passed along the nerves, to and from the
brain. However by the mid-eighteenth century,
there was at last a contender which began to grow
in popularity: electricity. The study of electricity
had, of course, been set on its modern course by the
publication of William Gilbert’s De Magnete in
1600, but it only became a popular subject in the
mid-eighteenth century. In the 1730s, Stephen
Gray in England and Charles du Chisternay Dufay
in France initiated what became an electrical
‘craze’. A little later, both Gray and the Abbé Jean-
Antoine Nollet devised a series of public shows in
which they astounded audiences by electrifying
boys and girls. Indeed this developed into a piece
of theatre in both countries. According to Joseph
Priestley the Abbé Nollet remarked that he would
‘never forget the surprise when the first electrical
spark was drawn from a human body’ (Priestley,
1775, p. 47), and electrified young women pro-
vided more than the usual excitement to the young
men who ventured to embrace them (see Bertucci,
this volume).

But what was this mysterious new ‘vertu’? In his
great work on the History and Present State of
Electricity, Priestley asks again and again whether
it is identical to Sir Isaac Newton’s aether
(Priestley, 1775, especially pp. 448-450). Notions
of ‘subtle fluids’ or aethers were, of course, com-
mon in the eighteenth century. Could the electrical
fluid have medical applications? In the 1740s
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Kratzenstein and others suggested that this might
well be the case and soon many physicians and
would-be physicians were trying their hand at ‘the
electrical cure’ (see Bertucci, this volume). The
study of electricity in the mid-eighteenth century
hovered between science, quackery and entertain-
ment. As Paola Bertucci remarks, it played to that
taste for the marvellous and the inexplicable, which
is so much a part of human nature and which per-
vaded the eighteenth-century learned world. No
one yet understood this mysterious and powerful
influence.

It was in this environment of intellectual uncer-
tainty that Franz Mesmer (1734-1815) popularised
the idea of animal magnetism (see Bloch, 1980).
Mesmer had qualified in medicine in 1766 with a
dissertation on the influence of the heavenly bodies
on human health. Just as the planets were held in
their courses by the mysterious force known as
‘gravity’, so he believed that human bodies were
affected by another mysterious force-carrying
aether, ‘animal gravity’. This idea of an all-pervasive
‘subtle fluid’ recurred in his later work when, after
being introduced to a new type of treatment using
magnets by a Jesuit priest, Father Maximillian Hell,
he replaced ‘animal gravity’ with ‘animal magnet-
ism’ (see Lanska & Lanska, this volume).

In essence, he believed that good health
depended on the free flow of the processes of life
through the body’s innumerable channels. He agreed
with George Cheyne in regarding the human body
as ‘a Machine of an infinite Number and Variety of
different Channels and Pipes, filled with various
and different Liquors and Fluids, perpetually run-
ning, glideing (sic) or creeping forward, or return-
ing backward, in a constant circle’ (Cheyne, 1733,
p- 4). When these channels were blocked, illness
ensued. In 1774 Mesmer successfully treated a
patient by getting her to swallow a solution con-
taining iron and then attaching magnets to various
parts of her body. Later he dispensed with iron and
magnets and cures were alleged to be effected by
direct control of the mysterious magnetic ‘fluid’.
The physician’s task was to act as a conduit for this
all-pervading magnetic aether and channel it out of
the patient’s body, rather like that other popular
practice, ‘blood-letting’, so that a healthy equilib-
rium could be achieved. Mesmer believed that he
was able to control the flows of the magnetic aether
in a patient’s body by staring fixedly into his or her
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eyes and making certain passes with his hands until
a ‘magnetic crisis’ was experienced, analogous to
an electric shock, after which recovery would
ensue. He also developed a device, the baquet, for
concentrating the magnetic fluid which he regarded
as analogous to the Leyden jar. Anton Mesmer
epitomises the confusion which reigned during the
latter part of the eighteenth century concerning the
phenomena of magnetism and electricity. It was, as
Priestley remarked, ‘a field just opened . . . (where)
there is great room to make new discoveries’
(1775, preface x). Mesmer’s belief that he had
made one of these discoveries and was able to con-
trol the new ‘fluid’ proved as groundless as many
of the other ‘discoveries’ of the time. He was unable
to convince his fellow physicians in his native
Vienna and, when he transferred to Paris, his prac-
tice was investigated by a commission set up by
Louis XVI in 1784 which included Lavoisier,
Guillotin and the American ambassador, Benjamin
Franklin, and was shown to be without foundation
(see Finger, this volume; for more detail on
Mesmer see Lanska & Lanska, this volume).

Very different from the unfounded speculations
of Mesmer were the sober researches of experi-
mentalists interested in the electricity generated by
electric fish such as Gymnotus and Torpedo. These
investigations made considerable headway in the
eighteenth century and in the next century led both
to the science of neurophysiology and via the elec-
tric or voltaic ‘pile’ to the physics of electricity
itself. Indeed when Volta, at the end of the century,
constructed the first ‘electric (voltaic) pile’, he
modelled it closely, on J. W. Nicholson’s artificial
torpedo which, in turn, had been modelled on
Hunter’s dissection of the Torpedo’s electric organ
(Pancaldi, 1990). Indeed, in his letter to the Royal
Society announcing his discovery he called it an
‘artificial electric organ’ and hoped to improve it
by adjusting its structure more closely to that of the
organ found in TZorpedo (Volta, 1800). These
researches are discussed in detail by Piccolino in
this volume so it is unnecessary to expand on
them here.

Finally, at the very end of the century, in the 1790s,
Galvani and others published the results of their
famous frog experiments (see Focaccia & Simili, this
volume; Piccolino, 2006;). Richard Fowler, a pupil of
Monro Secundus, repeated Galvani’s experiments (as
had Monro) and concluded that the effect was caused
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by the application of two dissimilar metals, in his
case Zinc and Silver. The account which he pub-
lished, Experiments and Observations relative to the
influence recently discovered by Galvani and com-
monly called Animal electricity, details an immense
number of experiments on frogs and shows how puz-
zling electricity and animal electricity were to acute
eighteenth-century minds (Fowler, 1793). He writes,
for instance, of his great surprise at finding that con-
tractility persisted even when the heart had ceased
beating; he could hardly credit his eyes and he
writes that although it is so, he hardly expects to be
believed. This shows how difficult it is to shake off
old paradigms: in this case the idea of the brain
filtering an animating principle from the blood and
the entire psychophysiological theory of which this is
a part. If the heart had ceased to beat, how could
muscle still be induced to contract?

These developments lie outside the scope of this
chapter and are dealt with in detail in Section B of
this volume. But it did begin to seem that in this
mysterious fluid, the time-honoured animal spirit
might finally have found a physical basis (Galvani,
1791/1998, p. 42; see also Focaccia and Simili, this
volume). It is clear, as Priestley remarks in his 1775
History and Present State of Electricity that the
new discoveries sparked great general interest, not
only in the medical profession but also throughout
the general public, and all and sundry tried their
hands at electrical experiments: ‘... no other part
of the whole compass of philosophy’, he writes,
‘affords so fine a scene of ingenious speculation’
(Priestley, 1775, p. 411).

Erasmus Darwin

Erasmus Darwin (1731-1802) was one of the most
significant medical thinkers of the latter part of the
eighteenth century. His great medical compendium,
Zoonomia, running to some 300,000 words, was
highly influential at the end of the century. It had
four English editions and also editions and/or
translations in America, France, Spain, Italy and
Portugal, and was dedicated °. .. to all those who
study the operations of the Mind as a Science, or
who practice Medicine as a Profession’. He was
also quite clear about the importance of theory in
medicine. In the introductory chapter of Zoonomia,
he writes that ‘theory’ is needed to connect together
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the ‘great number of unconnected facts’ to make
them easier to remember so that ‘men of moderate
ability’ can practice. Darwin’s ‘take’ on the neu-
ropsychology of the end of the eighteenth century
thus forms a suitable end point for this chapter (for
more detail on Darwin’s neurology see Gardner-
Thorpe & Pearn, 2006).

Darwin studied medicine first in London and
then in Edinburgh where he completed his degrees
in 1756. He was thus one of the many to be influ-
enced by both Robert Whytt and William Cullen.
He was scornful of those who, like the Cartesians,
saw ‘the body as a hydraulic machine . . . forget-
ting animation (is) its essential characteristic’
(Darwin, 1801, preface 1). Like Cullen and Haller
he traced the principle of animation to fibres. “The
power of contraction’ Darwin writes ‘which exists
in organised bodies, and distinguishes life from
inanimation, appears to consist of an aethereal
spirit which resides in the brain and nerves of liv-
ing bodies, and is expended in the act of shortening
...” (Darwin, 1803, 1, 245n). Unlike the attractive
ether (gravitational) and the repulsive ether (‘the
matter of heat’), the spirit of animation (which
Darwin also calls the contractive aether) requires
at first the contact of a goad, or stimulus, which
appears to draw it off from the contracting fibre,
and to excite the sensorial power of irritation. This,
Darwin writes, accounts for the otherwise odd
quantitative incompatibility between stimulus and
response: as when a horse is pricked by a spur. This
expenditure of animal spirit also accounts for the
fatigue of fibres after exertion and for the tremor
shown by the muscular movements of the aged.

Is ‘animal spirit’ the same as Galvani’s ‘animal
electricity’? Darwin is doubtful. To see why we
have to turn to the reflections with which he begins
Zoonomia. ‘The whole of Nature’ he writes ‘may
be supposed to consist of two essences or sub-
stances; one of which is termed spirit, the other
matter. The former of these possesses the power to
commence or produce motion, and the latter to
receive and communicate it (vol. 1, p. 1). He com-
pares the ‘spirit of animation” with other ‘spirits’,
such as electricity, magnetism, gravitation, heat. ‘If
two particles of iron’, he writes,

lie near each other without motion and afterwards
approach each other; it is reasonable to conclude that
something besides the iron particles is the cause of their
approximation; and this something is called magnetism.
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In the same manner, if the particles, which compose an
animal muscle, do not touch each other in the relaxed
state of the muscle, and are brought into contact during
the contraction of the muscle; it is reasonable to con-
clude, that some other agent is the cause of this new
approximation. For nothing can act where it is not; for to
act includes to exist; and therefore the particles of the
muscular fibres (which in a state of relaxation are sup-
posed not to touch) cannot affect each other without the
influence of some intermediate agent; this agent is called
here the spirit of animality (Darwin, 1801, vol. 1, p. 64).

This spirit, he continues, may be compared to elec-
tricity and magnetism. But the action of both the
latter ‘aethers’ vary inversely with distance and this
does not apply to muscular contraction. Indeed the
force of contraction is sometimes greater when
the muscle is stretched and its constituent particles
(presumably) are further apart from each other. ‘On
this account’, he writes, ‘I do not think the experi-
ments conclusive which were lately published by
Galvani, Volta and others to shew the similitude
between the spirit of animation which contract
muscular fibres and the electrical fluid’.

Darwin’s system provides a fascinating insight
into the state of neuropsychology at the turn of the
eighteenth century. Its fundamental unit is not, as it
is for us, the cell but the fibre. Cell theory was over
half a century into the future and Cajal’s neuron
doctrine an even more distant dream. The human
sensory as well as nervous and muscular system is
woven of fibres. Darwin supports his belief that
sense organs consist of contractile fibres with a
lengthy account of the retina and the phenomenon
of ocular spectra (we would say ‘after-images’)
(Darwin, 1801, vol. 2, pp. 373-374; also Darwin,
1786) (8). He describes an investigation of the ox
retina, placing it in an alkali solution and showing
it to apparently consist of fibres. He proposes that,
when a succession of objects are presented to the
visual system (he instances ‘trumpets, horns, lords,
ladies, trains and canopies’), the retina changes its
configuration and these motions (he writes) are our
visual ideas ‘and the voluntary repetitions of them,
when the object is withdrawn, our memory of
them’ (Darwin, 1801, vol. 4, Section XL). Ideas are
thus, according to Darwin, ‘movements of the
nerves of sense’ (1801, vol. 2, p. 263).

The brain itself he likens to a gland, such as the
pancreas, which he suggests (a little tentatively),
separates the aethereal animating principle from
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the blood for ‘the purposes of motion and sensa-
tion’ (9). We are aware once more of the tenacity of
the old schematic. The time-honoured neurophysi-
ology, initiated by the Alexandrians in the third
century BC and accepted by Willis in the seven-
teenth century AD, still glimmers behind the new
thought of the eighteenth century AD. The compar-
ison of brain to gland was, of course, quite common
in the eighteenth century. Indeed it seemed to be
supported by Malpighi’s microscopical investiga-
tion of the cerebral cortex published as long ago as
1666 (Malpighi, 1666). Luigi Galvani writes in de
Viribus that ‘the electric fluid is produced by the
activity of the cerebrum where it is extracted in all
probability from the blood . . ", and as late as 1835
Baillarger was writing that ‘the analogy between
the structure of the cerebral surface and the appear-
ance of a galvanic apparatus’ suggests that it secretes
‘an electric fluid’ into the underlying white matter
(Baillarger, 1840). However, as we have seen,
Darwin does not believe that his aethereal fluid is
identical with electricity but only that it is of a sim-
ilar nature and more tenuous. The brain secretes
this tenuous fluid into its medullary substance
which, he says, is continuous with ‘the innumer-
able ramifications of the nerves to the various
muscles and organs of sense’ (Darwin, 1801, p. 10).

Not only is Darwin’s aethereal fluid, his spirit of
animation, physically distinguishable from
Galvani’s electric fluid, but it also retains the psy-
chological dimension of the ancient animal spirit.
‘A certain quantity of contraction’ says Darwin
(1801, vol. 1, p. 37) in his Vth law of animal cau-
sation ‘if it be perceived at all, produces pleasure;
a greater or lesser quantity of contraction, if it be
perceived at all, produces pain; these constitute
sensation’. For Darwin, as noted above, not only
behavioural movement but also sensory reception
was mediated by fibre contractions. Thus he con-
cludes that both sensory and motor pleasure and
pain are, at root, due to the contractions and relax-
ations of fibres. From this foundation he is able to
proceed to his VIth law of animal causation: ‘A
certain quantity of sensation produces desire or
aversion: these constitute volition’.

It is not difficult to see how Darwin develops a
fibre-based associationist psychophysiology from
these beginnings. An organism learns to seek
pleasurable and avoid aversive stimuli. Fibre con-
tractions responsible for pleasurable sensations
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will become associated with each other. Darwin
gives many examples. He describes the develop-
ment of associated muscular activities during baby-
hood. He goes on to anticipate Ivan Pavlov by well
over a century in accounts of nutritional condi-
tioned reflexes. He writes of ‘... those unconquer-
able antipathies . . . which some people have at the
sight of peculiar kinds of food, of which in their
infancy they had eaten to excess or by constraint’
and notes that the sight of palatable food ‘excites
into action (the) salivary glands; as is seen in the
slavering of hungry dogs’ (p. 63). But not only are
the fibres responsible for motor activity subject to
the laws of association, but also those responsible
for ideas: ‘All the fibrous motions, whether muscu-
lar or sensual which are frequently brought into
action together, either combined in tribes, or in suc-
cessive trains, become connected by habit, that
when one of them is reproduced the others have a
tendency to succeed or accompany it ... In like
manner’ he continues ‘many of our ideas are origi-
nally excited in tribes (and) associated by habit . . .
form complex ideas ... as this book, or that
orange’. Thus, he says, ‘the taste of a pine-apple,
though we eat it blindfold, recalls the colour and
shape of it; and we can scarcely think of solidity
without figure’. In the Temple of Nature he uses
heroic couplets to give his associationist psychology
poetic expression:

Last in thick swarms ASSOCIATIONS spring
Thoughts join to thoughts, to motions motions cling
Whence in long trains of catenation flow

Imagined joy, and voluntary woe.

Darwin’s association psychology is, of course, very
similar to that which John Locke and David Hartley
taught earlier in the century, though without
Hartley’s explicit connection to neurophysiological
mechanism. This cannot be surprising as Joseph
Priestley, who edited Hartley’s Observations and
wrote a laudatory preface, was a prominent member
of the Lunar Society of which Darwin was a
founder and very active member. Indeed Darwin
explicitly uses one of Hartley’s ideas to develop the
theory for which he and his grandson Charles are
best known: organic evolution.

‘The ingenious Dr Hartley in his work on man’
writes Darwin in Section XXXIX of Zoonomia, ‘is
of the opinion that our immortal part acquires dur-
ing this life certain habits of action or of sentiment,
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which become for ever indissoluble, continuing
after death in a future state of existence; and adds,
that if these habits are of the malevolent kind, they
must render the possessor miserable even in
Heaven’. The world, for Hartley, is thus a moral
training ground for the hereafter. In exactly the
same way, thinks Darwin, the parental generation
forms a training ground for the forthcoming filial
generation and passes on its acquired characteristics.
‘I would apply this ingenious idea’ writes Darwin ‘to
the generation or production of the embryon, or
new animal, which partakes so much of the form
and propensities of the parent’. In appropriate
conditions:

Where milder skies protect the nascent brood
And Earth’s warm bosom yields salubrious food
Each new Descendent with superior powers

Of sense and motion speeds the transient hours;
Braves each season, tenants every clime

And Nature rises on the wings of Time.

This optimistic view of progressive evolution based
on the inheritance of acquired characteristics was,
of course, destined to be replaced by the darker
vision of his grandson, Charles, where organic evo-
lution was based on ‘random variation and selec-
tive retention’ and the notion of progress was
reduced from an inevitability to a hope. But that is
the next century, and already I have strayed too far
from the subject of neuropsychology.

Conclusion

Thus, returning to our subject, we can see, in con-
clusion, that the long eighteenth century was an age
of transition. To adapt Matthew Arnold’s image, it
witnessed ‘the long withdrawing roar’ of the old
psychophysiology. In the exact middle of the eigh-
teenth century, Thomas Wright published an
account of the astronomy of his time saying that
‘... now, thanks to science, the scene begins to open
to us on all sides, and truths scarce to have been
dreamt of before persons of observation had proved
them possible, invade us with a subject too deep for
understanding ...” (Wright, 1750, letter VII). The
same might be said of our subject. The old psycho-
physiology was everywhere on the retreat but at
the end of the century it was still not clear with
what it could be replaced. Animal spirit, which had
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seemed discredited by experiments and observations
a century earlier, refused to take the hint and
depart. It was still active at the end of the century in
Darwin’s concept of an aethereal ‘spirit of animality’.
Nevertheless, widespread popular and scientific
interest in electrical phenomena began to suggest
that perhaps it might have a purely physical expla-
nation. The ancient and useful psychophysical
substance, ‘with teeth and claws extremely sharp’,
began to evaporate into mere metaphor. But what
was this mysterious electrical ‘fluid’? No one knew
and some, like Anton Mesmer, were given to wild
speculation. Nearly 50 more years were to elapse
before painstaking work in microscopy and electro-
physiology allowed an adequate interpretation of
animal electricity to be adduced (du Bois Reymond,
1848/1849), and nearly another 50 before Cajal
enunciated the neuron doctrine.

E. A. Burtt in his classical account of the origins
of modern science, The Metaphysical Foundations
of Modern Physical Science, writes that post-
seventeenth-century science ‘reads Man com-
pletely out of Nature’ (Burtt, 1931). We can see
that the development of psychophysiology in the
long eighteenth century is all of a piece with this
great current of thought. The growing recognition
that the brain and the rest of the nervous system are
no more and no less than a remarkable chemistry,
evolved, as Erasmus Darwin saw, over aeons of
evolutionary time, is just as remarkable a transfor-
mation in our understanding of the world as any
that Thomas Wright or E. A. Burtt chronicled in
their ground-breaking books. For, the demise of the
old psychophysiology throws the psychophysical
problem, the relation of mind to brain, into sharp
relief. Chalmers (1996) calls it the ‘hard problem’
and, in the late-twentieth and early twenty-first
centuries, it has launched a thousand papers, books
and conferences.

Notes

1. For a history of ventricular psychology see Glynn,
1999, Green, 2003, and Tascioglu and Tascioglu,
2005.

2. Experiments showing that muscles did not contract by
‘ballooning’ were also carried out by Francis Glisson in
1677 (see Kaitaro, this volume) but Swammerdam’s
experiments were far more sophisticated.

C.U.M. Smith

3. The notion that nerve fibres were in some sense hol-
low, in fact, lingered on well into the middle of the
nineteenth century. Microscopes and preparative tech-
niques were just not good enough to eliminate the pos-
sibility that nerve trunks did not contain minute
channels. It was only with the work of Robert Remak
in the 1840s that it became clear that axons contained
no cavity along which animal spirit could travel and
only with the work of Matteucci and du Bois Reymond
in the 1840s and 1860s that the electrical nature of
nerve messages was established. It must, of course, be
recognised that we now know that the axoplasm within
nerve fibres is the site of flows of particles in both
directions and at different velocities.

4. Monro, A. (1781). In A. Monro (Secundus) (Ed.), The
works of Alexander Monro (pp. 322-324). Edinburgh:
Charles Elliot. Monro in fact gives three pertinent
objections to the Hartley’s theory, the third being that
nerves just do not have the tension necessary to carry
vibrations. Boerhaave also believed that Hartley’s
vibrationism could not be squared with the neu-
roanatomical facts. Hartley had, however, been more
subtle than his detractors supposed. At the beginning
of Observations on Man he insists that ‘the nerves
themselves should vibrate like musical strings’ is
highly absurd and that the vibrations and vibratiun-
cles of his theory only applied to intra-neuronal par-
ticles (Hartley, 1749, p. 12; see also Glassman and
Buckingham, this volume).

5. Leibniz writes ‘. . . there is nothing monstrous in the
existence of zoophytes, or plant animals ... on the
contrary it is wholly in keeping with the order of
nature that they should exist. And so great is the force
of the principle of continuity . . . that not only should
I not be surprised to hear that such things had been
discovered . . . but, in fact, I am convinced that there
must be such creatures and that natural history will
some day perhaps become acquainted with them . ..
(quoted Rieppel, 1988).

6. This view of the soul as being ‘smeared’ throughout the
anatomy, although attractive to Georg Ernst Stahl and
his followers, did not, of course, find universal or easy
acceptance in many parts of the medico-scientific
world. Albrecht von Haller, for instance, threw his great
authority behind the contrary view that the soul is con-
fined to the brain (see Koehler, this volume).

7. Haller defined what he means by irritability and sen-
sibility at the beginning of his 1755:

Dissertation: 1 call that part of the human body irrita-
ble which becomes shorter on being touched . . . I call
that a sensible part of the human body, which upon
being touched transmits the impression of it to the
soul; and in brutes, in whom the existence of the soul
is not so clear, I call those parts sensible, the irritation
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of which occasions evident signs of pain and disquiet
in the animal (pp. 7-9).

8. He asks us to concentrate on a red spot for a length
of time and then to close the eyes and shade them
with the hand. We will become aware of a green
after-image. We would now explain this in terms of
depletion of neurotransmitters in the synapses of
specific pathways leading to the LGN. Darwin has an
analogous explanation (unsupported by experimental
evidence, of course) in terms of fibre fatigue. *. . . it
appears’, he writes, ‘that a part of the retina which
had been fatigued by contraction in one direction
relieves itself by exerting the antagonist fibres, and
producing a contraction in the opposite direction . . .
(as) when we are tired with the long action of our
arms in one direction, as in holding a bridle on a
journey, we occasionally throw them into an opposite
position to relieve the fatigued muscles’. He con-
cludes that ‘the muscular actions of the retina may
constitute . .. (our visual ideas), and the voluntary
repetitions of them, when the object is withdrawn,
our memory of them’ (Darwin, 1801, vol. 4, Section
XL). He argues that a similar account may be con-
structed for the other senses.

9.1t is likely that Darwin received this idea from
Alexander Monro Primus, his anatomy teacher at
Edinburgh in the 1750s. ‘Let us now suppose it prob-
able’ writes Monro ‘that the encephalon and spinal
marrow secern a liquor from the blood which is sent
into all the nerves, and that by means of this liquor the
nerves perform all the offices commonly assigned to
them’ (Monro, 1781, p. 322).
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Enlightening Neuroscience:
Microscopes and Microscopy
in the Eighteenth Century

Brian J. Ford

Origins of Microscopical
Neurology

Little has ever been written on the history of
microscopical neurology. The topic is ordinarily
ignored — indeed the terms ‘microscope’ (and
microscopy), ‘neuron’ (or neurone), ‘cell’ and
‘histology’ are missing altogether from the index
to the overview of the history of neurology by
Riese (1959).

Microscopy was born in the years prior to the
eighteenth century and nerve specimens were
among the first to be examined. The late sixteenth
century saw the first descriptions of a recognisable
microscope and questions of priority persist, since
the study of magnification and of refraction —
which preceded the practical application of lenses
in scientific instruments — was already a matter of
some antiquity (Disney, Hill, & Watson Baker,
1928). The first microscope to be pictured was a
compound instrument in 1631, and during the first
few years these microscopes were utilised in the
quest to unravel the structure of familiar objects —
the sting of a nettle or a bee, the wings of a butter-
fly or bird. We must bear in mind that these were
truly macroscopic, rather than microscopic, inves-
tigations. Observers were exploring everyday
specimens, searching for details the eye could
almost discern. Only when the high-power micro-
scope emerged could investigators progress to the
most far-reaching development in natural science —
the recognition that there were forms of life, and
marvellous structures, the existence of which
nobody had previously recognised.

The first great pioneer of the microscopic —
perhaps better macroscopic — world was Robert
Hooke (1635-1703) who was appointed to be cura-
tor of experiments at the Royal Society of London
in 1662. On 25 March 1663, Hooke was enjoined to
begin a series of demonstrations with a view to pub-
lication, and on 1 April he was instructed to bring at
least one microscopical observation before each
meeting of the fellowship (Gunter, 1961). Hooke
obtained a compound microscope magnifying some
40x from Christopher Cock, a London instrument
manufacturer, and his studies with this instrument
laid the groundwork for modern science. Hooke’s
pictures of flies and fungi, of seeds and spiders, nee-
dles, gnats and nettles, served to set natural philoso-
phy afire. His large folio book Micrographia,
published by the Society in 1665, gave readers a
vivid insight into what he had seen (Hooke, 1665).

That much is well known to historians of sci-
ence, but a crucial section of the Preface to his
great work has been overlooked. In this key pas-
sage he described how to manufacture a micro-
scope of much higher magnification. On page 22
of the (un-numbered), pages of the Preface
appears a recipe for a microscope capable of mag-
nifying hundreds, rather than tens, of times. This
kind of instrument gives clear views of much
smaller cells — bacteria, spermatozoa, erythrocytes
— and could be made without specialist equipment.
Curiously, Hooke never published an illustration of
this microscope. But his description was seized
upon by a convert to the cause who went on to
make legion discoveries with this unrefined type of
microscope, and who soon began a study of bovine
optical nerve (Ford, 1991).
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The enthusiastic newcomer was Antony van
Leeuwenhoek (1632-1723), the draper of Delft,
Netherlands. He became acquainted with Hooke’s
book on a visit to London about 1668, when the
second edition of Micrographia had been pub-
lished and the book was enjoying extraordinary
popularity, and began with studies of whiteness in
bodies like chalk (which Leeuwenhoek had
encountered on his voyage up the Thames). By
1673, Reinier de Graff (1641-1706) was writing to
the Royal Society about this ‘most ingenious per-
son’ and his remarkable microscopes. They were
diminutive instruments, little more than postage-
stamped-sized rectangles of metal (typically brass
or silver) between a perforation in which was held
a small ground lens, little larger than the head of a
dressmaker’s pin (Fig. 1). Specimens were held on
a tapered metal holder projecting from a small
stage, itself about a centimetre long, and screws
mounted on the plate allowed the user to adjust the
position and the focus of the specimen. Solid spec-
imens — insects, flowers, leaves — were held with
wax on the end of the pin. Liquid materials, includ-
ing aquatic microorganisms in pond-water, were
confined with a flat capillary tube that was itself
glued to the stage pin.

This design was explicitly set out in Hooke’s
Micrographia and the results that Leeuwenhoek
obtained with it are remarkable. His earliest
reports, sent to the Royal Society in 1673, were of
specimens referred to by Hooke. As a rule,
Leeuwenhoek’s early accounts were sent in refuta-
tion of what ‘a certain learned gentleman’ had
recently published. During the following year
Leeuwenhoek continued his innovative investiga-
tions and on 1 June 1674 he sent to London his first
selection of prepared microscopical specimens.
Three of them — cork, elder pith and the white of a
feather — were in direct response to observations
Hooke had published in Micrographia.

There was one further specimen: a small packet
containing slices of dried optic nerve. This was
not stimulated by anything Hooke had described
his Micrographia; these were examples of
Leeuwenhoek’s independent investigations. These
are the first specimens from Leeuwenhoek’s origi-
nal research and they also served to launch the
microscope as a tool of neurological investigation.
Clifford Dobell, whose well-researched biography
of Leeuwenhoek remains one of the most detailed

Brian J. Ford

FIGURE 1. Antony van Leeuwenhoek produced micro-
scopes, sometimes with plano-convex or aspheric bicon-
vex lenses. The body plate and attachments were made by
Leeuwenhoek at his home. These microscopes were still
used for high-power microscopy by Home and others into
the early nineteenth century

such works in the history of science, noted in 1932
that the specimen packets “have remained intact to
the present day” but did not investigate what they
might contain (Dobell, 1932). The presence of the
optic nerve specimens in the Leeuwenhoek papers
was noted by F. J. Cole, who in 1937 published a
pioneering paper on Leeuwenhoek’s zoological
researches, but most writers did not refer to them
(Cole, 1937). For example, a lengthy celebratory
publication on Leeuwenhoek’s researches was
published in Natura in 1932, to commemorate the
tercentenary of his birth, and — although this aimed
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FIGURE 2. In 1674 Leeuwenhoek sent to London the first
microscopical sections of nerve tissue. They were dis-
covered by the author among the Leeuwenhoek papers of
the Royal Society in 1981, and this electron micrograph
was taken at Cardiff with a JSM 840A scanning electron
microscope at 2kV. Field width = 4mm (Ford, 1982)

to present a full chronology of all his researches —
there was no mention of the surviving specimen
packets. The definitive Dutch collection of the
Leeuwenhoek correspondence (1932—present) mis-
takes some of his specimen packets for ‘drawn
rectangles’ and misses others altogether. Although
these extraordinarily well-prepared specimens rep-
resent the roots of modern bioscience, they
remained lost to contemporary science. By the time
I submitted them to both optical and scanning
electron microscopical examination in 1981, they
had lain essentially undisturbed for 308 years
(Ford, 1981) (Figs. 2 and 3).

Early Microscopical Investigations

Microscopical investigation of the nervous system
began with Leeuwenhoek’s studies in 1674, when
he made his first preparations of bovine optic
nerve. His letter dated 7 September 1674 describes
how he was encouraged to observe nerve speci-
mens: ‘I communicated my observations [of optic
nerve] to Dr of anatomy Schravesande and he men-
tioned that since ancient times there has been some
dissention among the learned about the optic nerve
and that some anatomists affirmed [it] to be hol-
low; and that they themselves had seen the hollow-
ness, through which they would have the animal
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FIGURE 3. Leeuwenhoek’s (unnamed) limner prepared
pencil drawings of optic nerve and sent them to London.
The studies were copied by engravers to produce this
full-page image for publication in Philosophical
Transactions of the Royal Society

spirits that convey the visible species, represented
in the eye, pass into the brain. I therefore concluded
that such a cavity might be seen by me. . . . I solic-
itously viewed three optic nerves of cows, but
could find no hollowness in them’ (Anon, 1932).

This is a crucial moment in the history of neuro-
science. The notion of a hollow nerve, analogous to
a vessel transporting a fluid, had existed since
ancient times. Galen (131-201 AD) viewed the
nervous system as the distributive counterpart of
the blood circulation, transporting vital spirits from
the lung and heart around the body. René Descartes
(1596-1650) published an account in which he
wrote of the nerves conducting animal spirits
between brain and musculature. In one edition of
his book (Descartes, 1662) his descriptions are
accompanied by an engraving by Florentio Schuyl,
this figure clearly shows a cored, perhaps hollow,
structure. The diagram was not by Descartes, and
was omitted from the subsequent French transla-
tion of the book edited by Claude Clerselier (1664)
and henceforth.

There had long been a tacit assumption that
nerves were hollow until the writing of Andreas
Vesalius (1514-1564). He described the optic
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nerve — in terms similar to those of Leeuwenhoek —
as a solid structure. Yet it was not until the micro-
scope was brought to bear on the topic that the true
histological appearance of the optic nerve could
finally be determined. On 4 December 1674,
Leeuwenhoek wrote to London with an attempted
resolution of the earlier theories. ‘I took eight dif-
ferent optic nerves which did shrink up ... upon
which, a little pit comes to appear about the middle
of the nerve, and it is this pit, in all probability, that
Galen mistook for a cavity’, he wrote. Leeuwenhoek
made his transverse slices from dried specimen of
bovine nerve, since the fresh material was too soft
to be sectioned with a razor.

The drawings that he prepared display the
anatomy of the optic nerve remarkably well.
When cutting botanical material (including cork
from Quercus suber and pith of the common elder
Sambucus nigra) Leeuwenhoek used a rising,
sawing motion with the razor edge. When the
plant material began to become friable and break
up, he cut slightly deeper. In this way the plant
sections contained thicker supportive regions
interspersed with thinner zones in which histolog-
ical observations could be made. With the optic
nerve, however, Leeuwenhoek writes that he used
a single cut (not a ‘sawing motion’), and the
resulting specimens were thicker than his plant
sections. He sensibly calls the nerve preparations
‘slices’ rather than ‘sections’ since they were
>200 wm in thickness.

The nerve fibres comprising the fasciculi are
missing from these preparations leaving a lattice of
openings that accord well with Leeuwenhoek’s
description of a ‘leathern sieve’. This appearance is
due to the survival of the perineurium. The nerve
sheath or epineurium is unique in the optic nerve
because it derives from the pia, arachnoid and dura
of the brain and thus has a three-layered structure.
The separation of the layered epineurium is well
portrayed in the studies of optic nerve that
Leeuwenhoek sent to London and are testimony to
his acute and accurate observation. It is noteworthy
that Leeuwenhoek himself was no draughtsman;
he employed a limner to make drawings on his
behalf. We are reminded of this in a letter he sent
on 25 December 1674 to his correspondent
Mr C. Huijgens van Zuijlichem, in which he wrote:
‘T enclose a copy of the optic nerve ... as I saw
though my own microscope, drawn to my order’.

Brian J. Ford

A version of this study was published in
Philosophical Transactions (Leeuwenhoek, 1675).
Leeuwenhoek’s description of the structure of optic
nerve is set out in his letter of 4 December 1674:

“I have put before my microscope a piece of such a dried
Optic Nerve of a Cow, and how it appeared, and you will
see by the picture hereby transmitted unto you. ABCD is
the circumference of the Optic Nerve, which did not dry
round ways, but somewhat oblong on the side CD. E, and
all the places that are left white and clear, are cavities in
the dried Nerve which I imagine to have been filaments,
and out of which, for the greatest part, the soft globules
have been exhaled. F are particles or globules which are
in the little holes of the filaments in many places, and
such as have not been exhaled”.

This is an interesting passage, notably for its
insistence that the nerve fibres are ‘filaments’. The
term comes up again in 1677 when Leeuwenhoek
wrote of nerves as comprising: ‘diverse, very small
threads or vessels lying by each other’. He specu-
lated whether these ‘conveyed the animal spirits
throughout the spinal marrow.” We should en
passant note that axoplasmic material can exude
from the sectioned extremity of an axon, which
might be held to support the notion of the nerve
fibre as a hollow vessel that conducted a viscous
fluid (Young, 1934). However, there are no records
that microscopists of the era examined specimen
material of this sort.

Leeuwenhoek’s observations were not the only
essays into nerve structure at this time. Comments
on the microscopy of nerves were published by the
Italian natural philosopher Giovanni Alfonso
Borelli (1609-1679). Borreli (1681) reported that
nerves were tubes filled with a moist and spongy
substance. The first microscopist to move towards
a true science of histology was also an Italian:
Marcello Malpighi (1628-1694). He served as pro-
fessor at Bologna, Pisa and Messina, and made
some observations of the brain under the micro-
scope (McHenry, 1969). Several years after
Leeuwenhoek’s pioneering observations, Malpighi
injected blood-vessels to increase contrast, and
concluded that the grey matter was made up of cel-
lular follicles and the white matter comprised fine
excretory ducts (Malpighi, 1686).

Notions of a hollow nerve, which Leeuwenhoek
had satisfactorily dismissed through the use of the
microscope, lingered on in the decades that fol-
lowed. Three years after Malpighi’s book appeared,
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FIGURE 4. This typical compound microscope of the sev-
enteenth century was described by Henry Baker (1743
plate III). Originally designed by Marshall and adapted
by Culpeper, this model was designed by Edward
Scarlett jr., Master of the Spectacles Company 1745-46

a book was posthumously published by students
and colleagues of Theodoor Craanen of Leiden. It
included a spurious engraving of hollow nerve
fibres bound together with bands like bundles of
bamboo (Craanen, 1689). It has been argued that
this illustration was included to reinforce
Craanen’s strictly Cartesian view of nature in
which nerve were believed to function as tubes that
conducted animal spirits from the brain. Craanen
was inclined to allow such preconceptions greatly
to influence his interpretation of reality, claiming
that “the subtlety of nature surpasses our powers of
thought” (Ruestow, 1996) (Figs. 4 and 5).

Eighteenth-Century Microscopy

After the burgeoning interest in microscopy mani-
fest during the latter half of the seventeenth
century, a gathering of momentum might logically
be assumed. But it was not to be. Microscopy made
surprisingly little progress during this century, and
neurological microscopy lay largely in the dol-
drums. Nerve cells are hard to observe in the
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FIGURE 5. W. and S. Jones’ ‘Most improved’ microscope
characterises the brass and glass instrument of the late
eighteenth century. It was produced in 1790 and influ-
enced designs that were prevalent in the early nineteenth
century

freshly harvested state, and attention was instead
captured by organisms like Hydra and by the intri-
cacies of plant life. Nerve fibres were visible,
though the impression gleaned through the micro-
scopes of the period was largely misleading. The
refractile myelin sheath was frequently mistaken for
a hollow tube, and without a coherent approach to
fixation and staining it was impractical to find ways
to visualise components of the nervous system.

The notion of hollow nerve fibres was revived for
many years. It reappeared throughout the eighteenth
century and is typified by a figure published in 1761
by Martin Frobenius Ledermiiller (1719-1769) that
showed supposedly tubular nerves. The error contin-
ued on into the century that followed. Ledermiiller’s
figure was reproduced in the decades following
publication, and was still circulating in the middle
nineteenth century, the most recent example of
republication of this figure that I have traced being
by F. A. Longet (1842) (Figs. 6 and 7).

Considerable interest in microscopical revela-
tion was shown by many eighteenth century natural
philosophers, though the microscopy of the nerv-
ous system was not greatly advanced during this
century. Natural philosophers used their micro-
scopes as gadgets, rather than as objects of special
importance, and rarely described which instru-
ments they employed for their work. The single
lensed or simple microscope utilised by
Leeuwenhoek remained a favourite instrument,
though the design changed.
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FIGURE 6. Nerve fibres envisioned as tubes, published by
Descartes (1662, Fig. vi). The appearance is close to that
of myelinated fibres; the tube-like interpretation may lie
in the artefact of refraction during observation

First, the single lens was constrained in a hand-
held barrel design which was fitted with a lateral
handle. Designed by an instrument manufacturer, it
became known as the Wilson screw-barrel micro-
scope. Before long an advanced design began to
appear, in which the microscope was mounted on a
brass stand. This made it easier to use; the stand
usefully occupied the distance between the
observer’s eye when seated, and the height of the
table on which the device was standing. Such
microscopes were widely used by natural philoso-
phers, and the development of the simple micro-
scope (which permitted good magnifications at
adequate resolution) proceeded in parallel with that
of the compound instrument. Because of the sim-
plicity of design, the specification, description and
modus operandi of the simple microscope was
rarely mentioned by their many users.
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FIGURE 7. Tubular nerve elements were portrayed less
ambiguously by Ledermiiller (1761, Fig. 1). In this por-
trayal of nerve fibre bundles, a hollow appearance is
clearly conveyed. This interpretation was erroneously
published until the 1840s

In Britain, the compound microscopes of the
early eighteenth century had changed little in
design from the type designed by Christopher Cock
and used by Hooke in the 1660s. The Marshal
microscope typifies the trend; its lenses produced
an image of only moderate quality and it was the
brass pillar and intricately tooled leather coating of
the body tube that made it an object of desire.
These were desk-top adornments as much as seri-
ous scientific instruments and they suffered from
design difficulties — thus, it was almost impossible
to observe wet preparations in a watch-glass. To
this extent, the design of the instrument imposed
limits on the level of inquiry that the investigator
might pursue (Ford, 1985).

No microscopes of the eighteenth century were
as good as those made by Leeuwenhoek, and his
diminutive instruments continued to be in demand
for high-power microscopical research. In a letter
written on 20 August 1738, Lord Jersey com-
mended the Leeuwenhoek microscopes for use in
research on the structure of spermatozoa. Another
enthusiast was Henry Baker (1698-1744), an
enthusiastic amateur who wrote on the microscopy
of the eighteenth century, often with more verve
than veracity. Almost all of his writings were in the
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form of a simple rehash of what others had done
before. His pictures were re-engraved from
higher-quality originals that had previously been
published. In one of his books (Baker, 1743) we
find his account of Leeuwenhoek’s work on the
nervous system:

“Mr LEEUWENHOEK endeavoured to discover, by
his Microscope, the Structure of the Nerves, in he
Spinal Marrow of an Ox; and saw, with great
Delight, that minute hollow Vessels, of an incon-
ceivable Fineness, invested with their proper
Membranes, and running out in Length parallel to
one another, make up their Composition ... He
observed farther, that the Vessels in the Brain of a
Sparrow are not smaller than those of an Ox; and
argues from thence, that there is really no other
Difference between the brain of a large Animal and
that of a small one. . . .”

He published wise comments on the innervation
of the insect eye (1743, p. 227). ‘It is also reason-
able to believe’, Baker stated, ‘that every Lens [of
the compound eye] has a distinct Branch of the
Optic Nerves administering to it: and yet, that
Objects are not multiplied, or appear otherwise
than single, any more than they do to us, who see
not an Object double though we have two eyes’.
The use of the microscope to unravel the problem
of innervation is itself noteworthy, as is this pre-
scient description of how compound eyes must
surely function.

He also shows simple microscopes, for they
remained the prime instruments of microscopy at
higher powers, and described the Leeuwenhoek
microscopes which were still being used by the
investigators. Many workers were making the
smallest lenses as spheroidal globules of glass,
whereas Leeuwenhoek had pursued lens-grinding
and had made fine biconvex lenses. Even as the
mid-eighteenth century approached, Baker (1743,
p- 7) was referring to the Leeuwenhoek micro-
scopes with some sense of admiration, for they
remained the best available:

“Several Writers represent the Glasses of Mr.
Leeuwenhoek made use of in his Microscopes to be little
Globules or Spheres of Glass, which Mistake most prob-
ably arises from their undertaking to describe what they
had never seen; for at the Time I am writing this, the
Cabinet of Microscopes left by that famous Man, at his
Death, to the Royal Society as a legacy is standing upon
my table; and I can assure the World, that every one of
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the twenty-six Microscopes contained therein is a double
convex Lens, and not a Sphere or Globule.”

Leeuwenhoek’s supremacy continued even into
the following century. Sir Everard Home
(1756-1832), who worked on (and freely plagia-
rised) the papers of the anatomist John Hunter
(1728-1793) took the Leeuwenhoek microscopes
back to his apartment and used them for high-
power microscopy in the 1820s. These delicate, sil-
ver instruments were probably destroyed in a
disastrous fire at Home’s apartment in the Chelsea
Hospital, when he decided to burn the potentially
incriminating Hunter manuscripts and set fire to his
home in the process. No other microscopes have so
long served a role in the history of science.

Microscope Design

Baker provides good evidence of the microscopes
that were in vogue for this kind of research. His
book (1743, p. 16) illustrates a ‘double reflecting
microscope’ —i.e., one with an objective and a field
lens or eyepiece, which could be fitted with a
plano-concave substage mirror. The model he
depicted was produced by Culpeper and Scarlet,
being ‘an alteration and improvement’ of the
design by Marshal.

The design was produced in many models by
Edmund Culpeper from about 1730 onwards.
Culpeper is believed to have served time as an
instrument maker under Walter Hayes, who
according to Clay and Court (1932) was well estab-
lished as a maker of mathematical instruments
from 1650 until his death in 1686. It seems that
Culpeper then continued Hayes’ business. In the
eighteenth century, Culpeper began to produce a
microscope of which the major design feature was
the abandonment of a single pillar to support the
body tube, in favour of a tripod design. This facili-
tates the alignment of objective, specimen and mir-
ror and was altogether a more sturdy microscope.
Yet, although it can be seen as an improvement
upon the Marshal design, it was not a new concept.
Microscopes from the seventeenth century were
thus constructed; indeed the earliest known draw-
ing of a microscope (dating from around 1590)
depicts this same design principle. In time
Culpeper microscopes became widely available.
They were fitted with lenses ground from soda
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glass and had body tubes that were decorated with
an ornate covering, typically shagreen. The design
was widely adopted by manufacturers across
Europe, and they became popular possessions of
the wealthy.

Microscopes were widely utilised by the Italian
natural philosophers. Dell Torre (1776) produced
the first studies of peripheral nerves, which were
delineated as rows of threads. Felice Gaspar
Fontana (1730-1803) carried out extensive investi-
gations of the stimulation of the nervous system
using pressure, electricity and venom, and supple-
mented this work with microscopical observations
of the nerves. He was able to observe the neuraxon
and the myelin sheath many years before the findings
of Remak and Schwann.

Alexander Monro primus turned his attention to
the microscopical structure of nerves in 1732:

“The nervous Fibrils, which when examined with the
best Microscope, appear only like so many small and dis-
tinct Threads lying parallel, without any Appearance of
being Tubes: But in their Interstices and Membranes
innumerable Branches of Vessels may be observed; the
open Orifices of which, when seen in a Nerve cut trans-
versely, are in hazard of making us believe, that we have
discovered Cavities of the nervous Canals.”

McHenry (1969) reports that Monro secundus
(1783) described nerve fibres as ‘one nine-thou-
sandth of an inch’ in diameter (approximately 3
pum) and of twisted, solid appearance. Wade (2004)
reports that William Porterfield came up with
similar dimensions in the same year: Porterfield
proposed that the nerves were about ‘1 part in
7,200th inch’ (approximately 3.5 um). Wade
reminds us that nerves were variously reported to
consist of ‘bundles of fibrils, filaments, capilla-
ments, threads, or villi (as they were variously
called)’. Only the microscope would eventually
lead us to a proper understanding of the fine structure
of the nervous system.

These pioneering investigations of the
microscopy of the nervous system were largely pros-
ecuted with simple microscopes that utilised a single
magnifying lens. The development of simple micro-
scopes led to a variation on the Marshal/Culpeper
theme, for instruments with a single lens did not
lend themselves so readily to a tripod construction.
Tripod microscopes were easier to align, and typical
simple microscope designs retained a lateral pillar
to support the lens mount, stage and substage
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mirror. Early examples were produced by John
Cuff (1708-1772) and the lesser known James
Ayscough (c. 1718-1759) whose design was an
early example of a microscope that could be used
as a simple or compound instrument. Makers of
these microscopes included the two George Adams
(father and son, who published in 1746 and 1787),
Francis Watkins and Benjamin Martin. Jean
Baptiste Amici produced a range of microscopes in
Italy, and attempted to solve the problem of achro-
matism. He believed the task was impossible, and
went on to produce reflecting microscopes that
were based on the proposals by Sir Isaac Newton.
In France, Dellebar’s ‘Microscope Universal’ was
based on the design popularised by Adams and
Martin, being introduced to France by Lalande in
1762 (Montucla, 1802). Clay and Court (1932)
report that Samuel Gottlieb Hoffman produced a
similar microscope in Germany in 1772.

Binocular microscopes, which we take for
granted in the modern laboratory, were little used
during this period. The first was described by
Chérubin d’Orléans about 1680, and consisted of
two unrefined compound microscopes fitted side
by side in a rectangular case. True binocularity
was not obtainable, for two reasons. First, the
lenses were individually made by hand and could
not be accurately matched. Secondly, because such
instruments produce an inverted image — move-
ments of the specimen are reversed when observed
— the image is inverted, and so is the binocular
appearance. Thus, depressions appear proud and
hills are seen as holes. This topic was considered
by Charles Wheatstone, who published the first
design for a successful binocular compound micro-
scope in 1852. He coined the term ‘pseudoscopic’
for the effect.

The observation of unstained, fresh nerve fibres
would have been undertaken by innumerable
microscopical investigators using instruments of
this kind. And not only nerve fibres: the neuron is
widely believed to have been first identified by
Purkyné, whose work certainly led to the first pub-
lished figures depicting the neurons that now bear
his name. There is, however, a widely overlooked
report of a microscopical observation reported by
Prochaska (1779). He pressed specimens of neural
material between glass slides, in order to break
up the cohesion and see what sub-units he might
discern. He concluded that the nerve tissues were
made up of innumerable globules. We cannot now
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be certain whether he was observing cellular
particles or ground nerve fibres, though it is feasi-
ble that Procjaska was the first to observe discrete
neurons.

Imagined Constraint

It is important to examine the real, and imagined,
limitations that such microscopes imposed.
Constraints on resolution limits and the problem of
chromatism did not impose the barriers to progress
that it is popular to propose. Compound lens arrays
magnify aberrations more than they do specimens,
and single lenses impose relatively few perturba-
tions of image quality. I have shown that a
Leeuwenhoek microscope can reveal microfibrils
as fine as 0.7 wm — a result that is within a factor of
four from the theoretical limits to optical resolu-
tion. A microscope of these specifications could
clearly have revealed most of the epoch-making
discoveries that were later to be made with optical
microscopes. Chromatic aberration is not the prob-
lem we think it is, either; its main effect is to impart
spurious colours to minute structural details
within a specimen. The popular idea of rainbow-
hued blurred images in which little detail can be
discerned is unjustifiable, for images from
diminutive biconvex lenses can be of surprising
clarity and vividness. For example, a micrograph
I have taken of an unstained blood smear, using
the single-lensed Leeuwenhoek microscope at the
Museum of the History of Science at Utrecht
University, shows not only the erythrocytes with
remarkable clarity, but even reveals the lobed
nucleus within a polymorphonuclear granulocyte.
Image acuity was clearly no barrier to histological
observation (Fig. 8).

The limits lay not with the microscope, but
rather with the techniques of specimen preparation.

Once nerve cells could be satisfactorily stained,
even a simple microscope of the early eighteenth
century could have allowed the presence of the
cells to have been demonstrated. When McHenry
(1969) writes: ‘No real notion of the microscopic
structure of the brain could be obtained until the
invention of the compound microscope and micro-
tome, along with the development of methods of
fixation and staining of nervous tissue’ he is only
partially correct. In truth, the simple microscope
was optically up to the task; it was the microtech-
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FIGURE 8. Cerebral section stained by the Golgi method
and imaged by the author through a single-lensed micro-
scope typical of those in use during the eighteenth
century. Discrete neurons and their interconnections are
clearly visible. Even primitive microscopes could allow
the visualisation of neurons, though these cells remained
unseen until staining procedures were available

nique (and staining in particular) that was lacking.
Purkyn&’s successes were due to his readiness
to adopt the latest, newly developed methods of
fixation, staining and microtomy.

The Century Turns

It is in strange juxtaposition that I close this out-
line of eighteenth-century neurological microscopy
with the work of Marie Frangois Xavier Bichat
(1771-1802) who is regarded as the ‘father of his-
tology’. Bichat read medicine and surgery at the
University of Montpellier and at the Hotel-Dieu,
Paris. Even in his years as an undergraduate he
conducted a prodigious amount of research into
physiology, and went on to become a demonstrator,
and then lecturer, at the Hotel-Dieu. He died at the
age of 31, just five years after graduating, yet
amassed enough research to furnish three truly
monumental works: A Treatise on the Membranes
(1800), Physiological Researches on Life and
Death (1800), and General Anatomy (1802). A
web site summarising his work exists at http://
www.bium.univ-paris5.fr/histmed/medica/bichat.
htm and Bichat’s reputation has long been secured
in the history of medicine. The study of anatomy
and physiology had been traditionally founded
upon the bodily humors, or the study of organs.
Bichat determined that pathology should better be
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FIGURE 9. Xavier Bichat (1800) published tables of tissue types and their properties which served to lay the ground-
rules of the new science of histology. His work was made all the more remarkable by his persistent refusal to involve
the microscope in his work
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studied through tissue structure and his enthusi-
asms laid the groundwork for the modern science
of histology. In his short career he dissected his way
through 600 cadavers and identified 21 basic
tissues (Fig. 9).

The paradox lies in the fact that Bichat did not use
microscopes. He was unimpressed by them, believ-
ing them to distort reality, involve much subjective
guesswork and to provide results that were not reli-
ably repeatable. As Otis (2000) has commented, my
earlier work has shown that many scientists who
made key discoveries in pathology did not use
microscopes at all. It is particularly curious that the
father of a science which, in the modern world rests
firmly on the expertise of the microscopist, himself
turned away from microscopy.

In the decades following the eighteenth century,
a swathe of microscopical discoveries was set to
revolutionise neurology. Treviranus was to recog-
nise the neurilemma of peripheral nerves using
uncorrected microscopes in 1816; indeed deriva-
tives of the Cuff microscope were used by many
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investigators elsewhere in biology. Robert Brown
carried out his work on the ubiquity of the cell
nucleus, and on Brownian motion, using a similar
simple microscope made by Bancks in London. We
have already encountered Sir Everard Home using
the original Leeuwenhoek microscopes for his
micro-anatomical studies in the 1820s (supra).
Indeed, Charles Darwin was still recommending a
single-lensed, portable instrument as the micro-
scope of choice as late as March 1848 (Ford 1985)
(Figs. 10 and 11).

But from about 1830 achromatic microscopes
were to become available. These were grander
instruments, objects of desire, finely tooled from
brass and easy to use. A burst of activity followed:
Ehrenberg recorded ganglion cells in 1833, then
Purkyné (1837) identified the neuron and in the
following year His portrayed neurons with nuclei
and dendrites. In due course Golgi developed in
the kitchen at his home the staining system that
bears his name and made the neuron visible to
microscopists. It is important to note that it was

FIGURE 10. The Czech microscopist Johannes Evangelista Purkyné in his study at Prague during the 1850s. His micro-
scope (right) which has much in common with the designs of W. and S. Jones (Fig. 5) has been identified for the author
by Mr James Solliday of the Microscopical Society of Southern California, as being made by P1661 of Vienna
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FIGURE 11. The table of nerve cells presented by Purkyné in his lecture to the Prague Congress of 1837 (Anon, 1962).
The diagram numbered 18 depicts those now known as Purkyné cells. His talk gave a clear proposal of a cell theory
(Kérnchen), anticipating the work of Schwann. Purkyné also coined the term ‘protoplasm’

primarily the newly developed staining tech-
niques, rather than improvements in the micro-
scope, that made neurological microscopy a
reality. After a century in the doldrums, with these
exciting new methods of specimen preparation and
staining and with the achromatic microscope
becoming generally available, microscopy of the
nervous system was to embark upon its greatest
era of expansion.
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Corpus Curricula: Medical Education
and the Voluntary Hospital Movement

Jonathan Reinarz

The centrality of hospitals to medical education
is a relatively recent phenomenon in the history
of medicine. Like many subjects in the history of
medicine, connections can be traced to the eigh-
teenth century, if not earlier. In order to understand
significant changes in medical education, and espe-
cially in the field of anatomical instruction, one
must look back even further, at least to the six-
teenth century. The history of hospitals also has
many turning points, including the fifteenth cen-
tury, when such institutions began to proliferate,
many more becoming principally dedicated to the
sick. However, when these two subjects are consid-
ered jointly, the eighteenth century is not just
significant, but central to the development of
both institutions, especially in Western Europe.
According to existing historiography, it was in this
period that medical education and voluntary hospi-
tals, at least in the United Kingdom, literally came
together. The hospital was not only rapidly becom-
ing the principal site for healing, but also one of
learning about the sick and training prospective
practitioners.

As historians have been quick to note, however,
every history has its pre-history. For that reason,
this chapter commences by considering some of the
numerous false starts and birth pangs of hospital-
based, or clinical, education in early modern
Europe. It then considers eighteenth-century devel-
opments through the work of Hermann Boerhaave,
among other less familiar staff at the University of
Leiden medical school, who both embraced and
popularised the clinical method of medical
instruction, especially in the eighteenth century.
Though not entirely an eighteenth-century figure,

Boerhaave’s academic career is especially appro-
priate to the chronological parameters of this
volume, having been appointed a lecturer in 1701.

From Leiden, many medical men took the les-
sons of Boerhaave and his colleagues to Paris,
Vienna and across the channel and into the chari-
tably funded, voluntary hospitals, the proliferation
of which has repeatedly been identified as an
eighteenth-century phenomenon, at least in England
and Scotland (Porter, 1989, pp. 149-152). Rather
than trace Leiden’s influence on the development
of medical education throughout Europe, the final
section of this chapter will examine its impact on
Britain. In particular it examines the way in which
clinical training quickly developed in Edinburgh
and, in successive decades, inspired London practi-
tioners to attach schools to the hospitals to which
they were affiliated. Though a new generation of
provincial medical schools sought to retain local
boys who might otherwise have travelled to hospi-
tal schools in Edinburgh and London, or even fur-
ther afield, few instructors desired to change the
way in which pupils were being educated. In less
than a century, hospital-based instruction had
become the tried and tested method of educating
physicians.

Practical Pedagogy in Padua

Though traced to the ancient Greek and Roman
physicians, bedside teaching was not incorporated
into medical instruction at the earliest European
universities. Instruction amongst the elite of the
profession, as in other disciplines, including law
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and divinity, was largely theoretical in nature. For
many practitioners, it was their textual learning of
which they were most proud (Getz, 1995, p. 78).
Although often limited to lecture notes, texts gave
practitioners and students theory and helped them
justify their medical practices. More importantly, it
separated the learned practitioner from the empiric.
Not surprisingly, the leading medical minds in the
medieval period were translators, and medical edu-
cation, for the university-educated physician at
least, became text-based.

While physicians were trained at the early uni-
versities, surgeons and apothecaries, as in most
manual, craft-oriented occupations, acquired their
medical knowledge by way of apprenticeship. This
involved the payment of a fee that bound a young
man to a qualified practitioner, allowing him to
learn his trade in a very practical and personal man-
ner, actually living in the home of his master. On
average, the period of training lasted between 5 and
7 years, during which time the practitioner con-
veyed well-established medical techniques, as well
as acceptable professional behaviour. More impor-
tantly, those completing their period of training
received an actual certificate from their master
attesting to their skill (Lane, 1996). Though a
pupil’s education depended very much on the mas-
ter to whom he was indentured, training also
shifted with the culture and politics of the time,
with monarchs and princes founding new universi-
ties and non-academic faculties that were empow-
ered to licence local practitioners. For example, in
England in 1518, Henry VIII granted a charter to
the Royal College of Physicians, which controlled
medical practice within 7 mile of London. In 1540,
the barbers and surgeons were also incorporated
into their own guild, or company, as is depicted in
Holbein’s famous portrait of the event. English
apothecaries were granted a similar charter in 1617.

The advantages of this system are easy to see.
Practitioners taught medicine because it allowed
them to expand their practices, delegating many
undesirable tasks to their pupils and benefit from
their cheap labour. As this suggests, apprentices’
experiences varied with each practice, some getting
a very good training, others spending too long
cleaning and manufacturing medicines and hardly
any time with patients. This extreme variation
remained a characteristic of medical education for
many more centuries and no doubt contributed to
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the tremendous gap between upper and lower classes
of surgeons in the seventeenth and eighteenth
centuries (Lane, 1985, p. 76).

During the Renaissance the value of practical
work began to be recognised by a number of
university-based medical teachers, beginning with
anatomists. Founded in 1212, the University of
Padua was central to these changes in Europe. An
important school from its first days, its reputation
only increased with the appointments of Vesalius
and Fallopius in the sixteenth century, the former
having been the first to descend from the instruc-
tor’s rostrum and take the knife into his own hands
(O’Malley, 1970, p. 97). The influence of the
school’s anatomists very quickly extended to the
rest of Europe. In England alone, 57 of the Fellows
named on the Roll of the Royal College of
Physicians in London had taken a degree in Padua
(Guthrie, 1959, p. 108). The College’s founder,
Thomas Linacre, himself studied in Padua, taking
his degree in 1492. Half a century later, John Caius,
who would later also obtain a Cambridge MD,
studied at the bedside of patients at the Hospital of
San Francesco (Padua) under Giovanni Batista da
Monte (1498-1551), known to many as Montanus
(O’Malley, 1970, p. 93). Though Montanus’s bed-
side methods would influence instruction outside
Padua, many of his students, including Caius,
appeared to value predominantly the anatomical
instruction they received under his tutelage.

Following Montanus’s death in 1561, clinical
teaching declined somewhat while only dissection
grew in popularity, especially among his former
pupils. Inspired by anatomical work undertaken at
Padua, Caius managed to obtain a royal grant in
1565, like that granted to the Company of Barber-
Surgeons in 1540, permitting the Royal College of
Physicians to dissect the bodies of two executed
felons annually. Over the next two centuries, physi-
cians began to work with their hands more regu-
larly, while surgeons began to adopt aspects of the
physician’s theoretical form of training through
lectures and texts. Though its place in the history of
clinical medicine was secure, Padua’s popularity
declined with the Reformation, all non-Catholics
having been excluded from Italian universities by
Papal edict. Instruction at other schools by this
time had become equally concerned with accurately
examining and recording the disease phenomena at
the patients’ bedside.
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Enter the Clinic

Inspired by Newton’s Principia in 1687 and other
works in the physical sciences, late-seventeenth-
century surgeons attempted to discover the laws
that governed the operation of disease and to clas-
sify these according to proven scientific principles.
Not surprisingly, the literature and language of
these practitioners became that of physics and
mechanics, while the bedside increasingly became
the appropriate place from which to observe the
sick body. Nevertheless, another century was to
pass before the Italian example of clinical teaching
was replicated in other European countries.

Following Descartes in imagining the body as a
machine, with laws that could be uncovered like
those of the physical sciences by careful observa-
tion, a group of Paduan alumni in Northern Europe
sought to replicate their masters’ mode of instruc-
tion. Among these, the Dutch were pre-eminent. In
his inaugural address (1636), Willem van der Straten
(1593-1681) announced that medicine at the newly
founded University of Utrecht would be taught at
the bedside in the city’s hospital. The following
year, clinical lectures appeared in the syllabus at
Leiden, where instructors feared a decline in student
numbers, though only few taught with enthusiasm
in the prescribed manner. These included Pieter
Paaw (1564-1617) who, like William Harvey, stud-
ied under Fabricius. Paaw was Professor of
Anatomy at Leiden when the school’s first anatom-
ical theatre was built in 1597. Another graduate of
Padua was Johann van Heurne (1543-1601), who it
is claimed was responsible for introducing the clin-
ical method of teaching in Leiden. Interestingly,
Padua did not actually offer clinical instruction
during van Heurne’s time there (Lindeboom,
1968, p. 284), so his influences clearly extended
beyond his alma mater.

From their commencement, clinical lectures at
Leiden were given in the old St. Caecilia ‘Gast-en
Proveniershuis’, a former nunnery that had also
served as a pesthouse and a madhouse before being
transformed into a municipal hospital. From its
records, it appears that two of the institution’s
six wards were regularly used for teaching, the
increasing frequency of student visits having occa-
sionally disturbed the working of the wards. In
most cases, the earliest clinical courses lasted 5—-10
years before being interrupted by death or retirement

of the tutor. A noticeable change came in 1660 with
the appointment of Franz de la Boe, or Franciscus
Sylvius, who made his rounds daily as opposed to
twice weekly as had been common among his
predecessors. The Socratic form of questioning
which characterised Sylvius’s teaching came to an
end with his death in 1672, leading clinical instruc-
tion once again to become an intermittent part of
medical education in Leiden.

In spite of earlier intermittent manifestations of
the practice, clinical teaching only began to flour-
ish in the eighteenth century, beginning with
Boerhaave in 1714. Assisted by Herman Oosterdijk
Schacht (1672-1744) from 1720, clinical teaching
was carried out faithfully at Leiden 6 months of the
year. Twice a week, on Wednesday and Saturday,
the two town physicians would pick up the profes-
sor of medicine at his home and proceed to the hos-
pital, where the students were already assembled
(Lindeboom, 1968, pp. 287-288). Passing between
the hospital’s 12 teaching beds, the instructor used
carefully chosen cases to display textual knowl-
edge and underscored the importance of seeing real
patients during medical studies. This is emphasised
in Boerhaave’s own writings, which, for example,
advise students to consult textual works on the brain
3 or 4 days before actually undertaking a practical
examination (Boerhaave, 1719, p. 205). At the con-
clusion of his ward demonstrations, the professor
would join the matron and master of the hospital in
the latter’s apartment to determine patients’ diets
and drugs. Thus medical instruction was not just cen-
tral to medical education in Leiden, it was also
central to hospital treatment.

Students carefully recorded their instructors’
comments at demonstrations. Surviving examples
demonstrate that some patients were discussed
repeatedly at different dates. They also reveal
Boerhaave to have been true to the Hippocratic
tradition, paying less attention to doctrines and
systems than to signs and symptoms. In fact, it was
Boerhaave who restored Hippocrates to students’
reading lists at this time (Johnson, 1903, pp.
154-184). Drawing attention to the general appear-
ance of patients, as well as nutrition, pulse and res-
piration, he regularly refined diagnostic methods,
using a pocket lens and even a thermometer to deter-
mine the presence of fever. Though it has been said
that Boerhaave relied on a limited therapeutic arma-
mentarium (Snapper, 1956, p. 71), as a Hippocratic
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physician he treated patients carefully and as indi-
viduals, relying on drugs, diet, and basic physio-
therapy. For example, faced with a patient showing
cerebral symptoms and epileptic fits, he might
advise the head to be sprinkled with water for half
an hour, followed by a light massage (Lindeboom,
1968, p. 299).

Though Boerhaave’s therapies were questioned
a century later, his clinical sessions effectively
completed the educations of his students; each stu-
dent had learned the basic sciences before being
introduced to physiology and pathology and then
being conducted through the hospital’s two wards
where they learned to manage illness in a very
practical manner. As Boerhaave’s biographer has
emphasised, ‘nowhere else in Europe was such a
medical curriculum available at such a level’
(Lindeboom, 1968, p. 292). It is for this reason that
so many foreign students came to learn in Leiden.
As importantly, students were self-selecting, the
university having opened its doors to all who came,
regardless of race, nationality or religion. In turn,
the example set by Leiden encouraged closer links
between universities and hospitals, students being
provided greater opportunities to observe patients
and corpses. At the very least, university education
had become more eclectic and the traditional divide
between surgeons and physicians began to blur.

Leiden’s Legacy

Over many generations, the small school in Leiden
turned out what has been described as the elite of
the medical profession. Boerhaave alone trained
many prominent practitioners who went on to
occupy key positions at medical schools and hospi-
tals across Europe. These included Albrecht von
Haller (1708-1777), who is famed for his work on
the irritability of muscle tissue and brought similar
fame to the new University of Goettingen; Gerhard
van Swieten (1700-1772), who reconstructed the
medical school of Vienna; and Alexander Munro,
primus (1697-1767), a central, but by no means the
only, figure in the foundation of the medical faculty
at Edinburgh (Emerson, 2004: 183-218; Guthrie,
1959, p. 112). Haller himself rightly referred to
Boerhaave as ‘communis Europae praeceptor’, the
common teacher of Europe’ (Lindeboom, 1968, p. 3).
Though not listed separately in student registers,
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Scottish students attending Leiden are estimated to
have numbered 546, comprising a quarter of
English-speaking medical students. During the
time of Boerhaave (1701-1738), this proportion
reached a third of students arriving from across the
channel (Guthrie, 1959, p. 109).

Not surprisingly, Edinburgh very quickly became
the centre of these new ideas in Britain, where
medical teachers were attracted to the idea of the
‘proto-clinic’, as well as to the mechanical systems
expounded by Boerhaave, soon after the establish-
ment of its medical faculty in 1726. Associated
with Alexander Munro in the faculty at Edinburgh
were four other professors: John Rutherford
(1695-1779), Andrew Plummer (1698-1756),
Andrew St. Clair (1699-1760) and John Innes
(1696-1733). All had been students at Leiden with
Munro, except Rutherford who spent only a year
there in 1718. As a result, the basic studies of
botany, chemistry and anatomy in Edinburgh can be
said to have been founded on knowledge obtained
in Leiden (Guthrie, 1959, p. 115).

So too was the commitment of its instructors
to clinical teaching. A formal course of clinical
lectures had been commenced by Rutherford in
1748 in the hospital’s amphitheatre to supplement
limited bedside teaching on the wards of the
Edinburgh Infirmary, founded nearly two decades
earlier. More detailed and useful to students,
Rutherford’s lectures were judged a success and
prompted the hospital’s managers to open a special
ten-bed teaching ward, which, as at Leiden, was
kept open for half the year on the same two week-
days on which Boerhaave had made his rounds. By
1756, Rutherford was joined by three other profes-
sors, Alexander Munro, secundus, William Cullen
and Robert Whytt. Each professor agreed to lecture
twice a week for 5 weeks, the entire course being
expanded to 6 months. The teaching ward was
accordingly enlarged to 20 beds in two separate
wards to accommodate an equal number of male
and female patients (Risse, 1986, pp. 242-244).

Over the next decade, it was the physician and
classifier William Cullen who would become the
school’s most influential clinical instructor.
Following the death, retirement and departure of
his colleagues, Cullen shared the teaching duties
with John Gregory by the late 1760s. When the
latter withdrew due to ill health early in 1772, Cullen
carried the burden alone, taking on a gruelling
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teaching schedule. Besides being Edinburgh’s most
distinguished physician, Cullen carefully prepared
his lectures from day to day, usually lecturing
twice a week, though now on Tuesday and Friday
evenings (Risse, 1986, p. 244). Dividing diseases
into four classes (remnants of humoral theory per-
haps), Cullen, like Boerhaave, treated each case as
a distinct entity, while encouraging students to be
guided by their own senses (Harrison, 2004, p. 55).

Interestingly, while hospital records appear to
have had worse survival rates than patients in the
eighteenth century, those from the Edinburgh
Infirmary between 1770 and 1800 exist and give an
indication of the types of cases students might have
been presented with during their studies. Nervous
and mental diseases, we find, comprised approxi-
mately 6% of all authorised hospital entries in
these years (Risse, 1986, p. 124). This was roughly
equivalent to the numbers of musculoskeletal and
digestive disorders seen by staff during this period,
but considerably less than genitourinary and infec-
tious diseases, the most common cases, which
comprised 20.6 and 15.6% of patients, respectively.

Among the nervous disorders admitted, the most
common affliction was paralysis, or palsy (38
cases), which Cullen referred to ‘as consisting of a
loss of the power of voluntary motion’, caused by
an ‘interrupted influx of the nervous power’ and
affecting certain parts of the body (Risse, 1986,
pp- 153-154). Today, many of these cases might
more commonly be described as the result of
stroke, Parkinson’s disease or advanced joint or
arthritic diseases. Other ailments were cephalgia,
or headache (24 cases), which, like hysteria (38),
was deemed to afflict primarily women. Epilepsy
(20), which Cullen placed in the category of neu-
roses, affected children and young adults, and reg-
ularly turned up in the teaching ward because of
the therapeutic challenges posed by the associated
fits (Risse, 1986, p. 154). Other cases, including
chorea, vertigo, mania and melancholy, were seen
in both the ordinary and teaching wards, though on
only three or fewer occasions during the last three
decades of the eighteenth century.

Unlike other instructors, Cullen did not deliver
his clinical lectures in Latin, and is regarded as the
first medical instructor in Great Britain to have lec-
tured in the English tongue (Beekman, 1950a,
p- 75). At the small clinic at the Royal Infirmary,
sight soon took precedence over all other senses,

and another generation inspired by continental
physicians attempted to correlate symptoms with
anatomical evidence found in autopsy, rather than
simply classify disease as Cullen had done. Though
candidates for the university’s MD degree had been
regularly interrogated on practical medical matters
since 1767, a decade later, in the 1780s, the official
curriculum specifically included clinical lectures,
with 50-55 students, or 20% of registrants, enrolling
in the clinical course annually (Risse, 1986, p. 245).

London’s Teaching Hospitals

London was not immune to these changes in med-
ical education. Medical apprentices had long
walked the wards of hospitals during their periods
of indenture. In return for their voluntary services
at hospitals, physicians and surgeons were permit-
ted to take their own apprentices on ward rounds,
as was first recorded at St. Bartholomew’s in 1662
(Waddington, 2003, p. 18). As in Edinburgh, a num-
ber of influential London practitioners advocated
the benefits of personal experiences in medical
education. Nevertheless, medical staff at this and the
other three hospitals in the metropolis — St. Thomas’s,
Bethlem and Christ’s — appear to have been unusu-
ally conservative and committed to text-based learn-
ing, most early consultant posts having been
occupied by Oxford-trained physicians. The most
successful often resigned after short tenures to pur-
sue private practice. Because of the preference for
text-based tuition, library-study was prioritised
over practical methods of instruction at Bart’s in
1668 (Waddington, 2003, p. 24). Having failed a
great proportion of the public during the recent
plague outbreaks, practitioners, it has been argued,
were more eager to elevate medicine and empha-
sise its scholarly nature. Additionally, ward rounds,
when given, tended to be unstructured and remained
fairly random in nature. Nevertheless, though
unstructured, the flexible nature of hospital policy
regarding students would permit enterprising med-
ical staff to develop clinical training over the next
generation.

By the first decades of the eighteenth century,
hospital practitioners in London began to systema-
tise training, offering lectures and establishing
libraries and museums. As early as 1722, the staff
at St. Bartholomew’s had begun to push for the
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establishment of a dissection room (Waddington,
2003, p. 25). Already offering their students private
instruction in anatomy, medical staff at the institution
negotiated the allocation of two rooms for post-
mortem examinations 4 years later. Shortly after-
wards, Edward Nourse, an assistant surgeon at the
institution, introduced lectures at the hospital. In an
advertisement appearing in the Evening Post in 1734,
Nourse claimed that, ‘desirous to have no more lec-
tures at my own house, I think it proper to advertise
that I shall begin a course of Anatomy, Chirurgical
Operations and Bandages on Monday, November 11,
at St. Bartholomew’s Hospital’ (Waddington, 2003,
p- 33). As this perhaps indicates, some surgeons
made far greater use of hospitals for educational
purposes than did most physicians (Bynum, 1985,
pp. 118-119). Additionally, teaching still very much
depended on personal initiative.

Though Nourse’s course, like many delivered
earlier on the continent, terminated shortly after-
wards, a concerted effort was made by his appren-
tice, Percival Pott, to reintroduce teaching at the
hospital in 1745. Two decades later, Pott transferred
the lectures from his home to St. Bartholomew’s,
where he already offered bedside teaching to his
apprentices. Similar instruction commenced at
Guy’s, one of the five new general hospitals built in
London between 1720 and 1745, in 1770, and
where many Edinburgh graduates filled staff posi-
tions (Ripman, 1951, pp. 59-60).

Although London would become better known as
a ‘lecturing empire’ (Hays, 1983, pp. 91-119), the
institutional structure of its medical schools clearly
began to emerge in the middle decades of the
eighteenth century. Even to those who might not
have favoured such developments, including many
hospital governors, the establishment of teaching
faculties made economic sense, the pupils of
medical practitioners having in most cases proved
themselves an important source of free labour.
Additionally, many practitioners quickly learned
that teaching could significantly increase income,
usually supplementing annual earnings by at least
10% (Gelfand, 1985, p. 148). Others emphasised
that greater contact with the sick poor in these insti-
tutions would ultimately benefit medical knowledge
(Bynum, 1985, p. 117).

In contrast to other English voluntary hospitals,
the admissions policy at Bart’s was comparatively
liberal. Excluding only smallpox cases, the hospital’s
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wards permitted students to see the full range of
medical and surgical cases; unfortunately, patient
registers for this period do not exist and an exact
breakdown of cases as exists for Edinburgh is not
possible. Those who paid for the privilege, usually
about £50, were permitted to accompany the physi-
cian or surgeon on an initial examination. Students
also attended the daily ward rounds, which usually
took place between 10 in the morning and 2 in the
afternoon, after which time students were to vacate
the wards. In addition to the basic structure of
rounds, students were left to make the most of their
opportunities to observe clinical cases. While much
valuable information was acquired on the wards,
clinical teaching had its share of problems. For
example, surgical students rarely entered the med-
ical wards unless they paid an additional fee to
become a physician’s pupil; neither were those
cases that came before students always carefully
presented, surgeons and physicians at all hospitals
often having to make superficial examinations dur-
ing their rushed rounds.

Though capable instructors clearly existed,
enthusiasm for instruction was not always widely
shared. With the most popular teachers attracting
nearly a hundred students, only a few privileged
students normally secured an unobscured view of
patients and operations. In the third decade of the
eighteenth century, when access to the teaching
wards was extended, they became even more
crowded (Waddington, 2003, pp. 49-51).

While many hospital governors in London, as at
other hospitals, such as in Leiden at the beginning of
the century, did not fully appreciate the benefits
of hospital instruction, limitations imposed on fee-
paying pupils were being removed. As wards grew
more crowded, substantial sums began to be gener-
ated by some private instructors. Private instruc-
tion, whether in Paris or London, held a particular
appeal to provincial and foreign students, who had
money but little time to spend walking hospital
wards. Unlike apprentices, students paid to acquire
knowledge and skills from a master, not to under-
take menial tasks in the home and practice of their
instructor. Ambitious medical teachers had an open
market for their services. Private teaching repre-
sented the triumph of the liberal economic values
of free competition in medical education. In this
respect, London hospitals served the needs of late-
eighteenth-century clinical instruction better than
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their Paris counterparts because they better fit the
prevailing private enterprise style of medical edu-
cation (Bynum, 1985, p. 135). While French hospi-
tals functioned as authoritarian and bureaucratic
institutions, British hospitals relied on private ini-
tiative for their establishment and management
(Gelfand, 1985, p. 137). Before century’s end, four of
the city’s hospitals — St. Bartholomew’s, the London,
St. Thomas’s and Guy’s — housed recognised schools
of medicine. Additionally, instruction remained flex-
ible, permitting students to organise their own pro-
gramme of studies, see medical patients and even
enrol in private extramural courses.

Perhaps the most famous of these courses were
those run by two Scots, William and John Hunter.
William, a physician, and John, a surgeon—anatomist,
taught their methods from an influential private
anatomy school set up by William in Covent
Garden, London in 1746. Apprenticed to William
Cullen in 1736, William Hunter gained much of
his medical knowledge at the bedside (Beekman,
1950a, p. 77). He then attended the University of
Edinburgh where he learned the new methods of
anatomy instruction, as well as the art of making
anatomical preparations. Proceeding to London
in 1740, he attended a further series of lectures
with Frank Nicholls, the leading teacher of
anatomy in the metropolis at the time (Beekman,
1950b, p. 182).

Critical of most courses he attended, Hunter pro-
ductively redirected his frustrations and made
the teaching of anatomy his career. In particular,
he advocated that students should be provided the
opportunity to investigate the anatomy of the human
body personally, as he had experienced himself
upon entering a course in anatomy in Paris under
M. Antoine Ferrein (Beekman, 1950b, pp. 184, 192).

Returning to London in 1744, he commenced
arrangements to establish his own school of anatomy
in Covent Garden, a task made easier by the disso-
lution of the Company of Barber Surgeons in 1745,
which had prohibited the dissection of human bod-
ies outside the surgical guild’s hall, not to mention
the new College’s hesitancy to found a practical
school (Cope, 1959, p. 8). By September 1746, his
first course, announced in the London Evening
Post, earned him 70 guineas (Beekman, 1950b,
p.- 195). So highly was his anatomical instruction
valued, his instructor at Edinburgh, Alexander
Munro, sent his two sons to London so they might

attend Hunter’s lectures as a ‘finishing touch to
their education’ (Beekman, 1950a, p. 84).

Soon many more schools opened and stimulated
a trade in dead bodies, which inevitably attracted
some scandal. Many were run by former pupils of
the Hunters, including Joshua Brookes, who ran a
school in Great Marborough Street, and John
Sheldon, who opened a school in Great Queen
Street, while another student, William Shippen Jr.
established a lecture series in America, which
imported and promoted the hands-on approach of
the Hunters.

By 1780, 16 anatomical courses were advertised
in the London papers; this rose to 57 in 1812
(Lawrence, 1988, p. 178). The promise of mar-
ketable skills, however, outweighed risks of social
disapproval (Lawrence, 1995, p. 200). Attendance
soared at Hunter’s and other private schools and
a new generation of students could stamp their
regular training through their easy use of precise
anatomical terms. Though medicine again appeared
akin to a craft, alongside their new medical knowl-
edge, surgeons in particular cultivated their social
skills thereby making dissection acceptable.

As some historians, including Ruth Richardson
have noted, all bodies of executed felons were
offered to the Royal College of Physicians in 1752,
but even this failed to keep up with demand, espe-
cially when pathological anatomy entered a new
era with the work of Morgagni (1682—-1771), who
elucidated the relationship between the case history
and morbid anatomy through post-mortem investi-
gation. Frenchman Xavier Bichat (1771-1802),
who laid the foundations for nineteenth-century
pathological anatomy, took this one decisive step
further with his doctrine of tissues, which he pro-
posed were the analytical building blocks of
anatomy, physiology and pathology (Richardson,
1993). Regularly conducting autopsies in his pri-
vate Parisian anatomy classes, Bichat combined
the scrutiny of dead bodies and specifically changes
in bodily tissues in order to throw light on the
causes of death (Foucault, 1993, p. 146). This new
form of clinical training, soon reinforced by the
introduction of new diagnostic tools, including
the stethoscope, not to mention the low cost of a
Paris education, attracted many foreign students to
the French capital and gradually displaced the
more individualistic, patient-centred medicine of
the eighteenth century (Jewson, 1976, p. 238).
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By the last decades of the eighteenth century,
however, London’s reputation as a centre for
medical education had increased and had even
begun to displace Paris as the capital of clinical
education. According to one American student
visiting London in the 1780s, the city had become
‘the Metropolis of the whole world for practical
medicine’ (Gelfand, 1985, p. 138). Even the Paris
surgeon Jacques Tenon (1724-1816), the leading
European authority on hospitals, alluded to the
advantages of British hospitals for medical educa-
tion (Gelfand, 1985, p. 138).

Alongside such developments, private schools
flourished, many becoming, as John Hunter would
eventually prove, centres of research excellence
with their vast anatomical collections. Having
effectively assimilated the French clinical experi-
ence, many London medical instructors, like
William and John Hunter, imported and adapted
the Paris educational experience for consumption
at home, making it less necessary for future gener-
ations to cross the channel. As a result, at exactly
the same time that William Hunter’s Great
Windmill Street School had attained an interna-
tional reputation, the Paris Academy of Surgery
appeared on the wane (Gelfand, 1985, p. 143).

Meanwhile, the foundation and success of pri-
vate anatomy schools in London only encouraged
other practitioners to organise their teaching more
effectively. Although a systematic form of instruc-
tion had been introduced at St. Bartholomew’s by
Percival Pott, it is the surgeon John Abernethy, a
pupil of John Hunter, who is credited with having
transformed the hospital into a school. Appointed
to the post of assistant surgeon on the retirement of
Pott in 1787, Abernethy not only wished to develop
instruction at the hospital, but also had both an
eccentric style and Parisian approach that appealed
to the students. Originally delivered in his home,
Abernethy’s lectures were transferred to the hospi-
tal upon the completion of a ‘Surgeon’s Theatre’
in 1795. With time and the cooperation of other
practitioners, a comprehensive curriculum was
eventually developed. So successful was instruc-
tion, that, by the second decade of the nineteenth
century, surgical students alone numbered several
hundreds. When a new anatomical theatre was
opened in 1822, more than 400 people attended to
hear Abernethy’s inaugural lecture (Waddington,
2003, p. 39). While Hunter’s pupils carried on his
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teaching methods, the surgeon’s greatest legacy
was his museum, which was acquired by the
College of Surgeons in 1799, thus providing its
members with a world-class comparative anatomy
resource. The following year, the renowned guild
of surgeons acquired its ‘royal’ title.

By 1800, private anatomy schools continued to
offer much competition to the hospital schools.
Staff at hospitals, who held appointments in the
Royal College of Surgeons, used their power to put
an end to this competition. Rather than draw up a
syllabus or requirements for medical candidates,
the College refused to accept certificates of atten-
dance on the private schools’ popular summer
anatomy courses (Cope, 1959, p. 43). It was the
Apothecaries’ Society that led the way in 1815 and
encouraged a more organised form of teaching. In
this way, it raised the status of the profession by
creating a recognised qualification — the Licentiate
of the Society of Apothecaries. Besides specifying
that all apothecaries must hold the new degree, the
Apothecaries Act (1815) also emphasised the cen-
tral role played by hospitals in medical education,
requiring students to fulfil 6 months’ clinical work
at a recognised institution. Two years earlier,
besides courses on anatomical and surgical lectures,
the Royal College of Surgeons had demanded a
year’s attendance on the wards of a London hospi-
tal before candidates were permitted to sit for their
licence; this was reduced to 6 months after 1828.

In 1819, the College of Surgeons issued their
first printed curriculum and for some years contin-
ued to develop their proposed curriculum on simi-
lar lines to those followed by the Society of
Apothecaries (Cope, 1959, p. 135). Unlike the
Apothecaries, however, in 1823, the surgeon’s
guild further hindered the growth of provincial
schools by recognising only those in London,
Dublin, Edinburgh, Glasgow and Aberdeen.
Between 1821 and 1824, the Royal College of
Surgeons passed a series of resolutions that recog-
nised only those anatomy courses that were con-
ducted in hospitals by a College examiner. When
further limitations to hospital practice were intro-
duced, both the College and the London teaching
hospitals came under the attack of Thomas Wakley
in a feud that unfolded in the pages of the Lancet
(Cope, 1959, p. 44).

Despite the College of Surgeons making some
concessions in 1826 and eventually removing their
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restrictions on provincial schools in 1829, the first
decades of the nineteenth century saw the position
of the London hospital schools, such as Bart’s,
greatly strengthened. Significantly, the Great
Windmill Street School closed in these same years.
A decade later, in 1838, when an attempt was made
to standardise the surgical curriculum throughout
the United Kingdom, among many other require-
ments, the Colleges of Surgeons of London,
Edinburgh and Dublin agreed to a minimum of
3 years’ study in a recognised school of surgery
and 21 months’ work in a hospital. Though it has
been suggested that the decline of the private
anatomy schools marked the end of an era in which
private enterprise dominated advanced medical
learning (Gelfand, 1985, p. 151), the private initia-
tive which had led to the emergence of the London
hospital schools was equally apparent in the devel-
opment of provincial medical schools. As in the
case of London, these too were quick to build affil-
iated teaching hospitals, and medical students
would in future spend only proportionately greater
periods of time on the wards of these institutions.

Concluding Remarks

Although alternatives to hospital-based training
have been suggested in the past, as well as more
recently, the combination of medical education and
hospital instruction that unfolded throughout the
eighteenth century continues to appear both insep-
arable and essential to the education of medical
practitioners. While historians continue to uncover
early evidence of bedside training in hospital envi-
ronments, the sixteenth century appears to mark a
distinctive change in the form of both medical edu-
cation and the place of the hospital in this process.
The seventeenth century witnessed the emergence
of a new mechanistic model of the body which
spurred both anatomical and physiological investi-
gation. By the eighteenth century, medical education,
formerly conducted on a one-to-one basis between
master and pupil, was literally brought into the
hospital and links between the two institutions
grew only stronger throughout the century. As
Risse has argued, as early as the 1770s, the role of
hospitals in medical education seemed assured
(Risse, 1986, p. 240). With the emergence of the
provincial medical schools in the 1820s, the location

of medical instruction in England may have
changed yet again, but the hospital’s pedagogical
functions were cemented only more firmly.
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Some Thoughts on the Medical Milieu
in the Last Quarter of the Eighteenth

Century as Reflected in the Life and
Activities of James Parkinson (1755-1824)

Christopher Gardner-Thorpe

Introduction

Many contributed to the advances in science and
the arts during the latter part of the eighteenth
century and prepared the way for thoughts and
apparatus that would change the lifestyle of those
who followed. Among those thinkers and practi-
cal persons was the apothecary James Parkinson
(1755-1824). He was an accomplished doctor, well
liked in his area of east London, and he contributed
in several fields of medicine.

Parkinson is best known now for his An Essay on
the Shaking Palsy (Parkinson, 1817) published in
1817. Essentially his contribution to neuroscience
was just this one publication, one of the most
famous in the whole of medicine. The description
was clinical, based upon his observation of six per-
sons, three being patients of his and the other three
passers-by in the street. His classical description
has stood the test of time — involuntary tremulous
motion, with lessened muscular power, in parts not
in action and even when supported; with a propen-
sity to bend the trunk forwards, and to pass from a
walking to a running pace: the senses and intellects
being uninjured. This description of the shaking ill-
ness that was to be named after him by Jean-Martin
Charcot (1825-1893), the famous Parisian neurolo-
gist, is his best-known medical contribution although
he did publish on rabies, the prevention of head injury
in children and other topics.

However, his medical work is far from his only
claim to fame. Like others before and after him,

Parkinson contributed in many fields — in his case
his interests lay in science, politics, the church
and geology. This was not so unusual at the time
and many enquiring minds roamed the fields of
natural philosophy, expanding into various
fields of science — physics, chemistry, biology,
geology and more — as the decades passed. He was
a polymath among other contemporaries.

Early Life

It is not known exactly where James Parkinson was
born but it seems likely in his family home in the
up-and-coming area of East London named Hoxton.
After all, that was where his parents lived and
home births were the norm. His father, John
(1726-1784), a well-known surgeon, was promi-
nent in the medical politics of the day for he was
one of the two Anatomical Wardens of the
Surgeons Company, an organisation that was pow-
erful in its era (1745-1800) when the Worshipful
Company of Barbers, one of the City Guilds, was
becoming less influential and the Royal College of
Surgeons was soon to become a major meeting
ground for surgeons.

John lived with his wife, Mary, at 1 Hoxton
Square when James was born on 11 April 1755. Of
Mary, little is known. James was to gain two
younger siblings, William (1761-1782) and Mary
Sedgwick (1763-) and here the children grew up in
a medical household.
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Medical Man

James became apprenticed to his father, John. After
perhaps a couple of years he joined other students at
the London Hospital (now The Royal London
Hospital) in the Mile End Road. Sir William
Blizzard (1743-1874) and Dr. James Maddocks
(-1786) had founded The London Medical College.
The Minutes of the House Committee held on
Tuesday, 20 February 1776 record: The Committee
admitted Mr. James Parkinson to be a dressing
pupil for six months ensuing in this hospital, he
being recommended by Mr. Grindale one of the sur-
geons of this Charity, the Chairman read to him the
usual Charge whereunto he signed his Assent.

These students also attended the private medical
and surgical lectures of John Hunter (1728-1793),
brother of William Hunter (1718-1783) physician
and obstetrician whose collection forms the basis
of the Hunterian Museum in Glasgow, at the Great
Windmill Street School in London, later to become
the Windmill Theatre in Soho’s theatre land. John
Hunter was also an enthusiast in geology and fos-
sils, and probably whetted Parkinson’s appetite.

Parkinson distinguished himself in many ways
medically. A year after he was apprenticed at The
London, on 28 October 1777, The Royal Humane
Society awarded him a silver medal for the resus-
citation of Brian Maxley. Maxley had hanged
himself and, pulseless, appeared dead. The pulse
returned after 30 minutes, respiration within 40
minutes and he regained consciousness in 90 min-
utes. The Society usually gave medals to those who
refused fees: the scale was two guineas to the doc-
tor for 2 hours of resuscitation, one guinea to the
landlord of the public house where the patient was
revived, 2/6d to the messenger and two guineas to
the medical assistant when the patient recovered.
On another occasion Parkinson treated a girl aged
14 months who was found face downwards in a tub
of water such that her parents thought her dead but
the child was rubbed with salt and brought to
Parkinson who treated the child successfully.

Parkinson developed a keen sense of medical
politics that is not surprising in view of his later
political leanings and his dedication to his profes-
sion. Although it is not certain, it seems likely that
Observations on Dr. Hugh Smith’s ‘Philosophy
of Physic’, published in 1780, was his work
(Parkinson, 1780).
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In 1781 at the age of 26, Parkinson married
Mary Dale who was well versed in medical life as
her two uncles, grandfather and great uncle were
medical men. We do not know where the newly
married couple lived but they were to have six chil-
dren though sadly, and common in those days, two
were to die in infancy.

James’ father, John, died in 1784, aged 58 years
when James, aged 29, had already made a mark on
the world. Shortly afterwards, James was awarded
the diploma of the Company of Surgeons. Of
James’ mother we still know little for John’s
memorial stone mounted on the wall outside
Sr. Leonard’s Church in Shoreditch is badly worn
and her own memorial, if such existed there, has
not been identified.

After his apprenticeship and while in practice
now on his own, in 1785 Parkinson attended the
surgical lectures of John Hunter. John Hunter was
Surgeon General to the Army and had one of the
largest collections of fossils in the country; he
observed that geological strata could be dated by
the fossils they contain, although this important
discovery is commonly attributed to Smith. In 1787
Parkinson became a member of the Medical Society
of London, founded in 1773 and still a very active
medical society today.

Lightning

Parkinson was interested in general science and
natural phenomena and this is reflected in his paper
on the effects of lightning published in 1789
(Parkinson, 1789). A house in Crabtree Row near
Shoreditch Church was struck by lightning on
17 July 1787 and two men inside the house and
another who was walking past were also struck.
The house smelt of sulphur and the lead in the
shop window melted. The inmates appeared dead.
A striking finding was the discoloration of the
extremities, especially the lower limbs, which were
black but they changed to white and then to pink
after rubbing. On another occasion Parkinson
treated a farm labourer in Edmonton who was
blinded by a flash of lightning when driving cattle
in a field on a stormy night; the labourer regained
his sight but it is not clear whether this could
be attributed wholly to the medical attention given
by Parkinson.
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Rabies

Parkinson was also involved in at least two cases of
possible rabies, then known as hydrophobia from
the fear of convulsions when tasting water, a dis-
ease from which fortunately Britain has been free
now for many years. In 1780 he treated a 28-year-
old servant girl who worked for the Reverend
Mr. Clare of Queens Row in Hoxton. Parkinson
had not seen the disease previously. While awaiting
Sir William Blizzard (1743-1835), Parkinson gen-
tly fed her water and calves’-feet jelly (and this was
to remain a popular food for the sick until
recently), noting that she was very distressed when
the water touched her lips although when placed on
her tongue she was able to swallow with some
relief. She was transferred to The London Hospital
at once but unfortunately died 48 hours later, the
post-mortem examination being unremarkable.
Although the patient did keep a dog, there is no evi-
dence it was rabid. In fact, the illness may have
been tetanus since it followed a compound fracture
of the leg bones.

The second patient who might have had rabies
was a 10-year-old boy whose hand had been severely
savaged by a dog. Three weeks later Parkinson was
summoned and he attended with his son. Dr. John
Yelloly was also called in and advised the adminis-
tration of lead but the boy died three days later.
The dog survived and was apparently healthy two
years later and so it is also difficult to incriminate
that animal.

Treatment of this disorder was by means of gen-
eral supportive measures; specific therapy was not
available and so Parkinson had little therapeutic to
offer. Since the first report of transmission of the
disorder from a rabid dog was not reported until
1809 (by Zinke) and Parkinson might not have
known of this immediately, he was astute in recall-
ing his patient of 1780 and reported it in 1814
jointly with his son (Parkinson, 1814). Louis
Pasteur (1822—-1895) was to demonstrate the infec-
tive nature of the disorder in 1881.

Gout

From about 1790 Parkinson had been troubled with
gout and he crystallised his observations in 1805 in
his book Observations on the Nature and Cure of
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the Gout (Parkinson, 1805). He discussed the treat-
ment of his own and his father’s gout. He used to
apply cold water to the gouty joints and described
the stinging and burning pain of the swollen joints.
He noted the fingers were affected after the feet
had improved. Both interphalangeal joints of the
right index finger were painful. Nodes were
removed from his hand joints — the third finger of
the right hand, the last joints of the first and second
fingers, and the thumb. These problems did not
seem to affect his flowery handwriting of which
several examples survive. He also applied leeches
and tried dietary treatment.

In his book he noted ‘the proximate cause of
gout’ was ‘a peculiar saline acrimony, existing in
the blood, in such a proportion, as to irritate and
excite to morbid action the minute terminations of
the arteries in certain parts of the body’ and he
thought this was ‘the acidifiable base of the uric
acid’ and so he very nearly realised that hyperuri-
caemia was the cause of gout although he confused
the condition with Heberden’s nodes, thinking
them the same condition. A link with his interest in
geology is provided in his monograph where he
mentions that a dissection of the first joint of a
gouty great toe was like a fossil shell.

Political Activist

In 1791 and 1792, Thomas Paine’s The Rights of
Man argued for proper representation of the people.
The King should obey the law of the land, as
should his subjects. In this setting, in 1792
Parkinson turned his gaze to politics and became a
member of the London Corresponding Society united
for the reform of Parliamentary Representation.
This society, founded in 1792 by the shoemaker
Thomas Hardy, aimed for universal suffrage and
annual Parliaments. Five members planned to
assassinate the King, George III, with a wind gun,
an airgun consisting of a brass tube from which a
barbed arrow could be fired. Dr. Robert Thomas
Crossfield (1768-1802) was the principal instiga-
tor and the subsequent trial for High Treason was
the fifth such since the suspension of Habeas
Corpus in 1794. Parkinson wrote about the Society
in 1794 (Parkinson, 1794a) and was a witness for
the defence in the Pop Gun trial before the Privy
Council in 1796. He also joined The Society for
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Constitutional Information, a reform society
founded in 1780 to argue for proper representation
of the people in Parliament.

Similar representational issues were rife in
France, for this was the time of the French
Revolution, a dangerous time, for in Paris more
than 17,000 counter-revolutionaries were executed
during the reign of terror from September 1793 to
the summer of 1794. The new device of Dr. Joseph
Ignace Guillotine (1738-1814), adopted in 1791,
could remove the head of a victim in one two-
hundredths of a second.

Parkinson argued that taxes should be levied in
proportion to the ability of those expected to pay
them, that the necessities of life including soap and
candles should not be taxed, that a poor person
should not be imprisoned for moving from his own
parish to look for work and that workmen should
not be imprisoned for uniting to obtain an increase
in wages — perhaps an early attempt at trade union-
ism. The method of communication with many per-
sons at once included the use of the pamphlet.

Pamphleteer

And so from 1793 to 1795 Parkinson became a pro-
lific pamphleteer. Under the pseudonym Old
Hubert, he published eleven political pamphlets.
In 1793 five pamphlets appeared. The Budget of
the People (Parkinson, 1793a) consists of two
parts, each costing one penny, which drew attention
to the tyranny of the King and State. The Village
Association (Parkinson, 1793b) describes Edley, a
mythical small village in Yorkshire. Old Hubert
and the statesman Edmund Burke (1729-1797), at
that time MP for Malton in Yorkshire, are each fea-
tured in this story, the moral of which is that the
authors of wicked and seditious pamphlets should
be made known to the State. Knave’s-Acre
Association (Parkinson, 1793c) cost four pence and
describes an imaginary association that actually
supports the political abuses of the time; this publi-
cation was advertised in The Times (The Times,
1794). An Address to the Hon. Edmund Burke from
the Swinish Multitude (Parkinson, 1793d) cost six-
pence. This is a long and cynical pamphlet that
applauds the term ‘swinish’. The political attack is
upon Burke, Leader of the Whig Party. Many of the
pamphlets attack the Tory government in the same
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manner. Pearls cast before Swine by Edmund Burke
scraped together by Old Hubert was a penny
pamphlet (Parkinson, 1793e) with a collection of
aphorisms, published probably in 1793.

In 1794 two pamphlets appeared. Revolutions
without bloodshed (Parkinson, 1794b) is a pair of
pamphlets with further political aphorisms, and
Mast and Acorns (Parkinson, 1794c) a two-penny
collection of political writings.

In 1795 he published four pamphlets. A Sketch
by Old Hubert; Whilst the honest poor are wanting
bread (Parkinson, 1795a) is a single pamphlet in
much the same vein as The Budget of the People.
Next, An account of some peculiar manners and
customs of the people of Bull-land (Parkinson,
1795b) bristles with political criticisms. The
Soldier’s Tale (Parkinson, 1795¢) was priced at one
penny and is a cautionary tale of politics and abuse.
In The Assassination of the King (Parkinson,
1795d) he described his examination by the Privy
Council for suspected involvement in The Pop Gun
Plot that resulted in an attempt upon the life of
George III, the name perhaps derived from the
Pop-Gun public house in Portsmouth Street near
Lincoln’s Inn Fields — or perhaps the pub was so
named afterwards.

Parkinson’s transition principally from politician
and political-pamphleteer to geologist occurred
sometime after 1795, possibly influenced by the
death of Burke in 1797 or, more likely, after his
own inquisition by Pitt.

Churchman

This Parkinsonian idealist had strong religious con-
victions. He was Secretary of St. Leonard’s Church
Sunday School and remained a member of the
vestry until his death. At some time after 1784 he
became a Churchwarden. And so, philanthropic
and well connected with the religious matters of
the neighbourhood, in 1799 he was elected by the
local parishioners of St. Leonard’s to fill the post of
Trustee for the Poor for the Liberty of Hoxton.
Parkinson’s religious feelings were not really at
variance with his scientific and medical opinions.
To some extent he anticipated Charles Darwin in
describing Creation as a constantly advancing
process. Some of Parkinson’s successors in sci-
ence, especially in Victorian times, could not easily
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reconcile their views on religion and science when
viewed in the light of Natural Selection.

Geologist

The beginning of the true science of palacontology
is attributed to the French biologists Lamarck and
Cuvier. Lamarck is known best for his evolutionary
theories and Cuvier for his classification of the ani-
mal kingdom. In England, Parkinson and the
palaeontologist, actor and drawing-master William
Martin can also claim fame. Martin’s work relates
to a study in Derbyshire dating from 1794 and pub-
lished as a larger volume (Petrificata Derbiensia)
in 1809. These four workers — Lamarck, Cuvier,
Martin and James Parkinson were among the
foremost founders of scientific palacontology in
the so-called ‘heroic age of geology’. Parkinson
made the greatest contribution to encouraging the
hobby in England and it was popular especially
away from London where access to cliffs and other
geological features was easier.

Parkinson had started his geological collection
in 1798 and bought specimens from W. Humphries
in Rupert Street, from George Humphrey in
Leicester Square, from Mr. Heslop in Finsbury
Square and from John Mawe in the Strand.

He would have had leanings in this direction for
a short time before this and the exact date upon
which any of us transforms an idea into practice is
not discernible but he seems to have collected
voraciously. His collection was sold to several keen
collectors after his death.

He was to become a Founder Member of the
Geological Society in 1807 and to correspond
with professional geologists of the day as well as with
many amateurs, among them prominent medical
men and clergymen including William Cunnington
(1754-1810) of Heytesbury in Wiltshire (Gardner-
Thorpe, 1986), William Buckland (1784-1856) of
Oxford and Gideon Algernon Mantell (1790-1852)
of Lewes in Sussex. Parkinson had already pub-
lished Vol. I of his three volume magnum opus,
Organic Remains of a Former World, in 1804. No
doubt the influence of others would have modified
Vols. II and III, published respectively in 1808 and
1811. Later at the age of 67, in 1822 he was to pub-
lish a more popular and concise textbook than
Organic Remains (akin to his domestic medicine
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books) entitled Outlines of Oryctology; or, An
Introduction to the Study of Fossil Organic Remains.

Domestic Medicine

Parkinson’s interest in scientific matters probably
started before the publication in 1799 of The
Chemical Pocket Book (Parkinson, 1799, 1801a)
that went into several editions between the years
1799 and 1809. Chemical Essay by Richard
Watson (1737-1816) in 1781-1787 may have been
responsible for arousing Parkinson’s interest in
addition to the influence of John Hunter. Watson
was Professor of Chemistry at Trinity College,
Cambridge in 1764. Parkinson’s Preface noted:
‘The following assemblage of chemical facts was
formed, with the hope of rendering it an agreeable
pocket companion for the lovers of Chemistry in
general; and more particularly for those who may
be just engaging in the study of this most useful
and interesting science’.

Parkinson was one of the many authors of popu-
lar medical texts although most of these interesting
volumes appeared in Victorian times. His was one
of the earliest for in 1799 he published Medical
Admonitions addressed to families respecting the
practice of domestic medicine and the prescription
of health (Parkinson, 1801b) that ran to two edi-
tions in that first year alone.

Times were not easy and diet largely unvaried.
The so-called working and middle classes usually
breakfasted on oatmeal porridge, often with milk
or a piece of cheese. Dinner might consist of
dumplings, boiled meat or broth. Sometimes potato
pie was available but the content of beef or mutton
was low. Supper tended to be similar to breakfast.
As more machinery was introduced into factories,
the health and happiness of the working classes
seemed to deteriorate slowly. The enclosure of
common and wastelands only added to the difficul-
ties since the few animals possessed by each fam-
ily were not able to graze adequately.

Manufacturing towns became notorious for
overcrowding, unsanitary conditions and general
squalor. The populations of most large towns dou-
bled between 1800 and 1830. Thus all the help that
could be gained from popular medicine texts was
welcome. Parkinson was a pioneer of Community
Health (Hertzberg, 1987).
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In 1800 Parkinson published The Hospital
Pupil; or, An Essay intended to facilitate the Study
of Medicine and Surgery (Parkinson, 1800). This
was an attempt to help medical students whose
training was not well structured at that time. After
James’ death, his son John William Keys Parkinson
(1785-1836) continued this interest and published
A scheme of a course of thirty lectures introductory
to the study of medicine — an aide-memoire of top-
ics by which students might organise their studies.
The copy at The Royal College of Surgeons is
signed by John and was presented to Mr. Dickson.
Many of Parkinson’s medical interests were shared
with his family — after all, there were at least three
generations in medicine.

In 1804 another popular book followed: The
Villager’s Friend and Physician (Parkinson, 1804).
Here he described how a village apothecary deliv-
ered a lecture to discourage unreasonable demands
upon the doctor late at night for trivial complaints.
Regular exercise and rest were advocated. The
Alehouse Sermon was to discourage the drinking of
alcohol — ‘one shilling spent with the butcher is bet-
ter than two with the publican’ — ‘spices should not
be taken in large amounts’. A frontispiece depicts
the apothecary delivering his talk and it is tempting to
think that he may resemble James of whom a portrait
has not yet been found — he lived too early for us to
expect to find a photograph and the portrait allegedly
of him was of a later dentist of the same name.
Leeches were used for earache and toothache whereas
bleeding, sweating and warm baths were proclaimed
good for all illnesses. He advised that cancer of the
breast should be treated early.

In 1802 The Way to Health was published
(Parkinson, 1802a) as a first aid sheet to be hung by
the cottage fire. Hints for the Improvement of
Trusses appeared in 1802 (Parkinson, 1802b).

Parkinson wrote on child abuse (Currier &
Currier, 1991) and might be considered a forerun-
ner of the paediatrician (Pearn & Gardner-Thorpe,
2000, 2001). In 1807 Observations on the Excessive
Indulgence of Children (Parkinson, 1807) appeared,
followed by a further popular book, Dangerous
Sports, a tale addressed to children in 1808
(Parkinson, 1808). He suggested that children
should not be exposed to sudden changes of tem-
perature, that every endeavour should be made to
ensure their happiness and that they should be
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taught to read, especially the Bible. He encouraged
the use of barley water with figs and raisins, and
honey with oil and lemon juice, as good cough reme-
dies. Honey and lemon are still popular for cough. He
obviously felt that head injury was a real danger to
children learning to walk and suggested that a quilted
stuffed cap should be used for protection.

He recommended the use of Dr. James’s
Powders (Chenevix, 1802) — a popular cure-all in
the eighteenth century. It contained antimony and
bone ash but was not named after James Parkinson.

Conclusion

Parkinson held several medical appointments. He
joined the Medical Committee of the Royal
Jennerian Society in 1803. In 1805 he was a
founder member of the Medical and Chirurgical
Society of London along with Edward Jenner,
Humphry Davy and others. Among his many fur-
ther contributions, he argued that Mad Houses
should be better regulated since for much of that
time they were run as private institutions where the
insane were incarcerated. In due course he was to
write of the shaking palsy and he continued to
publish into the first quarter of the nineteenth
century — in an enlightened manner.

Parkinson was a polymath but this reflected the
paucity of scientific information available in the
late eighteenth and early nineteenth century when
judged by the standards of today. When considered
in relation to prior knowledge, Parkinson and his
enquiring contemporaries add much and this was
mainly by observation and somewhat by experi-
ment. Parkinson was not an experimenter but a
documenter of what he saw, deducing knowledge
from his observations and applying this to the
everyday care of his patients. He also applied
the very important principle that publication is
essential to record new knowledge in order to pro-
mote discussion and confirmation and to avoid
repetition of that which has been proven. We
should learn from this. Yet we remember him best
for his single essay on a disorder little known in
1817 but he contributed a lot more.

James Parkinson was to continue to live nearly all
his life at the family home but near the end he
exchanged houses with his son, John, and went to



4. Life and Activities of James Parkinson

live not far away, at 3 Pleasant Row, off the
Kingsland Road where he died on 21 December
1824 after a stroke. He was buried at the nearby
St. Leonard’s Church where he had been baptized,
married and been a churchwarden. The exact site in
St. Leonard’s of the grave of this polymath is not
known; as a churchwarden, it might have been
better marked.
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Section C
The Nervous System



Introduction

As we noted in Section B, it was not until the very
end of the eighteenth century and indeed on into
the nineteenth that real progress could be made in
understanding the physiology of the nervous sys-
tem. It was not until these later periods that tech-
niques and instrumentation became adequate to the
challenges presented by this, the most complex and
mysterious of the body’s systems. Nevertheless,
much progress was made during the eighteenth
century especially in clearing away the old time-
worn ideas inherited from the seventeenth century
and earlier. This section samples this progress. It
examines six salient episodes in the long century,
starting with a review of John Hunter’s massive
contributions to neuroscience and neurology and
ending with two chapters detailing the beginnings
of electrophysiology.

James Stone, James Goodrich and George
Cybulski begin with an examination of the work
of one of the late eighteenth-century’s greatest
figures — John Hunter (1728-1793). John was the
younger brother of William who had established
himself as anatomist and surgeon in London. In
1748, at the age of 20, John, tiring of Scotland,
came south to assist his brother in his profession.
John’s mind had an intensely practical bent and he
was soon dissecting not only human cadavers but
many animals, including mammals, birds, reptiles,
fish and invertebrates. He was also an avid collec-
tor, and his collections eventually formed the basis
of the Hunterian Museum, now housed at the Royal
College of Surgeons. This collection has been said
to form John Hunter’s ‘great unwritten book’.
Stone, Goodrich and Cybulski follow Hunter’s own
precept of allowing the facts to speak for themselves;

in this case the facts are Hunter’s own writings on
the nervous system and its diseases. They start by
outlining his comparative anatomy, emphasising
his attempt to use the nervous system to classify
animals, and dwelling on his important contribution
to the development of electrophysiology, that is, his
investigation of the electric organs of specialised
fish. After discussing Hunter’s work on sensory
systems, they review his take on the nervous sys-
tem and its role in sensation, consciousness and the
control of behaviour. Hunter also had forward-
looking ideas on psychosomatic illnesses and on
the action of voluntary and involuntary muscles.
All of these investigations were put to good use in
the clinic and operating theatre and the authors use
his casebooks to outline his procedures. Indeed,
John Hunter was not only ‘the founder of scientific
surgery’ but also one of the most original of all
eighteenth-century workers on the anatomy and
physiology of the nervous system.

In the next chapter, Julius Rocca discusses the
work of Robert Whytt (1714-1766) and William
Cullen (1710-1790). Both Cullen and Whytt were
major figures in the Scottish medical enlighten-
ment and lived at a time when Edinburgh was the
home of luminaries such as Adam Smith, David
Hume, James Burnett (Lord Monboddo), Thomas
Reid, James Hutton and many others. Both Cullen
and Whytt, along with the Monros (Primus and
Secundus), did much to establish Edinburgh as the
leading medical school in the British Isles. Rocca
shows that the ideas of Whytt and Cullen about
‘animal economy’ (physiology) were to an extent
complementary. Whereas Whytt can be regarded as
the ‘finest experimental physiologist of his day’,
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Cullen was more concerned with systematising
what was known and presenting it to others.
Whilst Whytt was the first to recognise the pupil-
lary light reflex and to gain some insight into the
neural basis of reflex action in general, Cullen
sought to teach his students (in English rather than
Latin) a coherent system of medicine. Whereas
Whytt struggled to understand the working of the
nervous system at a fundamental level, distancing
himself from both the animist (Stahlian) and
mechanist (Cartesian) positions, Cullen sought to
classify (a very eighteenth-century obsession)
diseases, especially those involving the nervous
system. Rocca examines these two professors of
medicine (Cullen succeeded to the Chair when
Whytt died), bringing out their differing strengths
and showing how they contributed to the world-
wide fame of the Edinburgh medical school.

In the next chapter, Lawrence Kruger and Larry
Swanson review the life and work of Pourfour du
Petit (1664—1714), who first served as an observant
army physician and then an eye specialist. Petit
found that the cervical sympathetic nerves do not
originate from the cranium, and he also examined
brain anatomy and functions. His animal experi-
mentation, which constitutes an early example of
what Kruger and Swanson call ‘translational neu-
roscience’, involved making lesions to follow up
on some of his clinical observations and post-
mortem findings. Using dogs, he showed experi-
mentally that limb movements originate on the
opposite side of the brain and that paralyses follow
destruction of the contralateral corpus striatum.
Petit’s underlying neurophysiology, however,
remained within the more traditional theoretical
framework: that is, he, like others at the time,
still believed that the ‘animal machine’ worked by
‘animal spirits’. Petit’s experiments constitute an
important landmark in the neurosciences, although
he has remained, as Kruger and Swanson observe,
a somewhat obscure and overlooked figure in the
history of the neurosciences.

The famous debate between Albrecht von Haller
(1708-1777) and Robert Whytt (1714-1766) on
the nature of muscle contraction is addressed in the
next chapter written by Eugenio Frixione. This
issue had been the source of debate in the late sev-
enteenth and into the eighteenth century. The old
physiology, still to be found in Descartes I’Homme,
envisaged animal spirit flowing through hollow
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nerves causing skeletal muscles to ‘balloon’ and
thus shorten. William Croone in his De ratione
motus musculorum (1667) disputed Descartes’ the-
ory, asking where are the cavities in muscles which
can accept the flow of animal spirit from the motor
nerves? As an alternative, he suggested that
droplets of succus nerveus secreted from the end-
ings of motor nerves interact with blood to give an
‘ebullition’ causing the muscle to shorten, once
again by the ballooning of a multitude of tiny ‘vesi-
cles or globules’ within the body of the muscle.
The notable advance made by Haller was to insist
that ‘irritability’ was an inherent property of all
muscles, and that they would therefore contract
when stimulated. Whytt, on the other hand, dis-
agreed. He argued that the terminals of the nerve
fibres transformed into muscle fibres, and that an
‘active-sentient’ principle ultimately identifiable
with soul or spirit is responsible for contraction.

The next chapter brings us farther along in the
eighteenth century. It deals with a great transition
in our understanding of nervous physiology: from
the time-worn concepts of subtle fluids and animal
spirit to the first stirrings of an understanding of
electrophysiology. Marco Piccolino traces research
into some strange, specialized fish, some of which
had been described in antiquity, fish that stunned
their prey and those that dared to touch them with
powerful, numbing jolts. This voyage of scientific
discovery largely involves electric rays (the
Torpedo) from the Atlantic and Mediterranean, and
to some extent eels from South America. The story
revolves around John Walsh (1725-1795), an
English gentleman and member of the Royal
Society of London with an obsessive interest in
understanding how such creatures stunned other
fish and even inquisitive experimenters, including
himself. Walsh began his research in the 1770s, and
ultimately he, along with John Hunter and Henry
Cavendish, showed that these fish generate their
numbing jolts from highly specialized, columnar
organs with heavy nerve supplies. Their experi-
ments showed that their discharges appeared to be
similar to the electricity that was drawing the atten-
tion of physicists, philosophers and the general
public at the time.

The final chapter discusses the contributions
made by Luigi Galvani (1732-1798), who extended
what was learned from the electric fish experi-
ments to frog and mammalian neurophysiology.



Introduction

Miriam Focaccia and Raffaella Simili review
Galvani’s life and many contributions, with empha-
sis on the neurosciences. They show how and why
he deduced that the conductive principle in the frog
sciatic nerve (and by generalisation, in all nerves) is
similar to the electricity that Benjamin Franklin,
Joseph Priestley and others were investigating in the
inorganic world. Indeed, Galvani explicitly com-
pared muscles and nerves to the Leyden jars and
wires used by these experimentalists and now by
him in his laboratory. The authors situate Galvani’s
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work in the ongoing physiology of the time, show-
ing how it also related to other fields, to the earlier
work of Marcello Malpighi at Bologna, to the elec-
trical investigations of Father Beccaria, to the wax
modelling of Anna Morandi, as well to the research
and theories of Felice Fontana, Albrecht von Haller
and Robert Whytt. Luigi Galvani was in many ways
a ‘Renaissance man’, an Italian patriot and, most
importantly, a pioneer of modern neurophysiology.

The Editors
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John Hunter’s Contributions

to Neuroscience

James L. Stone, James T. Goodrich, and George R. Cybulski

Introduction

John Hunter was a giant in the natural sciences and
medicine (Fig. 1). His overall contributions to the
basic and clinical neurosciences were substantial
but are little known. One reason is because as a
“naturalist” Hunter’s underlying emphasis was
upon the greater understanding of life itself, includ-
ing paleontology and geology. His main interests
were in the philosophy of life and nature, and he
was one of the few in England at that time who
took a really comprehensive view of these phe-
nomena. Essentially a novel thinker rather than a
studious scholar, he extensively utilized both
inductive and deductive methods.

Hunter was never interested in the teaching of
single systems or narrow confines within the “ani-
mal economy.” This later term encompasses the
broad fields of embryology, human and compara-
tive anatomy, physiology, disease and repair, and
pathology, all of which he pioneered and became
the foremost eighteenth century British authority.
Hunter performed roughly 2,000 cadaver or
autopsy examinations early in his career, and dis-
sected over 500 animal species. It is no surprise he
foresaw the “emergence” and “divergence” of ani-
mal and vegetable forms over thousands of years,
and his “heretical ideas” antedated Charles Darwin
by more than one-half century (Hulke, 1895;
Morris, 1909; Ottley, 1835; Paget, 1897; Pettigrew,
1839-1840).

Mr. Hunter was an anatomist and surgeon by
occupation. Credited as the “Founder of Scientific
Surgery,” the surgical profession and Royal
College of Surgeons (RCS) of England have taken

the lead in paying him homage. Finding surgery a
craft or trade, he left it a science and a philosophy.
Nevertheless, his medical knowledge extended
much more widely than the confines of surgery,
and throughout we find scattered contributions
to neuroscience. His deficiency in formal educa-
tion proved beneficial in that he approached sci-
ence objectively without preconception, and with
remarkable originality. Still, his writings and lec-
tures can be difficult to understand because of his
peculiar style. Few contemporaries, and even later
scholars, were fully aware of his immense contri-
butions to the body of scientific knowledge. In
addition, hundreds if not thousands of pages of
observations, experiment notebooks, and writings
were hoarded, plagiarized and burned 30 years
after Hunter’s death by a self-serving brother-in-
law — Sir Everard Home (Dobson, 1969; Qvist,
1981). The surviving “casebooks” of John Hunter
were finally given by Home to the RCS in the
1820s, but have only recently become available.
The “casebooks” are an invaluable source of clini-
copathological observations and deductions on
hundreds of cases by the ever observant Mr. Hunter
(Allen, Turk, & Murley, 1993).

We have now reviewed Hunter’s various anatom-
ical, medical, surgical, and pathological neuro-
science observations. Some effort was made to
place Hunter’s neurological contributions within
the context of what was then known or, accepted by
future generations. In this chapter, we follow the
Hunterian tradition of “originality,” and we have
accordingly largely allowed Hunter to speak for
himself by including extensive quotation from his
work.
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FIGURE 1. John Hunter in 1788. From: Stephen Paget,
“John Hunter” (1897)

Overview of Hunter’s Life

Hunter was born in 1728 on a small farm in
Scotland near Glasgow. The youngest of three sur-
viving children, his parents of modest means
imbued the children with high standards and aspi-
rations. Their father died when John was 14 years
of age, but before that he showed little interest in
school despite the urgings of an indulgent mother.
“He would do nothing but what he liked, and nei-
ther liked to be taught reading or writing nor any
kind of learning, but rambling amongst the woods,
braes, etc., looking after birds’ — nests, comparing
their eggs — number, size, marks, and other peculi-
arities.” (Qvist, 1981: 4) Hunter later stated “When
I was a boy, I wanted to know all about the clouds
and the grasses. . . why the leaves changed colour
in the autumn. . . watched the ants, bees, birds, tad-
poles. .. I pestered people with questions about
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what nobody knew or cared anything about.”
(Dobson, 1969: 13)

It is very possible John Hunter had a learning
disability that limited his earlier education. At the
age of 20 he joined his brother William, then an
aspiring anatomist and obstetrician in London.
John was set to the task of dissecting human cadav-
ers, preparing dissections for the class, and perma-
nent teaching specimens. He proved amazingly
proficient at this work, followed the noted London
surgeons William Cheselden and Percivall Pott for
several years, and enrolled as a surgical pupil at St
George’s Hospital in 1754 (a medical degree as
William had, was not required) (Dobson, 1969;
Kobler, 1960; Ottley, 1835; Qvist, 1981).

John Hunter’s quest for scientific knowledge soon
drove him to understand function, as he believed all
living matter had the power to move, digest, and
feel. He devised many simple yet strikingly imagi-
native and ingenious experiments on man, animals,
birds, fish, and a wide array of plants. In his anatom-
ical and physiological work he made use of magni-
fying lenses and thermometers. His curiosity of
disease and injury, and Nature’s attempt at repair
led him to explore the underlying pathological
findings.

In 1760 John secured a position as an army
surgeon for several years treating gunshot wounds
and other injuries. He also found time to collect
specimens of nature, which would later form
the Hunterian Museum of the RCS in London
(Dobson, 1969; Keith, 1919; Ottley, 1835). After
his return to London he opened his own school of
anatomy, began the practice of surgery, obtained
appointment at St George’s Hospital and presented
a number of original natural science observations
to the Royal Society where he was elected a fellow
in 1767. The next year, he obtained a qualification
from the Corporation of Surgeons (later renamed
the RCS).

John Hunter’s first book was on the anatomy and
natural history of teeth, and it appeared in 1771.
That same year, he married Ann Home, a charming,
intelligent woman 14 years younger than himself
and they had a son and daughter. Hunter, ever the
experimenter, in 1775 enthusiastically wrote Jenner,
of vaccination fame and his former house student,
expressing the thought: “I think your solution is
just; but why think? Why not try the experiment?”
(Hunter, 1835: 56)
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Hunter’s private practice grew slowly but steadily.
Most of the money he earned was spent lavishly on
obtaining rare and unusual animal and human
corpses for dissection, the upkeep of a suburban
research farm, his London home with lecture and
dissection rooms, a number of servants at all loca-
tions, and ever growing collection of specimens.

Dissatisfied with the prevailing teaching of
surgery in England, he began a unique, once per
year, course of lectures called the Principles of
Surgery. Mr. Hunter’s emphasis was on normal
physiological principles, physiology and pathology
of diseases and their surgery (Dobson, 1969;
Hunter, 1835: 207-643; Qvist, 1981).

A major theme was that repair and restoration is
effected by inherent powers in the living tissues of
the patient. Specifically he believed the “coagulable
lymph” component of blood united the opposite
sides of a wound and was endowed with a “con-
sciousness” or “wisdom” to form bone, tendon,
nerve, vessels, etc. as the case might require. The
surgeon can only help recovery by tending these
powers, and thus ‘“Nature is the master surgeon.”
(Hunter, 1794: 11-100; Jacyna, 1992; Keith, 1919)
The course was supplemented by his Museum of
over 13,000 pathological, comparative, and anatom-
ical teaching specimens — highlighted by his back-
ground knowledge of each item (Abernethy, 1825:
142; Qvist, 1981: 67-75).!

Hunter emphasized an overall reluctance to per-
form surgery unless specific indications were met.
One notable example was gunshot wounds, which
usually did better if left alone, except for dressings.
He did not teach anything that he had read or that
had been traditionally passed on, and only taught
what he had seen and learned to be true from his
own observations. Hunter’s students were made to
feel like friends, and usually a number stayed at his
house. With his rough Scottish accent, common

! One of the more interesting pieces in the Hunterian
Museum at the Royal College of Surgeons in London is
the skeleton of an Irish Giant — Charles Byrne. Hunter
obtained Byrne’s body soon after death (1783) in a clan-
destine fashion at a cost of 500 pounds, did not perform
an autopsy but quickly boiled off the soft tissue parts,
and preserved the skeleton in secrecy for several years
(Kobler 1960: 238-244; Dobson 1969: 262-264; Qvist
1981: 70). In 1912, X-ray films of the skull suggested
evidence of acromegaly by thickened bone, large sinuses
and a protuberant mandible (Allen 1974: 34-35). Some
years later, Harvey Cushing the American neurosurgeon,
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demeanor and fine but simple attire, he was devoid
of the authoritarian, distant nature of most other
anatomists and surgeons (Abernethy, 1825:
139-144; Dobson, 1969; Ottley, 1835).

Hunter’s approach was so original and inspiring
that despite his being a poor speaker, he attracted in
excess of 1,000 students of surgery and medicine to
his course or as pupils at St George’s, a number who
later became leaders throughout much of Europe
and America. Hunter’s influence changed medicine
and surgery for all time and the Hunterian Museum
has been described as his great “unwritten book.”

In London, Hunter’s immense skill and popularity
did not go unnoticed and, after the death of Percivall
Pott in 1788, he became the leading surgeon in
England. He was appointed Surgeon General of the
British Army, and Surgeon Extraordinary to the
King. Commensurately, the pace of his teaching,
hospital work, scientific studies, and writing contin-
ued unabated and he obtained about 4 h of sleep per
night.

Around this time, John Hunter began to suffer
increasingly frequent and more severe attacks of
angina pectoris. Although the coronary arterial
causation of angina was not yet known, Hunter rec-
ognized the role of emotional disturbances in initi-
ating the episodes and said, “My life is in the hands
any rascal who chooses to annoy and teaze (sic.)
[me].” (Ottley, 1835: 119) These words were to be
prophetic — in 1793, a quarrel over teaching issues
with spiteful colleagues at St Georges Hospital led
to a severe angina attack, unconsciousness, and
death (Dobson, 1969; Ottley, 1835).

A short list of his individual contributions would
include significant discoveries about the lymphat-
ics, placental function, hemorrhage, shock, blood
coagulation, inflammation, suppuration (abscess
formation), the treatment of wounds, phlebitis,
aneurysm, valvular heart disease, venereal disease,

convinced then Museum curator Sir Arthur Keith to open
the giant’s skull for inspection. The sella turcica was
grossly enlarged with evidence of a sizable intracranial
extension of a pituitary tumor (Fulton 1946). After
appreciating Hunter’s in-depth gross autopsy examina-
tion of the brain including comments about the pituitary
gland (Allen et al. 1993), there is no doubt had he per-
formed an autopsy on Byrne, he would have come upon
the tumor as the cause of giantism. It was to be more than
100 years after Byrne’s death that a pituitary tumor or
hyerplasia of certain pituitary cells was found to be the
cause of giantism (acromegaly).
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tissue transplantation, artificial respiration, and
body temperature control (Dobson, 1969; Moore,
2005; Qvist, 1981). With this as background, we
shall now attempt to detail his anatomical and
experimental contributions to the neurosciences.

Comparative Anatomy of the
Nervous System

Sir Richard Owen, a leading Victorian scientist,
comparative anatomist, and Hunterian scholar,
stated that Aristotle’s knowledge and deductions on
the classification of animals have “never been
equaled by any other individual until the time of
John Hunter. .. [whose]. .. arrangement of the
Animal Kingdom more nearly corresponded with
that of Aristotle and Nature, than the more artificial
system of Linnaeus.” (Owen, 1837/1992: 94-95)
Hunter’s published volume of work in this area
exceeded 500 pages (Hunter, 1861b) and his total
effort, much unpublished or lost, clearly eclipsed
any other worker of his generation. Hunter’s work
on comparative anatomy was especially concerned
with four aspects — the anatomical similarities of
various animals, association of structure with func-
tion, classification from the most simple to complex
on the basis of the above two factors, and finally the
formulation of general laws (Qvist, 1981: 138—139).

Owen further stated — “Mr. Hunter’s published
writings on the nervous system bear no proportion
to the extent of his anatomical investigations on
this subject, especially as manifested in the
Hunterian Museum preparations. . . [These ninety
preparations]. . . trace . .. the nervous system . . .
through its progressive stages of complication from
the simple filaments of the Entozoon [simple inter-
nal parasitic animal], to the aggregated masses
which distinguish the organization of man.”
(Owen, 1837/1992: 175-176)

The nervous system and specifically brain
anatomy, in addition to the anatomy of the heart and
digestive system, provided Hunter with a basis of
classification of animals by increasing complex
forms. He recognized six classes of animals accord-
ing to visible aggregations of nervous substance or
brain structure (Hunter, 1861a: 28-34; Ottley, 1835:
170-171; Owen, 1837, 1866: 281-282).

In the “first class,” which includes the molluscs,
the brain is in the form of an unprotected pulpy ring
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from which nerves radiate, and the esophagus
passes through the ring. Hunter was of the opinion
that this class had two senses, feeling and taste.

The “second class” has a pulpy brain in the head of
the animal with two large nerves on each side of the
esophagus joining ventrally at a knot and again divid-
ing, and similarly, segmentally joining and dividing
through the whole length of the animal, resembling a
medulla spinalis (spinal cord) and great intercostal
(sympathetic trunks) nerves. These include the leech,
earthworm, insects, and lobster. The brain lacks a cra-
nium or skull and is surrounded by soft parts. He
believed this second class possessed the four senses —
touch, taste, sight, and hearing (as in bees).

The following “four classes” included fish,
amphibia/reptiles, birds, and quadrupeds with larger
brains protected by a skull, special senses, and spinal
cords encased within vertebrae. The fish brain (third
class) was viewed as an irregular mass, inconsistent
in its form and number of parts, yet in general simi-
lar to those of superior class. The skull is too large
for the brain and the resulting space filled with an
arachnoidal membrane.

In the amphibia/reptiles (fourth class), the parts of
the brain are not compacted, but are relatively
detached and follow one another, in a linear arrange-
ment. Two anterior and middle cerebral lobes as well
as a single cerebellar eminence have a cavity or ven-
tricle within them. There are no convolutions on the
external surface of the brain, and the smooth brain
surface is covered by pia mater. The crocodile is of
a higher degree within the fourth class having a
more compacted brain with the same parts as others
in that class.

The brain of the “fifth class,” or birds, has greater
relative size in proportion to the size of the animal,
more superimposition of its component masses, and
consists of a homogeneous pulpy substance. The
cerebellum represents about one-sixth of the whole
brain and is more convoluted than the cerebrum.

In the “sixth class,” the quadrupeds, the brain is
larger than in the preceding classes and the parts
are more compacted into a globular form and the
cerebral convolutions deeper. The cerebral cortical
gray substance makes up the cerebral surface, and
in the spinal cord this gray substance is enclosed
within (Hunter, 1861a: 28-34).

Hunter’s classification scheme thus approxi-
mated Cuvier’s arrangement of invertebrates and
vertebrates (Owen, 1837).
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Hunter made very many neuroanatomical obser-
vations on animals, some of which had been noted
earlier by others, yet which still seemed new to
him. In his exquisitely detailed 1787 description of
the whale brain, Hunter made particular note of the
fibrous structure of the cerebral white matter, as
well as the lack of olfactory nerves in the porpoise
(Hunter, 1837a, Vol. 4: 373).

The phenomenon of electricity was an exciting
and fascinating topic in the mid- to later-1700s (see
other chapters in this volume), and John Hunter was
presented two species of electric fish to study — the
“torpedo” or “electric ray,” and the Gymnotus or
“electric eel.” Hunter dissected both, and presented
his findings in 1773 and 1775 to the Royal Society
of London (Qvist, 1981: 128-129). In the Torpedo,
the pair of electric organs formed large lateral
masses made up of many gel-like parallel columns
separated by thin fascia, and innervated by large
prominent nerve trunks on each side originating
from the lateral and posterior brain as part of the
trigeminal complex. The nerve supply to the electric
organs exceeded the innervation to any organ in any
other known animal. Hunter believed the nerves
subservient to the formation, collection and man-
agement of the electric fluid, and that the “will of
the animal absolutely controlled the electric powers
of the animal’s body.”” (Hunter, 1837a, Vol. 4:
409-413; Owen, 1866: 350-354)

Although John Hunter utilized experimentation
in the study of muscle and hearing, there is no hard
evidence that Hunter experimented on the brain,
nerves, or isolated reflexes. However, in search of
the reason why patients with a high cervical spinal
cord injury died suddenly of respiratory arrest, and
low cervical cord injured patients could breathe
using their diaphragm, Hunter enlisted a pupil to
experiment with cervical spinal cord and phrenic
nerve transections in the dog. This led to conclusive
proof of a respiratory center in the upper cervical
cord (Neuburger, 1897/1981: 201-202). Hunter
referred to his “Book of Experiments Vol. 17
(Hunter, 1861a: 169) implying multiple volumes
existed. But they were never recovered, and likely
plagiarized and destroyed by Everard Home. As an
example, some believe Home (likely John Hunter)
may have been the first to describe brain tissue
nerve cells (“globules or cell bodies) microscop-
ically (Liddell, 1960: 3). Many of Hunter’s deduc-
tions on neurophysiological principles have a
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modern ring and have been overlooked by nine-
teenth century and later scholars.

The Special Senses

The Huntarian Museum contained at least 400
preparations relating to the special senses (Ottley,
1835: 171-172). Hunter conducted some of the
earliest anatomical studies on the organ of hearing
in fish in 1760, and later presented his work to
the Royal Society for publication (Hunter, 1837a,
Vol. 4: 292-298). Over a number of years, in mul-
tiple animal forms, he examined the auditory
apparatus and documented progression of com-
plexity in higher forms and transitional forms
between invertebrates and vertebrates (Owen,
1866: 343-344; Qvist, 1981: 127-128).

Hunter’s evidence of hearing in fish was the
following:

In the year 1762 ... I observed in a nobleman’s garden,
near Lisbon, a small fish-pond full of different kinds of
fish. Whilst I lay on the bank observing the fish swim-
ming about, I desired a gentleman who was with me to
take a loaded gun and fire it from behind the shrubs. . . .
The moment the report was made the fish seemed to be
all of one mind, for they vanished instantaneously, rais-
ing a cloud of mud from the bottom. In about five
minutes afterwards they began to appear, and were seen
swimming about as before. (Hunter, 1837a, Vol. 4:
292-298).

Today we know that although fish lack an acoustic
opening they are nevertheless sensitive to pressure
waves in the surrounding water and this could
trigger reflexive escape. Fish belonging to the
Suborder Ostariophysi (carp, goldfish, catfish, etc.)
have, in addition to the usual lateral line system
which detects low frequencies, an intricate system of
Weberian ossicles connecting the swim bladder to
the membranous labyrinth, and this gives them the
ability to detect auditory frequencies up to 13 kHz.
It may be that these were the fish Hunter observed
in the nobleman’s pond.

Regarding vision, Hunter wrote papers on
the subjects of accommodation, eye color, color
vision, eye movements, and visual adaptations in
the animal kingdom. He rejected the then preva-
lent theory that the lens moved backward and for-
ward within the eye, and that the eyeball altered
its shape. He concluded the lens must vary its
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shape to provide accommodation (Hunter, 1837a,
Vol. 4: 288).

He also described the muscularity of the iris,
“The sphincter iridis of the eye contracts when
there is too much light, but the radii contract when
there is little or no light.” (Hunter, 1837a, Vol. 3:
146) Hunter wrote on the direct and consensual
pupillary responses secondary to light reaching the
retina, presbyopia, and squint, which he divided
into internal and external forms (Hunter, 1861a:
169-171). Hunter was also the first to describe the
oblique eye muscles as responsible for the coordi-
nated counter-rolling eye movements in man
(Hunter, 1837a, Vol. 4: 274-276), and the 13 eye
muscles associated with the crocodile eye (Owen,
1866: 341-342).

Hunter produced one of the earliest and likely
the finest description of the human olfactory nerves
(Hunter, 1837a, Vol. 4: 187-192) (Fig. 2). In 1754
after he had softened a skull in acidic solutions, he
was able to trace the olfactory nerve distribution
and follow the delicate nerve filaments through the
narrow cribriform plate of the frontal skull base.
He also observed that in animals, such as the croc-
odile, in which the nose is some distance from the
brain, the olfactory nerves run a considerable way
as “pulpy” (brain-like) (Dobson, 1969: 275-276;
Hunter, 1861a: 163).

Hunter also dissected sensory branches of the
human ophthalmic division of the trigeminal nerve

FIGURE 2. The nerves which supply the organ of smell in
man. From Hunter (1837b), Plates from “The Works of
John Hunter,” p. 21, Plate XLII
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in close proximity to the olfactory nerves, which he
believed served common sensation. He deduced
that nerves must be of different kinds to serve dif-
ferent functions, which could explain why branches
of the first and fifth cranial nerves terminate within
the same area of nasal mucous membrane (Hunter,
1837a, Vol. 4: 193-194).

John Hunter extensively discussed many interest-
ing points regarding the special senses in animals
and man, their utility in the animal kingdom, and
progression from infancy to adulthood (Hunter,
1861a: 166-183).

The Brain and Nerves

Hunter was convinced that the development of a
centralized brain mirrored or arose as a conse-
quence of the presence of organs of sensation
(Hunter, 1861a). He may be considered a “vitalist,”
in that he believed the blood in addition to the brain
and nerves possessed the source of life he termed
the living principle or “materia vitae,” which was
also diffused throughout each living creature
(Bynum, 1996; Hunter, 1794: 89-90; Jacyna,
1992). An animal may live after a brain injury
which takes away all sensation (consciousness), but
when the power of the brain is taken away in ani-
mals or man “they waste. . . not. .. from the brain
supplying those parts with nourishment. . . [rather]
it arises from want of necessity to keep these parts
in a state fit for action.” (Hunter, 1835: 273)

Hunter believed the brain has a consciousness of
the body, resulting in regulation of bodily motions
dependent on life, and a general power to support
simple life. “The actions of the brain towards the
body are. .. of two kinds: one in consequence of
the feelings or state of the mind at the time (actions
of fear, courage, anger, love, etc.). .. the other. . .
the command of the will, called voluntary actions.”
(Hunter, 1835: 261)

Whatever properties brain size (in relation to
body size) may have on an animal, are not
employed upon the body, but rather about its own
brain actions, as in a greater effort of the mind, and
a greater scope of reason (Hunter, 1835: 264).

Hunter observed that the nerves are large in pro-
portion to the size of the brain in lower animals,
and believed the nerves nearer to the brain
.. .stronger their actions . ... A larger brain does
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not require larger nerves to make impressions upon
the senses, but less [sense organ size is generally
inversely related to brain size].” (Hunter, 1861a:
163-164)

Although at that time many believed the nerves
functioned as hollow tubes conveying a fluid,
Hunter disagreed:

Nothing material is conveyed from the brain by the
nerves, nor vice versa from the body to the brain; for if
that was exactly the case, it would not be necessary for
the nerves to be of the same materials with the brain; but
as we find . . . [they are] . . . it is presumptive proof that
they only continue the same action which they receive at
either end. (Hunter, 1794: 89)

Moreover, “The nerves have but one mode of
action. . .that of conveying impressions. . . from. . .
the body towards the brain. . . the other, from the
brain to the extremities (body), conveying the man-
dates of the will, etc.” (Hunter, 1835: 260)

The nerve has done its business in communicat-
ing sensations or impressions to the mind, accord-
ing to Hunter, and the mind, in turn, informs the
seat of the senses (Hunter, 1861a: 164—-165).

Additionally, Hunter believed “every nerve so
affected to communicate sensation, in whatever
part of the nerve the impression is made, always
gives the same sensation . . . at the common seat of
the sensation [in the brain] of that particular nerve.”
(Hunter, 1837a, Vol. 4: 190-191)

A blow on the eye often produces light, and on the ear
sound. And besides, those senses are subject to diseases,
where the sensation often arises without impression from
without.

For distinct sensation two things are necessary,
namely time and space . . . [and] every sensation appears
to depend on the quantity of nerves acted upon, and in a
given time (rate of stimulation) ... a great quantity of
nerves going to parts that are allotted for strong sensa-
tion. (Hunter, 1835: 263)

Hunter thus believed stimuli could be too brief or
too gradual and prolonged to elicit sensations.
Regarding the skin’s organ of touch,

. distinguishing the different impressions, such as
roughness, smoothness, heat, cold, etc. ... we find the
organ more perfect in those parts most sensible, as on the
ends of the fingers, lips, etc. ... [receptor structures]
called villi, not of acute sensation, but of delicate. . . dis-
tinguishing sensation. . . . This structure for impression of
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touch, is perhaps perfectly mechanical, being adapted for
the impressions of resistance. (Hunter, 1861a: 182-183)

Hunter also wrote:

The impression is made on the body, but the sensation is
in the brain . . . referred. . . by the combination of other
senses. . . in possession of . . . reference. . . . The reference
produces a feeling in the mind receiving sensation, by
joining it with the seat of impression. (Hunter, 1835: 261)

Higher Brain Functions

Hunter opined that the

brain and nerves ... produce sensation, out of which
arises mind and reason. . . without sensation the mind
could not be formed, nor could we reason . . . it [is] about
some object ... that we reason . ... objects affect our
senses so as to form a peculiar state of mind: this I call
mental impression [and] the mind can [then] reason and
exercise volition respecting objects. (Hunter, 1835: 259)

Two pages later, he added:

Therefore a man should not feel that he exists but in
thought; nor could he do that if he had never received
impressions to think about, for thinking is no more than
the memory of impressions put into order by the mind;
nor should he have those [motor] actions which naturally
arise from the brain till the brain makes the impression
on the nerves. (Hunter, 1835: 261)

Consciousness to Hunter is

a conviction of the existence of one’s self, or it is a feel-
ing of itself . . .

... the reflection on one’s own existence, both as to
personal existence and the existence of the mind. . ..
Consciousness is an act or impression of the mind which
it cannot deny. . . . We often act without being conscious

of it. . . called ‘absence of mind’. . . . All animals may be
said to have consciousness, but cannot be sensible of
it. ... To be conscious one has done a wrong thing,

would appear to belong to some brutes: a dog when he
has done a wrong thing shows signs of it.

[A] self consciousness not only regulates many of our
natural actions when in health, [but] while under disease.
... We have an internal monitor of our powers, and we
use them accordingly. (Hunter, 1861a: 252-254).

As for the mind,

The mind is not only affected according to simple impres-
sion (as most probably is the case in brutes), but from
experience and association of other impressions or ideas
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with the present. . . and this always produces a stronger
effect than the simple impression. The effect arising from
reflection is much stronger than that arising from simple
sensation or impression. (Hunter, 1861a: 256)

Simple recollection of circumstances, or being in
the same place or situation, may bring on a previ-
ous state of mind as when a memorable event
happened. Different states of mind may compete
within the same individual, the stronger state may
drive out the weaker (Hunter, 1861a: 257).

The objects in the mind’s eye, when we are young, are
almost real. .. we then can hardly think without the
object presenting itself strongly in the mind. If we con-
nect a few of those ideas together so as to make a little
train of thinking, it is almost like connecting real objects
together. . . . What we think of when awake, we only see
in the mind’s eye; but what we think of when asleep
appears to be an object immediately of the senses
[dreams]. (Hunter, 1861a: 257).

As we become used to the acts of thinking and
reasoning, we lose the strong impression of the
objects on the mind, yet manipulate and connect
these objects together so as to draw conclusions.

We can connect imaginary objects, almost without see-
ing them, in the mind, just as we can work in. .. any
handicraft, almost without seeing or hearing what we are
doing. . . at last, the hand seems to leave the mind, and
appears almost to go on of itself.

... the state of mind [may have] more difficulty in
exciting the voluntary parts to action; for the will is often
counteracting the actions that arise from mental emotion
in voluntary parts, which produces an irregular action, as
in trembling. (Hunter, 1861a: 258-259)

Regarding repetition,

The mind more readily goes into action the second time
of an impression, though a considerable distance of time
has taken place, but takes up the action with more ease,
from merely collateral causes, from a recollection of the
similarity, or often without any possible recollection
whatever, as if the actions in consequence of the former
impression were taking place in the brain again. (Hunter,
1835: 274)

A slight impression soon wears out, but those asso-
ciated with strong emotions such as fear last longer.
Additionally,

The more we have been. . . thinking on any object, the
more readily does the train of thinking relating to that
object recur. This principle is similar to inertia in matter,
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for a motion begun is continued, [or remains at rest]. . . .
[This] “does not allow men to think differently from
what they have been accustomed to think... retards
improvement and does not allow men to wander into
novelty. It promotes improvement (in some), because it
makes men perfect in what they have been long
employed about.” (Hunter, 1835: 276-277)

On memory Hunter would write:

The mind is improved by gathering sensations and has
the power called “memory’, of repeating those sensations
without the original impressions and of combining those
repetitions so as to form ideas and then of combining
those ideas so as to form a complete action, story, or
proposition of any kind. By habit the mind does these
operations with ease, and often goes on doing them
almost without being conscious of it. (Hunter, 1861a:
262-263)

Thinking is the forming of ideas, and a natural
process like memory. Still, thinking and memory
can be interfered with by a will prone to fear or
anxiety. Reasoning is not a natural process and we
can think without reasoning: “Reason is a kind of
voluntary act; the mind brings itself to it.” (Hunter,
1861a: 264-265) Reasoning is used to determine or
prove, or disprove, some supposed fact, but it must
be based on nonfallacious facts. Ideally we should
not reason just on general principles but upon
clearly established facts (Hunter, 1861a: 262-263).

In contrast, a “perfect belief” or “conviction,” of
some propositional truth arises from reasoning and
is probably peculiar to the human species. Such
“demonstrative” [scientific evidence] proof is
absolute fact and stands as the first. .. order of
evidence. (Hunter, 1861a: 253)

The “intellect or understanding™ has an immedi-
ate connection with the senses, and the senses with
the intellect. The senses are not equally propor-
tioned in each person and some senses are capable
of informing the intellect much more than others.

If it were possible to have more senses than what we
have, it is probable we might lose by the gain. We are
certainly not capable of managing more variety of sensa-
tions than what we have at present, and many are not
capable of managing those. Take away a sense from
some, they would be tolerably sensible. (Hunter, 1861a:
165-166)

Hunter also wrote about the mind and madness:

A disposition. . .when in health, always arises from some
impression; but as both mind and body are capable of
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seemingly spontaneous actions, these may arise from
diseased dispositions in both, producing madness in one
case and strong disease in the other. (Hunter, 1835: 270)

Hunter goes on to discuss the influence of the mind
upon the passions and described a number of psy-
chological factors that predispose to loss of inti-
macy, virility or the inability to perform sexually,
and relates several cases he cured by psychological
means (Hunter, 1837a, Vol. 2: 306-308; Vol. 4:
214). He presents his ideas on sleep and additional
psychological topics, such as anxiety, joy, grief,
fear, superstition, deceit, age changes, heredity,
sympathy, instinct, and custom (Hunter, 1835:
263-266; 1861a: 264-280). Hunter’s analysis of
man’s higher brain functions is quite profound,
clearly reasoned, and presents a framework not dis-
similar from contemporary sources.

Psychosomatic Illness

As expressed many times in his writings and clini-
cal cases, John Hunter was convinced of the very
real influence of the mind over the body (Allen
et al., 1993; Qvist, 1981: 126-127). The sympa-
thetic trunks (“intercostal nerves”) and plexuses,
and vagal nerve innervations to the viscera had
been known for some time, and Hunter believed an
“intercourse between the will and the involuntary
parts was necessary to maintain a harmoniously
functioning system.” (Atkinson, 1951)

Indeed there is not a natural action in the body, whether
involuntary or voluntary, that may not be influenced by the
peculiar state of mind at the time. . . some parts more read-
ily influenced by it than others. . . . (Hunter, 1835: 359)

Regarding his own severe case of stress-induced
chest pain or angina, Hunter stated

the spasm on my vital parts (heart) was very likely to
be brought on by a state of mind anxious about any
event. .. | have bees. .. and I once was anxious about
their swarming lest it should not happen before I set off
for town; this brought it on. . . . I saw a large cat. . . and
was going into the house for a gun when I became
anxious lest she should get away. . . this likewise brought
on the spasm. (Hunter, 1835: 337)

Additionally,

I had the spasm in my heart upon the smallest exertion of
the body. ... yet I could tell a story that called up the
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finer feelings [likely his brother William’s recent death],
which I could not tell without crying, obliging me to stop
several times in the narration, yet the spasms did not in
the least take place. Therefore those [special] feelings of
the mind we have for. . . people are totally different oper-
ations of the mind from. .. anxiety about events. . ..
(Hunter, 1861a: 266)

Nevertheless, concerned about his recurring angi-
nal problem and aware that his “imagination. . .
worked up by attention to the part expected to be
affected” was a significant part of the problem,
Hunter sought assistance from a ‘“magnetizer.”
“Convinced. . . [that] the apparatus. .. was calcu-
lated to affect the imagination,” he trained himself
to divert his attention from the magnetic feeling in
the hand to his great toe. He found that he was soon
able to create a distracting sensation in his great toe
at will (Hunter, 1835: 337). This episode would
appear to be an early example of self-therapeutic
visual imagery or displacement.

Further regarding John Hunter’s large belief in
the influence of the mind over the body, it had been
written of him “that to one patient in London
(I think his own wife) he had prescribed common
hot water, allowing it to be so, without any success;
but that when he filled Bath bottles with the same
water and pretended that they were received by the
coach, she, after boiling them, derived all the ben-
efit from them that she had expected from a course
of the real waters drunk fresh at the Pump Room.”
(Qvist, 1981: 127)

Hunter’s vast clinical experience also shed light
on psychosomatic illnesses, hysteria, somatoform
disorders, hypochondriasis, and hyperventilation
(Allen et al., 1993: 65, 425, 489, 555). Regarding
one such case in 1790, he dryly remarked:

I have to observe that our patient is sometimes affected
along the inside of her arms; and at others a spasmodic
cough and consequent hoarseness, very painful and trou-
blesome. I forbear any physiological disquisitions
respecting the seat of the disease; and shall leave to the
more learned to point out the most probable means of
relief. (Allen et al., 1993: 426)

Pain

Hunter believed that any sensory stimulation car-
ried to excess could result in pain and when a large
nerve is compressed the most acute sensation (pain
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or numbness) will be some distance below the
compression (Hunter, 1835: 263, 363). He was
aware that inflammatory pain arose from the nerves
of the affected parts, and “Pain of the nervous kind
arose from nerves themselves being affected —
without the parts being affected that these nerves
go to [referred pain].” (Hunter, 1861a: 165) Hunter
was also familiar with hyperesthesia in relation to
peritonitis and intestinal inflammation, noting that
“I have seen complaints in the viscera of the
abdomen produce a vast tenderness (soreness) in
the skin of the abdomen.” (Hunter, 1837a, Vol. 3:
291-292)

John Hunter presented an interesting theory on
the mechanisms of referred pain (see other chapters
in this volume). He wrote: “This delusion of the
senses [and mind] makes disease seem where it
really is not, from the different seat of the symptoms
and of the diseased part. Thus, diseases of the liver
are referred to the shoulder, of the testicles to the
back, of the hip to the knee.” (Hunter, 1835: 363)

Hunter disagreed with the usual view of the
principle of “sympathy” — i.e., shoulder pain from
disease in the liver “supposed to arise from the
shoulder sympathizing with the liver.... But
I believe it is a delusion in the mind. . . A delusion
in the mind is an object appearing to be where it is
not.” (Hunter, 1835: 332)

Hunter then presents his theory of the mecha-
nism of referred pain with the supposition that the
seat of sensation in the brain splits part of the
action of sensation in the brain (see Fig. 3). In
Fig. 3, E represents the brain and A and B two por-
tions of the brain, G and H two nerves which com-
municate by way of nerve F, and C and D two
different parts of the body. Because of the connec-
tion between nerves, sensation may in part, be
referred to D as well as C. But also the mind is
aware of it, by way of brain part A having obtained
sensation from C. But brain part B may also
become aware of the sensation, by way of nerve F
bringing the sensation to nerve H. Brain part B then
refers it not to C, but to D, because that is the point
that it has been accustomed to refer all of its sensa-
tion (Hunter, 1835: 332-333, Plate X VII, Fig. 3).

The above, may explain why we may feel both
the disease and part of the sympathy, but in cases
where the sympathizer (referral) of sensation takes
on the whole action — all of the sensation passes by
way of the communicating nerve (F), or alterna-
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Sympathy D

FIGURE 3. John Hunter’s proposed mechanism of referred
pain. From: Hunter (1837b), Plates from “The Works of
John Hunter,” p. 10, Plate XVII

C. Discase

tively by way of connections (between A and B)
within the brain (Hunter, 1835: 333). In summary,
he stated: “It is very remarkable that none of the
sympathies can or ever are reversed, therefore they
do not arise from the communication of the nerves,
but [more likely] from the effect of the brain upon
the nerves.” (Hunter, 1861a: 275)

Hunter’s theory of referred pain evoking the
“mind” communicating with brain parts such as the
“seats of the senses” clearly implies a nonholistic
view of brain functions (see section “Apoplexy”
below). A classic description of trigeminal neural-
gia is given in a later section.

Muscular Function

Hunter extensively studied and experimented with
the phenomena of motion in both plants and ani-
mals, and his observations were presented in six
lectures to the Royal Society between 1776 and
1782. In accordance with his theory of constant
adaptation of structure to function, Hunter stressed
that the form and size of muscles are specifically
adapted to their necessary usage and the nature of
joints to be moved.
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He detailed the structure and function of tendons
and fascia, and their attachment to bone, muscles,
and joints (Hunter, 1837a, Vol. 4: 228-241). He
described the most simple muscle fiber in an
animal as a bundle of fibers, distinct from end to
end, and having one determined use. The muscles
which move the globe of the eye came nearest to
his idea of a distinct muscle (Hunter 1837a, Vol. 4:
224-225).

Hunter’s experiments included water immersion
tests on living animal muscles “To ascertain with
as much precision as possible whether a muscle
really alters in size or not when contracted.”
(Hunter, 1837a, Vol. 4: 258) His conclusions were
that a muscle fiber is made up of [internal] “‘compo-
nent parts” that undergo a change in their position
during contraction (Hunter, 1837a, Vol. 4: 261). He
concluded that “upon the whole, a muscle mass
loses more of its length than it gains in thickness,
unless the apparent difference arises from a univer-
sal approximation of all its parts.” (Hunter, 1837a,
Vol. 4: 260) Thus Hunter seems to have alluded to
what would be later termed the sliding filament
theory of muscle contraction.

Hunter believed relaxation of a muscle had to be
an active process, or “a kind of negative action. . .
a power as much depending on life as contraction.”
(Hunter, 1837a, Vol. 4: 250, 265) He even noted
that, “Whatever becomes a stimulus to one set of
muscles, becomes a cause of relaxation to those
which act in a contrary direction.” This line of
thinking apparently led him to the principle of
reciprocal innervation of antagonistic muscles
(Hunter, 1794: 102; 1837a, Vol. 3: 146). This prin-
ciple would later be developed and popularized by
Charles Sherrington.

Muscles are of two types, wrote Hunter, one
with a constant stimulus that does not tire (invol-
untary), and the other under the stimulus of the
“will” (voluntary) that does tire. A mixed kind of
muscle acts predominately by a natural stimulus,
is predominately involuntary, and will not ordi-
narily tire, but can tire quickly if negatively
exerted by the “will” (Hunter, 1837a, Vol. 4: 211;
1861a: 164).

Hunter commented that “one improvement vol-
untary muscles acquire from habit is the readiness
with which they take up actions. ... A man will
learn one trade much more readily if he knows
another, than if he knew no trade at all.” (Hunter,
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1837a, Vol. 4: 222) Furthermore the effect of habit-
ual increased action on muscle (voluntary or invol-
untary) is often increase in size, and Hunter stated
“whether this increase of the body of a muscle is a
new addition of muscular fibers, or an increase in
size of those already formed, is not easily deter-
mined, but I should be inclined to suppose the last.”
(Hunter, 1837a, Vol. 4: 223) Hunter was again cor-
rect in that assumption.

Sir Arthur Keith tells us Hunter regarded mus-
cles as the most “educable” of all structures in the
body, and stressed that a physician or surgeon must
manage their treatment with an understanding of
their patient’s psychology (Keith, 1919). Hunter
described patients with fractures and joint stiffness
he brought back from the wheelchair to ambula-
tion. This was done over months, beginning with
passive motion and massage or “friction” (loosens
and stretches muscle fibers) followed by active
muscle strengthening (the patient must concentrate
on the action) utilizing nongravity, gravity, and
progressively increasing weights for resistance.
Hunter also advocated gradual weight-bearing with
crutches to heal nonuniting lower extremity frac-
tures, thus utilizing the healing powers of Nature
(Hunter, 1835: 511-513; Keith, 1919).

Involuntary Actions
of Voluntary Parts

Hunter also described how cases of involuntary
choreiform movements and torticollis, which seem
to never tire, are worsened by anxiety and absent
during sleep (Allen et al., 1993: 195; Hunter, 1835:
360; 1837a, Vol. 4: 212).

Muscle spasm arising from the muscle itself is
usually attended with a painful sensation, but this is
not always the case. “I saw a gentleman who had
involuntary contractions of the orbicularis muscle
of the left eye [blepharospasm], and the muscles of
the angle of the mouth on the same side [hemifacial
spasm], and there was no pain, not even in the mus-
cles that acted.” (Hunter, 1861a: 166) In that case,
the antagonistic muscles [also] seemed to have lost
their voluntary power of action, while the involun-
tary muscle spasms acted to some degree depend-
ent on the “will” [worsened by anxiety] (Hunter,
1861a: 166).
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Neurological Observations
in Clinical Practice

Then, as today, the great majority of patients a sur-
geon such as John Hunter would see in his clinical
practice did not require surgery — but consultation
requested due to the difficult or critical nature of
the case. In the preantiseptic era in which Hunter
lived, surgical exposure of the abdominal or chest
contents or incision of the dura and exposure of the
brain were only rarely attempted, for it usually led
to a fatal outcome secondary to infection.

Hunter utilized a number of common practices
of the day, including blood-letting, gastrointestinal
elimination or purging, rest, warm baths, sea
bathing, alcoholic beverages, medicaments includ-
ing opium, herbs, and the application of electricity.
As noted, he was a reluctant and cautious surgeon,
only performing an operation if he believed it were
absolutely necessary. Hunter, who always ques-
tioned established principles, encouraged his pupils
and fellow surgeons “to think of themselves as scien-
tific professionals instead of merely as craftsmen.”
(Bynum, 1996)

Hunter’s clinical-pathologic  “casebooks,”
obtained by the RCS years after his death but only
recently collated, well indexed, and published, dis-
close a careful history and thoughtful examination
of hundreds of patients, many of whom had autop-
sies (Allen et al., 1993). The “casebooks” provide
unique information on John Hunter’s neurological
views and clinicopathological findings. Hunter
made use of an extensive, gross neuropathological
technique, formulated well thought out deductions
of a clinical-pathological nature, and often posed
questions following each case.

Mr. Hunter’s most famous and innovative opera-
tion was the cure of popliteal aneurysm by proxi-
mal ligation in the adductor (Hunter’s) canal of the
leg. In his day, carriage drivers wore high boots
pressing into the popliteal fossa behind the knee
during prolonged sitting, resulting in artery damage
over years. The only treatment for such aneurysms,
was amputation of the leg which carried a very high
mortality. Hunter had experimented with deer and
found that, if he ligated the external carotid arterial
supply to one antler, it became cold, and he
expected it would be shed. When that did not hap-
pen, he had the animal recaptured, felt the antler to
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be normal in temperature, and had the animal sac-
rificed. To his surprise, the ligated external carotid
artery had stimulated collateral arterial circulation
and sustained the antler. This experiment led
Hunter in 1785 to not amputate the leg of a patient
with a popliteal aneurysm, but rather ligate the
artery well proximal, to allow collateral circulation
to develop above the ligature and sustain the leg.
Patients were subsequently cured with this opera-
tion (Dobson, 1969: 259-261; Hunter, 1835: 548;
Moore, 2005: 8; Qvist, 1981: 70, 109-110).
“Hunterian Ligation” for various vascular lesions is
still utilized today, often as adjuvant therapy for
cerebral aneurysms, arteriovenous fistula, and
other lesions in neurosurgery and vascular surgery.

Head Injury and
Surgical/Pathological Observations

In John Hunter’s time, as today, a surgeon would
frequently be called to see a head injury patient, and
consider the advisability of a trephination opera-
tion. Hunter was more conservative than his teacher
Percivall Pott in the usage of the trephine and open-
ing the dura mater (Flamm, 1992; Stone & Hockley,
2002), but made astute observations on concussion,
brain compression, laceration (contusion), and skull
factures (Ballance, 1922). Hunter reiterated the
notions that a skull fracture in itself does not pro-
duce brain symptoms, and the trephine should be
applied in all cases of depressed skull fracture.
“The dura mater must not, however, be perfo-
rated without good grounds; we should be. . . cer-
tain that there is fluid contained under the dura. . . .”
(Hunter, 1835: 494-495) Hunter appears to have
been the first to trephine with success in the poste-
rior fossa (Hunter, 1835: 495). Hunter, like Pott,
stated that if symptoms of brain dysfunction con-
tinue for 8 or 10 days or less, extravasation (blood
clot) is expected, and if symptoms come on over 1
week later and especially 3—4 weeks, suppuration
(pus) is more likely present (Hunter, 1835: 488).
In John Hunter’s “casebooks,” there are 12
patients trephined for complications secondary to
head injury (Allen et al., 1993: 428). Eight of these
patients died, especially if the dura was open (or
opened), and three lived, including a child who had
lost a “table-spoon-full” of brain tissue and had a
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cerebral fungus treated successfully with a poultice
(dressings) applied (Allen et al.: 428).

An additional 28 head injury patients were
examined, observed, and treated without operation.
Hunter often made note of pupil size and reactivity,
the level of consciousness, presence and quality of
speech and behavioral responses, and motor weak-
ness if present. In cases with autopsy (many of
those who died), Hunter performed an elaborate
gross brain examination technique (see section
“Apoplexy”). Patients with spinal cord injuries are
also included in Hunter’s “casebooks.” Hunter per-
formed surgical excisions for orbital and skull
tumors, nerve compression, tumors of the neck,
face, and nasal cavities (Allen et al., 1993). Hunter
was the first to excise a peripheral nerve tumor
(Home, 1800). He treated a number of patients
with eye problems and was very interested in their
visual fields, having detected a loss in the upper
visual field of his own left eye, distinct from the
usual “blind spot” related to the optic nerve
entrance into the globe (Allen et al., 1993: 70). He
also was interested in ear and hearing problems,
and carefully described the postmortem appearance
of otitic brain abscess (Allen et al., 1993: 543).

Hunter examined a soldier with a solid tumor
(not operated), which at autopsy was found to be
situated largely in the dura. It had invaded the skull
and deformed the underlying brain (likely a menin-
gioma) (Hunter, 1837a, Vol. 3: 472—473). Another
similar case was presented in the “casebooks”
(Allen et al., 1993: 241).

Hunter described nine cases of hydrocephalus,
eight with autopsies documenting the volume of
ventricular fluid, thickness of cortical mantle, and
other neuroanatomic features including the state of
the optic nerves and pituitary gland. He also
described spina bifida, anencephaly, and a two-
headed calf (Allen et al., 1993).

He performed a number of autopsies on patients
with brain abscesses, tuberculoma, and hydatid

2 Dr. Matthew Baillie (1761-1823), the nephew and stu-
dent of Dr. William and John Hunter, is credited with the
first monograph on human pathology (Baillie, 1793).
One chapter is devoted to the brain, but it does not go
into the detail typified by John Hunter’s “casebooks.”
Fascicle # 10 of Baillie’s pathology atlas (Baillie, 1802)
on the cranium and brain, includes 18 figures on eight
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cysts (Allen et al., 1993). Of a large hydatid cyst,
he stated: “This case. .. [shows] ... that the brain
can suffer very much mechanically before its uses
and actions suffer; but when it comes to that period
where the brain is. . . affected; why [deterioration]
should be so quick [at times] is not easily
accounted for.” (Allen et al., 1993: 546) The prob-
lem of rapid decompensation from increased
intracranial pressure related to structural brain
lesions remains a significant challenge in surgical
neurology even today (Fig. 4).2

Apoplexy and Other Neurological
Disorders

Hunter treated many patients with apoplexy, and
made a number of astute clinical and pathological
observations. He often tried to correlate the clinical
and pathological findings and made deductions or
posed queries. Again, his “casebooks,” which pre-
sented roughly 30 such cases, provide much of this
information (Allen et al., 1993).

Hunter usually treated apoplexy or sudden con-
ditions of paralysis with blood-letting, as much as
the patient could tolerate, followed by other meth-
ods of the day (Cooke, 1820: 335). Furthermore,
Mr. Hunter believed the blood-letting for apoplexy
should be done from an area close to the head
(jugular vein) or on the scalp (temporalis artery) if
possible (Cooke: 306-308; 1821: 135-137).
Hunter’s clinical evaluation included behavioral
observations, such as sensibility, memory, reason-
ing, comprehension, speech, visual, and sensory-
motor functions.

In one of his cases, a man with a sudden left
hemiplegia was also found to be speechless. The
patient had a diminished level of consciousness,
would open his mouth to command, but was unable
to stick out his tongue. “When he died,” he wrote,
“his head was opened; and near half a pint of

plates. Specimens in the atlas from Mr. Hunter’s
Museum include: Plate 1, Fig. 2 a tumor from the orbit
into the cranial cavity, likely a meningioma; Plate 2,
Fig. 1 tertiary syphilis, Plate 3, Figs. 1 and 2 hydro-
cephalus patients; Plate 4, Fig. 1 chronic meningitis;
Plate 6 a cerebral abscess; and Plate 7, Fig. 4 cystic
choroid plexus lesions (Baillie, 1802; Compston, 1999).
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FIGURE 4. John Hunter’s cases of (a) tertiary syphilis or cancer of the skull, (b) hydrocephalus, and (c) brain abscess.
From Baillie (1802), A Series of Engravings to Illustrate the Morbid Anatomy of the Human Body, Plates 2, 3, and 6



5. John Hunter’s Contributions to Neuroscience

coagulated blood was found lying on the left side,
under the left anterior lobe of the brain; Observe, it
was on the paralytic side.” (Allen et al., 1993: 26-27)

In another patient with right side weakness, he
wrote: “she recovered her faculty of discerning
objects, distinguishing them particularly, and had a
thorough knowledge of the questions put to her; but
her articulation continued so bad, that her answers
could only be known by the faint signs she made use
of”” Examination of the brain after death disclosed
enlargement of the left lateral ventricle “. .. and in
the anterior part of the brain appeared not so firm,
but rather mashed. All other parts appeared quite
sound.” (Allen et al., 1993: 34-35)

Hunter also described patients with transient
attacks and reversible problems. In his autopsy
examination of the brain, Hunter occasionally
referred to “ossification of arteries,” such as the
internal carotid or basilar (Allen et al., 1993: 385),
in all likelihood referring to atherosclerosis. In the
case of a woman, who was initially unconscious,
vomited, developed a right hemiplegia and “talked
in a rambling manner. .. not very distinctly, nor
very reasonably,” an autopsy revealed 3—4 oz of
extravasated blood in the left middle (temporal)
lobe with rupture into the ventricles. “It is most
likely that the vomiting at the first attack was
caused by the beginning of extravasation of blood;
making first a slight pressure; not the rupture of the
vessels by the vomiting as was supposed.” (Allen
et al., 1993: 345)

Hunter described cases of subarachnoid hemor-
rhage associated with violent head pain just before
loss of consciousness (Allen et al. 1993: 348-349).
He is also credited, in 1792, with the first clear
pathologic description of a cerebral aneurysm, in a
woman with bilateral cavernous carotid artery
aneurysms (Blane, 1800; Bull, 1962). In 1757
Hunter described cardiac valvular vegetations
(Allen et al.: 300). A 1793 case of probable rheu-
matic heart disease with hemorrhagic brain infarc-
tion secondary to emboli is also presented (Allen
et al.: 528-529). In one apoplexy patient with such
vegetations, Hunter observed the hemispheric cor-
tex showing “red dots like cut ends of vessels,
many of which were as large as a large pin’s head,
which were plainly extravasations.” (Allen et al.:
358-359) The latter case (year unknown) likely
represents one of the earliest descriptions of multi-
ple small infarcts or bleeding points due to cerebral
thrombosis or emboli from cardiac vegetations.
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Several patients with apoplexy presented inter-
esting visual problems. In one patient blindness
followed a severe headache. For one such case, he
wrote: “There was a kind of stare in his eye; and
although he could not see, yet the pupils were not
dilated; therefore I suspected that he did see; but
from all the trials I could make it was plain that he
did not; nor did ... [the trial results] . .. alter by
varying the light” (Allen et al., 1993: 527-528)
Before his death about 8 weeks later, this patient
recovered some sight gradually and he could
describe what he saw. Autopsy showed extravasation
of blood had occurred in the posterior lobe of the
right hemisphere with extension into the ventricles.

John Hunter’s father-in-law, Mr. Home, sud-
denly lost all sight, and almost an entire loss of
memory.

It brought him in a great many circumstances to the state
of a brute, or at least what I can conceive that state is,
respecting reasoning. .. . The total loss of sight [and
memory problems] produced a very curious effect: he
lost entirely the remembrance of light, and did not annex
any idea to light, although he would say that he had not
seen you for some time, meaning you had not been there
for some time. (Allen et al., 1993: 548-549)

Autopsy of the brain showed extensive bilateral
destruction of the occipital lobes, as well as the
undersurface of the medial posterior temporal
lobes of both hemispheres adjacent to the tento-
rium. Today we would say the findings of pro-
nounced visual and memory loss is compatible
with occlusion of both posterior cerebral arteries,
resulting in infarction of the occipital and postero-
medial temporal lobes.

A case is described with mild memory loss, a
curious faltering of pronunciation only when read-
ing and not in regular speech, and difficulty con-
centrating on two things at the same time. Hunter
explained these findings in terms of absolute sen-
sations being the first and strongest of all impres-
sions; and memory, reading, and simultaneous
motor actions under the will being secondary and
“rather an act of habit” are sooner lost “from a fault
in the brain.” (Allen et al., 1993: 193, 413-414)
This description may be an example of reading
apraxia.

In a most instructive case with right sided weak-
ness, the patient

was perfectly sensible, but could not speak. As his attack
was truly apoplectic; as he lived fourteen weeks, and
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recovered perfectly his sense; although not the uses of the
parts, I was desirous of seeing what Nature had been doing
those fourteen weeks towards restoring the parts injured.
On removing the skull . . . above 4 table-spoonfulls of left
sided subdural fluid, and slightly sunken and flattened left
parietal convolutions were found. [This part the brain tis-
sue] was irregular in its consistence, appearing ragged, or
as if broken into a pulpy substance: there was no distinc-
tion between cortical and medullary. . . . In those who have
died soon after an attack of apoplexy, I have often seen
the extravasated blood mixed with the brain as if both
were beaten up together. . .. I conceive this case that the
extravasated blood had been absorbed as a first step;
but the substance of the brain had not recovered it’s natu-
ral texture. (Allen et al., 1993: 209-210)

This pathologic designation of nonhemorrhagic or
“absorbed” apoplexy, with loss of the cortical
gray/white border, may well represent the first ade-
quate description of brain infarction. Another case
seems to be a description of lacunar infarcts within
the hemispheres — “these appeared to be (bean
sized) cavities formed. .. [by] former [small]
extravasations of blood. . . and were not lined with
a membrane.” (Allen et al., 1993: 551-552)
Hunter concludes:

To destroy the power of voluntary action by injuring a
part only, and yet not the Sensorium, would shew (sic.)
that they do not belong to the same parts in the brain. It
seldom happens in these cases that sensation of the
affected parts is destroyed; therefore while sensation can
exist the Sensorium must be in some measure clear [sep-
arate]. (Allen et al., 1993: 210)

This and earlier quoted statement could well be
interpreted that Hunter believed the brain is divided
into autonomously functioning separate parts, at
least involving motor, speech, sensory functions
consciousness and the mind. Although a handful of
cases with speech problems and left-sided brain
pathology were described by Hunter, nowhere does
he equate these findings.

Miscellaneous Neurological
Disorders

Hunter described a number of children and adults
with “fits” and “seizures,” which were sometimes
noted to be more common in sleep (Allen et al.,
1993: 376, 419). He also described cases of infants
and small children with seizures related to fever,
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encephalitis, and postinoculation (Allen et al.: 154,
162, 175). Hunter believed a “convulsion” was an
action that arose from a state of debility, and he often
saw it as a futile struggle as death approached, though
he did not elaborate further. (Hunter, 1835: 361)

One interesting case from 1783 was a woman
aged 20 years with unusual spells often associated
with vomiting

attended with [violent headache and] a kind of fit; but
she hardly lost herself; heard them talk about her, but did
not know what they said. Soon after, in some degree she
lost the use of her left arm; it felt numb, and a vomiting
succeeded, which continued till (sic.) next day. (Allen
et al., 1993: 419-420)

Her headache lessened after Hunter removed 6 oz
of venous blood, in an episode that would appear to
have been a partial complex seizure or complicated
migraine disorder. A somewhat similar case was
also reported (Allen et al., 1993: 306).

Nervous problems and pain were of much inter-
est to Hunter and, included in his 1778 treatise on
diseases of the teeth, is an interesting chapter enti-
tled “Nervous Pains in the Jaws.”

There is one disease of the jaws which seems in reality
to have no connexion with the teeth, but of which the
teeth are generally suspected to be the cause . . . a tooth
is . . . drawn out; but still the pain continues . . . it is then
supposed . . . that the wrong tooth was extracted where-
upon that in which the pain now seems to be is drawn,
but with as little benefit. I have known cases of this kind
where all the teeth of the affected side of the jaw have
been drawn out, and the pain has continued in the jaw; in
others ... the sensation of pain has become more dif-
fused, and has at last, attacked the corresponding side of
the tongue. Hence is should appear that the pain in ques-
tion [trigeminal neuralgia, tic douloureux] does not arise
from any disease in the part, but is entirely a nervous
affection. (Hunter, 1778: 61-63)

This early contribution to trigeminal neuralgia
appears to have been largely overlooked in related
reviews.

Conclusions

It had been stated that John Hunter’s contributions
to medicine and surgery have probably not been
surpassed by any individual before or after his
time, and he “was the greatest man in the combined
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character of physiologist and surgeon that the whole
annals of medicine can furnish.” (Ottley, 1835: viii)
Every part of biological science was influenced by
Hunter’s physiological principles induced by tire-
less clinical and anatomic observation, inventive
experimentation, and pathologic findings at autopsy.
He laid the groundwork for a scientific, modern
approach to medicine and surgery, and contributed
significantly to the neurosciences.

John Hunter’s inquisitive nature, empirical
methods and carefully formulated principles would
become adopted by future biological scientists who
would examine all systems including the nervous
system, with newer tools. A number of his neuro-
science and neurological assumptions have now
been validated or are still being debated today.
Hunter made his mark by boldly exploring the
body and seeing things with his own eyes, not by
adhering to the speculative theories of the past. By
casting aside traditional values he saw much more
clearly than other contemporaries, captivated the
brightest students with his free thinking approach,
and opened the eyes of future generations.
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William Cullen (1710-1790)
and Robert Whytt (1714-1766)
on the Nervous System

Julius Rocca

Introduction: Eighteenth Century
Theories of Nervous Action

The long eighteenth century witnessed the full
flowering of the Scottish Enlightenment, graced by
figures such as Robert and James Adam, the archi-
tects; the chemist and physician Joseph Black, the
discoverer of carbon dioxide (‘fixed air’); Adam
Ferguson, founder of the discipline of sociology;
James Hutton, founder of modern geology; the
philosopher David Hume and the political econo-
mist and moral philosopher Adam Smith. (Clayson,
1993). Their achievements amply demonstrated the
characteristic pragmatic drive of the Scottish
Enlightenment with its emphasis on the acquisition
and promulgation of practical knowledge.

In such an atmosphere, where political patron-
age also played an important, albeit often under-
estimated role, it is little surprise that the
Edinburgh Medical School, founded in 1726,
eclipsed Leiden in fame and prestige, and would
develop into one of the foremost institutions of its
type in the world (Emerson, 2004; Phillipson,
1981). Its faculty numbered such eminent figures
as Alexander Monro primus (1697-1767), the first
and most famous holder of the Chair of Anatomy;
his son, Alexander Monro secundus (1733-1817),
who had a remarkable reputation as a teacher of
surgery; and John Rutherford (1695-1779), profes-
sor of the practice of physic. Another key factor in
the medical school’s success was the clinical
instruction provided by the Edinburgh Royal
Infirmary. William Cullen, who counted Hume and
Smith as colleagues and friends, played a signifi-

cant role in its reputation. But as well as promul-
gating clinical expertise, the Scottish Medical
Enlightenment was deeply concerned with research
into the function of the body, that is, with physiol-
ogy, or, as it was then known, ‘animal ceconomy’.
The three principal physiological theories of the
eighteenth century which sought to account for
nervous action were enumerated first by Herman
Boerhaave (1668—1738), the dominant medical fig-
ure of the age, whose concept of a nervous fluid
was in accord with his general principle that the
human body is a complex hydraulic system regu-
lated by a series of fluid dynamics in the vascula-
ture and nervous systems. Health was due to the
correct flow of these fluids; disease by their stop-
page or interference. In this way, the key tenet of
balance represented by the ancient humoural sys-
tem “had thus been preserved but translated into
mechanical and hydrostatic terms.” Porter (1996,
p. 162) Yet although Boerhaave’s conception of the
function of the body was not as overtly mechanistic
as that of Descartes, the body was still conceived
of as a machine.

Georg Ernst Stahl (1660-1734), founder of the
Prussian medical school at Halle, reacted against
such mechanistic theories. For Stahl, the soul
(anima) “represented the vital principle (princip-
ium vitae) . . . the director of all movement [which]
required no transmitting nerve fluid to act upon the
body, which was thought of as a dead mechanism.”
Neuburger (1897, p. 114) The soul was not only the
agent of consciousness but also of physiological
function. Stahl’s theory of animism, however,
raised two main objections. The first was in what
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way could the soul, itself an immaterial entity, act
on corporeal matter? The second, equally as press-
ing, was that in this scheme, the soul was a general
principle that did not require the brain and nerves
to have any separate, let alone defined, role. Stahl’s
system, based more on speculative philosophy than
on experimentation, amounted to a gainsaying of
the primacy of the nervous system. In contrast, the
Swiss polymath,

Albrecht von Haller (1708-1777), who, like
Whytt was a pupil of Boerhaave, sought to
ground physiological function in experimentation.
Haller’s Elementa Physiologiae Corporis Humani
(1757-1766) was a groundbreaking work. In it,
Haller demonstrated the Dorset physician Francis
Glisson’s (1597-1677) hypothesis that all tissues,
including muscle, contain an intrinsic contractility
or ‘irritability’ (the vis insita or vis nervosa). Haller
distinguished between nerve and muscle on the
basis that the former exclusively possessed ‘feel-
ing’ or sensibility, whilst the latter possessed the
contractility or irritability (Garrison, 1929). Haller’s
work “differentiated organ structures according to
their fibre composition, ascribing to them intrinsic
sensitivities independent of any transcendental . . .
soul.” Porter (1996, p. 165).

The guiding spirit of Scottish research into the
animal economy was governed in large measure by
a reaction to these models of nervous action. It is
no exaggeration to state that in the field of eigh-
teenth century neurophysiology, Robert Whytt’s
name is paramount; his work on demonstrating
spinal reflex action and the elucidation of the pupil-
lary light reflex are sufficient to guarantee him a
place as one of the most important figures in the
history of the neurosciences, and as a founder of
the discipline of neurophysiology (Rocca 2000,
2003, 2007). Whytt disagreed with Stahl’s uncom-
promising animism, but he also viewed Haller’s
work as mechanistic in nature. Moreover, Haller
maintained the vis insifa to be independent of the
nerves. As will be noted below, Whytt rejected
overt animistic accounts of nervous action, denied
the concept of animal spirits and argued forcefully
against Haller’s notion that muscle contractility
was independent of the nerves.

William Cullen was also concerned with the
nervous system, but he differed from Whytt in
two ways. First, Cullen agreed with Whytt that
Boerhaave’s system of hydraulic fluids stood in
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need of correction. But unlike Whytt, Cullen
accepted Haller’s notion of irritability, eliding the
difference Haller made between nerve and muscle,
elaborating it to account for nervous function and
nervous disease. Second, whilst Whytt’s energies
were devoted principally to physiological research,
Cullen placed greater stress on medical classifica-
tion, his guides here being, among others, Boissier
de Sauvages and Linnaeus; on systematisation
(principally in nosology); and, not least, on the
promulgation of medical knowledge. That knowl-
edge consisted of a broad understanding of the
nervous system in health and disease. Both men, to
be sure, never relegated the nervous system to a
subservient role or subsidiary function. Although
both were contemporaries, it was Cullen who suc-
ceeded Whytt as professor of the institutes of med-
icine on the latter’s death, and Whytt’s teaching
was also a broad influence on Cullen’s conception
of the nervous system. Therefore, Whytt will be
discussed first.

Robert Whytt

A Short Biographical Background

Robert Whytt was born in Edinburgh in September
1714, the second son of a Scottish lawyer who died
before his son’s birth. Whytt’s mother died when
he was six, and he was placed under the guardian-
ship of his older brother, who died in 1728. He
matriculated at Edinburgh University in 1729, and
then studied medicine at Edinburgh in 1731-1732
and 1734, under Alexander Monro primus. Monro’s
scepticism regarding the existence of any sort of
nervous fluid was surely an influence on Whytt’s
subsequent work on this subject. In 1734, with
Monro’s recommendation, Whytt moved to
London to continue his studies under William
Cheselden (1688-1752). He completed his educa-
tion in Paris, attending lectures by Jacob Winslow
(1669-1760), and in Leiden under Hermann
Boerhaave and his student Bernhard Albinus
(1697-1770). In 1736, Whytt took his MD at
Rheims, and in 1737 was awarded an MD by the
University of St. Andrews and granted licentiate
of the Royal College of Physicians of Edinburgh.
In 1738, Whytt was elected a Fellow of the
College and commenced medical practice. Whytt’s
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modification of an existing preparation for bladder
calculi, published in 1743, made his reputation and
gave him financial security in medical practice. It
was Whytt’s work on calculi that influenced Joseph
Black’s experiments on alkalies, and which led in
1754 to his discovery of carbon dioxide. In 1747,
Whytt was appointed Professor of Theoretical
Medicine (Medical Institutions) in the University of
Edinburgh, which he held until his death. In 1752,
Whytt was elected a Fellow of the Royal Society.
In 1761, he was made First Physician to the King
in Scotland, and in 1763 was elected President of
the Royal College of Physicians of Edinburgh.

Whytt and Nervous Action

The experimental work of Jan Swammerdam
(1637-1680), Stephen Hales (1677-1761) and
Alexander Stuart (1673—1741), who repeated and
published Hales’ work in 1738, “paved the way for
the evolution of thought which was to develop the
concept of the spinal reflex arc.” Pearn (2002,
p- 24) Whytt’s claim to greatness lies in his estab-
lishment that the spinal cord was absolutely crucial
in mediating what Marshall Hall (1790-1857)
would later describe as ‘reflex action’, for Whytt
did not use the term ‘reflex’ himself. As Whytt
stated in his Physiological Essays (1755):

After the destruction of the spinal marrow . ..
the nerves distributed to the several parts of the
body have no communication but at their termina-
tion in the brain or spinal marrow and that to this,
perhaps alone, is owing the consent or sympathy
observed between them.

For the first time, it was shown that only a dis-
crete portion of the spinal cord was required to
mediate the reflex arc. From these and similar
experiments:

Whytt concluded that the nerves communicated only at
their sites of origin (in the brain or spinal cord) and that
possibly this communication accounted for the sympathy
between the various parts of the body ... Whytt here
revealed a premonition of the true reflex concept by trac-
ing the phenomena of sympathy, the phenomena of the
consensus that played such an important role in early
pathology and to some extent coincided with the reflex
phenomena, back to a nerve impulse leaping from one
nerve root to another. Neuburger (1897, p. 157)

Whytt was also the first to clearly and succinctly
describe ‘hydrocephalus internus’, or tuberculous

meningitis of children (Observations on the Dropsy
in the Brain, published posthumously by his son in
1768). His findings, based on autopsy findings, are
a masterpiece of meticulous description. A similar
methodology enabled Whytt to elucidate the pupil-
lary light reflex. This was based on the autopsy of
a child with hydrocephalus whose pupils had been
noted to have been non-reactive to light. The
autopsy showed a cyst compressing the optic thal-
amus and Whytt deduced from this that this
obstruction prevented the light reflex. Also note-
worthy for their series of meticulous observations
was Whytt’s 1764 work, Observations on the
Nature, Causes and Cure of Those Diseases Which
are Commonly Called Nervous, Hypochondriac or
Hysteric. This was based on his observations of
patients at Edinburgh’s Royal Infirmary, and was
remarkable not only for its clinical expertise and
diagnostic erudition, its accurate descriptions of
referred pain, but also in part based on Whytt’s dis-
satisfaction with the classification of those diseases
described as ‘flatulent’, ‘spasmodic’, ‘hypochon-
driac’, ‘hysteric’ and ‘nervous’. Whytt thought such
descriptions merely reflected a physician’s igno-
rance, and drew on his own work to try and explain
that the nature of these diseases was rooted in the
“sentient and sympathetic power of the nerves”.
Cited in Radbill (1976, p. 322)

Whytt’s scientific reputation rests with his for-
midable experimental work on the physiology of
the nervous system. His first study on this subject,
An Enquiry into the Causes which Promote the
Circulation of Fluids in the Small Vessels of Animals
(1745/1746; in Works, p. 1768), consisted of an
investigation into the ‘sentient principle’, which he
believed governed voluntary and involuntary
motions. This principle, also referred to by Whytt
as ‘the active power of an immaterial principle’ or
‘sentient principle’, constituted the epistemological
foundation of Whytt’s work on the nervous system.
This research was driven in part by Whytt’s dissat-
isfaction with the several speculative theories out-
lined above, which sought to account for nervous
action. Whytt disapproved both of their number
and speculative nature, expressing himself force-
fully in his 1751 An Essay on the Vital and other
Involuntary Motions of Animals, as follows:

... whatever has been hitherto said on these subjects, is
mere speculation; and to offer any new conjectures on
matters so greatly involved in darkness, and where we
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have neither data nor phenomena to support us, is to
load a science already labouring under hypothesis with a
new burden. An Essay (1751, pp. 325-326)

This physiological scepticism extended to patho-
logical conditions; in nervous disorders, according
to Whytt, “faults may arise in the coats, the
medullary substance or in the fluid of the nerves.”
Works (1768, p. 526)

Whytt denied unequivocally that muscular con-
traction was due to an influx of so-called animal
spirits, the origins of which go back to Galen, or
that there was a Newtonian wther, electrical
fluid responsible. Nor were the muscles them-
selves responsible for contraction, independent of
the nerves, as Haller claimed. That there was some
form of fluid present in the nerves was admitted,
albeit cautiously; according to Whytt, it was not
possible to determine “. . . whether this fluid serves
only for the support and nourishment of the nerves
or whether it be not the medium by which all their
actions are performed.” Works (1768, p. 489)
Whytt’s own position was that there existed a
‘superior principle’, which depended on the pres-
ence of the soul which acted upon the body. This
has resulted in Whytt being labelled a supporter of
Stahlian animism. This, however, is not entirely
accurate, for eighteenth century animism relegated
the brain and the nerves to a subservient role,
which Whytt never maintained.

By the end of the seventeenth century, there was
a widely acknowledged concept of the nerves exist-
ing as channels for the passage of animal spirits.
Yet how these spirits passed through the nerves was
a matter of some dispute. Some thought they circu-
lated in the body in a similar way to the blood
(Clarke, 1978). A way of seeking to understand the
physiology of the nerves was by an appeal to the
wider authority claimed by chemistry and physics,
as Willis did with his chemical explanation for
nervous action. Giovanni Borelli (1608—1679) pro-
posed a succus nerveus, to replace that of the ani-
mal spirits. This succus, however, acted in a similar
way to Willis’ nervous spirits. Yet its activity was
strictly in accordance with then-current physical
laws. To Borelli and his fellow iatrophysicists, “the
laws of physics offered the key to the body’s oper-
ations.” Porter (1996, p. 160) That nerve spirits
could be replaced by a succus nerveus, or by a vis
insita or vis nervosa, was a deliberate echo of the
vis attractiva of Newtonian physics, for Newton’s
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conception of an ether would prove a useful anal-
ogy to account for nervous action (French, 1981).
Haller’s vis nervosa was if nothing else a rephras-
ing of the concept of nervous spirits. Haller and
Whytt’s teacher, Boerhaave, believed the ventricles
of the brain continuously exhaled a “thin Vapour or
moist Dew”, which was a “most subtile Fluid.”
Cited in Brazier (1973, pp. 199-200)

Another influence on Whytt’s later cautious
view of nervous fluid must have been his first
teacher in Edinburgh, Alexander Monro primus,
who noted that:

We are not sufficiently acquainted with the Properties of
an Aether [or electrical effluvia] pervading every Thing,
to apply it [them] justly in the animal Oeconomy, and it
is as difficult to conceive how it [they] should be retained
[or conducted] in a long nervous Cord as it is to have any
Idea how it should act. These are Difficulties not to be
surmounted. Works (1781, p. 333)

Whytt’s physiology recognised the existence and
importance of the soul, and the concept of a pur-
poseful divine universe in which nothing happened
without a cause. Nature operates in such a way that
there are certain laws which the body and the soul
follow in order to function. Whytt expresses this as
follows:

Nature, as far as we can judge from the plan and scheme
of things surrounding us, delights in simplicity and uni-
formity, and, by general laws applied to particular bodies,
produces a vast variety of operations; nor is it at all
improbable that an animal body is a system regulated
much after the same manner. An Essay (1751, p. 4)

To Whytt, Nature operates by reasonably general
laws from which derive a great number of physical
activities. It is this simple, ineluctable fact which
mechanists have failed to appreciate, since:

... all the spontaneous motions of animals are explicable
upon the same principle, and owing to one general cause.
How far some authors of great note have been unsuccess-
ful in their inquiries into this matter, from their neglecting
so obvious an analogy, and endeavouring to explain the
vital motions of almost every organ, by a different theory,
is left to the Reader to judge. An Essay (1751, p. 4)

Whytt’s strong teleology is well conveyed in the
conclusion to An Essay on the Vital and other
Involuntary Motions of Animals, and his powerful
stating of it is worth quoting at length for the insight
it affords on his view of the nervous system:
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If the human frame is considered as a mere CORPO-
REAL system, which derives all its power and energy
from matter and motion; it may, perhaps, be concluded,
that the IMMENSE UNIVERSE itself is destitute of any
higher principle: but if, as we have endeavoured to shew,
the motions and actions of our small and inconsiderable
bodies, are all to be referred to the active power of an
IMMATERIAL principle; how much more necessary
must it be, to acknowledge, as the Author, Sustainer, and
Sovereign Ruler of the universal system, an INCORPO-
REAL NATURE every where and always present, of infi-
nite power, wisdom, and goodness; who conducts the
motions of the whole, by the most consummate and
unerring reason, without being prompted to it by any
other impulse, than the original and eternal benevolence
of his nature! ... The true Physiology, therefore, of the
human body, not only serves to confute those Philosophers,
who, rejecting the existence of IMMATERIAL BEINGS,
ascribe all the phenomena and operations in nature to the
powers of matter and motion; but, at last, like all other
sound Philosophy, leads us up to the FIRST CAUSE and
supreme AUTHOR of ALL, who is ever to be adored
with the profoundest reverence by the reasonable part of
his creation. An Essay (1751, pp. 391-392)

The agent responsible for nervous action, for ‘the
motions and actions of our small and inconsider-
able bodies’, is an immaterial active power or soul.
The soul is coextensive with the body, which
allows one to account for both voluntary and invol-
untary motions, since:

In every organ it (sc. the soul) exercised the faculties of
life necessary to that part of the body. Only in the brain,
at the sensorium, does the soul have the faculties of rea-
son and consciousness; in the muscles it had the power
of producing motion; in the nerves alone it exercised the
ability to feel, and in the sense organs it was only sensi-
tive to those physical or chemical stimuli for which the
organ had been designed. French (1972, p. 45)

Whytt does not seek to further expand on or gloss
this power, since “How or in what manner the will
acts upon the voluntary muscles, so as to bring them
into contraction, is a question wholly beyond the
reach of our faculties.” An Essay (1751, p. 229)
Whytt acknowledges that there is an agent responsi-
ble for muscular contraction; although, how the
immaterial soul can act on the physical body is not
addressed by Whytt, nor did he feel the need to do so.

Once a general principle responsible for nervous
action is defined, then coupled with the concept
that the soul is coextensive with the body, it allows
Whytt liberty to explore the ways in which nervous

action is manifest, and to deny the provenance of
other, purely materialist, theories. Whytt prefaces
his own view of nervous activity by reminding his
readers of another fundamental axiom:

A certain power or influence proceeding originally from
the brain and spinal marrow, lodged afterwards in the
nerves, and by their means conveyed into the muscles, is
either the immediate cause of their contraction, or at least
necessary to it. An Essay (1751, p. 5)

By citing the role of the brain and the nerves in this
way, Whytt attempts to distance himself from the
animist position. The efficacy of this approach was
recognised by the attack on Whytt by two of his
Scottish colleagues, Thomas Simson (1696—1764)
and William Porterfield (1696-1771), both strict
animists. Simson denied that the brain and the
nerves were “‘subservient to different faculties of
soul or body”, while Porterfield held sensation to be
produced “either by the Mind itself, or by the power
of God, or of some intelligent active Being acting
under him.” Cited in Mazzolini (1980, p. 67)
Superficially, their position is similar to Whytt’s,
but animists rejected completely the role of the
brain and the nerves in sensation or motion. The
recognition of the importance of the nervous system
is Whytt’s main point of departure from the animist
position. In the appendix to his Physiological
Essays, Whytt stresses this importance:

The nerves are not to be considered merely as the excre-
tory ducts of the brain and spinal marrow, but as real con-
tinuations or productions of the medullary substance,
which are endowed with certain powers that they retain
in a great measure, even after being divided from their
origin. Physiological Essays (1761, pp. 251-252)

This encephalocentric position is virtually identical
to Galen’s, and to validate his view, Whytt notes
similar experiments to that performed by Galen.
For example, in his experiments, Whytt, like
Galen, notes that “animals lose the power of mov-
ing their muscles, as soon as the nerve or nerves
belonging to them are strongly compressed, cut
through, or otherwise destroyed.” Physiological
Essays (1761, pp. 5-6) Further, deliberately recall-
ing Galen’s famous experiment on the function of
the recurrent laryngeal nerve (Walsh, 1926), Whytt
describes similar results when first one and then
both nerves are ligated. An Essay (1751, p. 6)
Whytt singles out Galen’s experimental results to
disprove those who hold that damage to a nerve
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does not result in muscular inaction and later atro-
phy, since “Galen informs us, that as often as a
nerve has been quite cut through, the muscles to
which it belonged were deprived both of sense and
motion.” An Essay (1751, p. 330) From all this,
Whytt concludes, “The necessity therefore of the
influence of the brain and nerves towards producing
muscular motion, is not to be disproved.” It is there-
fore crucial to understand “. .. the doctrine of the
nerves being necessary to motion and sensation.” An
Essay (1751, pp. 8, 331) Whytt only describes an
‘influence’ or ‘power’ of nervous action. There is no
mention of a ‘nervous fluid’ or ‘animal spirits’.
Here, Whytt stresses that he not be misconstrued:

The immediate cause of muscular contraction, which,
from what has been said, appears evidently to be lodged
in the brain and nerves, I choose to distinguish by the
terms or power or influence of the nerves; and if, in com-
pliance with custom, I shall at any time give it the name
of animal or vital spirits, 1 desire it may be understood to
be without any view of ascertaining its particular nature
or manner of acting; it being sufficient for my purpose,
that the existence of such a power is granted in general,
though its peculiar nature and properties be unknown. An
Essay (1751, p. 9)

Nearly a century earlier, in 1667, Nicolaus Steno
(1638-1686) had reacted to Descartes physiological
postulation of a blood-derived vapour passing
through the alleged hollow nerves, lamenting that
“Spiritus animales, finest component of blood, the
vapour of blood and juice of nerves are names used
by many; but they are only words without any
meaning.” (cited in Scherz, 1965, pp. 79-80)
Alexander Monro primus, whose scepticism on the
provenance of a nervous fluid has been noted above,
amassed experimental evidence to refute the idea of
a nerve fluid by, in one case, tying a nerve and
watching for some form of swelling to take place,
for this could be construed as evidence of a nerve
fluid being impeded. Monro also observed the cut
end of a nerve, to see if any sort of fluid gathered
there. Anatomy (1746, p. 332) The problem of a
nerve fluid, for Whytt, revolved about its physical
essence as well as the nature of the nerve itself:

Although it seems probable that the nerves, which are
continuations of the medullary substance of the brain and
spinal marrow, derive from thence a fluid; yet the
extreme smallness of the nervous tube and the subtility
of that fluid which they contain, make us altogether igno-
rant of its peculiar nature and properties. Nor do we
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know certainly whether this fluid serves only for the
support and nourishment of the nerves or whether it be
not the medium by which all their actions are performed.
Works (1768, p. 489)

Whilst this quotation shows Whytt as a traditional-
ist in maintaining the Galenic model of the origin
of nerves, it also sees a distancing from the conse-
quences of that model, namely that of the role of
the ‘nervous fluid’ in transmission of the nervous
impulse is being questioned. Whytt denies that
muscular contraction is due to an influx of animal
spirits. Works (1768, p. 37) Whytt’s account of
muscular activity is rooted in his teleological view.
Thus, muscles are constructed “as to contract
whenever a cause proper to excite their action is
applied to them.” An Essay (1751, p. 229) This
activity may be initiated by an effort of the will
(voluntary motion), or else it may be “vital and
spontaneous” (involuntary motion). An Essay
(1751, p. 229) Whytt denies that muscles them-
selves possess “an elastic power of their fibres” An
Essay (1751, p. 230) which is the materialist stand-
point, for if a muscle fibre is “an elastic body”, then
it “is no more than a piece of dead inactive matter.”
An Essay (1751, p. 231) The mechanistic view,
“may seem to convey the idea of a mere inanimate
machine, producing such motions purely by value
of its mechanical construction: a notion of the ani-
mal frame too low and absurd to be embraced by
any but the most minute philosophers.” An Essay
(1751, p. 1) Whytt has Haller firmly in his sights.
Further, he notes that:

Others, giving scope to a lively imagination, have fancied
the animal spirits lodged in the cavities of the muscular
fibres, to consist of a number of little springs wound up,
which, by the application of stimulating bodies, being put
into voluntary motions, dilate these fibres, and so render
the whole muscle shorter. An Essay (1751, p. 232)

This is “a refuge in ignorance” An Essay (1751,
p- 233), for inasmuch as animal spirits used in this
instance may indicate an acknowledgement of an
animistic thesis, nevertheless, “these spirits must
either act entirely as a mechanical power or not.”
An Essay (1751, p. 233) Still discussing the mech-
anistic hypothesis of muscular motion, Whytt now
also dismisses contraction as due to:

some kind of explosion, ebullition or effervescence,
occasioned by the mixture of the nervous and arterial
fluids, or perhaps to the peculiar energy of some very
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subtile ethereal or electrical matter residing in the nerves
... An Essay (1751, p. 234)

The problem with these stimuli lies in their effects,
which, if granted, must be commensurate with their
causative nature. Thus, if an explosive force is pos-
tulated to account for muscular contraction, then its
most likely agent, gunpowder, will require fire;
electricity in its turn requires a special medium to
initiate it, and if the nervous fluid is, say, an alka-
line agent, it will:

... only raise a commotion when mixed with acids; and
no effervescences or sudden ebullitions can be produced,
without the mixture of substances disagreeing in their
qualities . . . If therefore muscular motion were owing to
any of the causes . . . it might reasonably be expected that
it would only follow upon the application of certain kinds
of stimuli to the muscle fibres. An Essay (1751, p. 236)

All essentially mechanistic explanations are cir-
cumscribed by their own natures. Whytt, however,
allows that a chemical or electrical agent, as well as
a properly wrought metallic instrument, properly
applied to a nerve, will elicit a similar contraction in
the muscle concerned (An Essay, 1751, p. 236). But
this is not the same as saying that the nature of the
muscle reaction is chemical, electrical, or in any
way mechanical. To Whytt, any hypothesis, which
seeks to place in the muscle fibres “some latent
power or property”, is an appeal “to what, however
modified or arranged, is yet no more than a system
or mere matter.” An Essay (1751, pp. 239-240)
Whytt regarded matter as inert. For it to act in any
way, the substance of which a muscle is formed
must be “animated”” with “an active sentient PRIN-
CIPLE.” An Essay (1751, p. 241) Whytt takes some
pains to stress that this is not the same as granting
to a muscle its own power of sensation and volun-
tary motion, thus legitimating the Hallerian thesis.
For Whytt, any action a muscle makes is ultimately
due to “an active sentient PRINCIPLE animating
these fibres.” An Essay (1751, p. 242) This princi-
ple, or first cause, is used by Whytt to undercut not
only the mechanist position, but all other theories
which describe a nervous fluid.

Upon the whole, as nature never multiplies causes in
vain, it seems quite unphilosophical to ascribe the
motions of the muscles of animals from a stimulus to any
hidden property of their fibres, peculiar activity of the
nervous fluid, or other unknown cause; when they are so
easily and naturally accounted for, from the power and

energy of a known sentient PRINCIPLE. An Essay
(1751, p. 265)

This teleological principle Whytt also refers to as a
“nervous influence”, and holds that its presence
explains the experimental evidence that destruction
of the cerebellum is not immediately followed by
the absence of motion. That the heart is seen to beat
in some animals for varying times after destruction
of the cerebellum (or removal of the heart from the
animal), constitutes for Whytt proof:

... of the nervous influence, lodged in the fibres of the
heart and in the smaller filaments of the nerves, being
sufficient to continue the motions of this muscle for
some time, or to enable it to perform a great number of
contractions. An Essay (1751, p. 332)

Whytt emphasises this in the Physiological Essays,

The plainest facts, therefore, prove that the irritability of
the muscles depends on their nerves, and that the nerves
preserve their power over the muscles, for a considerable
time after they are separated from the brain or spinal
marrow. (1755, pp. 249-250)

It may seem that all Whytt is doing is merely trans-
ferring the problem of the provenance of muscular
motion to a convenient ‘sentient principle’. Whytt
is aware of this, and acknowledges that this trans-
ference is due to our ignorance of the ultimate
nature of this principle, which he expresses thus:

. it must follow, by necessary consequence, that the
motions of the heart, and other muscles of animals, after
being separated from their bodies, are to be ascribed to
this principle; and that any difficulties, which may
appear in this matter, are owing to our ignorance of the
nature of the soul, of the manner of its existence, and
of its wonderful union with, and action upon the body.
An Essay (1751, p. 390)

If this is an inadequate answer, then Whytt himself
realised that his account of nervous action must
remain hypothetical. Beyond a “sentient principle”
one cannot probe further, due to the limits of our
knowledge of the nervous system’s fine structure:
“It would be vain to enquire into this matter, unless
we knew the minute structure and connections of
the several parts of the brain...” Works (1768,
p- 512) Whytt’s objection to the notion of a nervous
fluid was also grounded in what he regarded as the
limits of physiological explanation to provide the
complete answer to nervous transmission.
However, the idea of a nerve fluid, in whatever
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guise, was persuasive, could be seen as a reason-
able hypothesis and was therefore very difficult to
dislodge. Whytt was unsuccessful in persuading his
colleagues to abandon the idea of a nerve fluid, and
the physics of the nineteenth century would appar-
ently provide a justification for its existence, albeit
clothed by the expression ‘electrical or galvanic
fluid’. Luigi Rolando (1773-1831), a pioneer in
this field, held that the nerves served as conductors
of this electrical fluid.

William Cullen

The Education of a Teacher of Medicine

William Cullen was born in Hamilton, Lanarkshire
in April 1710. His father was factor (land agent) to
the Duke of Hamilton. Educated at the local gram-
mar school, he then studied mathematics at Glasgow
University, and also became apprenticed to John
Paisley, a Glasgow surgeon. After completing his
apprenticeship, Cullen moved to London by the end
of 1729, obtaining a post as surgeon to a merchant
ship (whose master was a relative) trading between
Britain and the West Indies. After a six months stay
in Portobello, Cullen returned to London, becoming
an apothecary’s assistant. Following the death of his
father and eldest brother, Cullen returned to
Scotland in 1732, in order to support his younger
siblings, and began medical practice.

In 1734, on receipt of a legacy, Cullen enrolled
for 2 years in the Edinburgh Medical School,
studying under Alexander Monro primus. Cullen’s
interest in chemistry was nurtured by Andrew
Plummer, who had studied under Boerhaave. In
1736, Cullen returned to Hamilton, where, under
the patronage of the Duke of Hamilton, he estab-
lished a practice, and remained there for 8 years.
From 1737 to 1740, William Hunter, elder brother
of John, was his resident pupil. In 1740, Cullen
took the MD at Glasgow, where he moved in 1744.
He helped to organise Glasgow’s fledgling medical
school, where he lectured on botany, chemistry,
materia medica and the theory and practice of med-
icine. In chemistry, one of Cullen’s pupils was
Joseph Black (1728-1799), who dedicated his trea-
tise on ‘fixed air’ to him.

In 1751, Cullen became professor of medicine at
Glasgow University. The medical school, however,
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did not develop as Cullen had anticipated; nor was
his private practice a lucrative one. Consequently,
on the advice of friends, he sought an appointment
in Edinburgh, where in 1755 he was elected joint
professor of chemistry, becoming sole professor
the following year. From 1757, in addition to his
popular lectures in chemistry, Cullen began clinical
lectures in the Edinburgh Royal Infirmary, where
he was also involved in patient care. These lectures,
given in English rather than the customary Latin
(a practice pioneered by Alexander Monro primus,
and was also employed by Robert Whytt), were
marked by careful preparation, the meticulous
ordering of facts, practical experimentation and
observations drawn from his own clinical practice.
In 1760, at the request of his students, Cullen
prepared and delivered a new course on materia
medica (these were published in an unauthorised
version in 1771; Cullen rewrote his lectures which
were published in 1789). Although Cullen
expected to be appointed to the chair of the practice
of physic, this was denied him. Reluctantly, he
accepted the position of chair of the theory of
physic, following Robert Whytt’s death in 1766. In
1773, on the death of its incumbent, Cullen suc-
ceeded to the chair of practice of physic. He held
both positions until 1789, dying the following
year. Cullen played a key role in the founding of
the Royal Society of Edinburgh and the Edinburgh
Royal Medical Society (Macarthur, 1993). He was
president of the Edinburgh College of Physicians
from 1773 to 1775.

Cullen’s Edinburgh years saw him rise to
become one of the most renowned teachers of med-
icine in the world. As a lecturer, he had few, if any
rivals. His fame was such that he attracted many
students from the American colonies, many of
them carrying letters of introduction to Cullen by
Benjamin Franklin (1706-1790). John Morgan
(1753-1789), ‘The Father of American Medicine’,
was one of the founders of the medical school of
the College of Philadelphia, the first medical
school in North America, which was established in
1765. Morgan used the medical school in Edinburgh
as his paradigm, and discussed his plans with
Cullen as well as with John Fothergill (1712—-1780)
and William Hunter (1718-1783). The first profes-
sors of the new American medical faculty — John
Morgan, Adam Kuhn (1741-1817), Benjamin
Rush (1745-1813) and William Shippen Ir.
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(1736-1808) — were all Cullen’s pupils and
Edinburgh graduates. O’Donnell (1993)

Cullen’s influence on British medicine was also
significant. Apart from the chemist and physician
Joseph Black, noted above, others that may be
mentioned are Sir Gilbert Blane (1749-1834), a
student of Cullen’s, who later successfully per-
suaded the Royal Navy in 1795 to introduce citrus
fruit to prevent scurvy; John Haygarth (1740-1827),
pioneer epidemiologist, whose early draft of his
ambitious 1793 work on the abolition of smallpox
was given to Cullen for comment; John Lettsom
(1744-1813), another student of Cullen, and the
founder of the Medical Society of London and
the London dispensary system; Robert Willan
(1757-1812), founder of British dermatology,
was also taught by Cullen; William Withering
(1741-1799), whose 1785 An Account of the
Foxglove Cullen recommended to every physician,
also benefited from Cullen’s teaching. It is no more
than accurate to state that “Cullen’s teaching . ..
was possibly the most significant in eighteenth-
century British medical education.” Crellin (1971,
p.- 79). Cullen’s teaching methodology as will be
seen later, is the key to his conceptualisation of the
nervous system.

Cullen’s Concept of the Nervous System
and Its Applications

William Cullen shared with Robert Whytt and his
Edinburgh colleagues an abiding interest in the
nervous system. As Bynum has cogently noted,
“the long eighteenth century took the nervous sys-
tem seriously as a cause of disease and, by impli-
cation, as an essential constituent of health.” (1993,
p- 152). However, Cullen, unlike Whytt, was not
primarily a researcher of the nervous system and,
in consequence, his reputation has suffered in com-
parison. The usual judgement has been that Cullen
was more of a systematiser than an innovator. John
Thomson, Cullen’s first biographer, whose two-
volume work remains unrivalled as a study on
Cullen’s life and times, notes that Cullen was the
first in Britain to perceive “the value of the doctrine
of the Nervous Pathology, introduced by Hoffmann.”
Life 1 (1859, p. 200) The 1882 Dictionary of
National Biography, however, slightly damning
with faint praise, refers to him as “distinguished for
his clearness of perception and sound reasoning

and judgement rather than for epoch-making origi-
nality” (DNB, p. 280). Garrison’s withering judge-
ment was that “Sir William Hamilton was
perilously near the truth when he said that ‘Cullen
did not add a single new fact to medical science’”
(1929, p. 358). Cullen is not cited in Clarke and
O’Malley’s Human Brain and Spinal Cord (1968),
and is given two pages (as opposed to 12 for
Whytt) in Spillane’s (1981) Doctrine of the Nerves.
Bynum (1993, p. 153). It is futile to attempt to
argue Cullen’s case as an original researcher on
the nervous system, and he undoubtedly would be
the first to agree.

A more fruitful way to evaluate Cullen’s contri-
bution to the nervous system in the eighteenth cen-
tury is to pay due regard to his undoubted skills as
a lecturer. For it is in his role as a teacher with over
forty years experience that Cullen articulated a sys-
tematic theory of health and disease based on the
nerves, which, whilst not wholly original, never-
theless carried great integrative force and peda-
gogic rigour. This is seen in his First Lines on the
Practice of Physic (1777), where Cullen disagreed
with Boerhaave’s hydraulic system. A word should
be said about ‘system’. Cullen often employed the
term and it should be seen in the sense with which
Cullen’s students would be familiar. As Barfoot has
pointed out:

Instead of thinking of Cullen’s system as a totality of dis-
course, the students, were more familiar with another
meaning of ‘system’ which Cullen inculcated in the class-
room. ‘System’ in this most basic sense referred simply to
an organised body of opinions on particular topics in the
medical curriculum. For example, he might offer a ‘short
system of sympathy’... Thus ‘system’, although it
implied subject matter of some kind, also referred to the
way in which the contents were organised and presented
in a general or theoretical way. (1993, p. 114)

Cullen’s system was basically heuristic and reflected
a very broad influence imparted by Adam Smith and
David Hume. Risse (1986) Above all else, it was
“simultaneously an expression of the necessary
order of the human mind and a pedagogic strategy.”
Barfoot (1993, p. 124) This is seen to good effect in
Cullen’s Lectures on the Institutions of Medicine
(1770). These are a compilation of lecture notes
transcribed by a student, and comprise five volumes,
the first three of which are devoted to physiology,
with one each on pathology and therapeutics. They
are invaluable, and “in many ways these verbatim
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accounts provide a better understanding of Cullen’s
thinking and teaching than his published work.”
Doig Ferguson, Milne, and Passmore (1993, p. 32)
Thus, although not primarily an experimentalist (his
chemical investigations aside), Cullen clearly recog-
nised the importance of physiology in medical edu-
cation. It is important “even considered as a piece of
pure speculation with regard to the mechanisms of
animal bodies; but, when considered as capable of a
very useful application, it becomes a subject of the
greatest importance, and this application is to
explain the nature of the diseases of the body; and
to explain the operation of remedies and thereby to
lead to a more certain means of curing diseases, than
we could otherwise obtain.” Lectures, IV (1770,
p- 1). In this context, Cullen’s neural physiology
“was used to convey knowledge of the gross func-
tions of the human body, and in particular to illu-
minate patterns of disease.” Stott (1987: 130). In
this regard, then, it was the broad details that were
more important. It was sufficient to note that the
nerves ‘“‘are merely channels of communication.”
Lectures, I (1770, p. 249). Thus, for Cullen:

Whether these nerves are solid strings, which vibrate
from one extremity to another; or along which a fine
elastic Aether moves; or if they are canals transmitting a
fluid; hath long been, and still is a dispute which it is per-
haps of little consequence to determine.” Cited in Stott
(1987, p. 130 n. 48)

How then, did Cullen conceive the nervous system?
Broadly speaking, the nervous system functioned
according to him as a type of “animated machine, as
suited to perform a variety of motions, as fitted to
have communication with the other parts of the uni-
verse, to be acted upon by external bodies, and to
act upon these.” Lectures, III (1770, pp. 8-9) The
nervous system is one of three systems, the others
being the simple solids and the fluids (animal func-
tions) which make up the human being. Whilst each
is apparently mutually dependent, Cullen prioritised
the nervous system as follows:

Most powers acting upon living bodies do not act in the
same manner or not at all upon dead Bodies, so that the
Effects depend upon the powers of Life, upon sensibility
and irritability in the whole or in the parts.” Lectures, V
(1770, pp. 9-10)

Cullen here shows the influence of Haller’s concept
of sensibility and irritability. However, he was no
follower of Stahl either, since:
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The Stahlians and some of the physiologists have taken a
fancy that the soul has no seat, no particular part of the
body with which it is connected more immediately than
with the rest; they conceive that it is coextensive with the
nervous system, perceives in the organs of sense, inde-
pendently of any communication with the brain, and
operates in the muscles without any motions being prop-
agated to them from the brain. But in saying this, they
cannot but be stumbled by the fact, that if a ligature or
compression be applied to a nerve of sense, no sensation
will be produced by any application between the ligature
or compression, and the sentient extremity of the nerve;
though, if we can go beyond the ligature, and apply a
puncture between it and the brain, this will occasion a sen-
sation. Since, therefore, the impulse or impression of bod-
ies on the sentient extremities of a nerve does not occasion
sensation, unless the nerve between the sentient extremity
and the brain be free, we conclude that sensation, so far as
it is connected with corporeal motions, is a function of the
brain alone. Life, I. Thomson (1859, p. 273)

But Cullen was no blind adherent of Haller either.
Cullen rejected the distinction Haller made between
sensibility and irritability, since “for Cullen, there
was no clear distinction between the nervous sys-
tem and the muscles.” Bynum (1993, p. 157)
Cullen’s nervous system consisted of four parts.
The first was the ‘medullary substance’, the brain
and spinal cord; the second are membranous nerves
continuous with the medullary substance; third are
sensory nerves; fourth are:

certain extremities of the nerves so framed as to be capa-
ble of a peculiar contractility, and, in consequence of
their situation and attachments, to be, by their contrac-
tion, capable of moving most of the solid and fluid parts
of the body. These we name the MOVING EXTREMI-
TIES of the nerves: they are commonly named MOV-
ING or MUSCULAR FIBRES. Works, I. Thomson
(1827, pp. 15-16)

This statement is more in keeping with Galen than
with an eighteenth century physician. However, it
would seem that Cullen based this statement on the
1767 thesis of one Thomas Smith, one of his stu-
dents. Smith apparently showed that:

... muscles could be stimulated to contract either by
direct application of various mechanical or chemical
means to muscle itself, or to its nerve; and that, when
the muscle was no longer able to react, excitation of
neither muscle nor its nerve was effective. They were
thus functionally continuous and therefore, Cullen rea-
soned, part of the same system, i.e. the nervous system.
Bynum (1993, p. 158)
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Cullen’s statement also indicates not so much a
gainsaying of existing anatomical knowledge as of
its relative unimportance in his overall system.
Function, not form, counted for Cullen, especially
the interlinked functional differentiae of his holis-
tic conceptualisation of the body. It also allowed
him, as will be noted below, “to broaden the class
of diseases he called neuroses and to make literal
sense of the traditional proposition that the princi-
pal functions of the nervous system are concerned
with sense and motion”. Bynum (1993, p. 158)
Cullen defined sensibility as:

[A] certain fitness to be acted upon by impressions, to be
so moved by the impulse of external bodies, as that a
motion may be propagated to the Brain and produce
Sensation and its various consequences. . . this fitness of
the Sentient Extremities may be called their Sensibility.
Lectures, 1V (1770, pp. 62-63)

Disease was defined as an excess or deficiency of
sensibility, a very general definition which suited
Cullen’s nosology, as will be noted below.
Irritability is not so easily defined. Although the
term comes from Haller, for Cullen it seems to
embrace muscle ‘mobility’ and ‘vigour’. An excess
of vigour produces an increase in muscle tone or
strength, a decrease results in debility. Excess
mobility causes irritability; a deficiency gives rise
to torpor. Nervous diseases occur when there is any
imbalance to sensibility and irritability. In this, the
brain “had a peculiar function, in that it not only
was acted upon by external powers, but was also
classified as an external power itself, modifying the
actions of the body and the actions of remedies.”
Stott (1987, p. 135)

Therapy was governed by what either stimulated
or sedated the nervous system, since:

... the nervous power alone is capable of considerable
and sudden changes, it is to this that our medicines
should be chiefly directed. Lectures on the Materia
Medica (1771, p. 20)

Stimulants formed the largest class of Cullen’s
therapeutic agents. They appeared to act to not only
increase “the mobility of the nervous powers more
generally”, but also increased “the motion of the
animal power in the brain ... such [powers] as
excite the action of moving fibres . . . and such as
increase the motion of the blood and other fluids of
the body.” Lectures, V (1770, pp. 191-192) Therapy

could also have a beneficial affect on the “tone of
mind”, which is a disposition “on the one hand to
joy, gaiety, and hope or on the other hand to sad-
ness, seriousness and despair.” Lectures, IV (1770,
p- 174) Here, the doctor “must on occasion be the
Moral Philosopher also, and he will sometimes
practice with little success unless he can apply
himself to the Mind.” Lectures, 1V (1770, p. 143)

Cullen’s expansion of his concept of the nervous
system reached its apogee in his study of disease.
Cullen published his Synopsis Nosologiae
Methodicae in 1769. This major aetiological work
classified and systematised diseases into four prin-
cipal classes (‘Pyrexiae’, ‘Neuroses’, ‘Cachexiae
and ‘Locales’), 19 orders and 132 genera. Inspired
by and based on the work of Boissier de Sauvages
(1706-1767), especially his Nosologia Methodica
(1768), whose disease classificatory system was
itself inspired by the great Swedish botanical tax-
onomer, Karl von Linné’s (Linnacus: 1707-1778)
Systema Naturae (1735), Cullen’s work included a
synopsis of de Sauvages, as well as reproducing the
complete systems of Linné, and several others. It is
the second of Cullen’s classes which is of great
interest. Here, Cullen coins the term ‘neurosis’ to
describe:

All those preternatural affections of sense or motion
which are without pyrexia . . . and all those which do not
depend upon a topical affection of organs, but upon a
more general affection of the nervous system, and of
those powers of the system upon which sense and motion
more especially depend. Cited in Kendell (1993, p. 223)

The four orders of the neuroses comprise ‘Comata’,
‘Adynamiae’, ‘Spasmi’ and ‘Vesaniae’. Even without
citing the subsequent genera and their divisions, it is
apparent from these headings that Cullen’s concep-
tion of the nervous system was considerably
broader than our own. This becomes clearer when
the genera are listed. Under ‘Comata’, defined as
“A diminution of voluntary motion, with sleep, or a
deprivation of the senses”, are listed 19 genera of
apoplexia and seven of paralysis. The second order,
‘Adynamiae’, is defined as “A diminution of the
involuntary motions, whether vital or natural”.
Three genera listed here are concerned with
descriptions of syncope, three with dyspepsia, and
one each with hypochondriasis and chlorosis.
‘Spasmi’, the third order, is defined as “Irregular
motions of the muscles or muscular fibres.” The
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genera here comprise tetanus, trismus, two types of
‘convulsio’ (“an irregular clonic contraction of the
muscles without sleep”), chorea, ‘raphania’ (“A
spastic contraction of the joints, with convulsive
agitations and most violent periodical pain”), three
types of epilepsy (‘cerebralis’, ‘sympathica’ and
‘occasionalis’), palpitatio, asthma, 11 types of dys-
pnoea, pertussis, ‘pyrosis’ (“burning pain in the epi-
gastrium with plenty of aqueous humour, for the
most part insipid, but sometimes acrid belching
up”), seven types of colica, two of cholera, six of
diarrhoea, diabetes, hysteria and hydrophobia. The
fourth and final order, ‘Vesaniae’, is defined as
“Disorders of the judgement without any pyrexia or
coma”. The genera here comprise one of amentia,
eight of melancholia, three of mania (“universal
mania”), and two of ‘oneirodynia’ (“A violent and
troublesome imagination in time of sleep”). Cited in
Kendell (1993, pp. 226-233)

Cullen’s neurological nosology ambitiously
abrogated vast swathes of what comprise the
cardiovascular, gastrointestinal and endocrine sys-
tems, to say nothing of abnormal states of the mind
— and one may note here that Cullen’s concept of
‘neurosis’ was ameliorated first by Pinel and then
by Freud. It was not “in any meaningful way exclu-
sively psychiatric, or even neuropsychiatric in the
modern sense” Bynum (1993, p. 159) Cullen’s
classificatory system offers a series of broad
explananda of disease, but one which was meant to
be considered a work in progress, “as a structure
within which to study pathological anatomy and
pursue nosography.” Lawrence (1985, p. 172) In this
structure, however, the role of the nervous system
was paramount. To be sure, all the systems of the
body may be considered to be under some degree
of nervous control or influence, although such
influence is not as far reaching or sustaining as the
underlying physiological principle with which
Cullen sought to imbue his classificatory system of
disease and explain the absence and maintenance
of health. This was his concept of ‘nervous
energy’. With this, “Cullen gradually convinced
himself that excesses or deficiencies, local or gen-
eral, of the hypothetical influence which interested
him most, ‘nervous energy’, were the root cause of
most diseases.” Kendell (1993, pp. 223-224)
Cullen’s ‘nervous energy’ bears some comparison
with Whytt’s ‘sentient principle’, but the former
possesses wider, pathological implications, as noted
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by the sheer number of genera subsumed. While in
his Observations on the Dropsy in the Brain (1768),
Whytt echoed Cullen when he stated that:

All diseases may, in some sense, be called affections of
the nervous system, because, in almost every disease, the
nerves are more or less hurt; and, in consequence of this,
various sensations, motions, and changes, are produced
in the body. Cited in Kendell (1993, p. 224)

But Whytt’s neurological nosology was much more
restricted in number and scope. Whytt recognised
three genera: hypochondriasis, hysteria and ‘simply
nervous’, comprising convulsions, fainting and pal-
pitations. Although Cullen’s system of nosology
barely survived his lifetime, its chief virtues were
its coherence and scope, and the fact that it reflected
the core principle of Cullen’s conception of the
nervous system, namely, sensibility and irritability.
As Lawrence points out, Cullen went further still:

Developing Whytt’s account of the sentient prin-
ciple, Cullen used these concepts to create a model
of the reactive organism, drawing attention on the
one hand to the determining power of the environ-
ment and on the other to the original human con-
stitution. These laws were used by him to construct
a physiology, a psychology and then, in turn, an
anthropology. They were also used as the founda-
tion of pathology and, with natural history, to
explain the geography of disease and the laws of
hygiene (1985, p. 171).

These were, and remain, ambitious aims for any
system of neurology.

Conclusion

Whytt and Cullen are key figures in the Scottish
medical Enlightenment and eighteenth century neu-
roscience, though for different reasons. If Whytt rep-
resented originality in neurophysiological research,
Cullen represented pedagogic excellence, which was
a key factor in the international influence of the
Edinburgh medical school. Whytt was perhaps the
finest experimental physiologist of his day — the first
to elucidate the pupillary light reflex and to experi-
mentally determine that part of the spinal cord is
required for reflex action (‘sympathy’, to use his
term). Whytt’s investigations into the nervous system
were in large measure driven by an urgent need to try
and make sense of the many theories of nervous
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action, as well as to attempt to unravel the often con-
flicting sets of sometimes frustratingly incomplete
experimental results. Whytt decries the rash of spec-
ulative theories to account for the ultimate workings
of the nervous system, and sought to bring order to
the several competing theories of nervous action
which characterised eighteenth century physiology.
Whytt’s answer to these linked problems was decep-
tively simple in its design, combining scepticism
with experimental methodology. By stressing the
need for the brain and nerves, together with an
acknowledgement that the soul was also responsible
for their function in ways beyond our understanding,
Whytt hoped to undercut both the mechanist and ani-
mist positions. If he was not entirely successful, then
his work paved the way for later investigators such as
Charles Bell (1774-1842) and Georgius Prochaska
(1779-1820), and Whytt can with good reason be
called one of the founders of neurophysiology.

William Cullen also sought to bring order to the
nervous system, but in rather a different fashion.
Cullen’s physiological interests were of the clinical
variety. Unlike Whytt, Cullen did not offer anything
new as far as neurophysiologic theory was con-
cerned. As Cullen famously remarked to his stu-
dents, “no man can go much further than the state of
science at his particular period allows him.” Works, [
Thomson (1827, p. 375). What Cullen did offer was
a broad, coherent system of the nervous system in
health and disease, which formed the core of his ped-
agogic enterprise, and gave him a widespread and
justified fame. The fact that the very generality of
Cullen’s concept of the nervous system, which
allowed for continuing speculation concerning the
function of the nerves and their conflation with mus-
cle fibres, also represented a backward step in eigh-
teenth century neuroscience, and one which Whytt
would have decisively rejected, was, it would appear,
also a necessary consequence of William Cullen’s
broader systematisation, the latter nevertheless being
as much a part of the Scottish Enlightenment as
Robert Whytt’s physiological research.
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1710: The Introduction of Experimental
Nervous System Physiology and Anatomy
by Francois Pourfour du Petit

Lawrence Kruger and Larry W. Swanson

Introduction

The beginnings of an experimental approach to
brain function derived from the study of brain
lesions can be traced to antiquity, but the emer-
gence of a reasoned systematic methodology was
surprisingly slow to mature in the early period of
empiricism. The Oxford “virtuosi” associated with
Willis (Lower, Wren, & others) in the late seven-
teenth century responded to the thrust of William
Harvey’s brilliant experiments, devised to explain
the nature of the action of the heart and circulation
of blood, by injecting various substances into the
vasculature of dogs and observing their effects. Yet
there was surprisingly little effort to add new
empirical gains concerning brain function before
the remarkable contributions of Frangois Pourfour
du Petit (1664-1741) in the early eighteenth cen-
tury. His earliest and most important work, Lettres
d’un Medecin des Hopitaux du Roy, a un Autre
Medecin de Ses Amis, was published in 1710 and
contains an account of brain lesions as well as
some experiments describing vascular infusion of
acids and alkalis derived from the reports of Willis
(1664). The treatise by Petit (as he was generally
known) survives in but few copies and details of its
contents remain astonishingly obscure to collec-
tors, libraries, and historical accounts.

Although Petit’s contributions to neuroscience
and to ophthalmology are generally known and
occasionally cited, it is puzzling that the histori-
cal context of his work remains largely unrecog-
nized, for it constitutes a milestone in its
descriptions of acute cerebral injuries in humans
and in addition attempts to correlate motor signs

with neuroanatomical findings that proved essen-
tially correct; yet this work has remained shrouded
and evidently had little impact in the eighteenth and
nineteenth centuries. More remarkable, and most
regrettable, has been the obscurity of Petit’s pio-
neering efforts to employ ablation techniques suc-
cessfully on experimental animals as a tool for
developing a functional neuroanatomy. His later
(1713) experiments (published in 1727), surgically
interrupting the sympathetic trunk in the neck of
dogs, is commonly credited as the earliest “discov-
ery” of the cervical sympathetics and ascertaining
their functional role, but the earlier (1710) and more
difficult cerebral ablations in dogs, a pioneer effort
derived from (or instigated by) clinical observa-
tions, remain largely unrecognized. In these two
major reports, Petit established the impact of abla-
tion as an experimental tool for a functional neu-
roanatomy from which he drew remarkably astute
interpretations; advances enthusiastically credited
with the introduction of a physiology derived from
pathology in Max Neuberger’s influential mono-
graph of early neuroscience history (1897). Later
historians of neuroscience generally acknowledge
Petit’s contributions in brief remarks, but details of
his experiments remain largely unknown and there
appears to be limited extant biographical material.
The present chapter constitutes an attempt to correct
these deficiencies and to place Petit’s life and work
in the broader context of its place in the develop-
ment of neuroscience.

The significance of Pourfour du Petit’s contribution
initially lies in his analytical approach in interpret-
ing morbid anatomy of wartime head wounds. It
served as a springboard for devising animal
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experiments in which he was able, through remark-
able skill, to perform somewhat comparable lesions
to those he observed in his patients. His work prob-
ably constitutes the earliest example of what is cur-
rently designated “translational neuroscience” and
represents the introduction of logically designed
ablation experiments as a tool for analyzing the
function of specific neural structures. This was
achieved first in the series of lesions (both ablation
and concussive compression) in dogs, involving
specific regions of the cerebrum and cerebellum
and published in his concise 1710 quarto mono-
graph. During this period of military service Petit
also applied the same strategy to uncovering the
functional anatomy of the poorly understood cervi-
cal sympathetic trunk, then generally known as the
“intercostal nerve” and believed to derive from the
brain via the fifth and sixth cranial nerves, accord-
ing to the widely accepted authoritative view pub-
lished in 1664 by Thomas Willis and reiterated in a
later dubious illustration by Vieussens (1684/1685)
(see Rasmussen, 1947). Petit demonstrated the
main features of sympathectomy in a rather elegant
report to the academy, approaching this problem in
functional neuroanatomy by cutting the “inter-
costal” nerve in the neck and observing that the
ipsilateral eye filled with tears and the nictitating
membrane extended over the cornea thus, unex-
pectedly demonstrating that the “animal spirits”
passed upward into the head, rather than from it, as
Willis (1664) had inferred. Further experiments,
revealed that in addition to control of lacrimation
and of the nictitating membrane, the pupillary

"'In a touching, belated gesture attempting to rectify the
injustice of depriving Petit of proper recognition, Italian
neurologist-psychiatrist Serafino Biffi (1822-1899), a
key supporter of Camillo Golgi’s earliest experimental
work, named the “syndrome of Pourfour du Petit” in his
honor, although it refers to stimulation of the cervical
sympathetics and thus the opposite of what now is gen-
erally known as “Horner’s syndrome” and had been
accurately described in dogs in 1727 by Petit (Ségura,
Speeg-Schatz, Wagner, & Kern, 1998).

2The copy in the Bibliotheque Nationale upon which
this account is based indicates authorship inserted with
pen and ink as “par Francois Petit,” a feature lacking
in the London copy photographed by William Osler in
assisting a scholarly report by H.M. Thomas (1910) on
the pyramidal decussation. The requirement of obtaining
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aperture and blood supply to the eye and facial skin
were also modulated by the cervical sympathetic
trunk (Best, 1969). This observation, published in
1727, was not generally recognized until the nine-
teenth century when it was rediscovered by Claude
Bernard and became known eponymously as
“Bernard-Horner’s syndrome.”!

The same basic methodology of resection was
thus applied to both the central and peripheral
nervous systems by Petit. Yet his surmise that the
decussation of the pyramidal tract, which he also
illustrated, might underlie the crossed motor
deficits seen following cerebral lesions was not
readily accepted in his lifetime and this milestone
in functional neuroanatomy, although somewhat
known, had curiously little impact. Perhaps this
apparent oversight can be explained by the peculi-
arity of its publication in the form of three letters in
a small quarto volume printed in Namur during
wartime,? far from the mainstream of publishing.
Without the author’s name on the title page and in
a run of only 200 copies, most of which were prob-
ably lost or were difficult to catalog without an
author’s name, this work was already a rarity at the
time of Petit’s death (as indicated in Mairan’s
eulogy, 1747). However, the obscurity of the small,
unsigned edition of the 1710 three Lettres d’un
Medecin . . . (Fig. 1) curiously does not adequately
explain the seeming failed recognition and neglect
of this landmark contribution.? But it is also likely
that conditions in France could not have been as
propitious for vivisection as was possible during
wartime in Namur.

the royal imprimatur may have been difficult in wartime
and perhaps Petit was intimidated by other factors that
led him to avoid seeking the royal approval probably req-
uisite for a military officer.

3 The absence of the author’s name in print on the title
page is puzzling and probably constitutes a factor in
archival cataloguing practice contributing to its rarity.
Failure to obtain the royal imprimatur and financial sup-
port, for whatever reason (including the complexities of
wartime) would suggest that Petit might have borne the
costs of printing personally. The inclusion of illustrations
also would have added significantly to the expense of
this ostensible edition of 200 copies (according to
Mairan’s eulogy), and it is conceivable that this estimate
might have been exaggerated for a privately financed
publication of this size.
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LETTRES

DUN MEDECIN

DES HOPITAUX
DU ROY.

A UN AUTRE MEDECIN DE SES AMIS.

LA PREMIERE LETTRE
Contient un mowvean Syfleme du Cervean.
LA SECONDE LETTRE

Contient wne Differtasion fur le [fentiment, & pluficures
experiences de Chimie contraires an .I}ﬂmc

des Acides &> des Alkalis
LA TROISIEME LETTRE

Contient une critique [ur les trois efpeces de Chryfofple;

nium des Inflituts de Mr. - Tournefors, trois mouveause
genres de Plantes fogd 11::17::;‘ nosevelles Efpeces, ]
TV hedut qeoes (l’“/, Y

A NAMUR,
Chez CHARLES GERARD ALBERT  Impri

meur du Roy. 1710,

FIGURE 1. Title page of the Pourfour du Petit Lettres
d’un Medecin, etc. published in 1710 by the royal printer
C.G. Albert in Namur, with the author’s name appended
by hand in this copy from the Bibliotheque Nationale
in Paris

The French surgeon Antoine Louis (1723-1792)
re-published the medical component of this publica-
tion together with the works of others (Louis, 1766,
pp- 7-12), evidently serving as the source for most
of the later references to its content. Jules Soury
(1899) in his massive historical critique gives Petit
short shrift, although he strangely cites Goltz’s ref-
erence to Petit for describing the effects of cervical
sympathectomy in the horse (Petit’s (1727) paper
published in the academy of science journal
describes experiments on dogs). Remarkably, Soury
followed the scholarly comprehensive history by
Max Neuberger in 1897, where there already was an
extensive account of Petit’s 1710 studies of cerebral
lesions. Neuberger suggested that Petit’s treatise
“fell into oblivion” because of its “opposition to the
popular current of opinion” (Neuberger, 1981,
p- 59), but the publications of other writers on the
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subject of contralateral paralysis, discussed in
some detail by Neuberger, include competitors for
the academy’s prize (see below) some of whom
also performed animal experiments; notably
Saucerotte, Chopart, and especially Jean Sabouraut,
awarded the 1768 prize, “who is honored for his
role in transmitting the results of [Petit’s] research”
(Neuberger, 1981, p. 60); but there is little apparent
concrete evidence of Petit’s results having fallen
into disfavor.

Biographical

Our knowledge of Frangois Pourfour du Petit’s
background and personal history is not extensive
and the major sources of relevant information have
been reviewed only briefly in modern accounts
(Kruger, 1963; Zehnder, 1968). He was born in
Paris on June 24, 1664, the only offspring of mer-
cantile parents who died while he was still a child.
During his early education in grammar, rhetoric,
logic, and metaphysics, his teachers quickly dis-
covered that he had difficulty in understanding and
remembering didactic material, and that he took lit-
tle interest in language and abstract philosophy, but
his introduction to the mechanistic ideas of
Descartes at the College de Beauvais revealed a
greater receptivity to concrete experimentation that
profoundly influenced his career. In addition to
Cartesian physics, he acquired a preliminary edu-
cation at Beauvais in natural history, chemistry, and
anatomy, and upon completion of his studies there,
he embarked upon extensive travels.

Despite a rather modest income, Petit visited
most of the French provinces and a good deal of
Flanders, seeking the company of natural philoso-
phers and physicists, especially those of the
Cartesian school — the only learned men he consid-
ered worthy of attention. At La Rochelle, he devel-
oped a close relationship with botanist Pierre
Blondin (1682-1713), a practitioner of Cartesian
science, who instructed Petit in anatomy and
encouraged him to pursue a career as a medical
doctor. Petit left for Montpellier at the end of 1687
and began his study of medicine there under Pierre
Chirac (1650-1732), a member of the Royal
Academy of Sciences. After receiving his doctorate
in medicine in 1690, at the age of 26, Petit returned
to Paris.
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There he attended public lectures in anatomy at
the Jardin du Roi offered by Joseph-Guichard
DuVerney [also Duverney]. Duverney (1648—1730),
sometimes regarded as the founder of otology, pub-
lished the first comprehensive treatise on the
anatomy, physiology, and diseases of the ear
(1684), which contained ideas presaging the
Helmbholtz “place” theory of hearing. He was also
considered an influential figure in establishing the
principles of comparative anatomy (Cole, 1949).
Upon Duverney’s appointment as professor of
anatomy at the Jardin du Roi in 1679* he advanced
anatomical demonstration to a level that attracted
large audiences, among them Petit. Although most
of Duverney’s work has not survived, some of his
dissections were illustrated posthumously in beau-
tiful color atlases by Gautier d’ Agoty (1748). Petit
also attended lectures in botany by Joseph Pitton de
Tournefort (1656—-1708), who had attended the fac-
ulty of medicine at Montpellier in 1679, where he
acquired a fine reputation as a botanist (especially
of the Pyrenées) and in 1683 was offered the post
of Professor of Botany at the Jardin du Roi (later
the Jardin des Plantes). In 1698, he received his
medical degree in Paris and in 1700, Louis XIV
assigned Tournefort the mission of studying and
classifying the flora of the Levant as well as regions
near the Black Sea and Asia minor and the Greek
isles, reporting on more than 1350 specimens. On
his return he was named professor of medicine at
the College de France and Director of the Jardin du
Roi until his death in 1708; a position in which
Tournefort later was succeeded by the illustrious
Carl Linnaeus. It may be presumed that Petit’s con-
tacts with Tournefort in Montpellier and later in
Paris account for his intense interest in botany and
the inclusion of an account of botanical taxonomy
“concerning three species of chrysophyllum from
the institute of M. Tournefort” in the third letter of
Petit’s 1710 treatise,’ the rest of which is devoted to
discussion of the nervous system.

4 Petit followed Duverney in the Chair at the Jardin du Roi
after his retirement in 1728. Conjecture concerning whether
Petit recognized the anatomical arrangement of fiber decus-
sation in the pyramidal tract from his teacher seems futile as
Petit failed to cite learning what he claimed to have discov-
ered independently and illustrates in his 1710 monograph.
The posthumous publication of Duverney’s dissections do
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Petit spent 6 months with Tournefort at the
Hopital de la Charité bandaging the wounded, and
continued this work intermittently until 1692. He
left Paris in April 1693 to serve in the dual capac-
ity of physician and surgeon to Louis XIV’s army
in Flanders, and was widely admired for his zeal
and skill working in the hospitals of Mons, Namur,
and Dimant; serving until the Peace of Ryswick in
1697 and returning to Paris, only to set out once
again the following year, to serve at Compiegne.
His service for the military was resumed by
the War of the Spanish succession, beginning in
1702. At Compiegne, where he worked with
M. Prouvenza, Médecin Inspecteur des hopitaux,
who shared Petit’s love of botany, and whom Petit
would honor when he discovered an as-yet-unclas-
sified plant along a riverbank and named it
“Provenzalia.” Petit served admirably in Brussels
and various towns along the “pays-bas” (“low
countries”), and continued to instruct students.
In 1710, he published his first work in Namur, where
he was stationed — a collection of three essays in-
quarto, under the title Lettres d’un Médecin etc. He
served as an army surgeon in Namur during the
War of the Spanish Succession (of Philip II) until
the Peace of Utrecht in 1713. In addition to caring
for the wounded French soldiers, Petit also estab-
lished chemistry laboratories and anatomy demon-
strations at the hospitals. He also collected and
classified plants, teaching his students to do the
same, as well as to use them as medical remedies.
It was during this time that he began an herbier,
which eventually grew to a total of 30 large folio
volumes. The influence of Petit’s interest in chem-
istry derives from Nicolas Lémery (1645-1715),
who studied pharmacy in his native Rouen and then
went to Montpellier where he lectured in chemistry
and encountered Petit. He presumably influenced
the portion of Petit’s second letter in the 1710 trea-
tise dealing with the influence of acids and alkalis
on the nervous system. Lémery’s “Cours de

not depict the pyramidal decussation and were published
long after Petit’s death, without citing Petit’s earlier “dis-
covery” nor his barely persuasive drawing.

5 The botanical letter may account for the survival of a
rare copy of this work in the Plant Science Library at
Oxford University (Sherard 163) with the name “Francois
Petit” inscribed in pencil at an undetermined date.
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Chymie” (1675) remained a standard work for
about a century, appearing in 13 editions!
Returning to Paris after the war in 1713, Petit mar-
ried (in 1717) and was now able to focus his attention
upon scientific experiments in his cabinet and also
present his candidacy for the Académie Royale des
Sciences, to which he was elected in 1722, and where
he succeeded his teacher, Duverney, as pensionnaire
anatomiste, 3 years later. He published numerous
works in experimental and theoretical physics,
anatomy and surgery, but devoted himself principally
to anatomical description and systematic measure-
ments of the eye in humans and the visual system of
various vertebrates, the mechanics of vision, and the
causes and treatment of cataracts. The space between
the anterior and posterior suspensory ligaments of
the lens in the human eye remains known as the
“canal of Petit”” He invented an “ophthalmomeétre,’
an instrument for measuring the parts of the eye and
quantifying astigmatism, as well as devising anatom-
ical models and devices to aid in ophthalmologic pro-
cedures. Armed with the knowledge gained from his
experiments and the instruments he developed, he
met with some success practicing cataract surgery
toward the end of his life, operating primarily on less
affluent patients. His methods were attacked by
Philippe Hecquet (1664—1737), the champion of a
peculiar fad called “theological medicine,” in his
Traité des maladies des yeux and other works, to
which Petit responded in a published letter of 1729.
Little is known of Petit’s distinguished late career
aside from his numerous scientific reports; mostly
published in the memoirs of the royal academy. On
June 3, 1741, Petit fell ill from an intestinal hernia
and died 2 weeks later, survived by one son, Etienne,
who followed his father into medicine and who, upon
his installation as dean of the faculty of medicine in

® The portrait derives from an oil painting on canvas
(93 x 74 cm) bearing an old ticket with the inscription
“Restout 1737,” and belongs to the Musée d’Histoire de
la Medicine, Paris (Inv.7 458), given by his son Etienne
Pourfour du Petit in 1783, the year he was elected
dean of the faculty. A recent catalog containing criti-
cism and interpretation as well as biographical comment
and bibliographic material (Gouzi, 2000) describes the
face of Pourfour as “grave et décharné” (p. 243) and
“le regard percant et absorbé semblant évoqué une dme
tormentée, presque mystique” (p. 66); indeed, an austere,
sallow and gaunt portrait of an aged (73-year-old) ele-
gantly dressed man with a modestly subdued, seeming
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FIGURE 2. Portrait of Francois Pourfour du Petit at the
age of 73 painted in Paris by Jean Restout, the younger
(see footnote 6)

Paris in 1783, gave that institution the extraordinary
portrait of his father (Fig. 2) by Jean Restout.b

Introduction of the Experimental
Method

The Lettres are divided into three sections: The
first letter “contains a new system of the brain”
and deals principally with the nature of paralysis

glint in his eye. The painter, Jean Restout the younger
(1692-1768), in his teens was a pupil of his famous
uncle, Jean Jouvenet, the leading religious painter in
Paris in his time. A traditional academic history painter,
and from 1730 a professor of drawing at the Académie,
Restout specialized in religious painting. Despite a good
reputation as a leading history painter, his work did not
succumb to the prevailing taste for ornate decorative
painting and by the late eighteenth century, when the
Italianate “grand manner” flourished, Restout’s style
became unfashionable, attracting little interest until art
scholarship in the late twentieth century somewhat
restored his reputation.
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contralateral to cerebral injuries in soldiers with
head wounds and in dogs in which experimental
lesions were produced surgically; it comprises the
main substance of interest for neuroscientists. It
also constitutes the earliest successful attempts to
achieve insight into cerebral localization by varying
the site and nature of tissue disruption. The survival
of the animals after vivisection without anesthesia
served as testimonial to Petit’s exceptional surgical
skills-unmatched over the next century.

The second letter “contains a dissertation on
consciousness and several chemical experiments
which oppose the system of acids and alkalis.”
Much of this is a reply to the barely cited letter
from a friend. The part concerning consciousness
deals with issues of sensation and the flow of ani-
mal spirits based on head wounds and injections of
various fluids in dogs, and obviously derives from
the publication by Willis of the observations on
blood transfusion performed earlier by Lower and
his cohorts. It also contains an interesting account
of producing a percussion injury of the head in
dogs and of other neurological observations,
including sensory observations and the effects of
cerebellar lesions, but most of this discourse
expounds early views about basic chemistry.

The third letter “contains a critique on the three
species of chrysophyllum from the institute of
M. Tournefort (Petit’s teacher of botany); three
new genera of plants and several new species.”
Although this letter is lacking in neurological inter-
est, it should be noted that the prominent eigh-
teenth-century medical biographical dictionary by
Eloy (1778) discusses the botanical portions of
Petit’s monograph without even mentioning the
neurological observations.

Letter One begins with an historical account
from Bonet’s Practical Anatomy (Sepulchretum,
1679), citing some authors from antiquity, specifi-
cally Cassius and Areteus, who believed that ani-
mal spirits passed from one side to the other, and
notes, without specific references, that more con-
temporary authors (Prosper Martianus, Casalpin, &
Hofman) also shared this belief for explaining
paralysis on the side opposite of head wounds. This
is followed by a discussion of the inflammation and
blood extravasation resulting from head wounds as
the cause of such contrecoups explanations of
paralysis on the opposite side, but he notes with
surprise that Bonet reports the work of
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Diemerbroetil who had never seen a “contrecoup”
in more than 200 soldiers wounded in the head, and
that Fallopius saw more than 100 head wounds
without observing an instance of contralateral
effect (Petit, 1710, pp. 1-2).

Observation I describes an officer who received
a sword wound injuring the right lower eyelid pass-
ing through the maxillary bone beneath the orbit; a
small wound that healed after 4 days but resulted in
a terrible headache on the same side of the wound
on the second day, and also reported a slight pain in
his left arm. Petit saw him a month later when
blood was drawn (a common practice at that time)
from the arm and the foot. The left arm became
completely paralyzed and the left thigh was devel-
oping a paralysis, but there was no loss of vision
and his judgment was sound to the end, when the
officer died 3 months after the wound. Petit
promptly performed an autopsy, starting with a dis-
section of the wound and proceeding to open the
skull and the dura widely, detaching the brain from
the base and opening the ventricle with a scalpel
and found a large pus-filled abscess three inches
(pouces) in length, two in width and at least two in
thickness occupying the corpus striatum and inter-
nal capsule (“le corps cannelez”) which had
become softened.

Observation II was also a soldier who received a
sword wound tearing the lower right eyelid and
seen by Petit a week after the injury. Pain in the
head was reported on the right side but he could not
use his left arm and fingers, and there was no con-
tralateral pain. The observation of the first case led
him to suspect that inflammation of the corps can-
nelez might be involved and thus warranted treat-
ment by blood-letting from the arm and foot
several times; a treatment that was deemed effica-
cious when movement returned completely and the
head pain lessened — a gratifying cure! But Petit
openly demurs from offering an explanation of
why the corps cannelez would be inflamed by a
blow to the lower eyelid. He then cites some other
cases that he did not see personally, including a
wound to the right clavicle resulting in paralysis of
the /eft arm and a wound to the right thigh resulting
in paralysis of the left arm, but assures of the high
integrity of those who reported these cases.

He next returns to his first observation of how
the abscess on the right “furnished spirits” for the
movement of the left part of the body and turns
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again to Bonet in search of similar observations,
and finds an example of a girl who, while carrying
a heavy burden on her head, felt something crack
twice “as if something in her head had broken.”
Some months later her left side became paralyzed
and displayed periodic convulsive movements.
Postmortem examination revealed a right ventricle
abscess the “size of a chicken egg” which Petit
infers to have been in les corps cannelez. Two other
cases cited from Bonet indicate contralateral paral-
ysis and convulsive movements ipsilateral to the
head wound. But he cites some other cases of
wound-induced abscess resulting in crossed paral-
ysis including a case from “Job a Meckren dans la
Chirurgie, p. 86” in which a sharp instrument pen-
etrating the right parietal region resulted in paraly-
sis of the left arm that was preceded by paralysis of
the middle finger. Although hundreds of cases of
head wounds were known from the literature cited,
there was little information concerning relevant
morbid anatomy.

All of the above observations led Petit to pro-
claim “I no longer doubted that there was a passage
by the animal spirits from one side to the other, and
to assure myself still more of the belief, I carried
out the following experiments on living dogs.” He
tied a dog belly-down on a table, exposed the left
parietal bone, which he opened with a trephine and
drove a penknife into the brain and made a very
extensive lesion causing the brain to herniate out of
the wound, which was prevented (without explain-
ing how) and the wound dressed; it was now a
“very weak dog” that was observed for the 76 h
that it remained alive.

Both right extremities were devoid of movement
although the left legs provided support and the next
day his right forelimb regained some movement,
but insufficient for walking. When the animal
expired, he opened the skull and found much of the
left side of the brain had been extruded. He
repeated this experiment on other dogs with essen-
tially similar results and tried to remove one entire
hemisphere, but the animal died too quickly to be
useful. He summarizes this group of experiments
by concluding that if “les corps cannelez” has been
cut or separated from the hemisphere, paralysis
unfailingly ensues on the opposite side and never
on the same side as the lesion.

Observation III provides an account of a 35-year-
old cavalier brought to the hospital unexpectedly
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stricken by a unilateral paralysis after a mild
episode of pleurisy from which he had recovered.
He could not move his right arm and leg, and
although his jaw was in normal position and able to
open and close the mouth, he could not protrude
the tongue nor pronounce words. There was no
asymmetry or loss of somatic sensation, but a
visual field defect was noted for the right “eye.”
His judgment remained sound to the end and he did
not display convulsive movements, but he suc-
cumbed to scurvy and diarrhea after 6 weeks and
Petit removed the brain and spinal cord for dissec-
tion. The cord and the right side of the brain
revealed no abnormality, but the anterior protuber-
ance containing the several components of the
“corps cannelez” was essentially destroyed without
obvious swelling, and there was no evident injury
to the optic layers, nor the optic nerve. He con-
cludes from this that the animal spirits causing limb
movements pass down via “les corps cannelez” and
that the animal spirits deriving from the cerebral
hemisphere do not cause sensation. He also sug-
gests that the visual field defect might have been
caused by a loss of natural elasticity in the mem-
branes. He ends noting that in his successful dog
experiments, vision was lost “in the eye” contralat-
eral to the side of ablation.

Observation IV was the case of a garrisoned sol-
dier wounded by a stone of about two pounds that
had fallen from 20 ft, “striking him on the superior
and posterior aspect of the right parietal bone.”
There was a small (trois lignes-about 0.3 in.) super-
ficial laceration, but the bone was not exposed, and
although initially stunned by the blow he did not
fall. Other than “general treatment” he was bled
twice daily and in ensuing days the injured calvar-
ium was uncovered and found unscathed. On the
sixth day after the wound, he became feverish and
on the eighth day his left arm and leg became par-
alyzed, but without sensory defect. He became
delirious and died 11 days after his accident. Six
hours after death, his skull was opened and
although the parietal bone seemed intact, opening
the dura revealed a layer of overlying pus extend-
ing laterally and posterior as well as into the mid-
line down to the corpus callosum. The underlying
inflammation was undoubtedly the result of the
blow and was found restricted to the cortex with no
disturbance in the medullary substance below,
although two small abscesses the size of peas were
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found overlying the cortex opposite the lesion, but
without disturbance in any other part of the brain.

Petit arrives at the conclusion that “the animal
spirits which control movement of the arms and
legs derive uniquely from the superior part of the
cerebral hemispheres,” but then relates an experi-
ment he finds relevant that moved him to give
pause (“donne lieu d’en douter’).

He trepanned the middle of the left parietal bone
of a dog and inserted a scalpel through the trephine
hole, cutting the hemisphere horizontally from
front to back and then dressed the wound with
“spirits.” He then observed that the legs opposite the
lesion could be moved, but they were “so weak
that, although the animal could support himself on
them, he could not take two steps without falling
on his right side, and during the time he lived, was
never completely paralyzed.”

The report of this experiment is strange on sev-
eral counts; he neglects to tell how long the dog
survived and apparently failed to perform a post-
mortem examination of the brain. He is noting the
profound crossed motor deficit, but seems to be
concerned that the affected limbs are not totally
paralyzed and thus cannot securely attribute the
dorsal portions of the cerebral hemisphere as the
source (or at least, the sole source) of the “animal
spirits” driving motor activity.

This puzzling terse account and unexplained
comment is immediately followed by Observation
V, a lengthy report on a soldier who received a vio-
lent saber blow to the superior and middle left pari-
etal bone revealing a cavity containing cerebral
substance and the dura mater embedded with sev-
eral bone splinters resulting in a torpor state that
compelled the surgeon-major to open the skull on
the spot and remove the splinters. The wounded
soldier soon regained consciousness but could
move neither his right arm nor leg, but retained
vivid sensation on both sides of the body. Three
days later he was able to move his right arm and leg
as easily as the left. He remained mentally sound
until the tenth day, when he had convulsive move-
ments on the left side and once again lost movement
on the right, and finally succumbed on the 12th day
after receiving his wound. Petit then opened the
skull and found numerous bone splinters in the
fractured area penetrating the dura and the cortical
substance inflamed a bit “the size and thickness of
a half-penny piece and the region of the wound less
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than the width of a gold coin.” Most astonishing to
him was the absence of inflammation of the
medullary substance below and “that such a small
inflammation could have caused paralysis, and
finally death,” but he notes that the inflamed or
compressed part of the cortex could compress tis-
sue below and to the sides of it.

This again led him to experiment on another
large dog and expose half an inch (pouce) of the
middle part of the right parietal bone. On top of
the bone he placed an iron rod whose end was less
than half an inch (“4 lignes”) and tapped the end
with a hammer leaving an impression of the rod in
the bone. At first the dog was “somewhat stunned”;
an interesting way to describe what must have been
one of the earliest, if not the first, description of
experimental percussion injury.

The wound was dressed and they tried to make
the dog walk, but he could not support himself on
his left legs; he also seemed to have visual losses
which Petit attributes to inflammation of the eyes.
He ate and drank well for the next 3 days and on
the fourth day seemed stronger and “was able to
walk easily on all fours.” On the eighth day, he
would not eat, emitted some loud cries and died.

Opening the skull revealed adhesions and sev-
eral splinters driven into and attached to the dura,
“which was somewhat inflamed in the region of the
blow and had suppurated to some degree,” but there
were no changes observed in the rest of the brain.
Petit concludes “this, I believe, Monsieur, to be
sufficiently convincing proof for the transfer of the
animal spirits from one side to the other. It is
presently a question of knowing how this change
takes place. It is this which I believe to have
discovered.”

He then proceeds with his anatomical revelation
“all of the cortical substance, which is located in the
cerebral hemispheres, supplies the entire medullary
portion” (the underlying white matter), which is
only an accumulation of an infinite number of con-
duits, some of which form the corpus callosum, and
others form the middle corps cannelez (sometimes
translated simply as the corpus striatum but here
“middle” presumably refers specifically to the inter-
nal capsule running through and splitting the corpus
striatum). He then briefly offers the opinion that he
can trace the medullary fibers from the corps
cannelez moyen through the “annular process” (the
middle cerebellar peduncles as they cross the base
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of the pons, shown in his Fig. 1, p. 11) to the infe-
rior surface of the medulla to form “solely the
pyramidal bodies” and notes that “fibers of the
right side pass over to the left, and those of the left
pass over to the right” recognizing the zone of
“entanglement” comprising the pyramidal tract
decussation of modern parlance (Fig. 3). Petit pro-
ceeds to explain his figure one illustration of the
base of the pons and medulla offering an account of
brain dissection and remarks consistent with the
opinions of Willis and of Vieussens, managing
some disapproving words for the latter’s drawings,
but there is nothing strikingly new and the account
of the cranial nerves conforms to that illustrated by
Willis. His Fig. 2 illustrates the spinal cord in
transverse section where he indicates the position
of the dorsal and ventral roots but also labels the
location of the “transverse medullary fibers” as E,
the approximate location of the pyramidal (cortico-
spinal) tract determined experimentally in the late
nineteenth century. Figure 3 is a longitudinal three-
dimensional drawing of the spinal cord serving to
illustrate the ventral location of transverse fibers.
Letter Two is largely devoted to issues of the
chemistry of acids and alkalis in the context of
the “animal spirits,” but commences with advice to
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FIGURE 3. Anatomical Illustrations from the Lettres
(Fig. I) of the crossing of medullary fibers of the “pyram-
idal bodies,” a transverse section of the spinal cord
(Fig. II) with the anterior (ventral) roots (C) on top and
the dorsal roots (D) below and the transverse “medullary
fibers” (E) and a three-dimensional segment of the spinal
cord seen from below (Fig. III) illustrating the joining of
the dorsal and ventral roots (A) and ventral transverse
spinal cord fibers (B), from Petit, 1710, (p. 11)
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his correspondent on the urgency of rapid dissection
of the spinal cord if he is to confirm Petit’s anatom-
ical thesis for tracing fibers of the pyramidal tract
decussation. It also addresses four matters raised in
his friend’s letter (p. 18). First, whether the cere-
bellum supplies the “spirits” that supply sensation
or does this derive from other regions of the
medulla, since Petit’s work indicates that the brain
proper supplies only the spirits for movement.
Second, what is Petit’s opinion of the nature and
composition of the “animal spirits”? Third, what
does he think of Willis’s “Nerve sap”? And fourth,
do the animal spirits “ferment” with some fraction
of the blood to cause muscular contraction, and is
this fraction acid and alkali in nature?

The first question deals with the part of the brain
or brain stem concerned with sensation. He notes
that in humans “the optic layers (diencephalon) are
gray and composed of glandular substance and
medullary fibers, but the majority of these fibers
join the corps cannelez moiens (internal capsule)
by a path which is opposite to that of the circula-
tion of the spirits.” He notes that the “nates and
testis” (superior and inferior colliculi) are com-
posed of gray and white matter, but it is not known
whether or not it is glandular and thus he cannot
conjecture whether sensation derives from animal
spirits from the brain stem and opines that it is
more probable that “sensation was produced by the
spirits which filter through the cerebellum; but the
following observation gives grounds to doubt this
(p- 18),” and he proceeds to another case report
(observation).

A soldier was brought to Petit’s hospital 6 h
after receiving a bullet wound in the neck while
making his escape over a hedge, but the surgeon
tried in vain to locate the bullet and detect its path
except that it evidently passed from the bottom to
the top of his neck, and he died 43 h after being
wounded. Postmortem examination revealed the
bullet had pierced the skull “to the left of the
foramen from which the spinal cord passes”
(foramen magnum), “passed through the left part
of the cerebellum and penetrated the posterior
lobe of the left cerebral hemisphere” but without
damage to the brain stem (p. 19). During his 43 h
of survival his judgment was good and he
answered questions intelligibly but was more
often delirious. Petit describes observations of
his pulse, respiration, and autonomic function but
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ends noting, “if sensations were caused by spirits
that filter through the cerebellum, it seems our
wounded soldier would have had some sensory
loss in the arm or leg . . .” (p. 19). This observation
led to carrying out the following experiments.

He trepanned the left parietal bone of a dog and
inserted a penknife through the hole into the cere-
bellum on that side and released the animal whose
entire body bent to the left side into an arc “because
of contraction of the cervical, thoracic and lumbar
muscles on the left” with relaxation of these mus-
cles on the right. The dog could support himself on
his left legs but the right limbs were weak
“although they did not lack the ability to move”
(p- 19). Convulsions ensued (on both sides) and
tests to determine a loss in any sensory modality
proved equivocal and failed to satisfy Petit, but he
proceeded with a postmortem examination and
found that in cutting the posterior cerebral hemi-
sphere he had opened the left ventricle (the entire
ventricular system was filled with blood), the left
side of the cerebellum was cut and he had damaged
the “anterior part of the peduncle a bit” (p. 20). Not
content with this experiment he decided to perform
it in another manner.

This time he cut through a dog’s right occipital
bone “very close to the spine that divides at the mid-
line” and then inserting a scalpel cut the cerebellum
right to left. When the dog was untied it arched to the
left and could not support himself on his right limbs
and although weak, there was no sensory loss for the
10 days of survival; after which Petit opened the skull
and found his cerebellectomy cut down to the “root
of the peduncle.” Similar results were obtained in
repeated experiments enabling Petit to conclude that
the cerebellum does not appear to “furnish the ele-
ments for sensation” (p. 20). He makes no comment
on the observed uncrossed motor defect after cere-
bellectomy and focuses on the small amount of fluid
transmitting the “animal spirits” required for sensa-
tion and movement.

The remainder of the letter is devoted to inject-
ing various solutions into the jugular vein of living
dogs; although not cited, he presumably was aware
of such experiments by Lower and Wren, reported
earlier by Willis. Petit recognizes the difficulties at
the outset stating “as regards the nature of these
animal spirits I feel it will never be known-it is not
in any way tangible: it would be much simpler to
learn the nature of pancreatic juice and of the
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stomach’s secretion” (p. 21), but this doesn’t deter
him from trying, and although some animals died
immediately, or shortly after various intravenous
assaults with lethal doses of acids and alkalis, some
substances (such as alcohol) proved less deleteri-
ous. In fact, wine seemed to revitalize the animal
spirits (p. 24). In experiments in which the animal is
opened up shortly after death, he was able to observe
that pinching the distal end of the cut diaphragmatic
nerve caused the diaphragm to contract and that
different leg muscles contracted when different
fascicles of the sciatic nerve were pinched. By
contrast, pinching the intercostal (sympathetic
trunk) or the eighth pair of nerves (vagus), opposite
the carotids, did not elicit contractions-not even of
the heart or lower abdomen.

Petit struggles in vain with determining the
nature of the animal spirits, to be distinguished
from the soft and oily parts that circulate slowly in
the nerves, a substance called nerve sap (Suc
Nerveux) by Willis, with whom he agrees that
another “ethereal substance can travel from the
brain to the parts quickly to cause natural and
unnatural movements and from the parts to the
brain to cause sensations”(p. 24). Aware of inade-
quacies in determining the chemical nature of acids
and bases as well of biological fluids, Petit mod-
estly disclaims any original insight.

Petit in Historical Context

Neuberger’s expansive account of Petit’s contri-
butions probably constitutes the principal source
of information for over a century and some ambi-
guities in his account derive from possible mis-
understanding of what Petit was describing
anatomically. His interpretation of how Petit’s
observations provide insight into the role of the
cerebral cortex is somewhat ambiguously stated,
but proved tempting to infer from subsequent
knowledge by later historians. Neuberger (1897)
asserts that Petit was far ahead of his time “by
hinting at the outstanding significance of the
cerebral cortex” (Neuberger, 1981). This derives
from the statement (in Petit, 1710, p. 7
Observation 3) “The animal spirits that cause the
arms and legs to move come solely from the
upper parts [cortex] of the hemisphere of the
brain” (Neuberger, 1981), for it seems evident
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from Petit’s subsequent statement that he traced
the animal spirits from the white matter running
across the corps cannelez, a term interpreted by
Neuberger and Clarke as the “corpus striatum.”” An
English translation of key parts of Petit’s 1710
monograph (Clarke & O’Malley, 1996) adds some
confusion by translating the corps cannelez moiens
as “the middle fluted bodies [corona radiata]”
thereby confounding Petit’s anatomical account.
The “channel” where Petit’s medullary fibers col-
lect also could be the “internal capsule” of modern
usage and the lesions observed by Petit in both
human and dog brains were obviously too crude to
distinguish between internal capsule fibers and
striatal neuron involvement, but in any case, the
wounds were not explicitly interpreted as lesions
of the cerebral cortex per se. In the dog in which
the lesion was largely in the dorsal portion of the
hemisphere the motor defect was not described as
limb paralysis, but rather of contralateral weak-
ness in contrast to the profound paralysis he con-
sistently observed following capsular lesions — a
distinction not adequately understood until the
twentieth century.

Petit also noted a contralateral visual field defect
(pp- 7-8), but incorrectly concluded that animal
spirits conveyed by the optic nerve “passent par les
corps cannelez” (via capsular fibers), although he
probably was able to trace the optic tract to the thal-
amus, and he explicitly (p. 7) states that the animal
spirits from the cerebral hemispheres are not
responsible for sensation. From his accounts it is
apparent that none of the lesions were small enough
to justify specific basal ganglia localization, but he

7 The “channel” where Petit’s medullary fibers collect
also could be the “internal capsule” of modern usage
and the lesions observed by Petit in both human and
dog brains were obviously too crude to distinguish
between capsule fibers and striatal neuron involve-
ment, but in any case, the wounds were not explicitly
interpreted as lesions of the cerebral cortex per se.
The translation of the term “cannelez” is a source of
some ambiguity because it generally had been used in
the sense of “channeled,” undulated, or something
grooved or fluted, as in a Doric column. But Petit also
refers (p. 7) to “la protuberance anterieure qui con-
tient, les corps cannelez internes et superieurs, les
moiens et les externes ou inferieures,” which could
also be interpreted as a description of the undulations
of the rostral cerebral cortex rather than the corpus
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did get some clues of cerebral localization with
different lesions consistent with a more caudal
involvement for vision and a rostral localization
of motor function. The concept of localization of
function in the cerebral cortex did not emerge fully
until the late nineteenth century.

Neuberger (1897, p. 58) assigns the failure of
recognizing the importance of Petit’s discovery
concerning the cortex in Germany to the influential
stand of Albrecht von Haller (1708—1777) against
cerebral localization, but he also admonishes Petit
for initially concluding that the cerebrum was not
involved in sensation and turning to the cerebel-
lum. However, the experiment (Letter Two,
pp- 18-20) involving cerebellar damage failed to
reveal a loss of sensation and actually caused what
Neuberger interpreted as a sensory enhancement
that was later confirmed by [Francois Gigot de] La
Peyronie® (1678-1747) and [Francois] Chopart
(~1750-1795). This is translated as “hyperesthesia
and hyperalgesia” by Clarke (Neuberger, 1981) —a
faithful stretch conveying Neuberger’s exaggerated
insight concerning Petit’s observations and based
on the erroneous notions of cerebellar function
prevalent at the end of the nineteenth century, but
not sustained in the subsequent century.

Neuberger provides an odd, but valuable
account of the findings published after Petit’s 1710
report, revealing a prize from the newly powerful
Académie Royale de Chirurgie (in 1761 and again
in 1768) for elucidating the “contrecoup phenom-
enon” (see footnote 8). Royal patronage prompted
the prominent surgeon Antoine Louis to reproduce
Petit’s relevant text (1766) and led to further

striatum. Vieussens (1685), whose anatomy of the
brain was an important cited source for Petit, appar-
ently was following the Pordage translation of Willis
(1681) in which the “corps cannelez” and “striatum”
were used synonymously.

8 La Peyronie is credited with establishing the
Académie Royale de Chirurgie in 1731, and in 1761
the first academy prize for study of the contrecoup
phenomenon, as well as its practical inferences (see
Neuberger/Clarke, 1981, p. 171 ft. 5). Monetary prizes
for the support of science were also recognized as an
important incentive in England where in that same year
of 1761, a huge prize for an accurate clock was estab-
lished, resulting in John Harrison’s landmark clock-
making achievement and a revolution in navigation and
map-making (see Howse, 1980; Sobel, 1995).
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experiments in competition for the prize. Military
surgeon Louis Sebastian Saucerotte (1741-1814),
vying for the 1768 prize, published results from
experiments on 28 dogs in which brain injury or
compression resulted in contralateral paralysis in
those few animals that didn’t bleed to death, but the
lesions were far more extensive and crude than
those of Petit’s studies, damaging the thalamus and
midbrain extensively. Neuberger (1897) credits
Saucerotte with topographical localization of
motor function in claiming that the hindlimb was
innervated from the anterior part of the brain and
the forelimbs from the posterior part, but with
crude lesions, some extending to the base of the
skull; this is hardly credible. Neuberger reveals his
erroneous understanding of late nineteenth century
experiments believing that the motor “center” for
the posterior limbs lies medially and the anterior
limbs laterally. Although not cited, Neuberger is
evidently relying on the 1876 observations of
David Ferrier (1843-1928) in monkeys and by
J. Hughlings Jackson (1835-1911) in human
Rolandic cortex, rather than maps of motor cortex
in dogs; although he was clearly aware of Fritsch
and Hitzig’s (1870) experiments on the electrically
excitable cortex in dogs. The eighteenth century
investigators who followed Petit- Saucerotte,
Sabouraut, and Chopart (all competitors for the
royal prize and published in 1778; see Neuberger,
1981), were aware of Petit’s work, but their exper-
iments were poorly designed for physiological
analysis, contributing more to the development of a
French tradition in surgery than to stimulating sus-
tained interest in the experimental approach
devised by Petit (see Temkin, 1951).

The failure of Petit’s work and methodological
innovation to significantly alter the course of neu-
roscience research in the eighteenth century
remains somewhat puzzling. Aside from the inge-
nuity and skill required to perform his experiments,
he correctly assigned the contralateral paralysis
following cerebral lesions to the decussation of the
pyramidal tract and this alone should have been
more broadly acknowledged. It can be argued that
his surgical techniques were too crude to provide
convincing evidence of functional localization,
although his recognition that the region contribut-
ing to motor disturbance appeared to be different
from that involved in visual field defects was an
impressive start. His cerebellar lesion involved
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other structures and animal survival was a serious
problem, but recognition of the ipsilateral motor
disturbance also constitutes a significant milestone.
Petit’s pioneer efforts in induction of concussive
and compression injuries were followed with fee-
ble attempts by other surgeons, but such studies
have been performed in quantitatively controlled
fashion only in modern times.

Petit’s obscurity previously has been explained, in
part, by the key publication being unsigned, and by
its rarity, but the re-publication of the 1710 Namur
monograph by Antoine Louis and citations by the
several surgeons who later addressed the same prob-
lems with brain ablations suggest that he was not
totally unknown in mid-eighteenth century France.
Yet his 1727 paper describing the sequelae of cervi-
cal sympathectomy was widely recognized and gen-
erally credited as the functional “discovery” of the
sympathetics in modern historical accounts. While
several other surgeons attempted to expand on
Petit’s work competing for a prize, they were largely
unsuccessful in maintaining the animals alive for
long following surgery, and they provided few
observations of consequence concerning cerebral
localization; a concept that, as noted, did not
advance significantly beyond Petit’s modest accom-
plishments until the late nineteenth century. The
eighteenth century neglect of Petit’s accomplish-
ments remains strangely unexplained. The biograph-
ical account in the standard medical biographical
dictionary by Pierre Eloys (1778) contains a discus-
sion of the all important 1710 monograph, but this is
limited to the third letter devoted solely to botanical
taxonomy without even mentioning the two letters
of neuroscientific interest.

Conclusion

The religious wars, followed by the revolution in
eighteenth century Europe, certainly cast a long
shadow on the intellectual climate and the energies
required for the birth of physiological sciences in
general, and although the ablation technique was
known and could be employed by a number of
skilled surgeons, it was not until post-Napoleonic
times that the experimental science which should
have followed Harvey’s empiricism and the exper-
imentalists of the seventeenth century had the
impact that might have been anticipated in a more
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conducive political climate. The brilliant force of
Voltaire and the other philosophes was directed at a
reorganization of society and a changing role for
religion and the powers of royalty, but the scientific
thrust of the “encyclopedists” led by Diderot’s
enormous achievement, focused efforts on collec-
tions, and indeed, the beautiful and elaborate cabi-
nets that became an important feature of the salon
life of the wealthy and educated, extending long
beyond the revolution (Stafford & Terpak, 2001).
Scientific taxonomy attracted the powerful organ-
izing principles developed by Linnaeus, but exper-
imental science remained practically moribund,;
perhaps a consequence of the dominance of
Cartesian influence. While Pourfour du Petit’s
work was not totally unknown, it was sufficiently
overlooked for the next 100 years to have had little
impact on the blossoming of science. In a similar vein,
this also might be said of his contemporary, Johann
Sebastian Bach (1685-1750), indisputably the
most significant figure in music in the early eigh-
teenth century. While a few cognescenti, (notably
Mozart & Beethoven), knew and were influenced
by J.S. Bach’s preludes and fugues, his work was
little known and certainly less popular in his life-
time than that of his sons. It was not until after
1830 that Bach was rediscovered,’ a consequence
of the efforts of the young Felix Mendelsohn.
There was no comparable proponent apparent in
science and although Petit’'s work was known to
Jules Soury, the latter’s huge history in 1895 of
what is now called “neuroscience” offers little
appreciation of Petit’s contribution or impact.
Curiously, it was the German historian Max

9 Despite the earlier neglect of Bach, his re-discovery
was enhanced by the efforts of the prominent German
neurohistologist, Wilhelm His (1831-1904) in exhuming
Bach’s body for a detailed account of the remains of this
musical giant (Barzun, 2001).

10A device for the purpose of achieving an accurate
measure of astigmatism first described by Petit and not
substantially improved upon until the efforts of
Kohlrausch and Helmholtz two centuries later, enabled
the construction of optical instruments of practical clini-
cal utility based on the principles delineated by Petit,
although this was largely unknown. An engaging
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Neuberger who reawakened interest and lifted Petit
from obscurity near the end of the nineteenth cen-
tury (Neuberger, 1897). The relative inaccessibility
of Petit’s clinical and ablation studies may account
for the failure of the nineteenth century “pioneers”
performing selective ablations of cerebral cortex to
fully acknowledge the impact of a work dating
from 1710.

Historians of ophthalmology have been more
astute in recognizing Petit’s postwar contributions
to the science of vision, especially his account of
the sympathetic neural control of the eye and his
work in physiological optics — most notably his
method for measuring astigmatism.'? Petit’s true
legacy lies in the profound importance of his sys-
tematic introduction of physiological animal exper-
iments in neuroscience and linking these findings
to clinical observations and morbid anatomy. His
discovery that the decussation of the pyramidal
tract can account for contralateral paralysis after
cerebral injury and that the “intercostal nerve” pro-
vides autonomic innervation of the eye and facial
skin also derive from the application of this
methodology. Returning from a “war zone” to the
refinements of a life in Paris imbued with medicine
and science, it should be unsurprising that vivisec-
tion on conscious animals would be less appealing
than studying the comparative anatomy of the eye,
physiological optics or devising a practical tech-
nique for human cataract surgery. For all of these
accomplishments, though long neglected, Petit
stands as a towering transitional figure in the story
of the thrust toward experimental science in an era
that was ill prepared to receive it.

account and diagram of Petit’s ophthalmometer, which
could only be used satisfactorily on excised eyes, was
presented to the Optical Society in England a century
ago (Sutcliffe, 1906). The principle employed was pro-
jection of a circular image with quadratic marks upon the
spherical eye, and if the reflected image was oval instead
of round, the difference between the length and breadth
axes would constitute a measure of astigmatism.
Knowing the size of the circular object, its distance from
the convex eye and the size of the image, one could
determine the curvature of the eye by measuring the
dimensions of the image.
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